U. S. DEPARTMENT OF COMMERCE
COAST AND GEODETIC SURVEY

MANUAL OF
HARMONIC ANALYSIS
AND PREDICTION OF TIDES

SPECIAL PUBLICATION No. 98
REVISED (1940) EDITION

COLLECT/O,



S LIWSTLOO 10€0



U. S. DEPARTMENT OF COMMERCE

JESSE H. JONES, Secretary

COAST AND GEODETIC SURVEY
LEO OTIS COLBERT, Director

Special Publication No. 98
Revised (1940) Edition
(Reprinted 1958 with corrections)

MANUAL OF HARMONIC ANALYSIS
AND PREDICTION OF TIDES

BY

PAUL SCHUREMAN

Senior M athematician

cot

Reprinted October 1971

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1958



PREFACE

This volume was designed primarily as a working manual for use
in the United States Coast and Geodetic Survey and describes the
procedure used in this office for the harmonic analysis and prediction
of tides and tidal currents. It is based largely upon the works of
Sir William Thomson, Prof. George H. Darwin, and Dr. Rollin A.
Harris. In recent years there also has been considerable work done
on this subject by Dr. A. T. Doodson, of the Tidal Institute of the
University of Liverpool.

The first edition of the present work was published in 1924. In
this revised edition there has been a rearrangement of the material in
the first part of the volume to bring out more clearly the development
of the tidal forces. Tables of astronomical data and other tables to
facilitate the computations have been retained with a few revisions
and additions and there has been added a list of symbols used in
the work.

The collection of tidal harmonic constants for the world that
appeared in the earlier edition has been omitted altogether because
the work of maintaining such a list has now been taken over by the
International Hydrographic Bureau at Monaco. These constants
are now published in International Hydrographic Bureau Special
Publication No. 26, which consists of a collection of loose sheets which
permit the addition of new constants as they become available.

Special acknowledgment is due Walter B. Zerbe, associate mathe-
matician of the Division of Tides and Currents, who reviewed the
manuscript of this edition and offered many valuable suggestions.
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MANUAL OF HARMONIC ANALYSIS
AND PREDICTION OF TIDES

INTRODUCTION
HISTORICAL STATEMENT

1. Sir William Thomson (Lord Kelvin) devised the method of
reduction of tides by harmonic analysis about the year 1867. The
principle upon which the system is based—which is that any peri-
odic motion or oscillation can always be resolved into the sum of a
series of simple harmonic motions—is said to have been discovered
by Eudoxas as early as 356 B. C., when he explained the apparently
irregular motions of the planets by combinations of uniform circu-
lar motions.1 In the early part of the nineteenth century Laplace
recognized the existence of partial tides that might be expressed by
the cosine of an angle increasing uniformly with the time, and also
applied the essential principles of the harmonic analysis to the reduc-
tion of high and low waters. Dr. Thomas Young suggested the
importance of observing and analyzing the entire tidal curve rather
than the high and low waters only. Sir George B. Airy also had an
important part in laying the foundation for the harmonic analysis
of the tides. To Sir William Thomson, however, we may give the
credit for having placed the analysis on a practical basis.

2. In 1867 the British Association for the Advancement of Science
appointed a committee for the purpose of promoting the extension,
improvement, and harmonic analysis of tidal observations. The
report on the subject was prepared by Sir William Thomson and was
published in the Report of the British Association for the Advance-
ment of Science in 1868. Supplementary reports were made from
time to time by the tidal committee and published in subsequent
reports of the British association. A few years later a committe,
consisting of Profs. G. H. Darwin and J. C. Adams, drew up a very
full report on the subject, which was published in the Report of the
British Association for the Advancement of Science in 1883.

3. Among the American mathematicians who have had an important
part in the development of this subject may be named Prof. William
Ferrel and Dr. Rollin A. Harris, both of whom were associated with
the U. S. Coast and Geodetic Survey. The Tidal Researches, by
Professor Ferrel, was published in 1874, and additional articles on
the harmonic analysis by the same author appeared from time to
time in the annual reports of the Superintendent of the Coast and
Geodetic Survey. The best known work of Doctor Harris is his
Manual of Tides, which was published in several parts as appendices
to the annual reports of the Superintendent of the Coast and Geo-
detic Survey. The subject of the harmonic analysis was treated
principally in Part II of the Manual which appeared in 1897.

*Nautica! Science, p. 279, by Charles Lane Poor.
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GENERAL EXPLANATION OF TIDAL MOVEMENT

4. That the tidal movement results from the gravitational attraction
of the moon and sun acting upon the rotating earth is now a well-
established scientific fact. The movement includes both the vertical
rise and fall of the tide and the horizontal flow of the tidal currents.
It will be shown later that the tide-producing force due to this attrac-
tion, when taken in connection with the attraction between the par-
ticles of matter which constitute the earth, can be expressed by mathe-
matical formulas based upon the well-known laws of gravitation.

5. Although the acting forces are well understood, the resultant
tidal movement is exceedingly complicated because of the irregular
distribution of land and water on the earth and the retarding effects
of friction and inertia. Contrary to the popular idea of a progressive
tidal wave following the moon around the earth, the basic tidal
movement as evidenced by observations at numerous points along the
shores of the oceans consists of a number of oscillating areas, the move-
ment being somewhat similar to that in a pan of water that has been
tilted. Such oscillations are technically known as stationary waves.
The complex nature of the movement can be appreciated when con-
sideration is given to the fact that such stationary waves may overlap
or be superimposed upon each other and may be accompanied by a
progressive wave movement.

6. Any basin of water has its natural free period of oscillation de-
pending upon its size and depth. The usual formula for the period
of oscillation in a rectangular tank of uniform depth is 2L;-yjgd, in
which L is the length and d the depth of the tank and g is the accelera-
tion of gravity. When a disturbing force is applied periodically at
intervals corresponding to the free period of a body of water, it tends
to build up an oscillation of much greater magnitude than would be
possible with a single application of the force. The major tidal
oscillations have periods approximating the half and the whole lunar
day. HARMONIC TREATMENT OF TIDAL DATA

7. The harmonic analysis of tides is based upon an assumption that
the rise and fall of the tide in any locality can be expressed mathe-
matically by the sum of a series of harmonic terms having certain
relations to astronomical conditions. A simple harmonic function is
a quantity that varies as the cosine of an angle that increases uniformly
with time. In the equation y=A eos at, y is an harmonic function of
the angle af in which a is a constant and #represents time as measured
from some initial epoch. The general equation for the height (k) of
the tide at any time (f) may be written

h—Ho+A eos {at-\-a)-\-B ecos (bt-\-p)-\1-C eos (c;,+y)+ etc. (1)

in which HO is the height of the mean water level above the datum
used. Other symbols are explained in the following paragraph.

8. Each cosine term in equation (1) is known as a constituent or
component tide. The coefficients 4, B, C etc. are the amplitudes of
the constituents and are derived from observed tidal data in each
locality. The expression in parentheses is a uniformly-varying angle
and its value at any time is called its phase. Any constituent term
has its maximum positive value when the phase of the angle is zero
and a maximum negative value when the phase equals 180° and the
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term becomes zero when the phase equals 90° or 270°. The coefficient
of ¢t represents the rate of change in the phase and is called the speed
of the constituent and is usually expressed in degrees per hour. The
time required for a constituent to pass through a complete cycle is
known as its period and may be obtained by dividing 360° by its
speed. The periods and corresponding speeds of the constituents are
derived from astronomical data and are independent of the locality
of the tide station. The symbols a, 8, y, etc. refer to the initial phases
of the constituent angles at the time when ¢ equals zero. The initial
phases depend upon locality as well as the instant from which the
time is reckoned and their values are derived from tidal observations.
Harmonic analysis as applied to tides is the process by which the
observed tidal data at any place are separated into a number of
harmonic constituents. The quantities sought are known as harmonic
constants and consist of the amplitudes and certain phase relations
which will be more fully explained later. Harmonic prediction is
accomplished by reuniting the elementary constituents in accordance
with astronomical relations prevailing at the time for which the
predictions are being made.

ASTRONOMICAL DATA

9. In tidal work the only celestial bodies that need be considered
are the moon and sun. Although every other celestial body whose
gravitational influence reaches the earth creates a theoretical tide-
producing force, the greater distance or smaller size of such body
renders negligible any effect of this force upon the tides of the earth.
In deriving mathematical expressions for the tide-producing forces of
the moon and sun, the principal factors to be taken into consideration
are the rotation of the earth, the revolution of the moon around the
earth, the revolution of the earth around the sun, the inclination of
the moon’s orbit to the earth’s equator, and the obliquity of the
ecliptic. Numerical values pertaining to these factors will be found
in table 1.

10. The earth rotates on its axis once each day. There are, how-
ever, several kinds of days—the sidereal day, the solar day, the lunar
day, and the constituent day—depending upon the object used as a
reference for the rotation. The sidereal day is defined by astronomers
as the time required for the rotation of the earth with respect to the
vernal equinox. Because of the precession of the equinox, this day
differs slightly from the time of rotation with respect to a fixed star,
the difference being less than the hundredth part of a second. The
solar day and lunar day are respectively the times required for rotation
with respect to the sun and moon. Since the motions of the earth
and moon in their orbits are not uniform, the solar and lunar days
vary a little in length and tlicir average or mean values are taken as
standard units of time. A constituent day is the time of the rotation
of the earth with respect to a fictitious satellite representing one of
the periodic elements in the tidal forces. It approximates in length
the lunar or solar day and corresponds to the period of a diurnal
constituent or twice the period of a semidiurnal constituent.

11. A calendar day is a mean solar day commencing at midnight.
Such a calendar day is known also as a civil day to distinguish it from
the astronomical day which commences at noon of the same date.
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Prior to the year 1925, the astronomical day was in general use by
astronomers for the recording of astronomical data, but beginning
with the Ephemeris and Nautical Almanac published in 1925 the
civil day has been adopted for the calculations. Each day of what-
ever kind may be divided into 24 equal parts known as hours which
are qualified by the name of the kind of day of which they are a part,
as sidereal hour, solar hour, lunar hour, or constituent hour.

12. The moon revolves around the earth in an elliptical orbit. Al-
though the average eccentricity of this orbit remains approximately
constant for long periods of time, there are a number of perturbations
in the moon’s motion due, primarily, to the attractive force of the sun.
Besides the revolution of the line of apsides and the regression of the
nodes which take place more or less slowly, the principal inequalities
in the moon’s motion which affect the tides are the evection and
variation. The evection depends upon the alternate increase and
decrease of the eccentricity of the moon’s orbit, which is always a
maximum when the sun is passing the moon’s line of apsides, and a
minimum when the sun is at right angles to it. The variation ine-
quality is due mainly to the tangential component of the disturbing
force. The period of the revolution of the moon around the earth
is called a month. The month is designated as sidereal, tropical,
anomalistic, nodical, or synodical, according to whether the revolution
is relative to a fixed star, the vernal equinox, the perigee, the ascend-
ing node, or the sun. The calendar month is a rough approximation
to the synodical month.

13. It is customary to refer to the revolution of the earth around
the sun, although it may be more accurately stated that they both
revolve around their common center of gravity; but if we imagine
the earth as fixed, the sun will describe an apparent path around the
earth which is the same in size and form as the orbit of the earth
around the sun, and the effect upon the tides would be the same.
This orbit is an ellipse with an eccentricity that changes so slowly
that it may be considered as practically constant. The period of
the revolution of the earth around the sun is a year, but there are
several kinds of years. The sidereal year is a revolution with respect
to a fixed star, the tropical year is a revolution with respect to the
vernal equinox, the eclipse year is a revolution with respect to the
moon’s ascending node, and the amomalistic year is a revolution with
respect to the solar perigee.

14. A calendar year consists of an integral number of mean solar
days and may be a common year of 365 days or a leap year of 366 days,
these years being selected according to the calendars described below
so that the average length will agree as nearly as practicable with
the length of the tropical year which fixes the periodic changes in the
seasons. The average length of the calendar year by the Julian
calendar is exactly 365.25 days and by the Gregorian calendar 365.2425
days and these may be designated respectively as a Julian year and a
Gregorian year.

15. The two principal kinds of calendars in use by most of the
civilized world since the beginning of the Christian era are the Julian
and the Gregorian calendars, the latter being the modern calendar in
which the dates are sometimes referred to as “new style” to dis-
tinguish them from the dates of the older calendars. Prior to the
year 45 B. C. there was more or less confusion in the calendars, inter-
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calations of months and days being arbitrarily made by the priesthood
and magistrates to bring the calendar into accord with the seasons
and for other purposes.

16. The Julian calendar received its name from Julius Caesar, who
introduced it in the year 45 B. C. This calendar provided that the
common year should consist of 365 days and every fourth year of 366
days, each year to begin on January 1. As proposed by Julius Caesar,
the 12 months beginning with January were to be alternately 31 days
and 30 days in length with the exception that February should have
only 29 days in the common years. When Augustus succeeded
Julius Caesar a few years later, he slightly modified this arrangement
by transferring one day from February to the month of Sexfilis, or
August as it was then renamed, and also transferred the 31st day of
September and November to October and December to avoid having
three 31-day months in succession.

17. The Gregorian calendar received its name from Pope Gregory,
who introduced it in the year 1582. It was immediately adopted by
the Catholic countries but was not accepted by England until 1752.
This calendar differs from the Julian calendar in having the century
years not exactly divisible by 400 to consist of only 365 days, while
in the Julian calendar every century year as well as every other year
divisible by 4 is taken as a leap year with 366 days. For dates before
Christ the year number must be diminished by 1 before testing its
divisibility by 4 or 400 since the year 1 B. C. corresponds to the year
0 A. D. The Gregorian calendar will gain on the Julian calendar
three days in each 400 years. When originally adopted, in order to
adjust the Gregorian calendar so that the vernal equinox should
fall upon March 21, as it had at the time of the Council of Nice in
325 A. D., 10 days were dropped and it was ordered that the day
following October 4, 1582 of the Julian calendar should be designated
as October 15, 1582 of the Gregorian calendar. This difference of
10 days between the dates of the two calendars continued until 1700,
which was a leap year according to the Julian calendar and a com-
mon year by the Gregorian calendar. The difference between the
two then became 11 days and in 1800 was increased to 12 days.
Since 1900 the difference has been 13 days and will remain the same
until the year 2100.

18. Dates of the Christian era prior to October 4, 1582, will, in
general, conform to the Julian calendar. Since that time both cal-
endars have been used. The Gregorian calendar was adopted in
England by an act of Parliament passed in 1751, which provided
that the day following September 2, 1752, should be called September
14, 1752, and also that the year 1752 and subsequent years should
commence on the Ist day of January. Previous to this the legal
year in England commenced on March 25. Except for this arbitrary
beginning of the year, the old English calendar was the same as the
Julian calendar. When Alaska was purchased from Russia by the
United States, its calendar was altered by 11 days, one of these days
being necessary because of the difference between the Asiatic and
American dates when compared across the one hundred and eightieth
meridian. Dates in the tables at the back of this volume refer to
the Gregorian calendar.

19. The three great circles formed by the intersections of the planes
of the earth’s equator, the ecliptic, and the moon’s orbit with the
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celestial sphere are represented in figure 1. These circles intersect in
six points, three of them being marked by symbols in the figure,
namely, the vernal equinox T at the intersection of the celestial equator
and ecliptic, the ascending lunar node (@ at the intersection of the
ecliptic and the projection of the moon’s orbit, and the lunar inter-
section A at the intersection of the celestial equator and the projection
of the moon’s orbit. For brevity these three points are sometimes
called respectively “the equinox,” “the node,” and “the intersection.”
The vernal equinox, although subject to a slow westward motion of
about 50" per year, is generally taken as a fixed point of reference for
the motion of other parts of the solar system. The moon’s node has a
westward motion of about 19° a year, which is sufficient to carry it
entirely around a great circle in a little less than 19 years.

20. The angle © between the ecliptic and the celestial equator is
known as the obliquity of the ecliptic and has a nearly constant
value of 23}{°. The angle i between the ecliptic and the plane
of the moon’s orbit is also constant with a value of about 5°.

East

FIGURE 1.

The angle I which measures the inclination of the moon’s orbit to the
celestial equator might appropriately be called the obliquity of the
moon’s orbit. Its magnitude changes with the position of the moon’s
node. When the moon’s ascending node coincides with the vernal
equinox, the angle I equals the sum of mand i, or about 28/5>°, and when
the descending node coincides with the vernal equinox, the angle
I equals the difference between @ and i, or about 18/2°. This variation
in the obliquity of the moon’s orbit with its period of approximately
18.6 years introduces an important inequality in the tidal movement
which must be taken into account.

21. In the celestial sphere the terms “latitude” and “longitude”
apply especially to measurements referred to the ecliptic and vernal
equinox, but the terms may with propriety also be applied to meas-
urements referred to other great circles and origins, provided they
are sufficiently well defined to prevent any ambiguity. For example,
we may say “longitude in the moon’s orbit measured from the moon’s
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node.” Celestial longitude is always understood to be measured
toward the east entirely around the circle. Longitude in the celestial
equator reckoned from the vernal equinox is called right ascension,
and the angular distance north or south of the celestial equator is
called declination.

22. The true longitude of any point referred to any great circle in
the celestial sphere may be defined as the arc of that circle intercepted
between the accepted origin and the projection of the point on the
circle, the measurement being always eastward from the origin to the
projection of the point. The true longitude of any point will generally
be different when referred to different circles, although reckoned from
a common origin; and the longitude of a body moving at a uniform rate
of speed in one great circle will not have a uniform rate of change when
referred to another great circle.

23. The mean longitude of a body moving in a closed orbit and
referred to any great circle may be defined as the longitude that would
be attained by a point moving uniformly in the circle of reference at
the same average angular velocity as that of the body and with the
initial position of the point so taken that its mean longitude would be
the same as the true longitude of the body at a certain selected position
of that body in its orbit. With a common initial point, the mean
longitude of a moving body will be the same in whatever circle it may
be reckoned. Longitude in the ecliptic and in the celestial equator
are usually reckoned from the vernal equinox T, which is common to
both circles. In order to have an equivalent origin in the moon’s
orbit, we may lay off an arc @ T' (fig. 1) in the moon’s orbit equal
to fi T in the ecliptic and for convenience call the point T' the
referred equinox. The mean longitude of any body, if reckoned from
either the equinox or the referred equinox, will be the same in any of
the three orbits represented. This will, of course, not be the case for
the true longitude.

24. Let us now examine more closely the spherical triangle Q T A4
in figure 1. The angles o and i are very nearly constant for long
periods of time and have already been explained. The side @ T,
usually designated by A, is the longitude of the moon’s node and is
undergoing a constant and practically uniform change due to the
regression of the moon’s nodes. This westward movement of the
node, by which it is carried completely around the ecliptic in a
period of approximately 18.6 years, causes a constant change in the
form of the triangle, the elements of which are of considerable im-
portance in the present discussion. The value of the angle I, the
supplement of the angle @ A4 T, has an important effect upon both
the range and time of the tide, which will be noted later. The side
A T, designated by v is the right ascension or longitude in the
celestial equator of the intersection 4. The arc designated by
£ is equal to the side T —side ;0 A and is the longitude in the
moon’s orbit of the intersection A. Since the angles i and o are
assumed to be constant, the values of I, v, and £ will depend directly
upon N, the longitude of the moon’s node, and may be readily
obtained by the ordinary solution of the spherical triangle @T A.
Table 6 give the values of I, v, and £ for each degree of N. In the
computation of this table the value of w for the beginning of the
twentieth century was used. However, the secular change in the
obliquity of the ecliptic is so slow that a difference of a century in
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the epoch taken as'the basis ’of the computation would have resulted
in differences of less than 0.02 of a degree in the tabular values.
The table may therefore be used without material error for reductions
pertaining to any modern time. m

25. Looking again at figure 1, it will be noted that when the
longitude of the moon’s node is zero the value of the inclination I will
equal the sum of wand i and will be at its maximum. In this position
the northern portion of the moon’s orbit will be north of the ecliptic.
When the longitude of the moon’s node is 180°, the moon’s orbit
will be between the Equator and ecliptic, and the angle I will be
equal to angle cw—angle i. The angle I will be always positive and
will vary from cw—i to co-\-i. When the longitude of the moon’s node
equals zero or 180° the values of v and £ will each be zero. For all
positions of the moon’s node north of the Equator as its longitude
changes from 180 to 0°, v and £ will have positive values, as indi-
cated in the figure, these arcs being considered as positive when
reckoned eastward from T and T', respectively. For all positions of
the node south of the Equator, as the longitude changes from 360
to 180°, v and £ will each be negative, since the intersection 4 will
then lay to the westward of T and T

DEGREE OF APPROXIMATION

26. The problem of finding expressions for tidal forces and the
equilibrium height of the tide in terms of time and place does not
admit of a strict solution, but approximate expressions can be ob-
tained which may be carried to as high an order of precision as desired.
In ordinary numerical computations exact results are seldom ob-
tained, the degree of precision depending upon the number of decimal
places used in the computations, which, in turn, will be determined
largely by the magnitude of the quantity sought. In general, the
degree of approximation to the valué ofMNany quantity expressed
numerically will be determined by the number of significant figures
used. With a quantity represented by a single significant figure,
the error may be as great as 33Ja percent of the quantity itself, while
the use of two significant figures will reduce the maximum error to
less than 5 percent of the true value of the quantity. The large
possible error in the first case renders it of little value, but in the
latter case the approximation is sufficiently close to be useful when
only rough results are necessary. The distance of the sun from the
earth is popularly expressed by two significant figures as 93,000,000
miles.

27. With three or four significant figures fairly satisfactory approxi-
mations may be represented, and with a greater number very precise
results may be expressed. For theoretical purposes the highest at-
tainable precision is desirable, but for practical purposes, because
of the increase in the labor without a corresponding increase in util-
ity, it will be usually found advantageous to limit the degree of
precision in accordance with the prevailing conditions.

28. Frequently a quantity that is to be used as a factor in an expres-
sion may be expanded into a series of terms. If the approximate
value of such a series is near unity, terms which would affect the
third decimal place, if expressed numerically, should usually be re-
tained. The retention of the smaller terms will depend to some ex-
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tent upon the labor involved since their rejection would not seriously
affect the final results.

29. The formulas for the moon’s true longitude and parallax on
pages 19-20 are said to be given to the second order of approximation,
a fraction of the first order being considered as one having an approxi-
mate value of 1/20 or 0.05, a fraction of the second order having an
approximate value of (0.05)2or 0.0025, a fraction of third order having
an approximate value of (0.05)3 or 0.000125, etc. As these formulas
provide important factors in the development of the equations repre-
senting the tide-producing forces, they determine to a large extent
the degrees of precision to be expected in the results.



DEVELOPMENT OF TIDE-PRODUCING FORCE

FUNDAMENTAL FORMULAS

30. The tide-producing forces exerted by the moon and sun are
similar in their action and mathematical expressions obtained for one
may therefore by proper substitutions be adapted to the other. Be-
cause of the greater importance of the moon in its tide-producing
effects, the following development will apply primarily to that body,
the necessary changes to represent the solar tides being afterwards
indicated.

31. The tide-producing force of the moon is that portion of its
gravitational attraction which is effective in changing the water level
on the earth’s surface. This effective force is the difference between
the attraction for the earth as a whole and the attraction for the differ-
ent particles which constitute the yielding part of the earth’s sur-
face; or, if the entire earth were considered to be a plastic mass, the
tide-producing force at any point within the mass would be the force
that tended to change the position of a particle at that point relative
to a particle at the center of the earth. That part of the earth’s
surface which is directly under the moon is nearer to that body than
is the center of the earth and is therefore more strongly attracted
since the force of gravity varies inversely as the square of the dis-
tance. For the same reason the center of the earth is more strongly
attracted by the moon than is that part of the earth’s surface which
is turned away from the moon.

32. The tide-producing force, being the difference between the
attraction for particles situated relatively near together, is small com-
pared with the attraction itself. It may be interesting to note that,
although the sun’s attraction on the ear.th is nearly 200 times as great
as that of the moon, its tide-producing force is less than one-half
that of the moon. If the forces acting upon each particle of the
earth were equal and parallel, no matter how great those forces
might be, there would be no tendency to change the relative posi-
tions of those particles, and consequently there would be no tide-
producing force.

33. The tide-producing force may be graphically represented as in
figure 2.

Let 0=the center of the earth,
(7=the center of the moon,
P = any point within or on the surface of the earth.

Then OC will represent the direction of the attractive force of the
moon upon a particle at the center of the earth and PC the direction
of the attractive force of the moon upon a particle at P. Now, let
the magnitude of the moon’s attraction at P be represented by the
length of the line PC. Then, since the attraction of gravitation varies
inversely as the square of the distance, it is necessary, in order to
represent the attraction at 0 on the same scale, to take a line CQ of

such length that CQ : CP=CP2: CO2
10
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34. The line PQ, joining P and @, will then represent the direction
and magnitude of the resultant force that tends to disturb the posi-
tion of P relative to 0, for it represents the difference between the
force PC and a force through P equal and parallel to the force QC
which acts upon 0. This last statement may be a little clearer to
the reader if he will consider the force PC as being resolved into a
force PD equal and parallel to QC, and the force PQ. The force
PD, acting upon the particle at P, being equal and parallel to the
force QC, acting upon a particle at 0, will have no tendency to change
the position of P relative to 0. The remaining force PQ will tend
to alter the position of P relative to 0 and is the tide-producing
force of the moon at P. The force PQ may be resolved into a vertical
component PR, which tends to raise the water at P, and the hori-
zontal component PT, which tends to move the water horizontally.

FIGURE 2.

35. If the point P' is taken so that the distance CP' is greater than
the distance CO, the tide-producing force P'Q’ will be directed away
from the moon. While at first sight this may appear paradoxical,
it will be noted that the moon tends to separate 0 from P’, but as
0 is taken as the point of reference, this resulting force that tends to
separate the points is considered as being applied at the point P’
only.

36. To express the tide-producing force by mathematical equations,
refer to figure 2 and let

r= OP = distance of particle P from center of earth,

b= PC = distance of particle P from center of moon,

d= OC = distance from center of earth to center of moon,
2= COP—angle at center of earth between OP and OC.

Also let

M=mass of moon,
E —mass of earth,
a=mean radius of earth,
IL—attraction of gravitation between unit masses at unit
distance.
<;=mean acceleration of gravity on earth’s surface.

Since the force of gravitation varies directly as the mass and inversely
as the square of the distance,

Attraction of moon for unit mass at point 0 in direction O C="f (2)
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Attraction of moon for unit mass at point P in direction P C="f (3)

37. Let each of these forces be resolved into a vertical component
along the radius OP and a horizontal component perpendicular to the
same in the plane OPC, and consider the direction from 0 toward P
as positive for the vertical component and the direction corresponding
to the azimuth of the moon as positive for the horizontal component.
We then have from (2) and (3)

Attraction at 0 in direction 0 to P= €os 2 4
Attraction at 0 perpendicular to 0 P=" " sin 2 (5)
Attraction at P in direction 0 to P = ’\C;\ eos CPR 6)
Attraction at P perpendicular to 0 P =" f sin CPR @)

38. The tide-producing force of the moon at any point P is measured
by the difference between the attraction at P and at the center of
the earth. Letting

Fv=vertical component of tide-producing force, and
Fa=horizontal component in azimuth of moon,

and taking the differences between (6) and (4) and between (7) and
(5), we obtain the following expressions for these component forces
in terms of the unit fi:

F,/»=Mm(AQB£ PR ®)

&)

39. From the plane triangle COP the following relations may be
obtained :

b2=r 2-\-d2—2rd eos z=d 2l —2(r/d) eos z-\-(r/d)] (10)
sin z

sin CPR-sin CPO-(d/b) sin 2 [l_ 2(rd) cos z+(r/d)Ji an

eos CPR. (1 sin’ /CS}';‘R)‘L A AC0s czogigﬁd A2 (12)

40. In figure 2 it will be noted that the value of 2, being reckoned
in any plane from the line OC, may vary from zero to 180°, and also
that the angle CPR increases as 2 increases within the same limits.
Sin 2 and sin CPR will therefore always be positive. As the angle
OCP is always very small, the angle CPR will differ by only a very
small amount from the angle 2 and will usually be in the same quad-
rant. In obtaining the square root for the numerator of (12) it was
therefore necessary to use only that sign which would preserve this
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relationship. The denominators of (11) and (12) are to be consid-
ered as positive.

41. Substituting in equations (8) and (9) the equivalents for b, sin
CPR, and eos CPR from equations (10) to (12), the following basic
formulas are obtained for the vertical and horizontal components of
the tide-producing force at any point P at r distance from the center
of the earth:

mi Mf eos z—r{d " 10,
d2| {1—2(r/d) eos 2+ (r/d)2}$ cos 2]
nl MV sin 2 1

d2\ { 1—2{r/d) eos 2+ (r/d)2}* sm 2

42. To express these forces in their relation to the mean accelera-
tion of gravity on the earth’s surface, represented by the symbol g,

we have
gln=Ela2 or n/g=a2E (15)

in which E is the mass and a is the mean radius of the earth. Sub-
stituting the above in formulas (13) and (14), we may write

F. Ig=M/E) (aid)*[ {1_2Wg S:Q f +(r/,pp =cos z] (16)

F. ;9=fd) [(1_2W ts2z+(tW)--Sn* W)

43. Formulas (16) and (17) represent completely the vertical and
horizontal components of the lunar tide-producing force at any point
in the earth. If ris taken equal to the mean radius a, the formulas
will involve the constant ratio M/E and two variable quantities—
the angle 2 which is the moon’s zenith distance, and the ratio a/d
which is the sine of the moon’s horizontal parallax in respect to the
mean radius of the earth. Because of the smallness of the ratio a/d
it may also be taken as the parallax itself expressed as a fraction of a
radian. The parallax is largest when the moon is in perigee and at
this time the tide-producing force will reach its greatest magnitude.
A more rapid change in the tidal force at any point on the earth’s
surface is caused by the continuous change in the zenith distance of
the moon resulting from the earth’s rotation. The vertical com-
ponent attains its maximum value when 2 equals zero, and the hori-
zontal component has its maximum value when 2 is a little less than
45°, Substituting numerical values in formulas (16) and (17) and
in similar formulas for the tide-producing force of the sun, the fol-
lowing are obtained as the approximate extreme component forces
when the moon and sun are nearest the earth:

Greatest Fv/;/=.144X10-6 for moon, or .054X10-6 for sun (18)
Greatest Fa/</=.107X10-6 for moon, or .041X I0-6 for sun 19)

The horizontal component of the tide-producing force may be meas-
ured by its deflection of the plumb line, the relation of this component
to gravity as expressed by the above formula being the tangent of
the angle of deflection. Under the most favorable conditions the
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greatest deflection due to the moon is about 0.022" and the greatest
deflection due to the sun is less than 0.009" of arc.

44. To simplify the preceding formulas, the quantity involving the
fractional exponent may be developed by Maclaurin’s theorem into a
series arranged according to the ascending powers of r/d, this being
a small fraction with an approximate maximum value of 0.018. Thus

{1—2(r/d) eos 2+(r/d)2p 1+3 eos 2 (r/d)
+ 3/2 (5 e0s22—1)(r/d)2
+ 5/2 (7 e0s32—3 eos z) (r/d)3+etc. (20)

45. Substituting (20) in formulas (16) and (17) and neglecting the
higher powers of rjd, we obtain the following formulas:

Fv/g=3 {M/E) (a/d)2 (e0s22-1/3) {r/d)

+3/2 {M/E) {a/d)2 (5 e0s32-3 ecos z) {r/d)2 21
Fa/g=2>/2 {M/E){a/d)2 (sin 2 z) {r/d)
+ 3/2 {M/E){a/d)2sin 2 (5 cos22—1) {i/d,)2 (22)

46. If r, which represents the distance of the point of observation
for the center of the earth, is replaced by the mean radius a, it will be
noted that the first term of each of the above formulas involves the
cube of the ratio a/d while the second term involves the fourth power
of this quantity. This ratio is essentially the moon’s parallax ex-
pressed in the radian unit. These terms may now be written as sepa-
rate formulas and for convenience of identification the digits “3” and
"4” will be annexed to the formula symbol to represent respectively
the terms involving the cube and fourth power of the parallax. Thus

F,3/g=3 {M/E) (a/d)3(e0s22-1/3) (23)
Fv jg—3/2 {M/E){a/d)i{5 eos32—3 eos 2) (24)
Fa3 /0=3/2 {M/E) (a/d)3sin 22 (25)

Fai ;9=3/2 (M/2?) (a/d)4sin 2 (5 eos22—1)  (26)

Formulas (23) and (25) involving the cube of the parallax represent
the principal part of thetide-producing force. For the moon this is
about 98per cent of the whole and for the sun a higher percentage.
The part of the tide-producing force represented by formulas (24) and
(26) and involving the fourth power of the parallax is of very little
practical importance but as a matter of theoretical interest will be
later given further attention.

47. An examination of formulas (23) and (25) shows that the prin-
cipal part of the tide-producing force is symmetrically distributed
over the earth’s surface with respect to a plane through the center of
the earth and perpendicular to a line joining the centers of the earth
and moon. The vertical component (23) has a maximum positive
value when the zenith distance 2=0 or 180° and a maximum negative
value when 2=90°, the maximum negative value being one-half as
great as the maximum positive value. The vertical component be-
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comes zero when 2=cos-1+ -y/I/S (approx. 54.74° and 125.26°). The
horizontal component (25) has its maximum value when 2=45° and
an equal maximum negative value when 2=135°. The horizontal
component becomes zero when 2=0, 90°, or 180.

48. If numerical values applicable to the mean parallax of the moon
are substituted in (23) and (25), these component forces may be
written

F ;g at mean parallax=0.000,000,167 (eos22—1/3) 27)
Fw Ig at mean parallax=0.000,000,084 sin 22 (28)

For the corresponding components of the solar tide-producing force,
the numerical coefficients will be 0.46 times as great as those in the
above formulas.

49. For the extreme values of the components represented by (23)
and (25), with the moon and sun nearest the earth, the following may
be obtained by suitable substitutions:

Greatest F\Z/gr=.140X10-6 for moon, or .054X [0-6 for sun (29)
Greatest Pa3 /<7=.105X 10-6 for moon, or .041X I0-6 for sun (30)

Comparing the above with (18) and (19), it will be noted that the
maximum values of the lunar components involving the cube of the
moon’s parallax are only slightly less than the corresponding maxi-
mum values for the entire lunar force, while for the solar components
the differences are too small to be shown with the number of decimal

places used.
VERTICAL COMPONENT OF FORCE

50. It is now proposed to expand into a series of harmonic terms
formula (23) which represents the principal vertical component
of the lunar tide-producing force. In figure 3 let O represent the
center of the earth and let projections on the celestial sphere be as
follows:

G the north pole

I M'P', the earth’s equator
1M, the moon’s orbit

M, the position of the moon
P, the place of observation

CM M', the hour circle of the moon
C P P', the meridian of place of observation
1, the intersection of moon’s orbit and equator

Also let

I =angle M I M'=inclination of moon’s orbit to earth’s equator

t =arc P' M' or angle PCM =hour angle of moon

X=IP'=longitude of P measured in celestial equator from
intersection 7

j =/M=longitude of moon in orbit reckoned from intersection 7

z =P M = zenith distance of moon

D=M'M = declination of moon

F=P'P=Ilatitude cf P
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The solution of a number of the spherical triangles represented in
figure 3 will provide certain relations needed in the development of
the formulas for the tide-producing force.

51. In spherical triangle MCP, the angle C equals ¢ and the sides
MC and PC are the complements of D and Y, respectively. We may
therefore write

eos s=sin Y sin Z)+cos Y eos D eos ¢ 3D
Substituting this value in formula (23), we obtain

Fyv/0=3/2 (M/E) (a/d)3(1/2—3/2 sin2 ¥)(2/3—2 sin2D) F0/g
+ 3/2 (M/E)(a/d)z sin 2Y sin 2D eos t Fm /g
+ 3/2 (M/E)(a/d)3 cos2 Y eos2D eos 2t FR/ g (32)

C

FIGURE 3.

52. In formula (32) the vertical component of the tide-producing
force has been separated into three parts. The first term is inde-
pendent of the rotation of the earth but is subject to variations aris-
ing from changes in declination and distance of the moon. It in-
cludes what arc known as the long-period constituents, that is to say,
constituents with periods somewhat longer than a day and in general
a half month or longer. The second term involves the cosine of the
hour angle (¢) of the moon and this includes the diurnal constituents
with periods approximating the lunar day. The last term involves
the cosine of twice the hour angle of the moon and includes the
semidiurnal constituents with periods approximating the half lunar
day. The grouping of the tidal constituents according to their
approximate periods affords an important classification in the further
development of the tidal forces and these groups will be called classes
or species. Symbols pertaining to a particular species are often
identified by a subscript indicating the number of periods in a day,
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the subscript o being used for the long-period constituents. In
formula (32) the individual terms are identified by the annexation
of the species subscript to the general symbol for the formula.

53. As written, all of the three terms of formula (32) have the
same coefficient 3/2 (M/E) (a/d)3 In each case the latitude (F)
factor has a maximum value of unity, this maximum being negative
for the first term. For the long-period term (Fm /g), the latitude
factor has a maximum positive value of ){ at the equator, becomes zero
in latitude 35.26° (approximately), and reaches a maximum negative
value of—1 at the poles, the factor being the same for corresponding
latitudes in both northern and southern hemispheres. For the diurnal
term (Fm /g), the latitude factor is positive for the northern hemisphere
and negative for the southern hemisphere. It has a maximum
value of unity in latitude 45° and is zero at the equator and poles.
For the semidiurnal terms (Fw2/g),th.e latitude factor is always posi-
tive and has a maximum value of unity at the equator and equals
zero at the poles.

54. For extreme values attainable for the declinational (D) factors,
consideration must be given to the greatest declination which can
be reached by the tide-producing body. The periodic maximum decli-
nation reached by the moon in its 18.6 year node-cycle is 28.6° but
this may be slightly increased by other inequalities in the moon’s
motion. The maximum declination for the sun, taken the same as the
obliquity of the ecliptic, is 23.45°. The declination factor of the
long-period term (Fup /g) has a maximum value of 2/3 when the decli-
nation is zero. It diminishes with increasing north or south declina-
tion but must always remain positive because of the limits of the
declination. For the diurnal term (F,3 ;g) the declinational factor
has its greatest value when the declination is greatest. For the moon
the maximum value of this factor is approximately 0.841 and for the
sun 0.730. This factor is positive for the north declination and
negative for the south declination. For the semidiurnal term (F32/g)
the declinational factor for both moon and sun is always positive and
has a maximum value of unity at zero declination.

55. The greatest numerical values for the several terms of the
vertical component of the tide-producing force as represented by
formula (32) and applicable to the time when the moon and sun are
nearest the earth, are as follows:

Greatest F 30/g= —.070 X 10-6 for moon, or —.027X 10-6 for sun (33)
Greatest F3X/g= + .088X10-6 for moon, or + .030X10-6 for sun (34)
Greatest F 2 /<?=+ .105X [0-6 for moon, or +.041XI10-6 for sun (35)

For the long-period term (33) the greatest value applies to either pole
and is negative. For the diurnal term (34) the greatest value applies
in latitude 45° and may be positive or negative according to whether
the latitude and declinational factors have the same or opposite
signs. For the semidiurnal term (35) the greatest value applies to
the equator and is positive.

56. Referring to formula (32), let a/c equal the mean value of
parallax a/d. Then a/d may be replaced by its equivalent (a/c) (c/d),
in which the fraction ¢/d expresses the relation between the true and,
the mean parallax. Also let U=(M/E) (a/c)3 the numerical value
of which will be found in table 1. Expressing separately the three
terms of formula (32), we then have
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Fmlg=3/2 U (c/d)3(1/2-3/2 sin2Y) (2/3-2 sin2Z>) (36)

F  ;g=3/2U (c¢/d)3sin 2F sin 2D ecos t (37)

Fu:/g=3/2 Z](c/d)3eos2 F eos2D eos 21i (38)
57. Referring- tofigure 3, the following relations maybe obtained

from the right spherical triangles MIM' and MP'M"' and the oblique
spherical triangle MP'I:

sin D =sin I sinj (39)
eos D eos i=cos MP' (40)
eos MP'= eos X eos,j+ sin X sinj eos I 41)
eos D eos i=cos X eosj+sin X sinj eos I

= cos211 eos(X—j) fsin2\ I eos (X+)) (42)

58. Replacing the functions of D and ¢ in formulas (36) to (38) by
their equivalents derived from equations (39) and (42), there are
obtained the following:

F,%/g=3/2 U(c/d)3(1/2-3/2 sin2 ¥) X
[2/3—sin27+sin21 eos 2j] (43)

Fhai /g=2>/2 U(c/d)3sin 2RX

[sin 7 eos2\I eos (A+90°—2j)

+ 1/2 sin 21 eos (X—90°)

+ sin I sin217/ eos (X—90°+2j)] (44)
Fw2 /<?=3/2 U(c/d)3e0s2 YX

[eosd  eos (2X—2j)

+ 1/2 sin21I eos 2X

+sin4  eos (2Ar+2j)] (45)

The above formulas involve the moon’s actual distance d and its
true longitude,/ as measured in its orbit from the intersection. While
these are functions of time, they do not vary uniformly because of
certaininequalities in the motion of the moon, and it isnow desired
to replace these quantities by elements that do change uniformly.
59. Referring to paragraphs 23-24 and to figure 1, it will be noted
that longitude measured from intersection 4 in the moon’s orbit
equals the longitude measured from the referred equinox T' less arc
£, and longitude measured from intersection A4 in the celestial equator
equals the longitude measured from the equinox T less arc v
Now let

s'= true longitude of moon in orbit referred to equinox
s =mean longitude of moon referred to equinox
k = difference (s'—s)
Then
j=s'—£=s—£+7 (46)
60. In figure 4 let S’ and P’ be the points where the hour circles of
the mean sun and place of observation intersect the celestial equator,
T the vernal equinox, and I the lunar intersection. Then X will
equal the arc P 'l and v the arc IT. Now let
h= mean longitude of sun
T=hour angle of mean sun
Then
X=T+h-v 47)
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61. Substituting the values ofj and X from (46) and (47) in formu-
las (43) to (45), these may be written

Fm /f1f=3/2 17(1/2-3/2 sin2 Y)X
[(c/d)3(2/3 —sin2 1)
+ (c/d)3sin21 eos (2s—2£+2&)] (48)

F3l fg=3/2 Z]sin 2FX
[(c/d)3sin I eos2\ I eos (T—2s+/i+2£—y+90°—2k)
+ 1/2 (c¢/d)3sin 21 eos (T-1-h—v—90°)
+ (c/d)3sin / sin2 %I eos (T+2s+/i—2£——90°+2£)] 49)
ER /gr=3/2 U eos2 FX
[(c/d)3e0s4+T eos (2F—2s+2A+2£—2y—2/K)
+ 1/2 (c/d)3sin2/ eos (2T+2A—2v)
+ (c/d)3sind+T eos (27H2s+2/t—2£—2v-\-2k) (50)

C

/o

FIGURE 4.

Disregarding at this time the slow change in the function of I, the
variable part of each term of the above formulas may be expressed in
one of the following forms— (¢/d)3, (c/d)3 eos A, (c/d)3 eos (A-\-2k), or
(c/d)3eos (A—2k), in which A includes all the elements of the variable
angular function excepting the multiple of k.

62. The following equations for the motion of the moon were
adapted from Godfray’s Elementary Treatise on the Lunar Theory:

s'= true longitude of moon (in radians)

=5 (mean longitude)
+2e sin (s—p) + 5/4 e2sin 2(s—p) (elliptic inequality)
+ 15/4 me sin(s—2h-\-p) (evectional inequality)

+ 11/8 m2sin 2 (s—h) (variational inequality) 628
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c/d=(true parallax of moon)/(mean parallax of moon)

= unity

-j-e eos (s—p)+ e2eos 2(s—p) (elliptic inequality)

+ 15/8 me eos (s—2hJrp) (evectional inequality)

+m 2eos 2(s—h) (variational inequality) (52)
in which

s'= true longitude of moon in orbit (referred to equinox)
s= mean longitude of moon

h= mean longitude of sun

p = mean longitude of lunar perigee

e= eccentricity of moon’s orbit= 0.0549

m=ratio of mean motion of sun to that of moon=0.0748

The elements e and m are small fractions of the first order and the
square of either or the product of both may be considered as being of
the second order. In the following development the higher powers of
these elements will be omitted.

63. Since k has been taken as the difference between the true and
the mean longitude of the moon, we may obtain from (51)

k=2e sin (s—p)+5/4 e2sin 2(s—p)
+ 15/4 me sin (s—2/t+p) + 11/8 m2sin 2 (s—h) (53)
The value of k is always small, its maximum value being about 0.137

radian. It may therefore be assumed without material error that the
sine of k or the sine of 2k is equal to the angle itself. Then

sin 2k=2k=4e sin (s—p)+ 5/2 e2sin 2(s—p)

+ 15/2 me sin (s—2A+p)+ 11/4 m2sin 2 (s—h) (54)
eos 2k= 1—2 sin2k=1—2k2
= 1—4e2+4e2eo0s 2(s—p) (55)

terms smaller than those of the second order being omitted.

64. Cubing (52) and neglecting the smaller terms, we obtain

(c/d)3= 1+ 3/2 e2+3e eos (s—p) + 9/2 e2eos 2 (s—p)
+45/8 me eos (s—2/?+p)+ 3 m2eos 2 (s—h) (56)

Multiplying (54) and (55) by (56)
(c/d)3 sin 2k—4e sin (s—p)+ 17/2 e2sin 2 (s—p)

+ 15/2 me sin (s—2/t+tp)+ 11/4 m2sin 2 (s—h) (57)
(c/d)3eos 2k=1—5/2 e2+3 e eos (s—p)+ 17/2 e2eos 2(s—p)
+45/8 me eos (s—2/*,+p)+ 3 m2eos 2 (s—h) (58)

65. From (56), (57), and (58), we may obtain the following general
expressions applicable to the further development of formulas (48)
to (50). Negative coefficients have been avoided by the introduction
of 180° in the angle when necessary.

(c/d)3 eos (A—2k) = (c/d)3 eos 2k eos A-\-(c/d)3sin 2k sin A
= (1—5/2 e eos 4
+ 7/2 e eos (+—s+p) + 1/2e eos (++s—p + 180°)
17/2 6" eos (M4—2s+2/?7)
+ 105/16 me eos (A—s+2/t—p)+15/16 me eos (T1+s—2/t+p+180°)
+23/8 m2eos IM—2s+ 2A)+ 1/8 m2eos (A-1-2s—2h) 59)
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(c/d)3eos A= 1+ 3/2 €2) eos A
+ 3/2 ecos (A—s++)+ 3/2 ecos (A+s—p)
+ 9/4 e2e0s {A—2s+2p)+ 9/4 e2eos (A +25—2p)
+45/16 me eos (A—s+2/t—+)+45/16 me eos (A +s—2h-\-p)
+3/2 m2eos (A—2s+2A)+3/2 m2eos (A +2s—2h) (60)

(c¢/d)3 eos (A +21f0)= (c/d)3cos 2k eos A—(c/d)3sin 2k sin A

= (1—5/2 €2 eos A

+ 7/2 ecos (A+s—2?)+1/2 ecos (A—s+p + 180°)

+ 17/2 e2eos (A +25—2p)

+ 105/16 me eos (A +s—2h-\-p)-\-15/16 me eos (A—s+2/t—p+180°)
+23/8 m2eos (A+2s—2/t)+ 1/8 m2eos (A—2s+2A) (61)

66. After suitable substitutions for A have been made in the three
preceding equations they are immediately applicable to the final
expansion of the several terms in formulas (48) to (50), excepting the
first term of (48) for which formula (56) may be used directly. Each
term in the expanded formulas given below represents a constituent
of the lunar tide-producing force and for convenience of reference is
designated by the letter A with a subscript. There are also given the
generally recognized symbols for the principal constituents, and when,
such a symbol is enclosed in brackets it signifies that the term given
only partially represents the constituent so named.

67. Formula for long-period constituents of vertical component of
principal lunar tide-producing force:

F,0lg=3/2 77(1/2-3/2 sin2 Y)X

(AO [(2/3 —sin21){ (1+3/2 €2 permanent term

(A2 +3 eeos (s—p) Mm

(A3 +9/2 e2eos (2s—2p)

(A9 +45/8 me eos (s—2h-\-p)

(As) +3 m2eos (2s—2h)} MSt

(A9 + sin2 If (1—5/2 ed eos (2s—2£) Mf

(A +7/2 e eos (3s—p —2Q

(As) +1/2 eeos (s+tp+1800—2f)

(A9 +17/2 e2eos (4s—2p—2f)

(Aio) +105/16 me eos (3s—2h-\-p—2£)

(An) +15/16 me eos (s-\-2h—p+180° —2f)

(AD +23/8 m2eos (4s—2h—2(¢)

(A +1/8 m2eos (2h—27)}] (62)
68. Formula for diurnal constituents of vertical component of

principal lunar tide-producing force:

Fvz1 /fif=3/2 U sin 2F X
(AW [sin I eos21/21

{(1-5/2 e eos (T-2s+h+90°+2C-v) _ (+
(w'~15) +7/2 eeos (T—3s+/i+2?7+ 900+2£—v) Qi
(A1 +1/2 eeos (T—sYh—p—90°+2£—v) [Mfi
(An) +17/2 e2cos (T-4s+h+2p + 90°+2C-v)__ 2QX
(A® +105/16 me eos (T—3s+3/t—p + 90°+2£—). pi
(A9 +15/16 me eos (T—s—h +p—90°+2£—v)
(A) +23/8 m2eos (T—4s+3A+90°+2£—p) m
(A2) +1/8 m2eos (T—A/+90°+2£—v)}

(Formula continued next page)
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(dsa) +sin 27{ (1/2+ 3/4 €2) eos (T +/t-90°-") [K]J
(AD) +3/4 ecos (r-s+/t+p-90°-p) [Mfi
{A2) +3/4 eeos (y+ts+Zt—p—90°—v) Ji
(AD) +9/8 e2eos (T-2s+h+2p-90°-v)
(A 26) +9/8 e2eos (y+2s+7—2p—90°—y)
(A2) +45/32 mecos (y-s +37-p-90°-p) Xl
(AR +45/32 me eos (y+s—7+p —90°—p) df
(A9 +3/4 m2eos (T—2s+3A—90°—v) MPj
(A 30) +3/4 m2eos (y+2s—h—90°—v)} SOj
+sin I sin2 y2
(A3) {(1-5/2 €2 eos (y+2s+/t—90°—2"—i/) 00j
(A3 +7/2 eeos (y+3s+/t—p—90°—2£—v) KQi
(A +1/2 eeos (y+s+7+p+ 900—2£—v)
(Au) +17/2 e2eos (y+4s+/i,-2p-90°-2,-1)
(Aas) +105/16 mecos (T+3s-h+p-90°-2!i-v)
(Ase) +15/16 mecos (T+S + 3A—p+90°—2£—)
(Ag,) +23/8 m2eos (y+4s-7-90°-2"-F)
(Am) +1/8 m2cos (y+37-90°-2%-v)}] (63)
69. Formula for semidiurnal constituents of vertical component of

principal lunar tide-producing force:
F 52 Ig=3/2 U cos2FX

[eosd +/{(1 —5/2 €2 eos (2y -2s+2A+2|- 2j/) M2
+ 7/2eeos 2T-3s+:h+p+2£-2»0 N2
+ 1/2 ecos (2y—s+2&—p+1800+2£—2v)  [I¥]
+ 17/2 e2eos 2y -4s+2/t+22)+ 27 -2F)  2N2

+ 105/16 me eos (2y—3s+4/t—p+2£—2v). o2
+ 15/16 me eos (2y-s+p + 180°+ 2,-21/) X

+ 23/8 m2 eos (2y-4s+4/t+2£-2r) e
+ 1/8 m2eos 2y + 2~ -2p))

+ sin2f {(1/2+ 3/4 €2 eos (2y+27-2") [K2
+ 3/4 e eos (2y —s+ 2/i+j>—2y) [T<]
+ 3/4 e eos (2y+s+ 2/t—p —2p) Iv]2

+ 9/8 e2e0s T -:s+:h+:p -:p
+ 9/8 e2eos (2y+2s+2/t—2p —2v)
+ 45/32 me eos (2y—s+4/i—p—2v)
+45/32 me eos (2T +s+p—2P)
+ 3/4 m2eos (2y-2s+47-2")
+3/4 m2eos 2y +2s—2v))
+ sind +T{ (1—5/2 €2) eos (2y+2s+27-2£-2vV)
+ 7/2 eeos (2T+3s+2h-p-2i-2v)
+ 1/2 eeos (2y+s+27+p+ 180°—2£—2v)
+ 17/2 e2e0s (2y+4s+2A-2p-2£-2p)
+ 105/16 me eos (2T+3s+p-2£-2p)
+ 15/16 me eos (2y+s+4/t—2?2+1800—2£—2v)
+23/8 m2eos (2y+4s-2£-2v)
+ 1/8 m2eos (2y+47—2£—2v) }] (64)
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ment of the equilibrium tide. By analogy, the argument of the per-
manent term may be considered as zero, the cosine of zero being unity.

71. The argument serves to identify the constituent by determining
its speed and period and fixing the times of the maxima and minima
of the corresponding tidal force. It usually consists of two parts
represented by the symbols ¥V and u. When referring to a particular
instant of time such as the beginning of a series of observations, the V
is written with a subscript as VO- The first part of the argument in-
cludes any constant and multiples of one or more of the following
astronomical elements— 7, the hour angle of the mean sun at the
place of observation ; s, the mean longitude of the moon; A the mean
longitude of the sun; and p, the longitude of the lunar perigee. The
second part u includes multiples of one or both of the elements £ and v,
which are functions of the longitude of the moon’s node and vary
slowly between small positive and negative limits throughout a 19-year
cycle. In a series of observations covering a year or less they are
treated as constants with values pertaining to the middle of the series.
They do not affect the average speed or period of the constituent.
Their values corresponding to each degree of N, the longitude of the
moon’s node, are included in table 6, formulas for their computation
being given on p. 156.

72. The hourly speed of a constituent may be obtained by adding
the hourly speeds of the elements included in the V of the argument.
These elementary speeds will be found in table 1. The period of a
constituent is obtained by dividing 360° by its speed. The approxi-
mate period is determined by the element of greatest speed contained
in the argument. Thus, the hour angle T has a speed of 15° per
mean solar hour and all constituents with a single 7T in their argu-
ments have periods approximating one day, while constituents with
arguments containing the multiple 27 have periods approximating
the half day. Next to 7, the element of greatest speed is s the
mean longitude of the moon, and long-period constituents with a
single s in their arguments will have periods approximating the
month and with any multiple of s the corresponding fraction of a
month. The arguments and speeds of the constituents are listed in
table 2. Numerical values of the arguments for the beginning of
each calendar year from 1850 to 2000 are given in table 15 for con-
stituents used in the Coast and Geodetic Survey tide-predicting .
machine. Tables 16 to 18 provide differences for referring these
arguments to any day and hour of the year.

73. In order to visualize the arguments of the constituents depend-
ing primarily upon the rotation of the earth, some have found it
convenient to conceive of a system of fictitious stars, or “astres fictifs”
as they are sometimes called, which move at a uniform rate in the
celestial equator, each constituent being represented by a separate star.
Thus, for the principal lunar constituent we have the mean moon and
for the principal solar constituent the mean sun, while the various
inequalities in the motions of these bodies are served by imaginary
stars which reach the meridian of the place of observation at tim.es
corresponding to the zero value of the constituent argument. For
the diurnal constituents the argument equals the hour angle of the
star but for the semidiurnal constituents the argument is double the
hour angle of the star.
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74. Coefficients.—The complete coefficient of each term of formulas
(62) to (64) includes several important factors. First, the basic factor
U, which equals the ratio of the mass of the moon to that of the earth
multiplied by the cube of the mean parallax of the moon, is common
to all of the terms. This together with the common numerical coeffi-
cient may be designated as the general coefficient. Next, the function
involving the latitude Y is known as the latitude factor, each formula
having a different latitude factor. Following the latitude factor is a
function of I, the inclination of the moon’s orbit to the plane of the
earth’s equator, which may appropriately be called the obliquity factor,
each factor applying to a group of tenus. Lastly, we have an indi-
vidual term coefficient which includes a numerical factor and involves
the quantity e or m. Since these factors are derived from the equa-
tions of elliptic motion, they will here be referred to as elliptic factors.
The product of the elliptic factor by the mean value of the obliquity
factor is known as the mean constituent coefficient {C). Numerical
values for these coefficients are given in table 2. Since all terms in
any one of the formulas have the same general coefficient and latitude
factor, their relative magnitudes will be proportional to their constitu-
ent coefficients. Terms of different formulas, however, have different
latitude factors and their constituent coefficients are not directly
comparable without taking into account the latitude of the place of
observation.

75. The obliquity factors are subject to variations throughout an
18.6-year cycle because of the revolution of the moon’s node. Dur-
ing this period the value of I varies between the limits of w—i and
w+i, or from 18.3° to 28.6° approximately, and the functions of I
change accordingly. In order that tidal data pertaining to different
years may be made comparable, it is necessary to adopt certain stand-
ard mean values for the obliquity factors to which results for different
years may be reduced. While there are several systems of means
which would serve equally well as standard values, the system adopted
by Darwin in the early development of the harmonic analysis of tides
has the sanction of long usage and is therefore followed. By the
Darwin method, the mean for the obliquity factor is obtained from
the product of the obliquity factor and the cosine of the elements £
and v appearing in the argument. This may be expressed as the
mean value of the product J eos u, in which J is the function of I in
the coefficient and # the function of £ and vin the argument. Since
u is relatively small and its cosine differs little from unity, the result-
ing mean will not differ greatly from the mean of J alone or from the
function of I when given its mean value.

76. Using Darwin’s system as described in section 6 of his paper
on the Harmonic Analysis of Tidal Observations published in volume I
of his collection of Scientific Papers (also in Report of the British
Association for the Advancement of Science in 1883), the following
mean values are obtained for the obliquity factors in formulas (62) to
(64). These values were used in the computation of the corresponding
constituent coefficients in table 2. The subscript 0 is here used to
indicate the mean value of the function.

For terms Axto A 5in formula (62)

[2/3—sin21]0=(2/3 —sin2 w)(1—3/2 sin2i) = 0.5021 (65)
For terms A6to ABin formula (62)

[sin21 eos 2£]0=sin2 weos4pi=0.1578 (66)
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For terms Au to A Xin formula (G3)

[sin 7 e0s2£7 eos (2£—v)]0=sin w eos2£co eos4£;,=0.3800 (67)
For terms H2to Asoin formula (63)

[sin 27 eos j/J0=sin 2c0 (1—3/2 sin2¢)=0.7214 (68)
For terms Azxto A3in formula (63)

[sin 7 sin2£7 eos (2*+ 1)]0=sin  sin2£00 eos4£;,= 0.0164 (69)
For terms Amto AiGin formula (64)

[eos4£7 eos (2£—2v)]0=cos4£co eos4£;,=0.9154 (70)
For terms A47to A%in formula (64)

[sin27 eos 2v]0=sin2 o (1—3/2 sin2i) =0.1565 (71)
For terms AS8to A &in formula (64)

[sind£7 eos (2£+2v)]0=sin4£co cos4£;,=0.0017 (72)

77. The ratio obtained by dividing the true obliquity factor for

any value of 7 by its mean value may be called a nodefactor since it is
a function of the longitude of the moon’snode. The symbol generally
used for the node factor is the small/. The node factor may be used
with a mean constituent coefficient to obtain the true coefficient
corresponding to a given longitude of the moon’s node. Node factors
for the several terms of formulas (62) to (64) may be expressed by the
following ratios:

f(AY to/(E0=/(Mm) = (2/3—sin27)/0.5021 (73)
f(AG to f(AD)=/(Mf)= sin27 /0.1578 (74)
fi.Au) to /LA2D)=/(01i)=sin I eos2£7 /0.3800 (75)
/(A2 tojf(~30)=/(Ji)=sin 27 /0.7214 (76)
f(An) to/ L4®=/(00i)= sin 7 sin2£7 /0.0164 (77)
/(Also) to/(A 4)=/(M 2= cosd£7/0.9154 (78)
f(Ai) to/(*4$=5in27 /0.1565 (79)
/(Asa) to/(*4@=sin4£ 7 /0.0017 (80)

Node factors for the middle of each calendar year from 1850 to 1999
are given in table 14 for the constituents used in the Coast and
Geodetic Survey tide-predicting machine. These include all the
factors above excepting formulas (79) and (80). However, since
formula (79) represents an increase of only about one per cent over
formula (74), the tabular values for the latter are readily adapted to
formula (79). Node factors change slowly and interpolations can be
made in table 14 for any desired part of the year. For practical
purposes, however, the values for the middle of the year are generally
taken as constant for the entire year.

78. The reciprocal of the node factor is called the reduction factor
and is usually represented by the capital F. Applied to tidal coeffi-
cients pertaining to any particular year, the reduction factors serve
to reduce them to a uniform standard in order that they may be
comparable. Logarithms of the reduction factors for every tenth of
a degree of 7 are given in table 12 for the constituents used on the
tide-predicting machine of this office.

79. Formulas (62), (63), and (64), for the long-period, diurnal, and
semidiurnal constituents of the vertical component of the tide-pro-
ducing force may now be summarized as follows:

Let E = constituent argument from table 2
ean constituent coefficient from table 2
f =node factor from table 14
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Then
7430 /S'=3/2 £7(1/2—3/2 sin2F) 2 f<?eos A (81)
7+3i /gr=3/2 U sin 2F 2jC eos S (82)
7432 ;g=3/2 U eos2F 2jC eos 7? (83)

Latitude factors for each degree of F are given in table 3. The
column symbol in this table is F with annexed letter and digits corre-
sponding to those in the designation of the tidal forces. Thus, F
represents the latitude factor to be used with force 7430, its value
being equal to the function (1/2—3/2 sin2F). Taking the numerical
value for the basic factor U from table 1, the general coefficient 3/2 U
is found to be 0.8373 X 10-7.

HORIZONTAL COMPONENTS OF FORCE

80. The horizontal component of the principal part of the tide-
producing force as expressed by formula (25), page 14, is in the direc-
tion of the azimuth of the tide-producing body. This component
may be further resolved into a north-and-south and aneast-and-west
direction. In the following discussion the south and west will be
considered as the positive directions for these components. Now let

7+3 /g=south component of principal tide-producing force
7+3 Jg=west component of principal tide-producing force

A = azimuth of moon reckoned from the south through the west.
From formula (25), we then have

73 ;8=3/2 (M/E)(a/d)3sin 2z eos A (84)
Fw lg=3/2 (MfE) (a/d)3sin 2z sin 4 (85)

81. Referring to figure 3, page 16, the angle P'PM equals A, the
azimuth of the moon. Now, keeping in mind that the angle MPC
is the supplement of A, the angle PCM equals ¢ and the arcs M C and
PC are the respective complements of D and F, we may obtain from
the spherical triangle M PC the following relations :

sin z eos A= —eos F sin 77+sin F eos D eos ¢ (86)

sin z sin A =eos D sin ¢ (87)
Multiplying each of the above equations by the value of eos z from
formula (31), the following equations may be derived:

sin 2z €os .4=2 sin z eos z €os A

= 3/4 sin 2F (2/3—2 sin2D)
—e0s 2F sin 2D eos t
+ 1/2 sin 2F cos277 eos 21 (8%)

sin 2z sin 4=2 sin z eos z sin A
= gsin F sin 2D sin ¢

+ eos F eos2 sin 21 (89)
82. Substituting in (84) and (85) the quantities from equations (88)
and (89), we have
7+3 Ig —9/8 (MIE) (aid)* sin 2F (2/3-2 sin2D) Fm /g
—3/2 (MIE) (a/d)3eos 2F sin 2D eos t FsA g
+3/4 (M/E) (aid)3sin 2F eos2 eos 21 Fs2 Ig (90)
7+3 /g=3/2 (M/E) (a/d)3sin F sin 2D sin ¢ Fwi fg

+3/2 (M/E) (a/d)3eos F cosZ>sin 21 7+2 /g (91)
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The south component is expressed by three terms representing respec-
tively the long-period, diurnal, and semidiurnal constituents. For the
west component there are only two terms—the diurnal and semidiur-
nal, there being 110 long-period constituents in the west component.
Each term has been marked separately by a symbol with annexed
digits analogous to those used for the vertical component to indicate
the class to which the term belongs.

83. Comparing formula (90) for the south component with formula
(32) for the vertical component, it will be noted that the same functions
of D and ¢ are involved in the corresponding terms of both formulas,
and that the terms differ only in their numerical coefficient and the
latitude factor. Allowing for these differences, summarized formulas
analogous to those given for the vertical component (page 26) may
be readily formed. In order to eliminate the negative sign of the
coefficient of the middle term, 180° will be applied to the arguments of
that term. W ith all symbols as before, we then have

Fsolg=9/8 Usin 2F 2jC eos E (92)
Fs31lg=3/2 Ueos 2Y2/(7 eos (EX-ISO0) (93)
FSP /fif=3/4 Usin 2Y2jCeos E %94)

84. Comparing the two terms in formula (91) for the west com-
ponent with the corresponding terms in formula (32) for the vertical
component, it will be noted that the D functions are the same but that,
in (91) the sine replaces the cosine for the functions of # It may be
shown that the corresponding development ofthese terms will be
the same as for the vertical component except that in thedeveloped
series each argument will be represented by its sine instead of cosine.
In order that the summarized formulas may be expressed in cosine,
functions, 90° will be subtracted from each argument. W ith the same,
symbols as before and allowing for differences in the latitude factors,
we obtain

Fwi l1g=Z/2 Usin Y 2 fC eos (E—90°) 995)
Fw ;g=3/2 Ueos Y 2 fC eos (E—90°) (96)

85. Formulas for the horizontal component of tide-producing force
in any given direction may be derived as follows: Let A4 equal the
azimuth (measured from south through west) of given direction, and
let Fai0 fg, Fan 1 g and Faz lg, respectively, represent the long-period,
diurnal, and semidiurnal terms of the component in this direction.
Then

Fain Ig= Fm IgX cos A 97)
Fan lg=Fs] IgXeosA+FwnlgXsinA (98)
Faio/g=FmjgXeos A-\-FW2 /gXsin A 99)

As the long-period term has no west component, the summarized
formula for the azimuth 4 may be derived by simply introducing the
factor eos A into the coefficient of formula (92). For the diurnal and
semidiurnal terms it is necessary to combine the resolved elements
from the south and west components.

86. Referring to formulas (93) to (96) and considering a single
constituent in each species we. obtain the following:
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Diurnal constituent,

3/2 UfC [eos 2F eos A eos (E-f-180°)+sin F sinocos (E—90°)]
= 3/2 UjC (—eo0s 2F eos A eos E+sin F sin 4 sin E)

= 3/2 UjC Pleos (E-AO (100)
in which
P1=(e0s22F eos2A+sin2 F sin2A4)% (101)
! sin F gin 4
': —
A= tan 1—eos E:P% €os /ir (102]

Semidiurnal constituent,

3/2 UfC [sin F eos F eos A eos E-feos F sin 4 eos (E—90°)]
= 3/2 UfC eos F (sin F eos A eos E-fsin 4 sin E)

=3/2 LyE P2eos (E-A) (103)
in which
P2=cos F (sin2 F e0s2A-fsin2A4)* (104)
= ~ ?
X =tan lsin%'é?)s/f‘ (105)
87. Summarized formulas for the horizontal component of the

tide-producing force in any direction 4 may now be written as follows:

Ea0/g=9j8 E sin 2F eos 4 hfC cos E (106)
Fas1/0=3/2 EPi 2/E ecos (E-A)) (107)
Fa3 1= 3/2 EP22/E eos (E-X 2 (108)

the values for Pj, P2 A'l and A2 beingobtained byformulas in the
preceding paragraph. Pi and P2are to betaken aspositiveand the
following table will be found convenientindetermining the proper
quadrant for Ak and A"2.

North latitude South latitude
A
quadrant X, X2 Xi X2
quadrant quadrant quadrant quadrant
1 2or 1 1 3or4 2
2 lor2 9 4or3 1
3 4or3 3 lor2 4
4 3or4 4 2or 1 3

For the Xi quadrant the flrrt value of each pair is applicable when the latitude does not exceed 45° north
orsouth. Otherwise the second value is applicable.

EQUILIBRIUM TIDE

88. The equilibrium theory of the tides is a hypothesis under which
it is assumed that the waters covering the face of the earth instantly
respond to the tide-producing forces of the moon and the sun and
form a surface of equilibrium under the action of these forces. The
theory disregards frictic-n and inertia and the irregular distribution of
the land masses of the earth. Although the actual tidal movement
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of nature does not even approximate to that which might be expected
under the assumed conditions, the theory is of value as an aid in
visualizing the distribution of the tidal forces over the surface of the
earth. The theoretical tide formed under these conditions is known
as the equilibrium tide, and sometimes as the astronomical or gravita-
tional tide.

89. Under the equilibrium theory, the moon would tend to draw
the earth into the shape of a prolate spheroid with the longest axis
in line with the moon, thus producing one high water directly under
the moon and another one on the opposite side of the earth with a
low water belt extending entirely around the earth in a great circle
midway between the high water points. It may be shown mathe-
matically, however, that the total effect of the moon at its mean dis-
tance would be to raise the high water points about 14 inches above
the mean surface of the earth and depress the low water belt about
7 inches below this surface, giving a maximum range of tide of about
21 inches. The corresponding range due to the sun is about 10 inches.
Figures 5 and 6 illustrate on an exaggerated scale the theoretical
disturbing effect of the moon on the earth. In the first figure the
moon is assumed to be directly over the equator and in the last figure
the moon is approximately at its greatest north declination.

90. With the moon over the equator (fig. 5), the range of the equi-
librium tide will be at a maximum at the equator and diminish to
zero at the poles and at any point there will be two high and low
waters of equal range with each rotation of the earth. With the
moon north or south of the equator (fig. 6), a declinational inequality
is introduced and the two high and low waters of the day for any given
latitude would no longer be equal except at the equator. This
inequality would increase with the latitude and near the poles only
one high and low water would occur with each rotation of the earth.
Although latitude is an important factor in determining the range of
the equilibrium tide, it is to be kept in mind that in the actual tide
of nature the latitude of a place has no direct effect upon the rise and
fall of the water.

91. A surface of equilibrium is a surface at every point of which the
sum of the potentials of all the forces is a constant. On such a
surface the resultant of all the forces at each point must be in the
direction of the normal to the surface at that point. If the earth
were a homogeneous mass with gravity as the only force acting, the
surface of equilibrium would be that of a sphere. Each additional
force will tend to disturb this spherical surface, and the total deforma-
tion will be represented by the sum of the disturbances of each of the
forces acting separately. In the following investigation we need not
be especially concerned with the more or less permanent deformation
due to the centrifugal force of the earth’s rotation, since we may
assume that the disturbances of this spheriodal surface due to the
tidal forces will not differ materially from the disturbances in a true
spherical surface due to the same cause.

92. The potential at any point due to a force is the amount of work
that would be required to move a unit of matter from that point,
against the action of the force, to a position where the force is zero.
This amount of work will be independent of the path along which
the unit of matter is moved. If the force being considered is the
gravity of the earth the potential at any point will be the amount
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of work required to move a unit mass against the force of gravity
from the point to an infinite distance from the earth’s center. For
the tide-producing force, the potential at any point will be measured
by the amount of work necessary to move the unit of mass to the
earth’s center where this force is zero.

93. Referring to formula (21) for the vertical component of the tide-
producing force, if the unit g is replaced by the unit g from equation
(15), the formula may be written as follows:

"cos2 cos32—3 eos z)r2 (109)

94. Considering separately the tide-producing potential due to the
two terms in the above formula, let the potential for the first term
involving the cube of the moon’s distance be represented by V3 and
the potential for the second term involving the 4th power of the
moon’s distance by ¥4 In each case the work required to move a unit
mass against the force through an infinitesimal distance —dr toward
the center of the earth is the product of the force by —dr, and the
potential or total work required to move the particle to the center of
the earth may be obtained by integrating between the limits rand
zero. Thus

V >=-" (ec0s2,--1/3)

=]+ (co0s20-1,/3)r2 (110)
V 4= Cos3 (12
—7"(5 eos3z—3 eos z)d (111)

95. At any instant of time the tide-producing potential at different
points on the earth’s surface will depend upon the zenith distance (2)
of the moon and may be either positive or negative. It will now be
shown that the average tide-producing potential for all points on the
earth’s surface, assuming it to be a sphere, is zero. Assume a series
of right conical surfaces with common apex at center of earth and axis
coinciding with the line joining centers of earth and moon, the angle
between the generating line and the axis being z  These conical
surfaces separated by infinitesimal angle dz will cut the surface of the
sphere into a series of equipotential rings, the surface area of any ring
being equal to a 2 ir r2sin 2 dz. The average potential for the entire
spherical surface may then be obtained by summing the products of
the ring areas and corresponding potentials and dividing the sum by
the total surface area of the sphere. Thus

Average J" (e0s22—1/3) sin 2 dz

= - —1/3 e0s32+1/3 eos 2] =0 (112)
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Average f (5 e0s32—3 eos 2) sin 2 (;2
_ MY _
IdF-£—5/4 e0s42+3/2 eos22] =0 (113)
96. Let Vg represent the potential due to gravity at any point on

the earth’s surface. Since the force of gravity at any point on or
above the earth’s surface equals pE/r2 the corresponding potential
becomes

V. (114)

If the earth is assumed to be a sphere with radius a, the gravitational
potential at each point will equal pE/a, which may be taken as the
average gravitational potential over the surface of the earth.

97. For a surface of equilibrium under the combined action
gravity and that part of the tide-producing force involving the cube
of the moon’s distance the sum of the corresponding potentials must
be a constant, and since the average tide-producing potential for the
entire surface of the earth is zero (par. 95), the constant will be the
averagegravitational potential or pE/a. Then from(110) and
(114) we have

F,+ Fe= "(cos!2-1/3>2+ + = + (115)
Transposing and omitting common factor p, we may obtain

(r-+)a2=3/2(M/ZE)(a/dy(eos22-1/3) (116)
Let

r=a-\-h (117)

so that h represents the height of the equilibrium surface as referred
to the undisturbed spherical surface of an equivalent sphere. Then

-+ + 2=((1"=ty<*-3(W I[+6Wa)3etc. (118)

As fraction hfa is very small, its greatest value being less than
0.000001, the powers above the first may be neglected. Substituting
in (116) and writing h with subscript 3 to identify it with the prin-
cipal tide-producing force, we have

h3/a=3/2 (M/E) (a/d)3(e0s22-1/3) (119)

of

98. Similarly, for a surface of equilibrium under the combined

action of gravity and the part of the tide-producing force involving
the 4th power of the moon’s distance, we have from (111) and (114)

F,+F,="(5c0s32-3cos 2):* + + = + (120)
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¥ ri*a —1/2 (M/E)(a/dY (5 ¢0s3z—3 cos ) (121)

Letting r=a-{-hi and expanding the first member of the above formula,
it becomes equal to ki /a after the rejection of the higher powers of this
small fraction. The formula may then be written

hi fa=1/2 (M/E)(a/d)i(5 cos3 z—3 cos z) (122)

99. Formulas (119) and (122) involving the cube and 4th power of
the moon’s parallax, respectively, represent the equilibrium heights
of the tide due to the corresponding forces, the heights being expressed
in respect to the mean radius (@) of the earth as the unit. In deriving
these formulas the centrifugal force of the earth’s rotation was dis-
regarded and the resulting heights represent the disturbances in a
true spherical surface due to the action of the tide-producing force.
It may be inferred that in a condition of equilibrium the tidal forces
would produce like disturbances in the spheroidal surface of the earth
and the & of the formulas may therefore be taken as being referred to
the earth’s surface as defined by the mean level of the sea.

100. The extreme limits of the equilibrium tide, applicable to the
time when the tide-producing body is nearest the earth, may be
obtained by substituting the proper numerical values in formulas
(119) and (122). They are given below for both moon and sun.

From formula (119) involving the cube of parallax—

Greatest rise =1.46 feet for moon, or 0.57 foot for sun (123)
Lowest fall =0.73 foot for moon, or 0.28 foot for sun (124)
Extreme range=2.19 feet for moon, or 0.85 foot for sun. (125)

From formula (122) involving the 4tli power of parallax—

Greatest rise =0.026 foot for moon, or 0.000025 foot for sun (126)
Lowest fall =0.026 foot for moon, or 0.000025 foot for sun (127)
Extreme range=0.052 foot for moon, or 0.00005 foot for sun. (128)

101. A comparison of formulas (23) and (119), the first expressing
the relation of the vertical component of the principal tide-producing
force to the acceleration of gravity (g) and the other the relation of
the height of the corresponding equilibrium tide to the mean radius (a)
of the earth, will show that they are identical with the single excep-
tion that the coefficient of the height formula is one-half that of the
force formula. Therefore the development of the force formula into
a series of harmonic constituents is immediately applicable in obtain-
ing similar expressions for the equilibrium height of the tide. Using a
notation for the height terms corresponding to that used for the force
terms, let h¥) fa, hz fa, and h3 fa represent, respectively, the long-
period, diurnal, and semidiurnal terms of the equilibrium tide involv-
ing the cube of the moon’s parallax. Then referring to formulas (81)
to (83) we may write

"3 /<z=3/4 77(1/2—3/2 sin2 ¥) hfC eos E (129)
hzi /a=3/4 Usin 2Y 2 jC eos E (130)
hz: fa=3/4 Ueos2Y 2fC eos E (131)

the symbols having the same significance as in the preceding discussion
of the tidal forces.
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TERMS INVOLVING 4TH POWER OF MOON’S PARALLAX

102. Formulas (24) and (26) represent the vertical and horizontal
components of the part of the tide-producing force involving the 4th
power of the moon’s parallax. This part of the force constitutes
only about 2 percent of the total tide-producing force of the moon
and for brevity will be called the lesser force to distinguish it from the
principal or primary part involving the cube of the parallax. The
vertical component Fw /g has its maximum value when z equals zero
and, if numerical values pertaining to the moon and sun when nearest
the earth are substituted in formula (24), the extreme values for this
component are found to be 0.37XI10-8 for the moon and 0.35X10-11
for the sun. The horizontal component Fnf ;g has its greatest value
when z equals about 31.09° and the substitution of numerical values
in formula (26) gives the extreme value of this component as
0.26X I0-8 for the moon or 0.24XI0“1l for the sun.

103. Substituting in (24) the value of eos z from (31), the vertical
component of the lesser force is expanded into four terms as follows:

Fyvi/g=15/a (M/E)(a/dy sin F(cos2Y—2/5) sin D(5 eos2D—2) Fvl/g
+45/8 (M/E)(a/d)4eos F (eos2F —4/5) eosZ>(5 eos277—4)cosi Fvil/g

+45/4 (MIE) (afdy sin F eos2 F sin D eos2D eos 21 /g
+ 15/8 (M/E)(a/dy eo0s3 F eos3D eos 31 FvZ;g
(132)

These four terms represent, respectively, long-period, diurnal, semi-
diurnal, and terdiurnal constituents, according to the multiple of the
hour angle ¢ involved in the term. Each term is followed by a symbol
which is analogous to those used in the development of the principal
force.

104. Each term in formula (132) may be further expanded by means
of the relations given in formulas (39) and (42). Expressing these
terms separately we have—

Fvio /[<1=15/4 (M/E)(a/dy sin F(cos2 F —2/5)X
[3(sin 7—5/4 sin3 1) eos (j—90°)
+ 5/4 sin3 1 eos (3j—90°)] (133)

Fm /g=45/8 (M/E) (ald)* ecos F (cos2 F-4/5)X
[5/4 sin21 eos2\I eos (X—3j)
+ (1—10 sin2|/+ 15 sin4|7) eos2\I eos (X —)
+ (1—10 eos2|/+ 15 eos4 %l) sin2  eos (X+j)
+5/4 sin21 sin2  eos (X+37?)] (134)

Fv2/g=45/8 M/E)(a/dy sin F eos2 FX
[sin I eos4 |7 eos (2X—3j-1-90°)
+ 3 (e0s2”7"—2/3) sin I eos2\1I eos (2X— —90°)
+ 3 (e0s2"7—1/3) sin I sin211I eos (2X-1-j—90°)
+ sin I sin4d  eos (2X+3J—90°)] (135)

FviZ/g= 15/8 (M/E) (a/d)4eos3 FX
[eos6 §7 eos (3X—3j)
+ 3 eos4 |1 sin2\1 eos (3X—j)
+ 3 e0s2”7 sin4 |1 eos (3X-1-j)
+sin6"7 eos (3X+3j)] (136)

105. If the common factor (a/d)4 in formulas (133) to (136) i
replaced by its equivalent (a/c)4X (c/d)4, these formulas may be de-
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veloped into numerous constituent terms by a method similar to that
already described in the development of the principal lunar force
(paragraphs 59-69). In the following development constituents of
very small magnitude are omitted. Those given are numbered con-
secutively with the constituent terms of the principal lunar force.

F /g=15/4 (M/E)(a/cY sin ¥ (eos2 ¥—2/5) X

U 3 [(sin 7—5/4 sin37){3(1-f2¢2) eos (s—90°—%£)
U ®) + 96 eos (2s—p —90°—1I)
(Aaa) + 36 cos (p—90°—£)}
(44 +sin3/{5/4(1 —6¢e2) eos (3s—90°—3£)
(Ass) +25/4 e eos (4s—p —90°—3£)}] (137)
Fii 1g=45/8 (M/E)(a/cY eos Y (eos2 Y—4/5)X
U &) [sin2/ eos2+7{5/4(1 —6¢e2) eos (T—3s+A+3£—w)
("4 70) +25/4 6 eos (T—4s+ A+22+ 3£—r)}
+ (1—10 sin247+15 sin4\I) eos2\TI
u {(1+262) eos (T—s+ A +£—V)-——mmmmmmmmmmemm [Md
+1n) +36 eos (T—2s+A+"?7+ £—v)
(A9 l-e eos (7+ A—i?+ £—1)}
+ (1—10 eos247+15 eo0s447) sin247
U74) {(1+ 262 eos (T+s+A—£—w)
(+7) +36 eos (7+-2S+A—p—£—V)}] (138)
Fi /g—45/8 (M/E)(a/c)i sin Y eos2 ¥ X
U [sin 7 eos44/{ (1—6e2) eos (2T—3s+2A+90°+3£—2v)
(A7) +56 eos 2T—4s+2A+7?7+90°+ 3£—2v)
(An) +6 eos (2T-2s+2A-p-900+ 3£-2")}
+ (e0s247—2/3) sin 7 eos24/
(An) {3(1+262 eos (2T-s+2A-90°+ £-2r1)
Uso) +96 eos (2T—2s+2A+"?7—90°+ £—2r)}
+ (e0s247—1/3) sin 7 sin24/
(AsO {3(1+2e2 eos (2T+S+2A—90° —£—2i>)}] (139)
Fviz /g=15/8 (M/E)(a/cy eos; YX
Usa) [e0s647{(1 —6e2) eos (3T-3s+3A+3£-3r) M3
(M483) +56 eos (37H4s+3A+p+3£—-3")
(Add) +6 eos (317—2s+3A—iH-180°+ 3£—3v)
(Add) +127/8 e2eos (3T-5s+3A+2p+3£-3r)
Use) +75/8 me eos (3r-4s+5A-"+3£-3r)}
+ e0s447 sin247
Ust) {3(1+ 262 eos (37-s+ 3A+£-3r1)
C"ss) +96 eos (37F2s+3A+"?7+£—31)}1 (140)
106. All of the constituent terms in formulas (137) to (140) are

relatively unimportant but they are listed in table 1 because of their
theoretical interest. The only one of these terms now used in the
prediction of tides is U &) representing the constituent M3 which has
a speed exactly three-halves that of the principal lunar constituent
M2 Term U 7)) is of interest in having a speed exactly one-half that
of M2 and is sometimes called the true M4to distinguish it from the
composite M 4which is used in the prediction of tides and which will
be described later.
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107. For simplicity and the purposes of this publication, the mean

values of the obliquity factors in the terms of the lesser tide-producing
force will be taken as the values pertaining to the time when I equals
wor 23.452°, excepting that for constituent M 3 and associated terms
the mean has been obtained in accord with the system described in
paragraph 75. The corresponding node factors (paragraph 77) may
then be expressed by the following formulas in which the denominators
are the accepted means of the obliquity factors:

f(AG) to/ 046)= (sin 7—5/4 sin37)/0.3192 (141)
f(A & to/(v1®)=sin3¥/0.0630 (142)
J(AD tof(AD=sm2 cos3-7/0.1518 (143)
f(An) tof(An)= (I—10 sin2/+ 15 sind/) cos2//0.5873 (144)
f(AT7) tof(A= (1—10 cos2/+ 15 cosd!/) sin2//0.2147 (145)
J(A ) to/(/LB=sin I cos4//0.3658 (146)
J(A7 to/04s0)= (cos2l /—2/3) sin I cos2!//0.1114 (147)
f(AS = (cos2 /—1/3) sin I sin21//0.0103 (148)
J(AS) tof(As§=/(AN3)= cosd//0.8758S (149)
f(AS) to f(Ass) = cosd / sin2!//0.0380 (150)

Comparing formulas (149) and (78), it will be noted that the node
factor for M3 is equal to the node factor for M2 raised to the 3/2
power. Computed values applicable to terms ASto "4& are included
in table 14 for 3Tars 1850 to 1999, inclusive.

108. For the tabulated constituent coefficients of the terms
formulas (137) to (140) there are included not only the elliptic and
mean obliquity factors but also such other factors as may be necessary
to permit the use of the general coefficient (3/2 U) of formulas (81)
to (83) for the vertical component of the principal tide-producing
force. The common coefficient (M/E) (a/cY of formulas (137) to
(140) is equal to U multiplied by the parallax a/c, and the latter
together with the necessary numerical factors is included in the
constituent coefficients in table 2. Formulas (137) to (140) may
then be summarized as follows:

Fm ;g=3/2 Usin F(cos2F —2/5) 2/(7 eos E (151)
Fw lg=3/2 Ueos F(cos2F —4/5) 2/(7 eos E (152)
F i /p=3/2 Usin Y eos2F 2/(7 eos E (153)
Fw3 ;g=3/2 Ueos3F 2/(7 eos E (154)

in

109. It is to be noted that in formulas (151), (152), and (153), the

maximum value of the latitude factor in each is less than unity, being
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0.4, 0.2754, and 0.3849, respectively, if the sign of the function is
disregarded. In formula (154), as in the corresponding formulas for
the principal tide-producing force, the maximum value of this factor
is unity. In comparing the relative importance of the various con-
stituents of the tide-producing force the latitude factor should be in-
cluded with the mean coefficient. Attention is also called to the fact
that the relative importance of the constituents involving the 4th
power of the moon’s parallax is greater in respect to the vertical com-
ponent of the tide-producing force than in respect to the height of the
equilibrium tide. In table 2 the mean coefficients are taken com-
parable in respect to the vertical component of the tide-producing
force and the constituent coefficients pertaining to the lesser force are
therefore 50 percent greater than they would be if taken comparable
in respect to the equilibrium tide.

110. The south and west horizontal components of the lesser tide-
producing force may be obtained by multiplying formula (26) by eos
A and sin A, respectively. Using the same system of notation as
before, we then have

Fsi /g=2>/2 (M/E)(a/dy sin z (5 eos2z—1) eos 4 (155)
Fwi /g=Z/2 (M/E)(a/dy sin s (5 eos2z—1I) sin A (156)
111. By means of the relations expressed in formulas (31), (86),

and (87), the above component forces may be separated into long-
period, diurnal, semidiurnal, and terdiurnal terms as follows:

South component,
Fsoo/g= 15/4 (M/E) (afdy eos Y(cos2Y —4/5) sin D(5 cos2D —2) (157)
Fsix/fi=45/8 (M/E)(a/dy sin F(cos2F —4/15) eos D(5 cos2D —4) cos t

(158)
Fse lg=—45/4 (M/E) (a/dy eos Y (cos2F —2/3) sin D eos2D eos 21 (159)
Fsis /g=15/8 (M/E)(a/dy sin F cos2F eosD eos 31 (160)

West component,

Fwn /g=15/8 (M/E) (a/dy (eos2Y —4/5) eos D(5 cosDD —4) sint  (161)
Fw2 /g=15/4 (M/E)(a/dy sin 2Fsin D eos2D sin 21 (162)
F..;: /g—15/8 (M/E)(a/dy cos2F eos® sin 31 (163)

112. Comparing formulas (157) to (160) for the south component
force with the corresponding terms of (132) for the vertical com-
ponent, it will be noted that they differ only in the latitude factors
and in sign for two of the terms. With adjustments for these dif-
ferences the summarized formulas (151) to (154) are directly applicable
for expressing the corresponding terms in the south component.
Thus

Fsio /fif=3/2 U eos F(cos2F —4/5) 'LjC cos(i£+1800) (164)
Fsii /g=3/2 U sin F(cos2F —4/15) 2jC eos E (165)
Fsu /fif=3/2 U eos F(cos2F —2/3) 2jC cos(£'-f 180°) (166)
Fsi3 /fir=3/2 U sin F cos2F 2fC cos E (167)

113. For the west component there is no long-period term. Com-
paring (161) to (163) with the corresponding terms of (132), it will
be noted that the ;-functions are expressed as sines instead of cosines
but they may be changed to the latter by subtracting 90° from each
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argument. With this change and allowing for differences in the
latitude factors and numerical coefficients, the summarized formulas
for the west component will be similar to those for the vertical com-
ponent and may be written as follows:

Fus1 Ig=1/2 U (eos2F —4/5) 2/C eos (27?7-90°) (168)
Fwi2Ig=1/2 U sin 2F S/C eos (£2-90°) (169)
Fw3/g=3/2 U eos2F S/C eos (£290°) (170)

114. To obtain the horizontal component of the lesser force in any
direction, the same procedure may be followed as was used for the
principal tide-producing force (paragraphs 85 to 87). With the same
system of notation we then have

Faio/g=3/2 U eos F(cos2F —4/5) eos y1S/Ccos (E-1-180°)(171)

Fan /g=3/2 U Pi S/C eos (E-Xi) (172)
Fa" ;g=2>;2 U P2S/C eos (E-X2 (173)
Faiz !g=3/2 U Pz S/C eos (E X3 (174)
in which
Pi= [sin2F(cos2F —4/15)2 coslA-f-1/9(cos2F —4/5)2sinlAP (175)
P 2= cos F[(cos2F —2/3)2cosM.+4/9 sin2F sin2A P (176)
P 3= cos2F (sin2F coslA+sinlA)A 177)
Y —tan-1 (eos 2F4/54) .
Al —tan 3 sin Y(cos2F -4/15) eosA {17b)
v 2 sin F sin A
W2—tan —3(cos2 —2/3) eos 4 (179)
— - NN
W3=tan gYn F eos A 980)

The proper quadrants for X;, X2 and X3 will be determined by the
signs of the numerators and denominators in the above expressions,
these signs being respectively the same as for the sine and cosine of
the corresponding angles.

115. Comparing formula (122) for the equilibrium height of the
tide due to the lesser tide-producing force with formula (24) for the
vertical component of the force, it will be noted that they are the
same with the exception that the numerical coefficient of the former
is one-third that of the latter. With this change, the summarized
formulas (151) to (154) for the vertical force may be used to express
the corresponding equilibrium heights. Following the same system
of notation as before, we have

hio ja=1/2 U sin F(cos2F —2/5)2/C eos E (181)
hn J)a=1/2 U eos F(cos2F —4/5) 2/C eosE (182)
hio;ja=1/2 U sin F cos2F 2/Ceos E (183)
hiz /a= 1/2 U eos3F 2/C eos E (184)

It is to be noted that the equilibrium height of the tide due to the
principal tide-producing force when measured by the mean radius of
the earth as a unit is one-lialf as great as the corresponding vertical
component force referred to the mean acceleration of gravity as a
unit, while the equilibrium height due to the lesser tide producing
force similarly expressed is only one-third as great as the corresponding
force. In table 2, the coefficients (C) of the constituents derived
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from the lesser force are made comparable with the others in respect
to the vertical component force rather than in respect to the equi-

librium height.
SOLAR TIDES

116. Since the tide-producing force of the sun is similar in action
to that of the moon, the formulas derived for the latter are applicable,
with suitable substitutions, to the solar forces. Referring to formulas
(62), (63), and (64), let U be replaced by U\ representing the product
(S/E)(a/ci)3in which S is the mass ofthe sun and (a/cy its mean parallax.
Also replace e by ex the eccentricity of the earth’s orbit; / by o the
obliquity of the ecliptic; s by 4, the mean longitude of the sun; and
p by pi, the longitude of the solar perigee. For the solar forces the
arcs £ and v become zero and all terms representing the evectional
and variational inequalities are omitted.

117. Making the changes indicated the solar constituents are now
expressed in the following formulas. Each term is marked for iden-
tification by the letter B with the same subscript used for the corre-
sponding term in the lunar tide. The usual constituent symbol is
also given for the more important terms. Using the same system of
notation as before,

Solar Fif)fg =3/2 Ux (1/2—3/2 sin2 F)X

(Bx) [(2/3—sin2co){(1+ 3/2 eX) permanent term

(B2 +3 exeos (h—ypi)

(Bs) +9/2 e2i eos (2h—2pi)}

(RO +sin2co{(1 —5/2 e2) eos 2h Ssa

(B) +7/2 exeos (3A—pi)

- (Rg) +1/2 @ eos(A+pi+ 180°)
n(Bg +17/2 eXxeos (Ah—2py}] (185)

Solar Fv8l /g=3/2 Ui sin 2FX

(RBH [sin c eos2-co{ (1—5/2 e3) eos (T-h-1-90°) Pi

(Ris) +7/2 6leos (r—2A.+P1+ 900) -----------—-- irl

(Rie) +1/2 exeos (T—pi—90°)

(Bn) +17/2 2 eos (T-3A+2"+ 90°)}

(R22) +sin 2co{ (1/2+ 3/4 <+) eos (T-1-h—90°) [K-d

(R23) +3/4 ei eos {T-\-px—90°)

(R +3/4 eieos (T+2h—px-90°) ft

(B2s) +9/8 €2 eos (T—h-\-2pi —90°)

(R%) +9/8 €2 eos (T+3A—2px—90°)}

(R3D) +sin o sin2+co{ (1—5/2 e2) eos(T+3A—90°) ft

(R32) +7/2 41 eos (7T*+4 A—pi—90°)

(R33) +1/2 61 eos (T+2A+P1+ 900)

(R34) +17/2 e eos (T+5/c-2p1-900)}] (186)
Solar F.: /g=3/2 Ui eos2 FX

(R®» [eos4 "co{ (1—5/2 e2) eos (2T) S2

(R40) +7/2 exeos 2T—h-\-py -----------=-mememe- T2

(R41) +1/2 61 eos 2T-\-h—pi+180°) R2

(R42) +17/2 €2 eos (2 T—2h-\-2pi)}

(R4) +sin2 co{ (1/2+3/4 e2) eos (2T-\-2h) [K2]

(Bi3) +3/4 exeos (2T-\-h-{-pi)

(R49) +3/4 4 eos (2T~)r3h—pi)

(Formula continued on next page)
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(Bx +9/8 e2 eos (2T+2pi)

(B5) +9/8 e eos (2T-\-4h—2pi)}

(B% + sind+>{ (1—5/2 eZ) eos (2T-\-4h)

(Bsp +7/2 eos (2T-\-5h—jpi)

B9 +1/2 6i eos (2T+3 +pi+180°)

(R%) +17/2 eZ eos (22 6~ -2 i>)}] (187)

118. The general coefficient for the solar tide-producing force
differs from that of the lunar force in the basic factor. From the
fundamental data in table 1, the ratio of UfU is found to be 0.4602.
This ratio, which will be designated as the solar factor with symbol S,
represents the theoretical relation between the principal solar and
lunar tide-producing forces. In computing the constituent coefficients
of the solar terms for use in table 2, the solar factor was included in
order that the same general coefficient may be applicable to both
lunar and solar terms. All of the summarized formulas involving the
coefficients and arguments of table 2 are therefore applicable to both
lunar and solar constituents. For the solar constituents, however,
the node factor (f) is always unity since oo the obliquity of the ecliptic,
may be considered as a constant.

119. By substituting solar elements in formulas (137) to (140) the
corresponding solar constituents pertaining to the 4th power of the
sun’s parallax are readily obtained. Since the theoretical magnitude
of the lesser solar tide-producing force is less than 0.00002 part of the
total tide-producing force of moon and sun, it is usually disregarded
altogether. However, certain interest is attached to three of the
constituents which are considered in connection with shallow water
and meteorological tides (p. 46). These are constituents Sa, Si, and
S3, corresponding respectively to terms A4 6, An, and As2 of the lunar
series. They are listed in table 2 with reference letter B and cor-
responding subscripts. Sa lias a speed one-half that of constituent
Ssa represented by term B 6 of formula (185). Its theoretical argu-
ment as derived from term + 6} contains the constant 90°, but being
considered as a meteorological rather than an astronomical consti-
tuent, this constant is omitted from the argument. Constituents Si
and S3have speeds respectively one-half and three-halves that of the
principal solar constituent S2.

120. The arguments of a number of the solar constituents include
the element p4 which represents the longitude of the solar perigee.
As this changes less than 2° in a century, it may be considered as
practically constant for the entire century. Referring to table 4 it
will be noted that 2k changes from 281.22° in 1900 to 282.94° in 2000.
The value of 282° may therefore be adopted without material error
for all work relating to the present century. With pi taken as a
constant, it will be found that a number of terms in table 2 have the
same speeds and may therefore be expected to merge into single
constituents. Thus, constituents receiving contributions from more
than one term are as follows: Sa from terms B2 Bs, and B6i; Ssa
from terms Bs and B& Pj from terms Bu and B 2; Si from terms B 1§
B2 and Bn; \p4 from terms B2 and R33; 0i from terms B2 and B3I
S2 from terms B2 and R, and R2 from terms B4 and BiS A few
other solar terms also merge.
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THE Mi TIDE

121. The separation of constituents from each other by the process
of the analysis depends upon the differences in their speeds. Constit-
uents with nearly equal speeds are not readily separated unless the
analysis covers a very long series of observations but they tend to
merge and form a single composite constituent. In formula (63),
terms Awand A Bhave nearly equal speeds, one being a little less and the
other a little greater than one-half the speed of the principal lunar
constituent M2 These two terms are usually considered as a single
constituent and represented by the symbol Mx Neglecting for the
present the general coefficient and common latitude factor, the two
terms may be written as follows:

term A"—\j2 esin I eos2 eos (T—sPh—p —90°P2£—v) (188)
term A23=3/2 esin I eos I eos (T—sP hPp—90°—v) (189)

The latter term, having a coefficient nearly three times as great as
that of the first term, will predominate and determine the speed and
period of the composite tide while the first term introduces certain
inequalities in the coefficient and argument.

122. For brevity, let A and B represent the respective coefficients
of terms Ai&and A B and let

6=T-s+h+p-90°-" (190)

Also let P equal the mean longitude of the lunar perigee reckoned from
the lunar intersection. Then

P=PP¢ (191)
We then have
term AI6A eos (0—2P)
=A eos 2P cos dp A sin 2P sin 0 (192)
term A2=B eos 0 (193)
Mi=Ai6+ A 23= (A eos 2PpB) cos dp A sin 2P sin 0
—{A2P2AB eos 2PpB2%» eos "0—tan~1 2p ]
=e¢Sn " QS 2/cos (T—sphPp—90°—v—Qu (194)
in which

/& =[1/4+3/2°pCos 2PYIINTI] 1 (195>

Qu= tan-" cog //coszglgr21 %f+cos 2p (196)

If I is given its mean value corresponding to oo formula (195) may be
reduced to the form

1/Qa= (2.310+1.435 eos 2P)i (197)

Values of log Qa for each degree of P based uponformula (197) are
given in table 9.
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123. The period of the composite constituent is very nearly an
exact multiple of the period of the principal lunar constituent M2
and for this reason the summations which are necessary for the
analysis of the latter may be conveniently adapted to the analysis of
the former. With other symbols as before, let

d=T-s+h-900+£-v (198)
Terms Ai6 and A28 may then be combined as follows:

term A 1A eos (6—P)
=A eos P eos 04-A4 sin P sin 0 (199)

term Aoz—B eos (0-f-P)
=B eos P eos @—B sin P sin 0 (200)

M i="1it4-" 23= (A-\-B) eos P ecos 04-(A—B) sin P sin 0
:(A2-\-2AB eos 2P4-P2* eos

. o T
esin I cos%I— fir (201)

111 which
(202)

If I is given its mean value corresponding to u, formula (202) may
be reduced to the following form which was used for computing the
values of @ in table 10.

tan $ = 0.483 tan P (203)

124. Formulas (194) and (201) are the same except in the method
of representing the argument. The elements -I~V ~Qu in the first
formula are replaced by 4-£+$ in the latter, but it may be shown
from (196) and (202) that

Qu~\~Q_ P_ p—% (204)
B—Qu=¢£JrQ (205)

The complete arguments are therefore equal but in formula (201)
the uniformly varying element p has been transferred from the V
of the argument and included in the value of @ where it is treated
as a constant for a series of observations being analyzed. The speed
of the argument as determined by the* remaining part of the V is
then exactly one-half that of the principal constituent M2 and with
this assumption the summations for the latter may be adapted to the
analysis of the former. It is to be noted, however, that the u in
this case has a progressive forward change of nearly 41° each year.
The true average speed of this constituent is determined by the V
of formula (194) which includes the element p.
125. The obliquity factor for the composite Mj constituent may be

‘expressed by the formula sin I eos21 X1/$a- According to the work of
Darwin (Scientific Papers by Sir George H. Darwin, vol. 1, p. 39) the
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moan value of this factor is represented by the product sin ® eos2! ®
e0s4i1?'xV2.307, which equals 0.3800X1.52, or 0.5776. When
deriving the node-factor formula for M [; Darwin inadvertently omitted

the factor V2.307 and obtained the approximate equivalent of the
following:

X X1z 6>
Comparing the above with formula (75), it will be noted that
(207)

Factors pertaining to constituent M! in tables 13 and 14 are based
upon the above formulas.

126. Because of the omission of the factor -"2-307 from formula
(206), the node factors for M! which have been in general use since
this system of tidal reductions was adopted arc about 50 percent
greater than was originally intended, while the reciprocal reduction
factors arc correspondingly too small. This constituent is relatively
unimportant and no practical difficulties have resulted from the omis-
sion. The Mj amplitudes as reduced from the observational data are
comparable among themselves but should be increased by 50 percent
to be on the same basis as the amplitudes of other constituents. The
predicted tides have not been affected in the least since the node
factors and reduction factors are reciprocal and compensating. The
theoretical mean coefficient for this constituent with the factor V2.307
included is 0.0317; but in order that this coefficient may be adapted
for use with the tabular node factors when computing tidal forces or
the equilibrium height of the tide, the coefficient 0.0209 with the

factor V2.307 excluded should be used.

127. Although M! is one of the relatively unimportant constituents
and the error in the node factor has caused no serious difficulties, it
may be questionable whether it should be perpetuated. It is obvious,
however, that any change in the present procedure would lead to much
confusion unless undertaken by general agreement among all the
principal organizations engaged in tidal work. By making any change
applicable to the analysis of all series of observations beginning after
a certain specified date it would be possible to interpret the results on
the basis of the period covered by the observations without the neces-
sity of revising all previously published amplitudes for this constituent.

THE L2 TIDE

128. The composite L2 constituent is formed by combining terms
Aii and A4 of formula (64). Neglecting the general coefficient and
common latitude factor these terms may be written

term Adi= 1/2 e cos4\I eos (2T—s-\-2h—p+180°+ 2"—2v) (208)
term A4S=3/4 e sin2 1 eos (2T—s-\-2h-\-p—2v) (209)

A reference to table 2 will show that the mean coefficient of the first
term is about four times as great as that of the latter term. The first
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term will therefore predominate and determine the speed of the
composite constituent.

129. With other symbols as before, let A and B represent the
respective coefficients of the two terms and 6 the argument of the
first term. We then have

A4I=A eos B (210)
Ais=B cos (0+2P-180°)= -P eos (0+2P) (211)
Jj:= A ii-\-Ais= (A—B eos 2P) e¢os BAB sin 2P sin 6

= (A2—2AB cos 2P + P 2* eos

JL
=12e 2[cos (2T-s-1-2A-"+1800+2"-2v-P) (212)

in which
\;Ra= (1—12 tan2U eos 2P+36 tan4£f)* (213)

d j in, 2P 214
P-thn 16 cotszmil_ cos2P 19

Values of log Paand R computed from the above formulas are given
in tables 7 and 8§, respectively.

130. The obliquity factor for the composite L2 constituent may be
expressed by the formula eos4+/X 1/Pa'" The mean value of 1/Pais
approximately unity, and in accord with the Darwinian system the
mean for the entire obliquity factor is taken as the product eos4
4 owcos4-", which equals 0.9154 and is the same as the mean value of
the obliquity factor for the principal constituent M2 Multiplying
this by the elliptic factor le gives 0.0251 as the mean constituent
coefficient.

131. The node factor formula for constituent L2 based upon the
above mean for the obliquity factor is as follows:

—uil’
/(L)=0143 X WX /R, (215)

Node factors for constituent L2 based upon the above formula are
included in table 14 for the middle of each year from 1850 to 1999,
inclusive. The logarithms of the reciprocal reduction factors covering
the period 1900 to 2000 are contained in table 13.

LUNISOLAR Ki AND K2 TIDES

132. Lunar diurnal term A 2 of formula (63) and solar diurnal
term B2 of formula (186) have the same speed. Together they form
the lunisolar Kj constituent. Also, lunar semidiurnal term A4 of
formula (64) and solar semidiurnal term B4 of formula (187) have
speeds exactly twice that of constituent Kxand together form the
lunisolar K2 constituent. In order that the solar terms may have
the same general coefficient as the lunar terms, the solar factor
UJU, which will be designated by the symbol S’, will be transferred
from the general coefficient of the solar terms and included in the
constituent coefficients. Then, neglecting the general coefficient and
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latitude factors common to the terms combined, we have the following-
formulas in which numerical values from table 1 have been sub-
stituted for constant quantities.

term A 2= (1/2 + 3/4e2) sin 21 eos (T-1-h—90°—yv)

= 0.5023 sin 21 eos (T+h—90°-y) (216)
term B22= (1/2+ 3/467)$' sin 2 weos (T+A—90°)

= 0.1681 eos (T-\-h—90°) 217)
term Ai7—(1/2+3/4e2) sin2 eos (2T+2A-—2v)

= 0.5023 sin2 eos (2T+2"-2y) (218)
term Bi7= (1/2 + 3/4e7)&" sin2 o eos (2T-|-2/fc)

= 0.0365 eos (T+2h) (219)

133. Taking first the diurnal terms, let 4 represent the lunar co-
efficient 0.5023 sin 2/ and let B represent the solar coefficient 0.1681.
We then have

A2—A eos (T-\-h—90° —)
=A eos veos (T-1-h—90°)+/L sin v sin (T-1-h—90°) (220)

B2=B cos (T+"-90°) (221)
Ki=(A eos v-I-B) eos (T-\-h—90°) -1-4 sin v sin (T+A—90°)
= (A2+2AB eos v+tB2)*eos [*+"-90o0-tan-1" 0" N -gj

= <Xeos (T+A—90°—/) (222)
in which
C,= {A2+2AB cos v+B2J"
= (0.2523 sin22/+0.1689 sin 2/ eos ~+0.0283)T (223)
, X Asiny ,_, sin 21 sin v
U T 0 o 2T eos 2D 447 29

Values of v’ for each degree of N, which is the longitude of the
moon’s node, are included in table 6.

134. The obliquity factor for Kxwill be taken to include the entire
coefficient (42-1-24AB cos”+i1?2* and its mean value will be taken as
the mean of the product {42-1-24B eos v +272* eos v'.

From (224) we may obtain

eos v'=(A eos vJrB);{A2-\-2AB eos v-1-B2* (225)
Then for mean value of coefficient of K¢

[(A2Jr2A B eos v-\-B2Y eos v%=[A eos r+/?7]0
= [0.5023 sin 21 eos 7+ 0.1681]0=0.5305 (226)

the numerical mean for sin 2/ eos v being obtained from formula (68).
For the node factor of Kxdivide the coefficient of (222) by its mean
value and obtain

S(KD= (0.2523 sin22/+0.1689 sin 21 eos y+0.0283)*/0.5305
= (0.8965 sin22/+0.6001 sin 2/ eos r-£0.1006)* (227)
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The node factors for the middle of each year 1850 to 1999 are included
in table 14. Logarithms of the reciprocal reduction factors for each
tenth of a degree of I are given in table 12.

135. The semidiurnal terms A4 and B4 may be combined in a
similar manner. Letting 4 represent the lunar coefficient 0.5023
sin2 and B the solar coefficient 0.0365, we have

A47=A cos (2TH2h—2v)

=A eos 2v eos {2T-\-2h)-\-A sin 2v sin (27-\-2h) (228)
B4=B eos (2T+2h) (229)
K2=(+ eos 2v-1-B) eos (2T-\-2h)-\-A sin 2v sin (2T-\-2h)

= (A2+2AB cos 2v+B2* eos [ 2T +2A - tan*1 ]

= C2eo0s (2T+2h-2v") (230)
in which

C2= (A2-\-2AB cos 2v-\-B)i
= (0.2523 sin47+0.0367 sin2 1 eos 2j/+0.0013)* (231)
ny, -i -4 sin 2v 3 sin Z sin 2v
tan A cog 2W4+ B ~ sin27 eos 2v+0.0727 (232)

Values for 2v"” for each degree of N are included in table 6.

136. The obliquity factor for K2 will be taken to include the entire
coefficient (+2+2+7? eos 2v-1-BY and its mean value will be taken
as the mean of the product {A42-1-2AB ecos 2v-1-B2i cos 2v'".
Trom (232)

eos 2v"= (A eos 2v-\-B)/(A2-\-2AB cos 2v-\-B)* (233)

Then for the mean value of coefficient of K2

[(A2-\-2AB cos 2v-\-B2? eos 2v"]o=[A4 eos 2v-|-Bl\
= [0.5023 sin21 eos 2*/+0.0365]0=0.1151 (234)

the numerical mean for sin2 I eos 2v being obtained from formula
(71). For the node factor of K2divide the coefficient of (230) by its
mean value and obtain

/(K 2)= (0.2523 sin47+0.0367 sin27 eos 2v+0.0013+ /OM151
= (19.0444 sin4 7+2.7702 sin27 eos 27+0.0981+ (235)

See table 14 for node factors and table 12 for reciprocal reduction

factors.
METEOROLOGICAL AND SHALLOW-WATER TIDES

137. In addition to the elementary constituents obtained from the
development of the tide-producing forces of the moon and the sun,
there are a number of harmonic terms that have their origin in
meteorological changes or in shallow-water conditions. Variations
in temperature, barometric pressure, and in the direction and force
of the wind may be expected to cause fluctuations in the water level.
Although in general such fluctuations are very irregular, there are
some seasonal and daily variations which occur with a rough periodic-
ity that admit of being expressed by harmonic terms. The meteoro-
logical constituents usually taken into account in the tidal analysis are
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Sa, Ssa, and Si with periods corresponding respectively to the tropical
year, the half tropical year, and the solar day. These constituents
are represented also by terms in the development of the tide-producing
force of the sun but they are considered of greater importance as
meteorological tides. Ssa occurs in the development of the principal
solar force while Sa and S4would appear in a development involving
the 4th power of the solar parallax (par. 119). In the analysis of tide
observations both Sa and Ssa are usually found to have an appreciable
affect on the water level. Constituent Sj is relatively of little im-
portance in its effect on the height of the tide but has been more
noticeable in the velocity of off-shore tidal currents, probably as a
result of periodic land and sea breezes.

138. The shallow-water constituents result from the fact that when
a wave runs into shallow water its trough is retarded more than its
crest and the wave loses its simple harmonic form. The shallow-water
constituents are classified as overtides and compound tides, the over-
tide having a speed that is an exact multiple of one of the elementary
constituents and the compound tide a speed that equals the sum or
difference of the speeds of two or more elementary constituents.

139. The overtides were so named because of their analogy to the
overtones in musical sounds and they may be considered as the
higher harmonics of the fundamental tides. The only overtides
usually taken into account in tidal work are the harmonics of the
principal lunar and solar semidiurnal constituents M2and S2 the lunar
series being designated by the symbols M4, M6 and M § and the solar
series by S4, S6 and S8 The subscript indicates the number of
periods in the constituent day: These overtides with their argu-
ments and speeds are included in table 2a, the arguments and speeds
being taken as exact multiples of those of the fundamental con-
stituent. There are no theoretical expressions for the coefficients of
the overtides but it is assumed that the amplitudes of the lunar series
undergo variations due to changes in the longitude of the moon’s
node which are analogous to those in the fundamental tide. The
node factors for M4 Ms, and M8 respectively, are taken as the
square, the cube, and the fourth power of the corresponding factor
for M2 For the solar terms this factor is always zero.

140. Compound tides were suggested by Helmholtz’s theory of
sound waves. Innumerable combinations are possible but the prin-
cipal elementary constituents involved are M2 S2 N2 Kx and 04
Table 2a includes the compound tides listed in International Hydro-
graphic Bureau Special Publication No. 26, which is a compilation of
the tidal harmonic constants for the world. The argument of a
compound tide equals the sum or difference of the arguments of the
elementary constituents of which it is compounded. The node
factor is taken as the product of the node factors of the same con-
stituents. Table 2a contains the arguments, speeds, and node
factors of these tides.

141. Omitted from table 2a are a number of compound tides which
havé the same speeds as elementary constituents included in table 2.
Thus, 2MS2 compounded by formula 2M2—S2 has the same speed as
constituent j2 represented by term Ai5 of formula (64). Considered
as a compound tide there would be a small difference in the u of the
argument and also in the node factor. Since there is no practical
way of separating the elementary constituent from the compound
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tide of the same speed, this has been treated solely as an elementary
constituent. Constituent MSfrepresented by term 4 Sof formula (62)
has the same speed as a compound tide of formula S2—M2 This con-
stituent is relatively unimportant and it makes little difference whether
treated as an elementary or a compound tide. Following the pre-
vious practice in this office it is treated in the harmonic analysis as a
compound tide with corresponding argument and node factor. When
included in the computation of tidal forces, however, the argument
and node factor indicated in table 2 should be used.



ANALYSIS OF OBSERVATIONS

HARMONIC CONSTANTS

142. In the preceding discussion it has been shown that under the
equilibrium theory the height of a theoretical tide at any place can be
expressed mathematically by the sum of a number of harmonic terms
involving certain astronomical data and the location of the place.
It has also been pointed out that for obvious reasons the actual tide
of nature does not conform to the theoretical equilibrium tide. How-
ever, the tide of nature can be conceived as being composed of the
sum of a number of harmonic constituents having the same periods
as those found in the tide-producing force. Although the complexity
of the tidal movement is too great to permit a theoretical computation
based upon astronomical conditions only, it is possible through the
analysis of observational data at any place to obtain certain constants
which can be introduced into the theoretical formulas and thus adapt
them for the computation of the tide for any desired time.

143. In the formulas obtained for the height of the equilibrium
tide each constituent term consists of the product of a coefficient by
the cosine of an argument. For corresponding formulas expressing
the actual height of the tide at any place, the entire theoretical coeffi-
cient including the latitude factor and the common general coefficient
is replaced by a coefficient determined from an analysis of observa-
tional data for the station. This tidal coefficient, which is known as
the amplitude of the constituent, is assumed to be subject to the same
variations arising from changes in the longitude of the moon’s node
as the coefficient of the corresponding term in the equilibrium tide.
The amplitude pertaining to any particular year is usually designated
by the symbol R while its mean value for an entire node period is
represented by the symbol H. Amplitudes derived directly from an
analysis of a limited series of observations must be multiplied by the
reduction factor F (par. 78) to obtain the mean amplitudes of the
harmonic constants. For the prediction of tides, the mean ampli-
tudes must be multiplied by the node factor f (par. 77) to obtain the
amplitudes pertaining to the year for which the predictions are to
be made.

144. The phases of the constituents of the actual tide do not in
general coincide with the phases of the corresponding constituents
of the equilibrium tide but there may be lags varying from 0 to 360°.
The interval between the high water phase of an equilibrium con-
stituent and the following high water of the corresponding constituent
in the actual tide is known as the phase lag or epoch of the constituent
and is represented by the symbol k (kappa) which is expressed in
angular measure. The amplitudes and epochs together are called
harmonic constants and are the quantities sought in the harmonic
analysis of tides. Each locality has a separate set of harmonic con-
stants which can be derived only from observational data but which
remain the same over a long period of time provided there are no

49
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physical changes in the region that might affect the tidal conditions.
145. If we let yl equal the height of one of the tidal constituents as
referred to mean sea level, it may be represented by the following

formula:
yi=JH eos (E—K=JH eos K (236)

The combination symbol V-{-u is the equivalent of E and represents
the argument or phase of the equilibrium constituent.

146. Formula (236) is illustrated graphically in figure 7 by a
cosine curve with amplitude jH. The horizontal line represents
mean sea level and the vertical line through T may be taken to indi-
cate any instant of time under consideration. If the point M repre-
sents the time when the constituent argument equals zero, the interval
from M to the following high water of the constituent will be the
epoch k The interval from the preceding high water to M is
measured by the explement of # which may be expressed as — &
The phase of the constituent argument at time T is reckoned from M
and is expressed by the symbol (V-l-u). The phase of the constit-

HW

FIGURE 7.

uent itself at this time is reckoned from the preceding high water
and therefore equals (v-1-u— k).

OBSERVATIONAL DATA

147. The most satisfactory observational data for the harmonic
analysis are from the record of an automatic tide gage that traces a
continuous curve from which the height of the tide may be scaled at
any desired interval of time. This record is usually tabulated to give
the height of the tide at each solar hour of the series in the kind of
time normally used at the place. It is important, however, that the
time should be accurate and that the same system be used for the
entire series of observations regardless of the fact that daylight saving
time may have been adopted temporarily for other purposes during a
portion of the year. When the continuous record from an automatic
gage is not available, hourly heights of the tide as observed by other
methods may be used. The record should be complete with each
hour of the series represented. If a part of the record has been lost,
the hiatus may be filled by interpolated values; or, if the gap is very
extensive, the record may be broken up into shorter series which do
not include the defective portion.
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148. If hourly heights have not been observed but a record of high
and low waters is available, an approximate evaluation of the more
important constituents may be obtained by a special treatment.
The results, however, are not nearly as satisfactory as those obtained
from the hourly heights.

149. Although the hourly interval for the tabulated heights of the
tide has usually been adopted as most convenient and practicable for
the purposes of the harmonic analysis, a greater or less interval might
be used. A shorter interval would cause a considerable increase in
the amount of work without materially increasing the accuracy of the
results for the constituents usually sought. However, if an attempt
were made to analyze for the short period seiches a closer interval
would be necessary. An interval greater than one hom* would lessen
the work of the analysis but would not be sufficient for the satisfactory
development of the overtides.

150. In selecting the length of series of observations for the purpose
of the analysis, consideration has been given to the fact that the pro-
cedure is most effective in separating two constituents from each other
when the length of series is an exact multiple of the synodic period of
these constituents. By synodic period is meant the interval between
two consecutive conjunctions of like phases. Thus, if the speeds of
the two constituents in degrees per solar hour are represented by a and
b, the synodic period will equal 360°/ (a~0) hours. Ifthere were only
two constituents in the tide the best length of series could be easily
fixed, but in the actual tide there are many constituents and the
length of series most effective in one case may not be best adapted to
another case. It is therefore necessary to adopt a length that is a
compromise of the synodic periods involved, consideration being
given to the relative importance of the different constituents.

151. Fortunately, the exact length of series is not of essential im-
portance and for convenience all series may be taken to include an
integral number of days. Theoretically, different lengths of series
should be used in seeking different constituents, but practically it is
more convenient to use the same length for all constituents, an excep-
tion being made in the case of a very short series. The longer the
series of observations the less important is its exact length. Also the
greater the number of synodic periods of any two constituents the
more nearly complete will be their separation from each other. Con-
stituents like S2 and K2 which have nearly equal speeds and a synodic
period of about 6 months will require a series of not less than 6 months
for a satisfactory separation. On the other hand, two constituents
differing greatly in speed such as a diurnal and a semidiurnal con-
stituent may have a synodic period that will not greatly exceed a day,
and a moderately short series of observations will include a relatively
large number of synodic periods. For this reason, when selecting the
length of series no special consideration need be given to the effect of
a diurnal and a semidiurnal constituent upon each other.

152. The following lengths of series have been selected as conform-
ing approximately to multiples of synodic periods involving the more
important constituents— 14, 15, 29, 58, 87, 105, 134, 163, 192, 221, 250,
279, 297, 326, 355, and 369 days. The 3'69-day series is considered as
a standard length to be used for the analysis whenever observations
covering this period are available. This length conforms very closely
with multiples of the synodic periods of practically all of the short-
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period constituents and is well adapted for the elimination of seasonal
meteorological effects. When observations at any station are avail-
able for a number of years, it is desirable to have separate analyses
made for different years in order that the results may be compared
and serve as a check on each other. Although not essential, there are
certain conveniences in having each such series commence on January
1 of the year, regardless of the fact that series of consecutive years
may overlap by several days because the length of series is a little
longer than the calendar year.

153. If the available observations cover a period less than 369 days,
the next longest series listed above which is fully covered by the
observations will usually be taken, any extra days of.observations
being rejected. However, if the observations lack only a few hours
of being equal to the next greater length, it may be advantageous to
extrapolate additional hourly heights to complete the larger series.
The 29-day series is usually considered as a minimum standard for
short series of observations. This is a little shorter than the synodical
month and a little longer than the nodical, tropical, and anomalistic
months. It is the minimum length for a satisfactory development of
the more important constituents.

154. For observations of less than 29 days, but more than 14 days,
provisions are made for an analysis of a 14-day series for the diurnal
constituents and a 15-day series for the semidiurnal constituents, the
first conforming to the synodic period of constituents Ki and Oi,
and the latter to the synodic period of M2and S2 Through special
treatment involving a comparison with another station, it is possible
to utilize even shorter series of observations. This treatment is
rarely required in case of tide observations but is useful in connection
with tidal currents where observations may be limited to only a few

days.
SUMMATIONS FOR ANALYSIS

155. The first approximate separation of the constituents of the
observed tide is accomplished by a system of summations, separate
summations being made for all constituents with incommensurable
periods. Designating the constituent sought by A4, assume that the
entire series of observations is divided into periods equal to the period
of 4 and each period is subdivided into a convenient number of equal
parts, the subdivisions of each period being numbered consecutively
beginning with zero at the initial instant of each period. All subdivi-
sions of like numbers will then include the same phase of constituent
A but different phases for all other constituents with incommensurable
speeds. The subdivisions will also include irregular variations arising
from meteorological causes. By summing and averaging separately
all heights corresponding to each of the numbered subdivisions over a
sufficient length of time, the effects of constituents with incommensur-
able periods as well as the meteorological variations will be averaged
out leaving intact constituent 4 with its overtides.

156. The principle just described for separating constituent A
from the rest of the tide is applicable if the original periods into which
the series of observations is divided are taken as some multiple of
constituent A4 period. In general practice, that multiple of the
constituent period which is most nearly equal to the solar day is taken
as the unit. This is the constituent day and includes one or more
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periods according to whether the constituent is diurnal, semidiurnal,
etc. The constituent day is divided into 24 equal parts,the beginning
of each part being numbered consecutively from 0 to 23 and these are
known as constituent hours.

157. To carry out strictly the plan described above would require
separate tabulations of the heights of the tide at different intervals
for all constituents of incommensurable periods, a procedure involving
an enormous amount of work. In actual practice the tabulated solar
hourly heights are used for all of the summations, these heights being
assigned to the nearest constituent hour. Corrections are afterwards
applied to take account of any systematic error in this approximation.

158. There are two systems for the distribution and assignment of
the solar hourly heights which differ slightly in detail. In the system
ordinarily used and which is sometimes called the standard system,
each solar hourly height is used once, and once only, by being assigned
to its nearest constituent hour. By this system some constituent
hours will be assigned two consecutive solar hourly heights or receive
no assignment according to whether the constituent day is longer or
shorter than the solar day. In the other system of distribution, each
constituent hour receives one and only one solar hourly height neces-
sitating the occasional rejection or double assignment of a solar hourly
height. The difference in the results obtained from the two systems
is practically negligible but the first system is generally used as it
affords a quick method of checking the summations.

STENCILS

159. The distribution of the tabulated solar hourly heights of the
tide for the purpose of the harmonic analysis is conveniently accom-
plished by a system of stencils (fig. 10) which were devised by L. P.
Shidy of the Coast and Geodetic Survey early in 1885 (Report of
U. S. Coast and Geodetic Survey, 1893, vol. I, p. 108). Although
the original construction of the stencils involves considerable work,
they are serviceable for many years and have resulted in a very great
saving of labor. These stencils are cut from the same forms which
are used for the tabulation of the hourly heights of the tide and 10G
sheets are required for the summation of a 369-day series of observa-
tions for a single constituent. Separate sets are provided for different
constituents. Constituents with commensurable periods are included
in a single summation and no stencils are required for constituents,
Si, S2, S4, etc.

160. The use of the stencils makes a standardized form for the
tabulation of the hourly heights essential. This form (fig. 9) is a
sheet 8 by 10}i inches, with spaces arranged for the tabulation of the
24 hourly heights of each day in a vertical column, with 7 days of
record on each page. The hours of the day are numbered consecu-
tively from Oh at midnight to 23h at 11 p. m. When the tabulated
heights are entered, each day is indicated by its calendar date and
also by a serial number commencing with 1 as the first day of series..
The days on the stencil sheets are numbered serially to correspond
with the tabulation sheets and may be used for any series regardless
of the calendar dates.

161. The openings in the stencils are numbered to indicate the
constituent hours that correspond most closely with the times of the
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height values showing through the openings when the stencil is applied
to the tabulations. Openings applying to the same constituent hour
are connected by a ruled line which clearly indicates to the eye the
tabular heights which are to be summed together. For convenience
in construction two stencil sheets are prepared for each page of
tabulations, one sheet providing for the even constituent hours and
the other sheet for the odd constituent hours.

162. The stencils are adapted for use with tabulations made in
any kind of time provided the time used is uniform for the entire
series of observations. For convenience the tabulations are usually
made in the standard time of the place. The series to be analyzed,
however, must commence with the zero hour of the day and this is
also taken as the zero constituent horn’ for each constituent. Suc-
cessive solar hours will fall either earlier or later than the correspond-
ing constituent hour according to whether the constituent day is
longer or shorter than the solar day.

163. For the construction of the stencils it is necessary to calculate
the constituent hour that most nearly coincides with each solar hour
of the series.

Let a=speed or rate of change in argument of constituent sought
in degrees per solar hour.
p=number of constituent periods in constituent day; 1 for
diurnal tides, 2 for semidiurnal tides, etc.
sh=number of solar hour reckoned from 0 at beginning of each
solar day.
shs=number of solar hour reckoned from 0 at beginning of
series.
dos= day of series counting from 1 as the first day.
cA=number of constituent hour reckoned from 0 at beginning
of each constituent day.
chs=number of constituent hour reckoned from 0 at beginning

of series.
Then
1 constituent peri0d=}\(-3’Q- solar hours. (237)
1 constituent dav = %0Q0p gojar jlOurs< (238)
a
1 constituent hour =1%)- solar hours. (239)
1 solar hour = TIXE constituent hours. (240)
Therefore,
(efo)= jA(sAs)= jr[24{ (dos)-1} + « ] (241)

164. The above formula gives the constituent hour of the series (chs)
corresponding to any solar hour of the series (shs). The observed
heights of the tide being tabulated for the exact solar hours of the
day, the (shs) with which we are concerned will represent successive
integers counting from o0 at the beginning of the series. The (chs)
as derived from the formula will generally be a mixed number. As
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it is desired to obtain the integral constituent hour corresponding
most nearly with each solar hour, the (chs) should be taken to the
nearest integer by rejecting a fraction less than 0.5, or counting as
an extra hour a fraction greater than 0.5, or adopting the usual rule
for computations if the fraction is exactly 0.5. The constituent
hour of the constituent day (ch) required for the construction of the
stencils may be obtained by rejecting multiples of 24 from the (chs).

165. In the application of the above formula it will be found that the
integral constituent hour will differ from the corresponding solar
hour by a constant for a succession of solar hours, and then, with the
difference changed by one, it will continue as a constant for an-
other group of solar hours, etc. This fact is an aid in the prepara-
tion of a table of constituent hours corresponding to the solar hours
cf the series, as it renders it unnecessary to make an independent
calculation for each hour. Instead of using the above formula for
each value the time when the difference between the solar and con-
stituent hours changes may be determined. The application of the
differences to the solar hours will then give the desired constituent
hours.

166. Formula (241) is true for any value of (shs), whether integral or
fractional. It represents the constituent time of any instant in the
series of observations in terms of the solar time of that same instant,
both kinds of time being reckoned from the beginning of the series
as the zero hour. The difference between the constituent and the
solar time of any instant may therefore be expressed by the following
formula:

Difference=y”"(s/i,s) ~ (shs) = a (shs) (242)

167. If the constituent day is shorter than the solar day, the speed a
will be greater than 157, and the constituent hour as reckoned from
the beginning of the series will be greater than the solar hour of the
same instant. If the constituent day is longer than the solar day
the constituent hour at any instant will be less than the solar hour
of the same instant. At the beginning of the series the difference
between the constituent and solar time will be zero, but the difference
will increase uniformly with the time of the series. As long as the
difference does not exceed 0.5 of an hour the integral constituent
hours will be designated by the same ordinals as the integral solar
hours with which they most nearly coincide. Differences between
0.5 and 1.5 will be represented by the integer 1, differences between
1.5 and 2.5 by the integer 2, etc. If we let d represent the integral
difference, the time when the difference changes from (d—1) to d,
will be the time when the difference derived from formula (242)
equals (d—0.5). Substituting this in the formula, we may obtain

(s/,s)=s ~ b (rf-0-5) (243)

in which (shs) represents the solar time when the integral difference
between the constituent and solar time will change by one hour from
(d—1) to d. By substituting successively the integers 1, 2, 3, etc.,
for d in the formula (243) the time of each change throughout the
series may be obtained. The value of (shs) thus obtained will
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generally be a mixed number; that is to say, the times of the changes
will usually come between integral solar hours. The first integral
solar hour after the change will be the one to which the new difference
will apply if the usual system of distribution is to be adopted. In
this case we are not concerned with the exact value of the fractional
part of (shs) but need note only the integral hours between which
this value falls.

168. If, however, the second system of distribution should be
desired, it should be noted whether the fractional part of (shs) is
greater or less than 0.5 hour. With a constituent day shorter than
the solar day and the differences of formula (242) increasing positively,
the application of the differences to the consecutive solar hours will
result in the jumping or omission of a constituent hour at each change
of difference. Under the second system of distribution each of the
hours must be represented, and it will therefore be necessary in this
case to apply two consecutive differences to the same solar hour to
represent two consecutive constituent hours. The solar hour selected
for this double use will be the one occurring nearest to the time of
change of differences. If the fractional part of the (shs) in (243) is
less than 0.5 hour, the old and new differences will both be applied to
the preceding integral solar hour; but if the fraction is greater than 0.5
hour the old and new differences will be applied to the integral solar
hour following the change.

169. With a constituent day longer than the solar day and the differ-
ences of formula (242) increasing negatively, the application of the
differences to the consecutive solar hours will result in two solar
hours being assigned to the same constituent hour at each change of
differences. Under the second system of distribution this must be
avoided by the rejection of one of the solar hours. In this case the
integral solar hour nearest the time of change will be rejected, since
at the time of change the difference between the integral and the true
difference is a maximum. Thus, if the fractional part of the (shs),
is less than 0.5 hour, the preceding solar hour will be rejected; but
if the fraction is greater than 0.5 hour the next following solar hour
will be rejected.

170. Table 31, computed from formula (243), gives the first solar
hour of the group to which each difference applies when the usual
system of distribution is adopted. Multiples of 24 have been rejected
from the differences, since we are concerned only with the constituent
hour of the constituent day rather than with the constituent hour
of the series, and these differences may be applied directly to the solar
hours of the day. For convenience equivalent positive and negative
differences are given. By using the negative difference when it does
not exceed the solar hour to which it is to be applied, and at other
times using the positive difference, the necessity for adding or
rejecting multiples of 24 hours from the results is avoided.

171. The tabulated solar hour is the integer hour that immediately
follows the value for the (shs) is formula (243). An asterisk (*)
indicates that the fractional part of the (shs) exceeds 0.5, and that
the tabular hour is therefore the one nearest the exact value of (shs).
If the second system for the distribution of the hourly heights is
adopted, the solar hours marked with the asterisk will be used with
both old and new difference to represent two constituent hours, or
will be rejected altogether according to whether the constituent day
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is shorter or longer than the solar day. If the tabular hour is un-
marked, the same rule of double use or rejection will apply to the
untabulated solar hour immediately preceding the tabular unmarked
hour. For the ordinary stencils no attention need be given to the
asterisks. By the formula constituents with commensurable periods
will have the same tabular values, and no distinction is made in the
construction of the stencils. Thus, stencils for constituent M serve
not only for M2 but also for M3, M4, MO, etc.

172. For the construction of a set of stencils for any constituent a
preliminary set of the hourly height forms is prepared with days of
series numbered consecutively beginning with 1 and each hourly
height space numbered with its constituent hour as derived by the
differences in table 31. The even and odd constituent hours are then
transferred to separate sets of forms and the marked spaces cut out.
In the Coast and Geodetic Survey this is done by a small machine
with a punch operated by a hand lever. Spaces corresponding to the
same constituent hour are connected by ruled lines which are num-
bered the same as the hours represented. Black ruling with red
numbering is recommended, the red emphasizing the distinction
between these numbers and the tabulated hourly heights which are
to be summed.

173. When in use the stencils are placed one at a time on the sheets
of tabulated heights, with days of series on stencils matching those on
the tabulations, and all heights on the page corresponding to each
constituent hour are then summed separately. For constituent S no
stencils are necessary as the constituent hours in this, case are identical
with the solar hours. For constituents K, P, R, and T with speeds
differing little from that of S, the lines joining the hourly spaces
frequently become horizontal and the marginal sum previously ob-
tained for constituent S becomes immediately available for the sum-
mation at hand. In these cases a hole in the margin of the stencil
for the sum replaces the holes for the individual heights covered by
the sum.

SECONDARY STENCILS

174. After the sums for certain principal constituents have been ob-
tained by the stencils described in the preceding section, which for con-
venience will be called the primary stencils, the summations for
other constituents may be abbreviated by the use of secondary sten-
cils which are designed to regroup the hourly page sums already ob-
tained for one constituent into new combinations conforming to the
periods of other constituents. Certain irregularities are introduced
by the process, but in a long series, sueli as 369 days, these are for the
most part eliminated, and the resulting values for the harmonic con-
stants compare favorably with those obtained by use of the primary
stencils directly, the differences in the results obtained by the two
methods being negligible. For short series the irregularities are less
likely to be eliminated, and since the labor of summing for such a
series is relatively small, the abbreviated form of summing is not
recommended. As the length of series increases the saving in labor
by the use of the secondary stencils increases, while the irregularities
due to the short process tend to disappear. It is believed that the
use of the secondary stencils will be found advantageous for all series
more than 6 months in length.
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175. In the primary summations there are obtained 24 sums for each
page of tabulations, representing the 24 constituent hours of a con-
stituent day. In general each sum will include 7 hourly heights, and
the average interval between the first and last heights will be Gcon-
stituent days. A few of the sums may, however, include a greater
or less number of hourly heights within limits which may be a day
greater or less than 6 constituent days.

176. Let the constituent for which summations have been made by
use of the primary stencils be designated as 4 and the con-
stituent which is to be obtained by use of the secondary stencils as

5. For convenience let it be first assumed that the
heights included in the sums for constituent 4 refer to the exact
A-hours. This assumption is true for constituent S but

only approximately true for the other constituents. It is now pro-
posed to assign each hourly page sum obtained for constituent 4 to
the integral S5-hour with which it most nearly coincides.
Constituent 4 and constituent 5-hours separate at a uniform rate, and
the proposed assignment will depend upon the relation of the hours
on the middle day of each page of tabulations. The tabulated hourly
heights on each full page of record run from zero (0) solar hour on the
first day to the 23d solar hour on the seventh or last day of the page.
The middle of the record on each sueli page is therefore at 11.5 solar
hours on the fourth day, or 83.5 solar hours from the beginning of the
page of record.

177. Let a and b represent the hourly speeds of the constituents A
and 5, respectively, and p and pxtheir respective subscripts, and let
n equal the number of the page of tabulation under consideration,
beginning with number one as the first page.

The middle of page n will then be

[168(Ti—T1) -(-83.5] or (168u—=_84.5) solar hours (244)

from the beginning of the series.
Since one solar hour equals a/l5p constituent A4 -hours (formula
240), the middle of page n will also correspond to

(168n —84.5)""constituent A-hours (245)

from the beginning of the series.

As there are 24 constituent hours in each constituent day, the
middle constituent A-day of each page will commence 12 constituent
A-hours earlier than the time represented by the middle of the page,
or at

[(168n—84.5) -12] constituent A-hours (246)

from the beginning of the series.

178. The 24 integral constituent A-liours of the middle constituent
day of the page will therefore be the integral constituent A-hours
which immediately follow the time indicated by the last formula.
The numerical value of this formula will usually be a mixed number.
Let f equal the fractional part, and let m be an integer representing
the number of any integral constituent hour according to its order in
the middle constituent day of each page. For each page m will have
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successive values from 1 to 24. The integral constituent A-hours
falling within the middle constituent day of each page of tabulations
will then be represented by the general formula.

[(168ft—84.5)y"~ —12—/+ TO] constituent A-hours (247)

from the beginning of the series.
179. The relation of the lengths of the constituent A- and constit-
uent S-hours is given by the formula

1 constituent A-hour= —b constituent 5-hours (248)7
Pia 4
The constituent 5-hour corresponding to the integral constituent
A-hour of formula (247) is therefore

[(168ft—84.52¢)p— 12—+ to]H—a]constituent S5-hours (249)

from the beginning of the series.

The last formula will, in general, represent a mixed number. The
integral constituent 5-hour to which the sum for the constituent A-
hour is to be assigned will be the nearest integral number represented
by this formula. Let g be a fraction not greater than 0.5, which,
applied either positively or negatively to the formula, will render it
an integer.

180. The assignment of the hourly page sums for constituent A-
hours to the constituent 5-hours may now be represented as follows,
multiples of 24 hours being rejected:

[(168ft—84.5)y"——12— + TO—multiple of 24] constituent A-hour

4 (250)
sum to be assigned to

[{(168ft—84.5)yv 12—f + to}-— =~ —multiple of 24] constituent 5-
hour. 15p P'a(251)

The difference between the constituent A-hour and the constituent
*5-hour to*which the A-hour sum is to be assigned is

[{(168ft—84.5)j|" —12—/+to} {~~—1j+ 0—multiple of 24] (252)

By means of the above formula table 33 has been prepared, giving
the differences to be applied to the constituent A-hours of each page
to obtain the constituent S5-hours with which they most nearly
coincide.

181. For the construction of secondary stencils the forms designated
for the compilation of the stencil sums from the primary summations
may be used Because of the practical difficulties of constructing
stencils with openings in adjacent line spaces it is desirable that the
original compilation of the primary sums should be made so that each
alternate line in the form for stencil sums is left vacant. As with the
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primary stencils, it will generally be found convenient to use two
stencils for each page of the compiled primary sums, although in some
cases it may be found desirable to use more than two stencils in order
to separate more clearly the groups to be summed. The actual
construction of the secondary stencils is similar to that of the primary
stencils. A preliminary set of forms is fdled out with constituent 5-
hours as derived by differences from table 33 applied to the constit-
uent A-hours. The odd and even constituent 5-hours are then
transferred to separate forms and the spaces indicated cut out. The
openings corresponding to the same constituent 5-hour are connected
with ruled lines and numbered to accord with the constituent hour
represented. The page numbering corresponding to the page num-
bering on the compiled primary sums and referring to the pages of
the original tabulated hourly heights is to be entered in the column
provided near the left margin of the stencil.

182. In using the stencils each sheet is to be applied to the page of
compiled primary sums having the same page numbering in the left-
hand column as is given on the stencil. The primary sums applying
to the same constituent 5-hour are added and the results brought
together in a stencil sum form, where the totals and means are ob-
tained. A table of divisors for obtaining the means may be readily
derived as follows: In a set of stencil sum forms corresponding to
those used for the compilation of constituent A primary sums the
number of hourly heights included in each primary sum is entered
in the space corresponding to that used for sueli primary sum. The
secondary stencils for constituent 5 are then applied and the sums
of the numbers obtained and compiled in the same manner as that
in which the constituent 5 height sums are obtained. The divisors
having been once obtained are applicable for all series of the same
length.

183. In the analysis the means obtained by use of the secondary
stencils may be treated as though obtained directly by the primary
summations except that a special augmenting factor, to be discussed
later, must be applied. The closeness of the agreement between the
hourly means obtained by use of the secondary stencils and those
obtained directly by use of primary stencils will depend to a large
extent upon the relation of the speeds of constituents 4 and 5. The
smaller the difference in the speeds the closer will be the agreement.

184. To determine the extreme difference m the time of an indi-
vidual hourly height and of the 5-hour to which it is assigned by
the secondary stencils, let an assumed case be first considered in
which the tabulated heights coincide exactly with the integral A-hours,
and that on the middle day of the page of tabulated hourly heights
one of the integral 5-hours coincides exactly with an A-hour. At the
corresponding A-liour, one A-day later, the 5-hour will have increased

by 24 constituent 5-hours. Rejecting a multiple of 24 hours,
this becomes 2i(f,—1), so that at the end of one A-day after the
\pi(i

coincidence of integral hours of constituents A and 5 the constituent
A hourly height will differ in time from the integral constituent 5-hour

to which it is to be assigned by 24"-— —!”~ constituent 5-hours.
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At the end of the third A-day this difference becomes 72( /_)};_ 0

constituent 5-hours. The same difference with opposite sign will
apply to the third constituent day before the middle day of the page.
Now, taking account of the fact that the 5-hour on the middle day
of the page may differ by an amount as great 0.5 of a 5-hour from the
integral A-hour, and that the integral A-hour may differ as much as
0.5 of a constituent A, or 0.5 pb/vid of a constituent 5 hour from the
time of the actual observation of the solar hourly height, the extreme
difference between the time of observation of an hourly height and
the time represented by the 5-hour with which this height is grouped
by the secondary stencils may be represented by the formula

A_ A_A 4 : _
A H v 1~-fO.f 1 constituent 5-hours. (253)
The differences may be either positive or negative, and in a long
series it may reasonably be expected that the number of positive and
negative values will be approximately equal.

185. The above formula for the extreme difference furnishes a
criterion by which to judge, to some extent, the reliability of the
method. Testing the following schedule of constituents for which
it is proposed to use the secondary stencils, the extreme differences
as indicated are obtained. The differences are expressed in con-
stituent S5-hours and also in constituent 5-degrees. It will be
noted that one constituent hour is equivalent to a change of 15° in
the phase of a diurnal constituent, 30° in the phase of a semidiurnal
constituent, etc.

Constituent A - J S
Constituent B 00 2SM Kr Ki Ui T2 P.
Difference in hours 3.58 1.36 1.20 1.20 1.10 1.10 1.20
Difference in degrees - 54 41 18 36 33 33 18
Constituent 4 L 2MK
ConstituentB .. . . MS X2 MK MN Vi N2
Difference in hours 1.09 1.18 1.43 1.24 1.26 1.45
Difference in degrees___. 05 35 64 74 38 44
Constituents. . _ o
Constituents.. _ _ ... _ M 2N pi Q 2Q
Difference in hours 1.21 1.02 3.42 3.79 6. 58
Difference in degrees. o 36 31 51 57 99
186. In the ordinary primary summation the extreme difference

between the time of the observation of a solar hourly height and the
intregal constituent hour to which it is assigned is one-half of a con-
stituent hour and, represented by constituent degrees, it is 7.5° for
diurnal, 15° for semidiurnal, 22.5° for terdiurnal, 30° for quarter
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diurnal, 45° for sixth-diurnal, and 60° for eighth-diurnal constituents.
By the above schedule it will be noted that the extreme difference
exceeds 60° in only a few cases. The largest difference is 99° for
constituent 2Q when based upon the primary summations for O.
This is a small and unimportant constituent, and heretofore no analysis
has been made for it, the value of its harmonic constants being in-
ferred from those of constituent O. Although theoretically too small
to justify a primary summation in general practice, the lesser work
involved in the secondary summations may produce constants for
this constituent which will be more satisfactory than the inferred

constants.
FOURIER SERIES

187. A series involving only sines and cosines of whole multiples
of a varying angle is generally known as the Fourier series. Such a
series is of the form

h=HO\-Ci cOS 0+ (72 COS 20+ C3COS 30+
+ $1 sin 0+aS2 sin 20+ S 3 sin 30+ At

It can be shown that by taking a sufficient number of terms the
Fourier series may be made to represent any periodic function of 0.

This series may be written also in the following form:
A\ eos (0+ 0+ + A2eos (20+ a2)+.+3 eos (30+03) + (255)

in which

AnE[C n2+£'ntb and am— —tan-1 %Nn

m being the subscript of any term.

188. From the summations for any constituent 24 hourly
means are obtained, these means being the approximate heights
of the constituent tide at given intervals of time. These mean
constituent hourly heights, together with the intermediate heights,
may be represented by the Fourier series, in which

II@ mean value of the function corresponding to the height of
mean sea level above the adopted datum.

o=an angle that changes uniformly with time and completes a
cjmle of 300° in one constituent day. The values of 0 corresponding
to the 24 hourly means will be 0°, 15°, 30°, = 330°, and 345°.

Formula (254), or its equivalent (255), is the equation of a curve
with the values of 0 as the abscisse and the corresponding values of
h as the ordinates. If the 24 constituent hourly means are plotted as
ordinates corresponding to the values of 0°, 15° 30°, = for O,
it is possible to find values for HO, Cm and Sm which when substituted
in (255) will give the equation of a curve that will pass exactly through
each of the 24 points representing these means.

189. In order to make the following discussion more general, let it be
assumed that the period of 0 has been divided into n equal parts, and
that the ordinate or value of /& pertaining to the beginning of each of
those parts is known. Let u equal the interval between these ordi-
nates, then

n v=2r1, or 360° (256)

Let the given ordinates be A0 hu h2 h m D corresponding
to the abscissae o, u, 2u (w—1) + respectively.
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It is now proposed to show that the curve represented by the
following Fourier series will pass through the n points of which the
ordinates are given:

"h=H (-\-Ci eos 0+O2e0s 20+ Ckeos kO
+ 81 sin 0+*S2sin 20+ S;sin 10
m=k m=?
=-00+ Xj Cmeos m 0+ S Smsin md (257)
m=1 m=1
in which the limit k=-” if n is an even number, or k= — *~ n is an

# ., 2 . . ¥ 1
odd number; and the Iimit if nmiseven, or —  if m is odd,

190. By substituting successively the coordinates of the n given
points in (257) we may obtain n equations of the form

m=k m =/
ha,=H0-\- Xi Cmeos mfli/+ ]+) Smsin mau (258)
m=1 m=1

in which a represents successively the integers 0 to (n—1).

By the solution of these m equations the values of m unknown
quantities may be obtained, including H0and the (rn—1) values for
Ga and Sm It will be noted that the sum of the limits k and I of
(257) or (258) equals (n—1) for both even and odd values of n.

191. The reason for these limits is as follows:

A continued series S Cmeos m a u may be written

Ci cos a u-\-C2eos 2 a u-\- + (+cosnau
+ 0+1-1) A8 (7AI+1) @7i+0(,i+2) AB 2+ 2) 0 v -\-——-- + CnAXB2 Tid'd
+ 0 ;1) eos (2tit 1) @ u+ (?6»+) eos 27+ 2) a ti+
+ Gineos 3nau

L (259)
Since n u—2w and a is an integer, the above may be written
[Oi+ O(ni)+ 0 @)+ -—-------mm- ]leosa u
:L [02+ 0 @2)+ 0 ei2)t ------------- ] eos2 au
+ [C@-D+ 02»_i) + Cl«-d+ -------—-—- ] eos (n—1) au
+ [Ont+ 0+ 03M ]eos nau (260)

Since eos n a 7£=cos 2a x= 1;e0s (n—1) a u= eos (2a ir—a u ) =cos a u;
eos (n—2) a u=cos 2 a u; etc., (260) may be written

[0ra+ 0 2rer 0 3 re+ ] eos 0
+ [Oit 0 (eH)+ O(2Z7HH)+  --—m-em-
+ 0tei)T O@ei)t 03r i) T ————mmmm—mm- ]eos au
+ [02+0(,,+2+ 0(2a2 )+ --------—--
0 2)+ 0 @<+ 0+ -2 )+ ——mmm—mmmmmm leos 2 au

+[0% - g+ OQAER)+ - oo
+ 0w+ 0 @rersot+ O (re;-, + =mmmmmmmmmv leos kau 261~
The first term of the above is a constant which will be included with
the HO in the solution of (258). From an examination of (261) it is
evident that the cosine terms will be completely represented when

71 71— 1 . .
k= >>or — ’according to whether n is even or odd.

Similarly, the continued series 2 Smsin m 4 u may be written
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[$/2482/2+83/2 4  cemeemeemcmecmece ] gin 0
b OIST+ S/ FS(2/241) oo
—S(n-i)—S$(2+1)  $(3D ] sina u
+is: + @)+ S o)t oo
322 S S32-3 1sin2 au
+[$* 204
—8(/2z)—$(22-0  $(320 ]sinlau (262)

The first term in the above equals zero. The remaining terms will

. . . 7
take complete account of the series 2 Smsin m a u, if I=-—1 when
7 is even, or U-w hen nis odd.

L . o . 7h
From the foregoing it is evident that the limit of m will not exceed

192. If we let u and a represent any angles with fixed values, m and p
any integers with fixed values, and a an integer having successive
values from 0 to {n—1), it may be shown that
a=(n-i minmu . 1l, M,

"D (2 m uelea) = S sin [§ (n—1) m R+a] 283)

a0 sin w
sin | nm u
sm 2 M~
=(n-i) . . in h — | (a—1 —
a g)l ) smavusnamu=\ 0" v n.z) " e_o_§_____(_e_1_____2__{1_) ") u
tri sin | Jp—m) u
Isin | n (p+ m) wmeos | (n—1) (ptm) u
2 sin | (ptm) u

a=0n-i) sin i n (p—m) u eos \{n—lg,{p—m) u
!o eosap ucosamu=\ —

a=£1}-i) €os (@ m uJdra) = eosrl n—1) mu-j-a)’ (264)
a—o

W e mmmmmeee
sin | {p—m) u
mi sini my/p+ m ueos | (a— 1) (ptm) u
sin * (p+ m) u

a:{}l'i) s _ ksin b n (p—m) u sin\ n—1){p—m) u
s Smapueosamu= R {;—Z)C . =
tsin |l n (ptm) wsin £:(w—1) (p+tm) u

sin | {p~r?n) u

9
193. Ifweleta=0 and u=~~" 0I’ 7 « =2, then formulas (263) to

(267) may be written as follows:

. . |

a=(n-D sin m 7l"s1n1/ m i- o tt 1
S sinamu= + - (268)
_ . m
azo sin 7?

catn-1) sin m T eos (m T mT\I
LAgicos amu= - _ (269)
e sin — *
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a=(n—d R sin (p—m) 7TTeos
Y sina@p u sinamu=\
a=o0 . v—m)
sin — T
sin (ptm) 7 eos £(p+tm) ttJ
. ntm (270)
sm -——— T
n
a=(n) sin (P-W) * C08 (p-m) *
2 eosapu eos amYU=§ S — — ]
a=o . p—m
sin T
n
sin (p+m) 7Teos £(p+m)
+ (271)
Jr
sin P nm T

r 7—2 n
sm (p—m) tsin (p—m) 7r—

a=(n—1I1)
sin a j) « eos a

sin (p+m) 7Tsin £(p+m)
(272)

+
sr'npmﬂ"

194. If p and m are unequal integers and neither exceeds j the

above (268) to (272) become equal to zero. Thus,

a=(n—1I1)
Y sinamu—-~0
a=o
a=(n-1)
Y eosamu=o
a=o
a= (n—I)
Y sinap usinamu=o0 (273)
a=o
a=(n-1
Y eosapucosamu=0
a=af:10—1)
Y sinapucosamu=0
a=o

h
195. If p and m are equal integers and do not exceed -g, formulas
(270), (271), and (272) will contain the indeterminate quantity

sm (ff*ra)7_ o” when p and m each equal the indetermin-

sin
- i +
ate quantity Sggp m)7T 0

sm - Tt
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Evaluating these quantities we have

sin (p— m) 1r’ v €0S (p— m)iv~
o, _ W (274)
sin? 7" y - eos Py
p—m) = o 7i n (p—7il)=0
and
sin (p+ m) if _ir eos (p+ my7r"
. ptm . T +m -n  (275)
sin n L ép#m}zn _nCCSBn T (p"t‘l’l’l):TI

In (275) it will be noted that when the integers p and m each equal

77 must be an even number, and therefore eos nir is positive, while
eos 7Tis negative.

196. Assuming the condition that p and m are equal integers, each

less than 7}‘/, we have by substituting (274) in (270), (271), and (272),

atn-1 ~» < a=(n-1)
Y sinapusnamu= Y gn2zamR=i" (276)
a=o a=o
a=(n—1) a=(n—1I1)
Y cosap ucosamu= Y cos2 a m n (277)
a—(n—1) * a=(n—I)
sinapucosamu= Y sinam77eosam77=0 (278)
a=o a=o
. " 71
197. Assuming the condition that p and m are each equal to

we have by substituting (274) and (275) in (270), (271), and (272),

a=(n—1I1)
Y Sin2a m —\ 77+~ n €0S 7t=0 (279)
a=o
a=(n—1)
Y cos2dm u=1n—\ TI€0S ir=n (280)
a=(n-1)
Y SiNa m u €0Sa m 77=0 (281)
a=o

198.Returning now to the solution of (258), by substituting the
successive values of @ from 0 to (n—1), we have

ho= H0-\~C\ eos 0+ C2eo0s 0+ + C*eos 0
+ $i sin 0+ $2 sin 0+ + $) sin 0
hi=H 0-\-Ci eos 7i+ (72 eos 2w + + (7t eos ku
+ $i sin 77+%0 sin 2 ¥+ + 18; sin lu
h%= HO0+ (71 eos 2t7+ (72 eos 477+ -vCkeos 2ku
+ $1 sin 2t7+$2 sin 477+ + $; sin 2lu  (282)

Mn-1)=170+(71 eos (77— 1)t7+(72eo0s 2 (77—1)77+
+ (’k eos (77— ku

+ 81 sin (77—1)77+ $2 sin 2 (77—177 +_
-\-8i sin (77— D747
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199. To obtain value of H0, add above equations

a=(n—1)

S Maz7AHO
a=o
a=(n—I) a=(p—1) a=(n-1)
+ (7 Y ecosawul-C2 Y eos2au+t -\-Ck S eosa kv
a=o a=o a=o
a=(n—1I1) a=(n—I1) _ a=(n—1)
+$i Y sinati+s2 Y sin2ati+ +8) Y sinalu
a=o a=o ‘ a=o
m=fe a—(n—1I) m=? a—(n—1I)
=nHOFYCm Seos amu+S $m S sina mti (283)
m=1 a=o m=1 a=o0
a=(n—1) a=(n—1)
From (273), Y eosamu and Y sm a m u each equals zero,
a=o a=o

since neither k£ nor Z the maximum values of m exceeds y

Therefore
a=(n-1)
S K=nHY0 (284)
and
1 a=(n—1)

ff,=- S A (285)
‘a

a=o

200. To obtain the value of any coefficient C, such as Cp, multiply
each equation of (282) by eos ap u. Then

hOeos 0=Z/o0 eos 0

+ Ci eos 0+ (72eo0s 0 + -|-Ckeos 0
+$i sin 0+$2 sin 0+ -1-Stsin 0
hieospu=HOeosp u
+ Q\ eos u eos p u-\-C2eos 2u eos p u-\- ~~Ckeos k u eosp u
+ $i sin u eos p u-\-S2sin 2u eosp u-r + $*sin Tu eos p u

h2eos 2p u=H 0eos 2p u
+ (7i eos 2u eos 2p u-\-C2eos 4ii eos 2p u-\-
+ Ckeos 2k u eos 2p u
+$! sin 2u eos 2p ti+ $2sin 4u eos 2p u-\-
-\-8i sin 21u eos 2p u

h@m d eos (n—1)p u=HO0Ocos (n—1) p u
+ (7ieos (n—1) u eos (n—1) p u-\-C2eos 2 (n—1) u eos (n—1) p u-\-
-|1-Ckeos (in—1) k u eos (ti—1) p u
+ $isin (n—1) u eos (n—1) p u-1-S2sin 2 (n—1) u eos (n—1) p ti+
sin (n—1) Tu eos (n—1) p u (286)

Summing the above equations

E]

a=( a=(n—1)

—1)
K eosapu—HO Y eosapu
o a=0

a
_a=(nfl) a=(n—1I) .
+ (7 Y eosawucosap u-\-Si Y sinatieosap u
a=o a=o

(Formula continued next page)
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a=(n—1) a=(n—1)
-I-C2 Y cos2aucosap u-1-S2Y sm2aucosapu

a=(n—1) a=(n—)
\-Ck Y cos ahu eos a p u-\-Si Y sin a Zti eos a p u

a=o a=o
a="N(D—1) m=k a=(n—1I)
=HO0 Y cosaVudr Y Y cosdmueosapu
a=o m=1 a=o
m =/ a=(n—1I)
+ Y 1$m Y Smamueosapu (287)
m = a=o

201. Examining the limits of (287), it will be noted by a reference to

$>age 63 that k, the maximum value of m for the C terms is gwhen n

[} .
is even and s when n is odd; also, that Zhas a value of Zj}—lwhen

. 71— 1 . . . . . .
nis even and —  when n is odd. The limits of p, which is apartic-

ular value of m, will, of course, bethe same as those of m.
a=(n—1)
By (273) the quantity Y cos a V u becomes zero for all the

a=(n-1)
values of p, and the quantity ¥ cosd mu eos a p u becomes zero
for all values of m and p except when p equals m. By (273), (278)
a=(n—1)
and (281) the quantity Y  sin a mu eos a p u becomes zero for all
values of m and p.
Formula (287) may therefore be reduced to the form
a=(n-1) a=(n-1)
Y cosaVu=Cp Y cos2dp u (288)

For any value of p less than R

a=(n—1I)
Y cos2dp u=% n (277)

a=o

but when p= " this quantity becomes equal to n (280).

Therefore for all values of p less than

0 a=(n—I)

Cp=— Y Keosapu (289)
U a=o

i A
but when p is exactly

1 a=(n—1)

P=—Y eosap u (290)
U a=o

D
Since in tidal work p is always taken less than =~ we are not especially

concerned with the latter formula.
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202. To obtain the value of any coefficient .S, such as Sp, multiply
each equation of (282) by sinapu. Sum the resulting equations and
obtain

a=(n—h " a=(n—h
Y Zhsin apu =HOY sinapu
a0 a=o
m=t a=(n—b
Y. Cm Y cosdmusinap u
m=1
m=Z a—(n )
+ Hll’_l $m Y sinamusinapu (291)

a=(n—)
By (273), (278), and (281) the quantities Y sin a p u and
a0
a=(n—
Y cosdm u sin ap u are zero for all the values of m and p;
a=o
a=(n—

and Yi sina m u sin a p u becomes zero for all the values of m

a=°

and p except when m and p are equal. In this case the limit of 7 for

: n . a—én%) .
to and p is less than 2—and by (276), the quantity Y sin2a p u

n.  Therefore, formula (291) reduces to the form

a=(n—
Y sinap u=\nSp (292)
a0
and
o a=(n-
Sp= 7 alio sinapu (293)

203. Bysubstituting (285), (289), (290), and (293)in(257), the
followingequationof a curve, which will pass through the ngven
points, will be obtained

1 a=(n— TR a=(nh “1
A=—7Yi "at+t_ — Y acosau eos6
n ao Ln a0

PZ a=(n4 > "
_ * ;
L" aIl/_oh sin a u ﬁm 6

+ﬂn_ Y Keos2aqu\'jeos28

r~2 a=(n— "
_ﬂln ]Y h.sin ZauJ\sm26

V~2* a=(n-1) 1 k 6
+ - Y haeoskauJJeos

In

f~2 a=(n—)

“1
In aI:/o hé&sin I a uy sin 16 (294)
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204. Although by taking a sufficient number of terms the Fourier
series may thus be made to represent a curve which will be exactly
satisfied by the n given ordinates, this is, in general, neither necessary
nor desirable in tidal work, since it is known that the mean ordinates
obtained from the summations of the hourly heights of the tide in-
clude many irregularities due to the imperfect elimination of the me-
teorological effects and also residual effects of constituents having
periods incommensurable with that of the constituent sought. It is
desirable to include only the terms of the series which represent the
true periodic elements of the constituent. W ith series of observations
of sufficient length, the coefficient of the other terms, if sought, will
be found to approximate to zero.

205. The short-period constituents as derived from the equilibrium
theory are, in general, either diurnal or semidiurnal. If the period
of 9 in formula (257) is taken to correspond to the constituent day,
the diurnal constituents will be represented by the terms with coefficient
C\ and Si, and the semidiurnal constituents by the terms with co-
efficients C2and S2 For the long-period constituents, the period of
6 may be taken to correspond to the constituent month or to the
constituent year, in which case the coefficients Cxand Si will refer to
the monthly or annual constituents and the coefficients C2and S2to
the semimonthly or semiannual constituents. For most of the
constituents the coefficients Ci, Su C2 and S2will be the only ones
required, but for the tides depending upon the fourth power of the
moon’s parallax and for the overtides and the compound tides, other
coefficients will be required. Terms beyond those with coefficients
Cs and Ss, for the overtides of the principal lunar constituent are not
generally used in tidal work.

206. When it is known that certain periodic elements exist in a
constituent tide and that the mean ordinates obtained from obser-
vations include accidental errors that are not periodic, it may be
readily shown by the method known as the least square adjustment,
using the observational equations represented by (258), that the most
probable values of the constant H0 and the coefficients Cp and Spare
the same as those given by formulas (285), (289), and (293),
respectively.

207. Since in tidal work the value of II0, which is the elevation of
mean sea level above the datum of observations, is generally deter-
mined directly from the original tabulation of hourly heights, formula
(285) is unnecessary except for checking purposes. Formulas (289)
and (293) are used for obtaining the most probable values of the
coefficients Cp and Sp from the hourly means obtained from the
summations.

208. When 24 hourly means are used n—24 and *=15°, and the
formulas may be written

1 a=23

cp— X eos 15al (295)
1 a=23

s» X Ksinl15ap (296)

in which the angles are expressed in degrees.
If only 12 means are used, the formulas become

X K eos 30 a2? (297)
Q a=o
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Sp=ii S sin 30 ap (298)

209. The upper part of Form 194 (fig. 16) is designed for the compu-
tation of the coefficients Cp and Spin accordance with formulas (295)
and (296) to take account of the 24 constituent hourly means.

It is now desired to express each constituent in the form

y=A4 eos (p 0-f-0:) (299)
or using a more specialized notation by
y=A4 eos (p d—Q (300)
By trigonometry
A eos(p d—C)=A eos f eos p d-\-4 sin f sinp 6 (301)
= CPeos p dA Sp sinp 6
in which CP=4 eosf and SV=4 sin f (302)
Therefore,
tan = rd}') (303)
and
A= eoas’f= JS%LC% Aéai:)A & p (304)

Substituting in formulas (303) and (304) the values of Cp and Sp from
formulas (295) and (296), the corresponding values for A and £ may
be obtained. Substituted in formula (300), these furnish an ap-
proximate representation of one of the tidal constituents, but a further
processing is necessary in order to obtain the mean amplitude and
epoch of the constituent.

AUGMENTING FACTORS

210. In the usual summations with the primary stencils for all the
short period constituents, except constituent S, the hourly ordinates
which are summed in any single group are scattered more or less
uniformly over a period from one-half of a constituent hour before
to one-half of a constituent hour after the exact constituent hour
which the group represents. Because of this the resulting mean will
differ a little from the true mean ordinate that would be obtained if
all the ordinates included were read on the exact constituent hour, as
with constituent S, and the amplitude obtained will be less than the
true amplitude of the constituent. The factor necessary to take
account of this fact is called the augmenting factor.

211. Let any constituent be represented by the curve

y=A eos (atA a) (305)
in which
yl=the true amplitude of the constituent
a=the speed of the constituent (degrees per solar hours)
t=variable time (expressed in solar hours)
a= any constant.
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The mean value of y for a group of consecutive ordinates from r/2
hours before to r/2 hours after any given time # r being the number
of solar hours covered by the group, is

,‘V+12

A nt+ 804 . , .,
A Pl s arr-enartt 82 s i @)

TJ i-,/2 L 5T dr A t—r/2

v Gih(«i++t)-sd(ai+s | P]

—3—§—Q--4-eos (atA’a) sin A= —360siri -g%i‘%os (dt-\-ay t{%\gs
T CbT T L.
212. Since the true value of y at any time ¢ is equal to A eos (ai-fa)

by (305), it is evident that the relation of this true value to the mean
value (306) for thegroup r hours in length is

A cos (ai-fa) war
360 .. . 1t - gT (307)
sin HE A eos {dif\-a) 988 sm %
mwr a ( ) d
The quantity — — is theaugmenting factor which is to be
360 sin-y-

applied to the mean ordinate to obtain the true ordinate. In the use
of this factor it is assumed that all the consecutive ordinates within
the time r/2 hours before to r/2 hours after the given time have been
used in obtaining the mean. This assumption is, of course, only
approximately realized in the summation for any constituent, but the
longer the series of observations the more nearly to the truth it
approaches.

213. According to the usual summations with the primary stencils,
the hourly heights included in a single group may be distributed over
an interval from one-half of a constitutent hour before to one-half of a
constituent hour after the hour to be represented. In this case r

equals one constituent hour, or solar hours.
Substituting this in (307), the

augmenting factor= ------- A
24 sin -3- (308)

which is the formula generally adopted for the short-period constituents
and is the one used in the calculation of the augmenting factors in
Form 194. For the long-period constituents special factors are
necessary which will be explained later.

214. If the second system of distribution of the hourly heights as
described on page 53 is adopted, r equals one solar hour and formula
(307) becomes

augmenting factor= -——— (309)
360 sin 2
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It will be noted that formula (308) depends upon the value of p and
therefore will be the same for all short period constituents (S excepted)
with like subscripts. Formula (309) depends upon the speed a of the
constituent and will therefore be different for each constituent.

215. When the secondary stencils are used, the grouping of the
ordinates is less simple than that provided by the primary stencils
only. Let it be assumed that the series is of sufficient length so that
the distribution of the ordinates is more or less uniform in accordance
with the system adopted.

Suppose the original primary summations have been made for con-
stituent 4 with speed a and that the secondary stencils have been
used for constituent B with speed b Then let p and p' represent the
subscripts of constituents 4 and B, respectively.

The equation for constituent B may be written

y=B eos {bi-j-B) (310)

216. In the primary summation for constituent 4, the group of ordi-
nates included in a single sum covers a period of one constituent 4

15n L . .
hour or solar hours. Expressed in time # midway of this interval

and representing the exact integral constituent 4 hour to which the
group applied, the average value of the B ordinates included in such
a group may be written

A +10

— B « t+ dt
5p B e uspes (OTHH)

=¥ iki JNn (htH¥HSTr)~sn

“0 rp sinlf r ) Bcos {bt+p)
= Fi B eos (bt-\-p) (311)

In which F\, for brevity, is substituted for the coefficient *J"sin

and gives the relation of the average B ordinate included in the A4
grouping to the true B ordinate for the time ¢ represented by that
group. The reciprocal of this coefficient will be that part of the
augmenting factor necessary to take account of this primary grouping.
If the primary summing has been for the constituent S, this coefficient
may be taken as unity since the original S sums refer to the exact S
hour.

217. When the secondary stencils are applied to the constituent
A group sums, the groups applying to an exact constituent 4 hour at
any time ¢ and represented by that time, will be distributed over an

. . 1,
interval of a constituent B hour, or —j~ solar hours.

For an integral constituent B hour at any time ¢ within the middle
day represented by a seven-day page of original tabulations the limits

of this interval will be (t— j and f For the same page
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of tabulations, letting ¢ represent the same time in the middle day, the
limits of the group interval for the day following the middle one, are
ji+37¢_1S|_)and~ +3~£+1)_) Ifweletji= 3) 2  Lji(

+ 1, +2, +3, respectively, for the seven successive days represented
by a single page of original tabulations, the limits of the group interval
for any day of the page may be represented by

218. Formula (311) gives the mean value of the B ordinate for
grouping of the 4 summations. The mean value of (311) obtained
by combining the groups falling in any particular day of page of
tabulations in the limits indicated above is

360pn | lop'

X eos {bt+f) dt

360pn  lop’ A
+ a 2b

180 1 ~r- /u. 360bpn . 15p’|
irw Fnlsmr +,5+ « t+ 2 )

AN-L si, 1]) ~ cos(fti+,+"

= F,F2B eos (bt + f+ —" ) (312)

) 24 1 ., lgp’ .
if we put F2= — Y’ sin ~ “or brevity.

219. Formula (312) represents the mean value of the B ordinate
for a particular day of the page record. The average value for the
7 days may be written

IrF"B cos(i+ 3+~ )

n=—3 \ & /
=\F X2 £cos {bt+t3) eos 3 —* sin (bt+f) sin *—3
T eos {bt+f) eos" —2 — sin (bp+f) sin ~—2
-(-eos (bt+f) eos Isin {bt+f) sin *—1 ~

-(-eos {bt+f) eosO—sin {bt+f) sin O
-(-eos (bt+f) eos*3606p™ sn sjn #3606;"

(Formula continued next page)
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-j-eos (6i+ f§) eos "2 sin (6i-fB) sin *2
-f-eos (bt-\-f3) ecos "3 sin (bt-\-f) sin "3 —
=iFIFX [1+2 eos” + 2 €0s23” - 2e0s3~ ~ “J eos (bt-\-f)
- 36062? % 3606n
sin q COS®T
|\ FIF2B . 3606® eos (6i+/3)
s A--—-- -
a
126062-
=\F,F3® (313)
180627
sm

220. Replacing the equivalents of Fxand F2in (313), the average
value of the B ordinate as obtained by the secondary summations
may be written

126062

77 ?
T24a . 15277r 24 . 152H B cos (b1 (314)
7 sin 180627

Since the true ordinate of constituent B at any time ¢ is equal to
B eos (6I+/3), the reciprocal of the bracketed coefficient will be the
augmenting factor necessary to reduce the B ordinate as obtained
from the summations to their true values.

This augmenting factor may be written

‘7"
irbp 7]2.7 7 Shl -1'§9'6‘2‘
| “ 315)
04a st -5 - N gm ISP’ . 1260622 (
2a sin - —

The first factor of the above is to be omitted if the primary sum-
mations are for constituent S. It will be noted that the middle factor
is the same as the augmenting factor that would be used if constituent
B had been subjected to the primary summations.

PHASE LAG OR EPOCH

221. The phase lag or epoch of a tidal constituent, which is repre-
sented by the Greek kappa (k), is the difference between the phase of
the observed constituent and the phase of its argument at the same
time. This difference remains approximately constant for any con-
stituent in a particular locality. The phase of a constituent argument
for any time may be obtained from the argument formula in table 2 by
making suitable substitutions for the astronomical elements. The
argument itself is represented'by the general symbol (V+u) or E and
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its phase or value pertaining to an initial instant of time, such as the
beginning of a series of observations, is expressed by (V0-\-u). Refer-
ring to formula (300), since 0 is reckoned from the beginning of the
series, the angular quantity (—f) is the corresponding phase of the
observed constituent at this time. The phase lag may therefore be
expressed by the following general formula:

k=V0-\-u—(—f) = To+'M'+f (316)

222. Since the argument formulas of all short-period constituents
contain some multiple of the hour angle (T) of the mean sun, the
arguments themselves will have different values in different longitudes
at the same instant of time. If y equalsThe coefficient of T or the
subscript of the constituent-and L equals the longitude of the place
in degrees reckoned west from Greenwich, L being considered as nega-
tive for east longitude, the relation between the local and Greenwich
argument for any constituent may be expressed as follows:

local (V-\-u)=Greenwich (V+u)—j)L (317)

223. Also, since the absolute time of the beginning of a day or
the beginning of a year depends upon the time meridian used in the
locality, the initial instant taken for the beginning of a series of obser-
vations may differ in different localities even though expressed in the
same clock time of the same calendar day. If we let § equal the
longitude of the time meridian in degrees, positive for west and nega-
tive for east, the same meridian expressed in hours becomes £715.
Letting a equal the speed or hourly rate of change in the constituent
argument, the difference in argument due to the difference in the
absolute beginning of the series becomes aS/lo, and the relation
between the local and Greenwich argument due to this difference
may be expressed as follows:

local (V0-\ru) = Greenwich (VO0-\-u)—pL-{-aS/15 (318)

In the above formula the local and Greenwich (FO+”) pertain to the
same clock time but not the same absolute time unless both clocks are
set for the meridian of Greenwich.

224. Values of (Vo+v) for the meridian of Greenwich at the
beginning of each calendar year 1850 to 2000 are given in table 15
for all constituents represented in the Coast and Geodetic Survey
tide-predicting machine. Tables 16 to 18 provide differences for
referring the arguments to other days and hours of the year. In the
preparation of table 15 that portion of the argument included in the u
was treated as a constant with a value pertaining to the middle of the
calendar year. If the Greenwich (V(+u) with its corrections is sub-
stituted for the local (V0-\-u) in formula (316), we obtain

k=Greenwich (FM+tw)—p L - | - a S (319

225. The phase lag designated by « is sometimes called the local
epoch to distinguish it from certain modified forms which may be used
for special purposes. In the preparation of the harmonic constants
for predictions it is convenient to combine the longitude and time
meridian corrections with the local epoch to form a modified epoch
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designated by k' or by the small g¢ The relation of the modified
epoch to the local epoch may then be expressed by the following
formula:

« or g—K-\-pL—a §/15—Greenwich (I70+';)+ f (320)

226. The phases of the same tidal constituent in different parts of
the world are not directly comparable through their local epochs since
these involve the longitude of the locality. For such a comparison it
is desirable to have a Greenwich epoch that is independent of both
longitude and time meridian. Such an epoch may be designated by
the capital G and its relation to the corresponding local epoch ex-
pressed as follows:

Greenwich epoch {G)=K-\-pL—Greenwich (V0-\-u)-\-aS/15-\-£ (321)

227. The angle « may be graphically represented by figures 7
and 8. In figure 7, we have a simple representation of a single con-

¢
1 C
pL- -P(S-L)- -cL- -¢(S-L)-
Time
-Greenwich V_+u- -cS-
mLoca! V,+u-
k- mlocal epoch (K)-

Greenwich epoch (G)

FIGURE 8.

stituent. In this figure changes in the phase or angle are measured
along the horizontal line, positive change toward the right and nega-
tive change toward the left. The full vertical line indicates the
beginning of the series, at which time the angle p 6, or at, equals 0.
At the left of this vertical line, the symbol of a moon (M) indicates
the zero value of the equilibrium argument that precedes the begin-
ning of the series. For the principal lunar or solar constituent, this
will be simultaneous with a transit of the mean moon (modified by
longitude of moon’s node) or of the mean sun, and for other short-
period constituents with the transit of a fictitious star representing
such constituent (p. 23). At the point represented by this moon,
the angle {V-l-u) has a value of zero. This angle increases to the
right, and at the beginning of the series has a value represented by
(Fbdt+'w), which may be readily computed for the beginning of any
series. This interval from M to the time of occurrence of the first
following constituent high water is the epoch «x. This represents the
lag or difference between the actual constituent high water at any
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place and the theoretical time as determined by the equilibrium
theory. The distance from the beginning of the series to the follow-
ing high water is the f of formula (300), which is determined directly
from the analysis of the observations. From the figure it is evident
that the Kis the sum of {V0-1-u) and f, and also that it is independent
of the time of the beginning of the series.

228. Figure 8 gives a more detailed representation of the epoch of a
constituent. In this figure the horizontal line represents changes in
time. Distances along this line will be proportional to the changes
in the angle of any single constituent, but since each constituent
has a different speed equal distances along this line will not represent
equal angles for different constituents. The time between the events
may be converted into an equivalent constituent angle by multiplying
by the speed of the constituent. The figure is to some extent self-
explanatory. The word "transit” signifies the transit of the fictitious
moon representing any constituent and also the time when the equili-
brium argument of that constituent has a zero value. For all short-
period constituents the time of such zero value will depend upon the
longitude of the place of observation as well as upon absolute time.
For long-period constituents the zero values are independent of the
longitude of the place of observation, and the "transits” over the
several meridians may be considered as occurring simultaneously,
which is equivalent to taking the coefficient p equal to zero. The
figure illustrates the relation between the Greenwich (V0-\-u) calcu-
lated for the meridian of Greenwich and referring to standard Green-
wich time and local (V0-1-u) referring to the meridian of observation
and the actual time of the beginning of the observations.

INFERENCE OF CONSTANTS ”

229. Under the conditions assumed for the equilibrium theory the
amplitudes of the constituents could be computed directly by means
of the coefficient formulas without the necessity of securing tidal
observations, and the phases would correspond with the equilibrium
arguments of the constituents. Under the conditions that actually
exist it has been found from observations that the amplitudes of the
constituents of a similar type at any place, although differing greatly
from their theoretical values, have a relation that, in general, agrees
fairly closely with the relations of their theoretical coefficients. It
has also been ascertained from the results obtained from observations
that the difference in the epochs or lags of the constituents have a
relation conforming, in general, with the relation of the differences
in their speeds. This last relation is based upon an assumption that
the ages of the inequalities due to the disturbing influence of other
constituents of a similar type are equal when expressed in time.

230. If the mean amplitudes, epochs, and speeds of several constit-
uents A, B, C, are represented by H(A), H(B), H{G), K(A), k(B),
k(C), and a, b, ¢, respectively, the above relations may be expressed
by the following formulas:

mean coefficient of B *,

.. 322
~ mean coefficient of 4 (322)
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K(0)-K(A)=J=21K(B)-K(4)) (323)
or,

K{G)=K(A)+~~[K(B)-K(A)) (324)

By formula (322) the amplitude of a constituent (B) may be inferred
from the known amplitude of a constituent +1), and by formula (324)
the epoch of a constituent (G) may be inferred from the known epochs
of constituents (+) and (B).

231. These formulas have, however, certain limitations. They
are not applicable to shallow water and meteorological constituents,
nor are they adapted to the determination of a diurnal constituent
from a semidiurnal constituent or of a semidiurnal constituent from
a diurnal constituent. The results obtained by the application of
the formulas to tides of similar type may be considered only as rough
approximations to the truth. They may, however, be preferable to
the values obtained for certain constituents when the series of obser-
vations is short.

232. Bysubstituting the mean values of the coefficients and the
speeds from table 2 the following special formulas may be derived
from the general formulas (322) and (324)

Diurnal constituents

H(3¥ =0.079 H(Oi); ++) =k(K1)+0.496 /xcxv- k(OY] (325)
H(Mi) =0.071 MOO; «MO = k(Kj)-0.500[k(K0-«(001  (326)
#(00)=0.043 77(00; KOO) = K(KO+ 1.000[K(K0-*(00]  (327)
#(P0° =0.331 #(K,); KP0=«(K0-0.075 [K(KO0-«(001 (328)
#(Q0 =0.194 77(0)): «(Qi) = «(K,)-1.496[+K,)-+0,)]  (329)
772Q) =0.026  77(00; «2Q) = &K O -1.992[+K .)-+0.)]  (330)
77(p,) =0.038  77(00; «oi = « (K ,)-1.429 [+K ,)-K(0,)] (331)

Semidiurnal constituents

77(Ka) = 0.272 77(S2) ; «(K2) = «(S2) + 0.081 [«(S2) -«(Ma)]  (332)
71(L2) =0.028 H{MD); «(La) = «(S2) -0.464 | (sa -«(M2]  (333)

=0.143 77(N2 ; KM2+ 1.000 [K(M,) —«(Na)]  (334)
77(Na) = 0.194 77(M2); «(Na) = «(S2 -1.536 [«Sa) -«(M 2]  (335)
772N) = 0.026 H(M2); K(2N)= «(S2) -2.072 [«Sa) -«(M2]  (336)

=0.133 77(N2); «(M2)-2.000 [«(M,)-«(Na)] (337)
HCR) = 0.008 H(S));: xR2 = «S«) 0.040 [(Sa) -«(Ma)] (338)
m to = 0.059 m S2); K(T2) = «Sa) -0.040 [«Sa) -«(Ma)] (339)
71X = 0.007 77 (M2);  «Ni) = «(S2) -0.536 [«Sa) -«(Ma)] (340)

= 0.024 77(M2), «(p2) = «(Sa) -2.000 [«(Sa) 7/|(M5)] (34])
E+a) = 0.038 77(M2); «(r2) =

«(S2 -1.464 «(%}? -«(Ma)] (342)
0.194 77(N2 ; *(Ma)-0.866 [«(M2) -«(Na)] (343)
233. In order to test the reliability of the results obtained by infer-
ence as above, 60 stations representing various types of tide in different
parts of the world where the harmonic constants had been determined
from observations were selected and a comparison was made between
the values for certain constants as obtained by inference and by

observations. The tests were applied to the diurnal constituents
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Mi, Pi, and Qi, and to the semidiurnal constituents K2 L2 and v2 and
formulas (326), (328), (329), (332), (333), and (342) were used for the
purpose. The following results were obtained for the differences
between values as obtained from inference and from observations.
The average gross difference is the average difference without regard
to the signs of the individual items, and the average net difference
takes into account these signs so that a positive difference may offset
a negative difference in the mean. The last two lines in the table
show the percentage of cases in which the differences were less than
0.05 and 0.10 foot, respectively, for the amplitudes, and less than 10°
and 20°, respectively, for the epochs.

Mi Pi . Qi .
ampli- epogh ampli- Cpl:)lch ampli- R Qolch
tude tude tude P
Ft. Deg. Ft. Deg. Ft. Deg.
Maximum difference o s 0. 05 149 0.27 49 0.05 105
Average gross difference .02 31 .03 8 .01 14
Average net difference .01 1 .01 3 .00 0
) % % % % % %
Differences less than 0.05 foot or 10°__..... 93 37 85 76 96 58
Differences less than 0.10 foot or 20° 100 57 92 92 100 82
K2 L2 2
ampli e}zczh ampli- e le%,b ampli- V[h
tude P tude P tude epoc
Ft. Deg. Ft. Deg. Ft. Deg.
Maximum difference 0.28 51 1.09 104 0.28 53
Average gross difference .02 9 .09 25 .04 14
Average net difference .00 5 .08 4 .02 4
X % % % % % %
Differences less than 0.05 foot or 10°-... 87 65 58 20 71 48
Differences less than 0.10 foot or 20°_... 97 93 78 44 88 83

By using formulas (334) and (343) for L2 and v2 the results are
slightly improved, the average net differences for the amplitude and
epoch of Lo becoming 0.07 foot and 3°, respectively, the difference for
the epoch of v2becoming 2°, while the average net difference for the
amplitude of v2remains unchanged.

234. Although there is a fairly good agreement indicated by the
average differences, it is evident that the inferred constants, especially
the epochs, cannot be depended upon for a high degree of refinement.
It may be stated, however, that for constituents with very small
amplitudes the epochs determined from actual observations may be
equally unreliable. This becomes evident when results from different
years of observations are compared. Fortunately, the large dis-
crepancies in epochs are found only in constituents of small amplitude
and are therefore of little practical importance.

235. Constituent ju2 as determined by inference is relatively unim-
portant. However, this constituent has the same period as the
compound tide 2MS2 and when obtained directly from the analysis
of observations frequently differs considerably from the inferred /X2
both in amplitude and epoch. The inferred values for this constituent
cannot therefore be considered as very satisfactory.

236. Prior to the elimination process described in the next section,
certain preliminary corrections are applied to the amplitudes and
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epochs of constituents S2 and Kxbecause of the disturbing effects of
K2 and T2 on the former and Pi on the latter. In a short series of
observations these effects may be considerable because of the small
differences in the periods of the constituents involved.
237. Let

Ui=A eos (at-\-a) (344)
and

y2=B eos (6<+/3) (345)
represent two constituents, the first being the principal or predomi-
nating constituent and the latter a secondary constituent whose effect
is to modify the amplitude and epoch of the principal constituent.
The resultant tide will then be represented by

y=yity2=A cos (atta)+B cos (bt-\-f) @46)

Values of ¢ which will render (344) a maximum must satisfy the

derived equation
Aa sin (at+ a)= 0 (347)

and the values of # which will render (346) a maximum must satisfy
the equation

Aa sin (at-\-0i)-\-Bb sin (;>i+/3)=0 (348)
For a maximum of (344)
2r N -a
a ’
in which n is any integer.
238. Let —the acceleration in the principal constituent 4 due to

the disturbing constituent B. Then for a maximum of (346)

t=" ir~a~d (350)
a

This value of # must satisfy equation (348), therefore we have

Aa sin(2nx—&-{-Bb sin |"~(2"x—0—a)+ B

= —Aa sin Q-\-Bb sin eft- x—0—a)-\-p—a— =0 (351
At the time of this maximum, when
2n X—a—=6
f )

the phase of constituent 4 will equal
2n X—a—0)+ a
and the phase of constituent B will equal

N 2n X—a—6)+ f

Let ##=phase of constituent B—phase of constituent 4 at this time.
Then
0=-——2n X—a—0)+ /—a (352)
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Substituting the above in (351)
—Aa sin 0+56 sin (>0)
——Aa sin 0+56 sin $ eos 6—Bb eos 4 sin 0

= —(Aa+Bb eos 4 sin 0+56 sin £eos 0=0 (353)

Then
d=-: Bb, sin # ,oes-H\I
tan d=- gk cos & S

239. For the resultant amplitude at the time of this maximum sub-
stitute the values of ¢ from (350), in (346), and we have

y=A eos 2n —0)+5 eos N (2n r —0—a) + jsj

=A4 eos 0+5 eos 2w tt—0—a) + /3—a—o0]

=A eos 0+5 eos (=—0) (355)
=A eos 0+5 eos #¢eos 0+ 5 sin #sin 0
= (-A+5 eos ) eos 0+5 sin § sin 0

= VA2+52+2A5 eos # eos "O—tan"1

240. From (354)
5 sin 0 sin 4

A
0=M r1-—202_ = fan 1 M 356)
] +55 cos 0 44 ¢ cos ¥

In the special cases under consideration the ratio” is near unity,

and thedifference between 0 and tan-1 AB+s§neoAs Pjs therefore very

small, so that the cosine may be taken as unity.
The resultant amplitude may therefore bo expressed by

VA2+ 52+2y15 eos £&—Ayi 1 A25 A A (357)

The true amplitude of the constituent sought being A, the resultant
amplitude must be divided by the factor

Vl +72+ 2" eos (358)
in order to correct for the influence of the disturbing constituent.
241. The corrections for acceleration and amplitude as indicated

by formulas (356) and (358) may to advantage be applied to the con-
stants for constituent 1+ for an approximate elimination of the effects
of constituent Pj and to the constants for S2 for an approximate
elimination of the effects of constituents K2 and T2 By taking the

relations of the theoretical coefficients for the ratios and the differ-

ences in the equilibrium arguments as the approximate equivalents
of the phase differences represented by ¢ tables may be prepared
giving the acceleration and resultant amplitudes with the arguments
referring to certain solar elements.

Thus, from table 2, the following values may be obtained.
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B Aa
A ~Bb

0. 33086 3.03904 —2ft+)/'+1800.
0. 27213 3.66469 2h-2v".
0.05881 17.02813  -h+pu

Substituting the above in (356) and (358) we have
Effect of Pj on Kx

Acceleration= tan-1 g.Bg%ﬂ—Aeos @ta—/a\ %359}
Resultant amplitude=0.813V1-6767 —eos (2h—vV') (360)
Effect of K2on S2

Acceleration= tan-1 (361>

Resultant amplitude = 0.738-~1.9734+ eos (2h—2v") (362)
Effect of T2 on S2

(363)

. _ _ _ A__;
Acceleration= tan-1 70281 + 093 ]{ﬂ—pé]

Resultant amplitude=0.343-\/8.5318+eo0s (h—py (364)

242. The above formulas give the accelerations and resulting
amplitudes for any individual high water. For the correction of the
constants derived from a series covering many high waters it is
necessary to take averages covering the period of observations..
Tables 21 to 26 give such average values for different lengths of series,
the argument in each case referring to the beginning of the serifs.

In the preceding formulas the mean values of the coefficients were

taken to obtain the ratios -g- To take account of the longitude of

the moon’s node, the node factor should be introduced. If the mean
coefficients are indicated by the subscript o, formulas (356) and (358)
may be written

Acceleration:tan~})(/A4)A W {%O‘j
Jj(B) BOb *

Resultanta m p 1 1 t u d e " eoso (366)
f(4)

243. In the cases under consideration the ratio will not differ

. . A . .
greatly from unity, the ratio —g—‘% will be rather large compared with

eos 0, which can never exceed unity, and the accelerationitself is
relatively small. Because of those conditions the following may be
taken as the approximate equivalent of (365):
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Acceleration JTA) (367)

+ cos *
Also because _'Ii)oin these cases is small compared with unity, the

following may be taken as the approximate equivalent of (366):

Resulting amplitude= 1 +0r) ~it A0S A 368)

To allow for the effects of the longitude of the moon’s node, the
tabular Vay(l%‘of the acceleration should, therefore, be multiplied by

the ratio and the amount by which the resultant amplitude

differs from unity by the same factor. In the particular cases under
consideration the factor/, for constituents Pi, S2 and T2, is unity for

each. Therefore, for the effect of Pi on Ki, the ratio yy*y = /(K )

= F(K 1, and for the effect of K2 upon S2 this ratio is/(K 2. For the
effect of T2 upon S2the ratio is unity.

ELIMINATION

244. Because of the limited length of a series of observations
analyzed the amplitudes and epochs of the constituents as obtained
by the processes already described are only approximately freed from
the effects of each other. The separation of two constituents from
each other might be satisfactorily accomplished by having the length
of series equal to a multiple of the synodic period of the two con-
stituents. To completely effect the separation of all the constituents
from each other by the same process would require a series of such a
length that it would contain an exact multiple of the period of each
constituent. The length of such a series would be too great to be
given practical consideration. In general, it is therefore desirable to
apply certain corrections to the constants as directly obtained from
the analysis in order to eliminate the residual effects of the constituent
upon each other.

245. Let A be the designation of a constituent for which the true
econstants are sought and let B be the general designation for each
of the other constituents in the tide, the effects of which are to be
eliminated from constituent A.

Let the original tide curve which has been analyzed be represented
by the formula

y=A eos (aita)+2 B cos (bt-1-f) (369)
in which
?7/=the height of the tide above mean sea level at any time #
£=time reckoned in mean solar hours from the beginning of
the series as the origin.
A=R (A) = true amplitude of the constituent 4 for the time
covered by series of observations.
B =R(B) = true amplitude of constituent B for the time cov-
ered by series of observations.
= —f£%(A)= true initial phase of constituent 4 at beginning of
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j8=—f(1?)= true initial phase of constituent B at beginning of
series.

a =speed of constituent A.

6 =speed of constituent B.

246. Formula (369) may be written
y=A eos a eos ai+2 B eos {(b—a)i+ fi} eos at

—A sin a sin at—'S B sin {(b—a)t-\-fi] sin at
= [A eos a+2 B cos {(b—a)it j8}] cos at
—[A sin a-f-S B sin {(b-a)t-\-$}] sin at (370)

The mean values of the coefficients of eos af and sin at of formula
(370) correspond to the coefficients Cp and Sv of formulas (295) and
(296) which are obtained from the summations for constituent A.

247. Let A' and a’= the uneliminated amplitude and initial phase,
respectively, of constituent 4, as obtained directly from the analysis.

The equation of the uneliminated constituent 4 tide may be written

y=A' eos (at+ «')= A' eos a' eos at—A"' sin a’' sinat (371)
Comparing (370) and (371), it will be found that

A' eos a/= mean value of [4 ecos a+2 B ecos{(b—a)t-\-f}] (372)
A' sin a'= mean value of /4 sin a-j-2 B sinl(b—a)t-\-f}] (373)

248. Let 7 - length of series in mean solar hours. Then the mean
value of

B cos {(b—a)t-\-f} within the limits ;=0 and t=r, is
ISO n . .
-J 0(,9 eos {(b—a)tdr f}dt=-"~ Q_ ayr [sin {(b—a)r-\-f} —sin fi]

180 5 4 6 Wl . \
= Sm ( a)’l')B cos {Ub~a)r+p} 6131721)

The mean value of B sin {(b—a)t-1-f) within the same limits is
sin {(b—a)tIrfp}dt——" "~~yy[cos {(6—a)rt/3} —ecos f

= 180 sm (6 -« ) TEsin (i(6_ a)T+(3) (375)
T 21"—a)7

Substituting (374) and (375) in (372) and (373), and for brevity
letting

- 18 A
Fb = §1,)y |é5~r rR (376)

we have
A'eosa'=A eos'at2 Fbeos {%b—a)r-\-fi] (377)
A 'sin a'=A4 sin a+2 Fbsin {%(b—a)r+j8} (378)

Transposing,

A eos a=A"' eos a'—2 Fbeos {N6—a)r+ fi} (379)
A sin a=A"' sin a'—2 Fbsin {%(b—a)r-\- i} (380)

Multiplying (379) and (380) by sin a’' and eos a', respectively,
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A sin a eos a=A4 'sin a' eos a — 2 Fbeos [%(b—O0)t+/3}sin a (381)
A eos a sin a=A fsina eos a — 2 Fbsin b—a)t p]osa’ (382)
Subtracting (382) from (381)
A sin (a—a) =2 Fbsin [%(b—a)r-{-fp—a") (383)
Multiplying (379) and (380) by eos a’ and sin a’, respectively,

A eos a! eos a=A feos2a'—2 Fbeos [%(b—a)r+ B) ©osa! (384)
A sin a' sin <x=A'sin2 a'—2 Fbsin {£(6—a)r+/3}sina’ (385)

Taking the sum of (384) and (385)
A eos (a'—a)=A'—2 Fbeos {|(b—a)rtB—a"} (386)
Dividing (383) by (386)

tan (>~ “Poos 1%b—a) T+p—a™ Vo87y
From (386)
A _ A '-2 Fbeos {\(b-a)T-\--a'} 3gg.
eos (a'—a)
249. Substituting the value Fb from (376) and the equivalents

R'(A), R(A), R(B),-F(A)-A4A4), and —C(B) forA', A, B, a’, a, and
B, respectively, we have by (387) and (388)

tan [fUL)-r'64)] =

& B(P) sin fi(b-a)r-t(B) + t’(A)}

SE— 7l | (389)
R'(A)-Y:~ _ a@d)TR(B) eos {"(6-a)r-f(B)+r(")}

ren) - R(A)£r" 8" (|—aPg) as U(i-«r-r(B)r'U)}

cos[f(A)-m)]

(390)

250. Formula (389) gives an expression for obtaining the difference
to be applied to the uneliminated ’(4) in order to obtain the true
£(A), and formula (390) gives an expression for obtaining the true
amplitude R(A). These formulas cannot, however, be rigorously
applied, because the true values of R(B) and ((B) of the disturbing
constituents are, in general, not known, but very satisfactory results
may be obtained by using the approximate values of R(B) and ¢(B)
derived from the analysis or by inference.

By a series of successive approximations, using each time in the
formulas the newly eliminated values for the disturbing constituents,
any desired degree of refinement may be obtained, but the first
approximation is usually sufficient and all that is justified because
of the greater irregularities existing from other causes.

251. Form 245 (fig. 19) provides for the computations necessary in
applying formulas (389) and (390). In these formulas the factors

represented by Aa)™ anc® “ie an”es represented by
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£(6—o )+ will depend upon the length of series; but for any given
length of series they will be constant for all times and places. Table
29 has been computed to give these quantities for different lengths
of series. The factor as directly obtained may be either positive or
negative, but for convenience the tabular values are all given as
positive, and when the factor as directly obtained is negative the
angle has been modified by # 180° in order to compensate for the
change of sign in the factor and permit the tabular values to be used
directly in formulas (389) and (390).

252. An examination of formulas (389) and (390) will show that the
disturbing effect of one constituent upon another will depend largely

upon the magnitude of the fraction ¢t(6—a)}7’ Assuming that b is

not equal to a, this fraction and the disturbing effect it repres3e6n0t§ will
approach zero as the length of series r e'i'pproaches in value g_ ay or

any multiple thereof, or, in other words, as r approaches in length
any multiple of the synodic period of constituents 4 and B. Also,
since the numerator of the fraction can never exceed unity, while the
denominator may be increased indefinitely, the value of the fraction
will, in general, be diminished by increasing the length of series and
will approach zero as r approaches infinity. The greater the dif-
ference (b—a) between the speeds of the two constituents the less
will be their disburbing effects upon each other. For this reason the
effects upon each other of the diurnal and semidiurnal constituents
are usually considered as negligible.

253. The quantities R(B) and f(B) of formulas (389) and (390) refer
to the true amplitudes and epochs of the disturbing constituents.
These true values being in general unknown when the elimination
process is to be applied, it is desirable that there should be used in the
formulas the closest approximation to such values as are obtainable.
If the series of observations covers a period of a year or more, the am-
plitudes and epochs as directly obtained from the analysis may be
considered sufficiently close approximations for use in the formulas.
For short series of observations, however, the values as directly
obtained for the amplitudes and epochs of some of the constituents
may be so far from the true values that they are entirely unservice-
able for use in the formulas. In such cases inferred values for the
disturbing constituents should be used.

LONG-PERIOD CONSTITUENTS

254. The preceding discussions have been especially applicable to
the reduction of the short-period constituents—those having a period
of a constituent day or less. They are the constituents that deter-
mine the daily or semidaily rise and fall of the tide. Consideration
will now be given to the long-period tides which affect the mean level
of the water from day to day, but which have practically little or no
effect upon the times of the high and low waters. There are five
such long-period constituents that are usually treated in works on
harmonic analysis—the lunar fortnightly Mf, the lunisolar synodic
fortnightly MSf, the lunar monthly Aim, the solar semiannual Ssa,
and the solar annual Sa. The first three are usually too small to be
of practical importance, but the last two, depending largely upon
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meteorological conditions, often have an appreciable effect upon the
mean daily level of the water.

255. To obtain the long-period constituents, methods similar to
those adopted for the short-period constituents with certain modifica-
tions may be used. For the fortnightly and monthly constituents
the constituent month may be divided into 24 equal parts, analogous
to the 24 constituent hours of the day. Similarly, for the semiannual
and annual constituents the constituent year may be divided into
24 equal parts, although it will often be found more convenient to
divide the year into 12 parts to correspond approximately with the
12 calendar months.

256. Instead of distributing the individual hourly heights, as for the
short-period constituents, a considerable amount of labor can be
saved by using the daily sums of these heights. The mean of each
sum is to be considered as applying to the middle instant of the period
from 0 hour to 23d hour; that is, at the 11.5 hour of the day. If the
constituent month or year is divided into 24 equal parts, the in-
stants separating the groups may be numbered consecutively,
like the hours, from 0 to 23, with the 0 instant of the first group
taken at the exact beginning of the series. A table may now be
prepared (table 34) which will show to which division each daily
sum, or mean, of the series must be assigned.

257. Letting

a=the hourly speed of any constituent, in degrees.

p =1 when applied to a monthly or an annual constituent, and
p=2 when applied to a fortnightly or a semiannual constituent.
d=day of series.

s= solar hour of day.

Then
. . 360
1 constituent period=-"- solar hours (391)
and
1 constituent m onth:—aA solar hours (/392)
also
1 constituent year="" solar hours (393)

Dividing the constituent month or year into 24 equal parts, the
length of

. L 1
| constituent division=-2" solar hours (394)

Therefore, to express the time of any solar hour in units of the con-
stituent divisions to which the solar hourly heights are to be assigned,
the solar hour should be multiplied by the factor a; 15p.

Thus,

Constituent division(solar hour of series)
=jA[24(d-1)+ S

=jl-[24(d-1)+11.8] (395)
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since in using the daily sums, the solar hour of the day to which each
such sum applies will always be 11.5 hour.
By substituting the speeds of the constituents from table 2 the

following numerical values are obtained for the coefficient

Mf, 0.036,601,10; MSf, 0.033,863,19; Mm, 0.036,291,65;
Sa and Ssa, 0.002,737,91.

By using the appropriate coefficient and substituting successively
the numerals corresponding to the day of series (d), the corresponding
value of the constituent division to which each daily sum is to be
assigned may be readily obtained. The value of such division as
obtained directly from the formula will usually be a mixed number.
For table 34 the nearest integral number, less any multiple of 24, is
used.

258. The distribution of the daily sums for the analysis of the long-
period constituents may be conveniently accomplished by copying
such sums in Form 142 (fig. 12), taking the constituent divisions as
the equivalents of the constituent hours and using table 34 to deter-
mine the division or hour to which each sum should be assigned.
The total sum and mean for each division may then be readily ob-
tained. These means can then be treated as the hourly means of the
short-period tides according to the processes outlined in Form 194
(fig. 16) with such modifications as will now be described.

259. In using the daily means as ordinates of a long-period constitu-
ent consideration must be given to the residual effects of any of the
short-period constituents upon such means and steps taken to clear the
means of these effects when necessary. Constituent S2 with a period
commensurate with the solar day, may be considered as being com-
pletely eliminated from each daily meaD. Constituents Ki and K2
are very nearly eliminated because the K day is very nearly equal
to the solar day. Other short-period constituents may affect the
daily means to a greater or less extent, depending largely upon their
amplitudes. Ofthese the principal ones are constituents M2 N2 and
O" In the distribution and grouping of the daily means for the
analysis of the several long-period constituents the disturbing effects
of the short-period constituents just enumerated, excepting the effects
of M2 upon MSf, will be greatly reduced, and in a series covering-
several years may be practically eliminated. Because the period of
MSf is the same as the synodic period of M2 and S2 there will always
remain a residual effect of the constituent M2 in the constituent MSf
sums of the daily means, no matter how long the series, which must
be removed by a special process.

260. Let the equation of one of the short-period constituents be
y=A eos (at-{-ot) (396)

Letting d=day of series, the values of ¢ for the hours 0 to 23 of d
day will be

24(d—1), 24(d—1)+ 1, 24(d—1)+2, . ... 24(d-DH+23.
Substituting these values for # in (396) and designating the corre-
sponding values of the ordinate y as y§ yx y2 . . . . y2 the following

are obtained:
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70 =A eos [24(d—1)a+ a]
yi=A eos [24(d—1)a+a+a]

y2—A eos [24(g—1)ata+2a] 397)

y2=A eos [24(<f—l)a+tad-23a]
Representing the mean of these 24 ordinates for d day by yd, we have

2] eos {24(d—1)a+a} [14eos atcos 2a-|- -feos 23«]
—24 A sin (24(d—1)a+ «}[sin a+ sin 2a4 _+sin 23a]
sin 12a[ 23
24 sin ){af

—sin {24(d—1)a+ a} sjp 53 a,IJ

sin 12a
"24 sm Yia

261. Formula (398), representing the average value of the constitu-
ent A ordinates contained in the daily mean for d day, is the correction
or clearance that must be subtracted from the mean for that day in
order to eliminate the effects of 4. It will be noted that if we let
A represent anyT of the solar constituents, Si, S2, S3 S4, etc., the
factor sin 12a, and consequently the entire formula, becomes zero for
all values ofd. By formula (398) clearances for each of the disturbing
short-period constituents for each day of series maybe computed and
these clearances then applied individually to the daily means, or, if
first multiplied by the factor 24, to the daily sums.

262. The labor involved in making independent calculations for
the clearance of the effect of each short-period constituent for each
day of series would be considerable, but this may be avoided to a
large extent byI'means of a tide-computing machine.

If we let i= timc reckoned in mean solar hours from the beginning
of the series, then for any value of yd, which must appl}" to the 11.5
hour of d dav,

eos {24(d—l)a+ a+11.5a} (398)

#=24 (d—1)+ 11.5
and
a#t=24(d-l)a+11.5a (399)

If the above equivalent is substituted in (398) and yd replaced by
ya, we have .
1 . sin 12a s s, \ (400)

y*=24  "smTT COS (a(+ a)

which represents a continuous function of # and for any value of ¢
corresponding to the 11.5 hour of d day the corresponding value of
y&will be yd  This formula is the same as that for the short-period
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3— in the
jc Sill <@

coefficient. The speed a is a known constant and the values of 4
and a are presumed to have already been determined from the har-
monic analysis of the short-period constituents. Similarly, the dis-
turbing effects of other short-period constituents may be represented
by

constituent A, except that it includes the factor 2)7

1 ,, sin 126 .
y»=21iS 1h T |F Q0S (6i+(3)
1 sin 12¢ /4l | / A A
y'=2"smiir C0S (401)
etc.

The combined disturbing effect of all the short-period constituents
may, therefore, be represented by the equation

. A 1 . sin 12a !/,
?/=2/a+2/06+tetc.=24 A sinia cos (atA a)

QS (bt+f) + ete- 402)

263. This formula is adapted to use on the tide-computing machine..
With the constituent cranks set in accordance with the coefficients
and initial epochs of the above formula, the machine will indicate
the values of y corresponding to successive values of # The values,
of y desired for the clearances are those which correspond to # at the
11.5 houroneach day. Thus, the clearance foreach successive day
of seriesmay be read directly from the dialsof the machine. In
practice, it may be found more convenient to use the daily sums
rather than the daily means for the analysis. In this case the co-
efficients of the terms of (402) should be multiplied by the factor 24
before being used in the tide-computing machine.

264. Assuming that all the daily sums are used in the analysis, the
augmenting factor represented by formula (308) which is used for
the short-period constituent is also applicable to the long-period con-
stituents, with p representing the number of constituent periods in a
constituent month or year. Thus, for Mm and Sa, p equals 1, and
for Mf, MSf,' and Ssa, p equals 2. For the long-period constituents a
further correction or augmenting factor is necessary, because the
mean or sum of the 24 hourly heights of the day is used to represent,
the single ordinate at the 11.5 hour of the day.

265. If we let formula (396) be the equation of the long-period'
constituent sought, formula (400) will give the mean value of the 24
ordinates of the day which, in the grouping for the analysis, is taken,
as representing the 11.5 hour of the day or the #i hour of the series.
Since the true constituent ordinate for this hour should be A eos.

(atd+ a), it is evideiit that.an.augmenting factor of 24 Asm:%.mpst be

applied to the mean ordinates as derived from the sum of the 24
hourly heights of the day in order to reduce the means to the 11.5.
hour of each day.



92 U. S. OOAS'T AND GEODETIC SURVEY

266. The complete augmenting factor for the long-period constit-
uents, the year or month being represented by 24 means, will be
obtained by combining the above factor with that given in formula
(308). Thus

augmenting fadtor- re v e e (403)
24 sm

If the year or month is represented by only 12 means as when monthly
means are used in evaluating Sa and Ssa, the formula becomes

augmenting Ta'c tor-j~-jAX - g's A" (404)

Values obtained from these formulas are given in table 20.

267. The following method of reducing the long-period tides, which
conforms to the system outlined by Sir George H. Darwin, differs to
some extent from that just described. In this discussion it is assumed
that a series of 365 days is used. Let the entire tide due to the five
long-period constituents already named be represented by the equation

y—A eos a)-\-B eos (bt-\-p)-\-C eos (ai+ 7) (405)
~~Deos (dt8~)E cos (éiV e)

268. For convenience in this discussion let ¢ be reckoned from the
11.5th solar hour of the first day of series instead of the midnight
beginning that day. Every value of # to which the daily means refer
will then be either 0 or a multiple of 24.

LetA', B', C', D', and E', equal
A eos a, B eos ff, Ceos 7, D eos & and E eos e, respectively, and

A", B", C", D", and E", equal
—A sin a, —B sin ff, —C sin 7, —D sin § and —E sin e, respectively.
(406)

Then formula (405) may be written

y=A"' eos at-\-B' eos bt-\-C' eos ci+ZF eos dt-\-E' eos et
-1-Af" sin cit-\-B" sin bt-\-C" sin ct-\-D" sin dt-\-E" sin et 407)

In the above equation there are 10 unknown quantities, A', 4",
B', B", etc., for which values are sought in order to obtain from them
the amplitudes and epochs of the five long-period constituents. The
most probable values of these quantities may be found by the least
square adjustment.

289. Let J1,y2 ... . 2365 represent the daily means for a 365 day
series, as obtained from observations. If we let n be any day of the
series, the value of ¢# to which that mean applies will be 24(w—1).
By substituting in formula (407) the successive values of y and the
values of # to which they correspond, 365 observational equations are
formed as follows:
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yi—A' eos 0-}-#' eos 0+
AA" sin 0+ B" sin 0+ . ...
y2—A' eos 24a+5"' eos 246+ . ...
A A" sin 24aAB" sin 246+ ... . (408)

A A' eos 24x 364"a+B ' cbs 24X 3646+ °
-;-A" sin 24X 364a+5" sin 24X3646 +

270. A normal equation is now formed for caeli unknown quantity
by multiplying each observational equation by the coefficient of the
unknown quantity in that equation and adding the results. Thus,
for the unknown quantity A4 ', we have

Ucos 0=A"'eo0s20+5"' eos 0 eos O+ ¢ « . o
A A" sin 0 eos 0+5" sin 0 eos O+ o . o«
y2e0s 24a=A4"' eos224a+ 5" eos 246 eos 24a+ o o o .
A A" sin 24a eos 24a+5" sin 246 eos 24a+

(409)
ty3ds eos (24 X364a)= A' eos2 (24 X 364a)
+5'eos (24X3646) eos (24X364a)+ -
AA" sin (24X364a) eos (24X364a)
+5" sin (24X3646) eos (24X364a) +

dummmg
n=335 n=365
V,yneos 24(n—\)a=A4"' €0s224(?7i—l)a

n=1 n=1
n = 365

A A" Xj sin 24 (n—1)a eos 24{n—1)a
n=1
n=365

+5' Xj eos 24{n—1)6 eos 24{n—1)a

n=1
n=365

+ 5" 312 sin 24(n—1)6 eos 24(n—1l)a

AC' %35 eos 24(n—1)c cos 24(a—1)a

AC""B;I‘Ssm 24(a—1)c cos 24(a—1)a

AD' IITgltfseos 24(a—I1)d eos 24(a—I1)a
n- 305

AD" Xj sin 24(n—I)d eos 24(n—1)a
n=1

n =365
AE' Seos 24(7i-1)e eos 24(n—I1)a

n=1

n=365
AE" ';i sin 24(n—D)e cos 24(n—l)a  (410)
n=1

which is the normal equation for the unknown quantity 4".
271. In a similar manner we have for the normal equation for tlio
quantity A"
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2 ynsin 24(n—1)a

—A' 2 eos 24(71—1)a sin 24(77—\)a-\-A" 2 sin224(77—1)a

-1-B' 2 eos 24(77—1)6 sin 24(t7—I)a-\-B" 2 sin 24(t7—1)6 sin 24(t7—1)a
+ (7' 2 eos 24(77—1)c sin 24(77—1)a-f C"2 sin 24(77—1)c sin 24(77—1)a
+Z>' 2 eos 24(77—1)d sin 24 (77— a-{-D" 2 sin 24 (77—1)d sin 24(77—1)a
-|-E' 2 eos 24(77—1)e sin 24(77—\)a-\-E" 2 sin 24(77—\)e sin 24(77—1)a

411)
the limits of n being the same as before.
Normal equations of forms similar to (410) and (411) are easily
obtained for the other unknown quantities.
272. By changing the notation of formulas (265) to (267) the fol-

lowing relations may be derived :
*= sin 2477a eos 24(77—1)a
S «ws»24 (»-1)a=i»+ i-—mmmmmmmmmmemmeeen

1on1 , 1 sin 8760a eos 8736a

- 1822+ 2 sin 24a " " 412)
n:jﬁ N
V) sin2 24(? —1)a="77— §-m---2fg-73 ?%4(77 ha

_ 11%01 ., sin 8760a eos 873£a éhllog\)l

n=365
X)) eos 24(77—1)6 eos 24 (77—1)a
n=1
_j sin 1277(6—a) eos 12(77—1) (6—a)

—¥ sin 12(6—a)
~in 1277(6+ a) eos 12(77—1) (6-fa)
~72 sin 12(6+a)
_Jsin 4380(6—a) eos 4368(6—a)
—2 sin 12(6—a)
. 1 sin4380 (6+ a) eos 4368(6-j-a) (444
2 sin 12(6+a) nNo

n=365

X7 sin 24(77—1)6 sin 24(17—1)a
n=1

_1sin 1277(6—a) eos 12(77—1) (6—a)

—2 sin 12(6—a)

J sin 1277(6+a) eos 12(77—1)(6+a)
sin 12(6+a)
sin 4380(6—a) eos 4368(6—a)
~ 2 sin 12(6—a)

! sin 4380(6+a) eos 4368(6+ a) . .
* sin 12(6+a) ™M15;
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n=365
T7 sin 24(ti—1)6 eos 24 (?2i—/)a
n=1
_j sin I2n(b—a) sin 12 (ti—1)(6—a)
~~2 sin 12(6—a)
, j sin 12Ti(6+ «) sin 12+ —!) &+ «)
2 sin 12 (6+ a)

_ win 4380(6—a) sin 4368(6 —0.)
—2 sin 12(6—a)

x sin 4380(6+«) sin 436S(6+ a!
+ 1 sin 12(6+a) (416)
273. By substituting in (412) to (416) Hie numerical values of
a, 6, etc., from table 2, the corresponding equivalents for these
expressions are -obtained. These, in turn, may be substituted in
(410), (411), and similar equations for the other unknown quantities
to obtain the 10 normal equations given below. In preparing these
equations the symbols a, 6, ¢, d, and e are taken, respectively, as the
speeds of constituents Mm, Mf, MSf, Sa, and Ssa.
n=365

yiyneos 24(n—1)a

= 183.054'+0.725'+0.760'+ 4.885'-r4.965'

+2.144" + 4.295" + 5.040"-0.345"-0.705"
n=365 (417a)

77 ynsin 24 (ti—1)«

=2.144'—4.155'—4.900'+ 3.805'+ 3.8820

+ 181.954"+1.015"+ 1.060" + 0.345"+ 0.685"
n=365 .
X) va AB24(MA—1)6

=0.724"+183.175'+ 0.560'—1.505'-1.515"

—4.154"+0.885"+0.920" —0.095" —0.185"
n=365 (417b)

77 ynsin 24 (ti—1)6

=4.294'+0.885'+0.920' +3.055'+3.065"
+ 1.014" + 181.835" —0.800" —0.085" —0.175"
n=365

S v AB24+—I)c

=0.764'+ 0.565'+ 183.190'-1.685'-1.705'
—4.904"+0.925"+0.970" —0.115" —0.215"
e 365 (417¢)
77 ynsin 24+ —I)c
=5.044'+0.925'+0.970'+3.245"'+ 3.255%'
s + 1.064" —0.805"+ 181.810" —0.105" —0.205"
77 Tn B 24 (Ti—1)Q2
=4.884'—1.505'—1.680'+182.385'—0.245"

+ . "+ . "+ . "+ . "+ . "
s 3.804"+ 3.055"+3.240"+0.005"+0.015 (417d)

77 Thsin 24 (i—1)<2

=-0.344'-0.095'-0.110'+0.005"'+ 0.005'
+0.344" —0.085" —0.100" +182.625"+ 0.005"
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n=365
Y', yneos 24 (ft—\)e

=4.96A'-1.515/-1.70<7,-0.24D"'+ 182.385'

+3.88A"+3.065" + 3.25<7"+ 0.00D" + 0.00E"
k=341 (417¢)

X) yasin 24 (ft—1I)e

n=1

D1 =—0.70A'—0.185'—0.210"-f0.01.D'+0.00.E"
+0.68A"- 0.175"- 0.200"+ 0.005" +182.62E”

274. The numerical value of the first member of each of the above
normal equations is obtained from the observations by taking the
sum of the product of each daily mean by the cosine or sine of the
angle indicated. The solution of the equations give the values of A',
A", 5' 5", etc., from which the corresponding values of quantities
A and a, 5 and f, etc., of formula (405) are readily obtained, since

A=V (A")2t(A")2and o"tan" I—AA,
In calculating the corrected epoch, it must be kept in mind that the
t in this reduction is referred to the 11.5 hour of the first day of series
instead of the preceding midnight.

275. Before solving equations (417), if the daily means have not
already been cleared of the effects of the short-period constituents, it
will be necessary to apply corrections to the first member of each of
these equations in order to make the clearances.

The disturbance in a single daily mean due to the presence of a
short-period constituent is represented by equation (398). Intro-
ducing the subscript s to distinguish the symbols pertaining to the
short-period constituents, the disturbance in the daily mean of the
ftth day of series due to the presence of the short-period constituent
A3may be \Vritten

eos {24(»-1)0.+ 11.5a,+a,} (418)

The disturbances in the products of the daily means by
eos 24(ft—1)« and sin 24(n—I)a

may therefore be written
[yBn eos 24 (ft—1) f

=~-A 3$n I [cos (24(ft—1) (a8fa) + 11.5a3-f-0!8}

+ cos {24(ft—1) (as—a)-j-11.5aa-fas}] (419)
and

[yBnsin 24 (ft—1)a

=~ AS 2 [sin (24(ft—1) (a8+a) + 11.5a80!8}
—sin (24(ft—1) (a3—a)+ 11.5as+0!3}]  (420)
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276. Then, referring to formulas (263) and (264)

n=365

X [ysfn cos 24 (ft—I1)a=
11=1

1 . sin 12a;8fsin 12X365(asta) . s . , 1
48 8sinja, | sin 12(a,+a) cos ' ‘n -oa.ta.}

+ Smtin 1'2(a,-a)a)'CS {12X364(al-a) + 11.5a,+a.}J (421)
and

n=365

X [¥snsin 24(ft—1)a=
n=1

1 . sin 12asfsin 12X365 (a8fu) . . N, , , 3
ig”"-SiiifL sin 12(a,+ta) sm f12X304(a.ta)-rll.oa,+ a,}

- Smsi n S sin {12X364(a,-a)+ 11.5a,+a,)] (422)

Now let
A\=A Seos a8
and (423)
A"t= —Assin as

then (421) and (422) may be reduced as follows:

n=365

S [ysin cos 24 (ft—1)ft
n=1

+" . “S -7 * —HK» W +1I* 1V.

1 sin 12asfsin 12X365 (aata) . 4, , s_
+48 ATP7 L Sinl2(a,ta) Sm 02X364(«,+«) T 11044

+ Smsin*23(!!-X S~Sin (12X 364 («,-a)+ 11.5a,}]4", (424)

and

n=365

X—l [ysfn sin 24 (ft—1)ft

J_sin 12;/8j~sin 12X365(aa-|-a) sin {12X364(a8 a)-fll.5a8}
48 sin 1 sin 12(asta)

~ Slnsin *2 (~ -0) a) cos {12X364(a,-a)+ 11.5a.} |JA"< (425)
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277. Formulas (424) and (425) represent the clearances for any
long-period constituent 4 due to any short-period constituent Aa
The first must be subtracted from terms corresponding to
Eyncos 24(n—1)a and the latter from terms corresponding to
Eyn sin 24(n—\)a of formula (417) before solving the latter.

278. In (424) and (425) the coefficients of A’'Band A"s, which
for brevity we may designate as C', C", §', and S", respectively,
contain only values that are constant for all series and may therefore
be computed once for all. Separate sets of such coefficients must,
however, be computed for the effect of each short-period constituent
upon each long-period constituent. In the usual reductions in which
the effects of 3 short-period constituents upon 5 long-period con-
stituents are considered, 15 sets of 4 coefficients each, or 60 coefficients
in all, are required.

The coefficients are given in the following table: *

Long-period constituents

Mm Mf MSf Sa Ssa
M* (0") .. -0.0556 +0.0030 +5.739 -0. 1041 -0.1046
(C) -0. 1704 -0.0377 -2.923 -0. 0752 -0.0755
(€25 EIOR— N — -0.1708 +0.0417 -2. 840 -0.0018 -0.0035
(S +0.0441 +0.0105 -5.727 +0.0048 +0.0096
Ne (C') . -0.0588 +0.0368 +0.0294 -0.0176 -0.0176
(C). . . -0.0776 -0.2236 -0.1938 +0.0025 +0.0025
(S -0.0206 -0.1526 -0.1221 +0.0002 +0.0004
(G2 Y +0. 1138 -0.0854 -0.0808 +0. 0001 -10.0002
0i (C) -0.0648 +0.0166 +0.0157 -0.1924 -0.1934
CT- -0. 3476 -0. 0778 -0.0816 -0.1826 -0.1831
%SO . -0.3452 +0. 0841 +0.0875 -0.0046 -0.0093
(S e +0.0405 +0. 0338 +0.0331 +0. 0090 +0.0180

In the above table the sign is so taken that the values are to be
applied to the sums directly as indicated.

279. After the clearances have been applied and the normal equa-
tions (417) solved and the resulting amplitude and epoch obtained for
each of the long-period constituents, the reductions will be completed
in accordance with the processes already outlined, but it must be kept
in mind that in this reduction the initial value of ¢ is taken to corre-
spond to 11:30 a. m. on the first day of series. In obtaining the nu-
merical values of such quantities as Eyn eos 24(n— [)a and Eya sin
24(n—\)a, in order to avoid the labor of separate multiplications for
each day, the following abbreviations have been proposed by the
British authorities. The values of eos 24(n— [)a and of sin 24{n—1)a
are divided into 11 groups according as they fall nearest 0, 0.1, 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1.0. The daily values are then dis-
tributed into 11 corresponding groups, so that all values in one group
will be multiplied by 0, another group by 0.1, etc. The eos 24(n—1)a
and sin 24{n— |)a include negative as well as positive values. The
former are taken into account by changing the sign of the daily mean
to which the negative values apply.

280. As a part of the routine reductions of the tidal records from the
principal tide stations it is the practice of the office to obtain the
mean sea level for each calendar month. It is therefore desirable to

*From Scientific Papers by Sir George H. Darwin, Vol. I, p. 64.
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have a method of using these means directly in the analysis for the
annual and semiannual constituents, thus avoiding any special sum-
mation for the purpose. The period of the annual constituent is ap-
proximately the length of the Julian year, that is, 365.25 days. If this
period is divided into 12 equal groups and the mean of the hourly
heights for each group taken, these means represent the approximate
height of the combined annual and semiannual constituents for the
middle of each group, and the middle of the first group will be the
initial point from which the zeta (f) as obtained by the usual process
is referred. As each group represents 30° of motion for the annual
constituent, or 60° for the semiannual constituent, to refer this f to
the actual beginning of the series of observations it will be necessary
to apply a correction of 15° for the annual constituent or 30° for the
semiannual constituent.

281. In obtaining the monthly means by calendar months the year
is divided only approximately into 12 equal groups. The following
table shows the difference between the middle of each group repre-
senting a calendar month and the middle of the corresponding group
obtained by dividing the Julian year into 12 equal parts. It is to be
noted that the hourly heights included in a monthly sum extend from
0 hour on the first day of the month to the 23d hour on the last day.
The middle of the group as reckoned from the beginning of the month
will therefore be 13.98 days, 14.48 days, 14.98 days, or 15.48 days,
respectively, according to whether the month has 28, 29, 30, or 31 days.

Middle of group reckoned

8ro Differences
from beginning of year

Month

Julian Common Leap Common Leap

year year year year year

Days Days Days Days Days
January 15.22 15.48 15.48 +0. 26 +0.26
45. G6 44.98 45.48 -0.68 -0.18
March B _ 70. 09 74, 48 75.48 -1.61 —0.61
100. 53 104.98 105.98 -1.55 -0.55
13G. 97 135.48 136. 48 —1.49 -0. 49
1G7. 41 1G5.98 166.98 -1.43 -0.43
July _ s e o . 197. 84 19G. 48 197.48 -1.36 -0. 36
228.28 227.48 228.48 -0.80 +0.20
258.72 257.98 258.98 -0.74 +0.26
289. 1G 288. 48 289. 48 -0.68 +0.32
319.59 318.98 319.98 -0.61 +0.39
350. 03 349.48 350. 48 0.55 +0.45
-11.24 -0.74
-0.94 -0.06

Spee<l of Sa constituent per day=0.985G°.
Mean differences reduced to degrees of Sa -0.93 -0.06
Correction to f of Sa. C e 14.07 14.94
Correction to f of Ssa............ n o 28.14 29. 88
282. From the above table it is evident that in the summation for the

monthly means for a calendar year the middle of each group of a
common year is on an average 0.93° earlier than the middle of the
corresponding group when the Julian year is equally subdivided
and the middle of each group of a leap year is on an average 0.06°
earlier. Subtracting these values from 15° the interval between the
beginning of the observations and the middle of the first group of an
equal subdivision, we have 14.07° and 14.94°, for common and leap
years, respectively, as a correction to be applied to the f of Sa as
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directly obtained, in order to refer the f to the O hour of the 1st day
of January. For Ssa the corrections will be twice as great.

283. If the year commences on the first day of any month other than
January, the corrections will differ a little from the above. Calculated
in a manner similar to that above, the following table gives the
correction to be applied to the f to refer to the first day of any month
at which the series commences. The correction to the f of Ssa will
be twice the tabular value for Sa.

Correction to f of Sa Correction to f of Sa
to refer to begin- to refer to begin-
ning of month ning of month

Observations commence— Observations commence—
Common Leap Common Leap
year year year year

o 0 0

14. 07 1494 July 1 o 15.56 15.93
13. 50 14.45 14.98 15.43
15. 89 1593 Sept. Do e 14.41 14.94
15.31 15.43 14.82 15.43
15.72 1593  Nov. 1 14.24 14.94
15.15 15.43 14.65 15.43

284. If the monthly means extend over many calendar years, it may
be convenient to combine them for a single analysis. In*this case the
(VO0+u) for January 1 may be taken as the average of the values for
the beginning of each year included in the observations, and the
correction to the f to refer to the beginning of the year will be a mean
of the values given above for common and leap years, weighted in
accordance with the number of each kind of year included. If only
a few years of observations are available, it is better to analyze each
year separately in order that the results may serve as a check on each
other.

285. The augmenting factors to be used for constituents Sa and Ssa
when derived from the monthly sea level values are based upon for-
mula (404) in paragraph 266 and are as follows:

Sa 1.0115, logarithm 0.00497.
Ssa 1.0472, logarithm 0.02003.

ANALYSIS OF HIGH AND LOW WATERS

286. The automatic tide gage, which furnishes a continuous record
of the rise and fall of the tide, now being in general use, it is seldom
necessary to rely only upon the high and low waters for an analysis.
It may happen, however, that a record of high and low water observa-
tions is available for a more or less isolated locality where it has been
impractical to secure continuous records. Such records, if they in-
clude all the high and low waters for a month or more may be utilized
in determining approximate values of the principal harmonic con-
stants, but the results are not as satisfactory as those obtained from
an analysis of the hourly heights.

287. An elaborate mode of analysis of the high and low waters is
contained in volume 1 of Scientific Papers, by Sir George H. Darwin.
Other methods are given by Dr. R. A. Harris in his Manual of Tides.
The process outlined below follows to some extent one of the methods
of Doctor Harris, extending his treatment for the K and O to other
constituents.



HARMONIC ANALYSIS AND PREDICTION OF TIDES 101

288. The lengths of series may be taken the same as the lengths
used as the analysis of the hourly heights (see par. 152). It is some-
times convenient to divide a series, whatever its length, into periods of
29 days each. This permits a uniform method of procedure, and a
comparison of the results from different series affords a check on the
reliableness of the work.

289. The first process in this analysis consists in making the usual
high and low water reductions, including the computation of the
lunitidal intervals. Form 138 provides for this reduction. The
times and heights of the high and low waters, together with the times
of the moon’s transits, are tabulated. For convenience the standard
time of the place of observations may be used for the times of the
high and low waters, and the Greenwich mean civil time of the moon’s
transits over the meridian of Greenwich may be used for the moon’s
transits. The interval between each transit and the following high
and low water is then found, and the mean of all the high water
intervals and the mean of all the low water intervals are then obtained
separately. The true mean intervals between the time of the moon’s
transit over the local meridian and the time of the following high and
low waters being desired, the means as directly obtained must be
corrected to allow for any difference in the kind of time used for the
transit of the moon and the time of the tides and also for the difference
in time between the transit of the moon over the local meridian and
the transit over the meridian to which the tabular values refer.

290. If the tide is of the semidiurnal type, the approximate ampli-
tude and epoch for M2may be obtained directly from this high and
low water reduction. On account of the presence of the other con-
stituents the mean range from the high and low waters will always
be a little larger than- twice the amplitude of M2 If the data are
available for some other station in the general locality, the ratio of
the M2 amplitude to the mean range of tide at that station may be
used in finding the M2amplitude from the mean range of tide at the
station for which the results are sought. If this ratio cannot be ob-
tained for any station in the general locality, the empirical ratio of
0.47 may be used with fairly satisfactory results. After the ampli-
tude of M2 has been thus obtained, it should be corrected for the
longitude of the moon’s node by factor F from table 12.

291. The epoch of M2may be obtained from the corrected high and
low water lunitidal intervals HWI, L WI by the following formula:

M.°2=1(HWIJLWI) X28.984+90° (426)

In the above formula H WI must be greater than LWI, 12.42 hours
being added, if necessary, to the H WI as directly obtained from the
high and low water reductions.

292. The difference between the average duration of rise and fall
of the tide at any place, where the tide is of the semidiurnal type, de-
pends largely upon the constituent M4. It is possible to obtain from
the high and low waters a constituent with the speed of M4 which,
when used in the harmonic prediction of the tides, will cause the mean
duration of rise and fall to be the same as that at the station. The
effect of M4 upon the mean duration of rise will depend chiefly upon
the relation of its amplitude and epoch to the amplitude and epoch
of the principal constituent M2 By assuming an M4 with epoch
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such as to make the constituent symmetrically situated in regard to*
the maxima and minima of M2 the amplitude necessary to account
for the mean duration of rise of the tide may be readily calculated.

293. Let D R=duration of rise of tide in hours as obtained from
the lunitidal intervals,

a=Hourly speed of M2.= 28.°984.
M2=Amplitude of M2
M2=Epoch of M2
M4=Amplitude of M 4
M4 =Epoch of M4

Then, for M4to be symmetrically situated with respect to the maxima
and minima of M2

M#£=2 M2+900 (427)

in which theupper or lower sign is to be usedaccording towhether
a(DR) is greateror less, respectively, than 180°. Multiples of 360°
may be added or rejected to obtain the result as a positive angle less
than 360°.

The equations of the constituents M2and M4may be written

i/1= M2eos (at-\-a) (428)
2= M4eos (2at-\-f) (429)

and the resultant curve
y=M2eos (a/+a)+M 4eos (2ait+j8) (430)

294. Values of # which will render (428) a maximum must satisfy
the derived equation
OM2sin (a/-|-a)= 0 431)

and for a maximum of (430) # must satisfy the derived equation
uM2sin (aitoj)+2aM4sin p=10 (432)
For a maximum of (428)
t=— (433)
in which n is any integer.
295. Let /j= the acceleration in the high waters of M2 due to the
presence of M4 With the M4 wave symmetrically situated with

B
respect to the M2wave, - will also equal the retardation in the low

26
water of M2, due to the presence of M4 and ° will equal the total

amount by which the duration of rise of the tide has been diminished
by M4. If the duration of rise has been increased, 0 will be negative.
Then, for a maximum of (430)

(434)
a

and this value of # must satisfy equation (432).
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296. Substituting in (432), we liave
aM2sin (2mr—0)+2aM 4sin (4n7r—2a-\- f—26) —

—aM2sin 0—2aM4sin (26-1-2a—fp) = 0 (439)
But
2a-j8=-2M 20+ M4 (436)
From (427)
—2M2X+M £=+90°
according to whether the duration of rise is greater or less than 180
or whether 0 is negative or positive.
Then
2a—f= TOOO (437)
according to whether 0 is pdsitive or negative.
Substituting this in (435)
-aM 2sin 0£2aM4eos 20=0 (438)

and

b 49
the upper or lower sign being used according to whether 0 is positive
or negative. As under the assumed conditions 0 must come within

the limits +45°, the ratio of ND as derived from (439) will always be

positive.

297. The duration of rise of tide due solely to the constituent M 2is
180°

a

The duration of rise as modified by the presence of the assumed A/4

DR=]80"_20 (440)
a a ] ]
Therefore
0=[(180°-aDR) (441)
Substituting the above in (439) we have
M4 , ,sin (90°,—\al?R) _ .eos laDR
Mr+s W ~0inrr @42
and
Mi= T apr (443)

M4must be positive, and the sign of the above coefficient will depend
upon whether aDR is less or greater than 180°.

298. The approximate constants for S2, N2 Im, and O! may be
obtained from the observed high and low waters as follows: Add to
each low-water height the mean range of tide. Copy the high and
modified low water heights into the form for hourly heights (form 362),
always putting the values upon the nearest solar hour.Sum for the
desired constituents, using the same stencils asare used for the regular
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analysis of the hourly heights. Account should be taken of the num-
ber of items entering into each sum and the mean for each constituent
liom* obtained. The 24 hourly means for each constituent are then to
be analyzed in the usual manner.

299. The results obtained by this process are, of course, not as
dependable as those obtained from a continuous record of hourly
heights. The approximate results first obtained can, however, be im-
proved by the following treatment if a tide-computing machine is
available. Using the approximate constants as determined above for
the principal constituents and inferred values for smaller constituents,
set the machine for the beginning of the period of observations and
find the predicted heights corresponding to the observed times of the
high and low waters. Tabulate the differences between the observed
and predicted heights for these times, using the hourly height form
and entering the values according to the nearest solar hour. These
differences are then to be summed and analyzed the same as the
original observed heights. In this analysis of the residuals the con-
stituent Mo should be included. The results from the analysis of the
residuals are then combined with the constants used for the setting
of the predicting machine.

300. In making the combinations the following formulas may be
used:

Let A’ and «' represent the first approximate values of the constants
of any constituent.

A" and x-, the constants as obtained from the residuals.

A and &, the resultant constants sought.

Then

A= V(A" eos K,JTA" eos K")2T (A’ sin k'+ A" sin k")2  "444)
and

tur' Sin/ v Sin 445
& - , 1-CoS Ct]\F/IA" COSK” )>
FORMS USED FOR ANALYSIS OF TIDES

301. Forms used by the Coast and Geodetic Survey for the harmonic
analysis of tide observations are shown in figures 9 to 19. A series of
tide observations at Morro, California, covering the period February
13 to July 25, 1919, is taken as an example to illustrate the detail of
the work.

302. Form 362, Hourly heights (fig. 9).—The hourly heights of the
tide are first tabulated in form 362. Although the zero of the tide
staff is usually taken as the height datum, any other fixed plane will
serve this purpose. For practical convenience it is desirable that the
datum be low enough to avoid negative tabulations but not so low
as to cause the readings to be inconveniently large for summing.

303. The hours refer to mean solar time, which may be cither local
or standard, astronomical or civil, but standard civil time will generally
be the most convenient to use. The series must commence with the
zero (0) hour of the adopted time, and all vacancies in the record
should be filled by interpolated values in order that each hour of the
series may be represented by a tabulated height. It is the general
practice to use brackets with interpolated values to distinguish them
from the observed heights. The record for successive days of the
scries must be entered in successive columns of the form, and these
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columns arc to be numbered consecutively, beginning with one (1)
for the first day of the series.

304. The series analyzed should be one of the lengths indicated in
paragraph 152. Series of observations very nearly equal to one of
these standard lengths may be completed by the use of extrapolated
hourly heights. If the observations cover a period of several years,
the analysis for each year may be made separately, a comparison of
the results affording an excellent check on the work.

305. The hourly heights on each page of form 362 are first summed
horizontally and vertically. The total of the vertical sums must
equal the total of the horizontal sums, and this page sum is entered in
the lower right-hand corner of the page.

Form 363

per TIDES: HOURLY HEIGHTS
j Slat N Morro, California. V,,- 1919,
i1 fido
Time Meric lan- 120 1. T de Gauge Xo. -103L Scale duced
{!Month mo. d. d. d. a d. d. d.
1!52? Feb. 13 14 15 16 17 . 19
e 1 2 3 4 5 6 7
d Hour. Feet. Feet. Feet. Feet. Feet Feet. Feet. Feet.
b, 39 42 4.6 4.6 44 4.7 4.6 30.9
3.4 38 4.2 4.2 4.2 4.9 4.8 29.6
] 2 a0 3,3 3.5 37 3.8 4.6 4.9 26.8
3 ze 3.0 3.0 3.1 3.3 4.1 4.5 23.8
4 a0 2.8 2.6 2.5 2.7 3.5 3.8 20.9
5 3.6 3.1 2.5 2.2 2.2 3.0 3.2 19.8
0 4.4 36 2.8 2.2 1.9 2.6 2.7 20.2
751 4-5 3-5 2-6 2-0 2-5 2-3 22-5
8 57 5-3 4.3 3-3 2.4 2.7 2.2 25.9
0 60 6.0 4.9 4.1 3.1 3.1 2.4 29.6
0 56 62 5-4 4-6 3-9 3-6 2-8 32-1
u 48 S8 5.5 4.9 4.3 4.1 3.2 32.6
Koon. 3 9 5.1 5.1 4.6 4.4 4.5 3.6 31.4
B 34 4.3 4.4 4.3 4.2 4.5 3.8 28.9
uy 26 3.4 3.5 3.6 3.7 4.3 3.8 24.9
s 19 a6 2.8 2.9 3.1 3.8 3.6 20.7
i G L2 2.0 2.2 2.2 2.6 3.2 3.2 16.6
17 Lo 1.6 1.7 1.6 2.1 2.7 2.8 13.5
18 1 1.6 L5 1-3 1.9 2.4 2.5 12.5
D 23 2.2 1.8 1.4 1.9 2.3 2.3 14.2
0 a2 3.1 2.6 2.0 2.3 2.5 2.4 18.1
2 40 39 3.4 2.8 3.0 3.0 2.9 23.0
n 43 4.5 4.1 3.6 3.8 3.6 3.7 27.6
3 45 4.7 4.5 4.1 4.4 4.2 4.8 30.6
isum. 849 9 6 64 4 76. 5| 75.6 F4.4 80 2 576.6
i Sum for 29 daya. 1to 29 of = Divifior«696; mean for 29 days*»

FIGURE 9.
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306. Stencils (figs. 10 and 11).—The first figure is a copy of the
M stencil for the even hours of the first 7 days of the series, and the
second figure illustrates the application of the same. This stencil
being laid over the page of hourly heights shown in figure 9, the
heights applying to each of the even constituent hours for this page
show through the openings in the stencil, where they appear con-
nected by diagonal lines, thus indicating each group to be summed.

307. For each constituent summation, excepting for S, there are
provided two stencils for each page of tabulated hourly heights, one for
the even constituent hours and the other for the odd constituent hours.

PO ShGUEET TIDES: HOURLY HEIGHTS

Station:—Stannii for oomponent M
Chief of Party
Time Meridian: Tide Gau”e 2so. Scale L:—— Reduced to Staff.

Month
and

Day zontil

Sum for29 daw 1to 29 of

FIGURE 10.
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The stencils are numbered with the days of series to which they
apply, and special care must be taken to see that the days of series
on each stencil correspond with the days of series on the page of
tabulations with which it is used. For constituent S no stencils are
necessary, as the constituent hours correspond to the solar hours of
the tabulations and the horizontal sums from form 362 may be taken
directly as the constituent hour sums.
308. Form 14®, Stencil sums (figs. 12 and 13).—The sums for each

constituent hour are entered in form 142, one line of the form being
used for each page of the original tabulations. The total of the hour

Form 862

PRt Ao thent ki TIDES: HOURLY HEIGHTS

Station: Stuoll for oanponent U« Year:

Chief of Party: Long—

Time Meridian: Tide Gi Reduced to Staff.
Month

and Hori-
Day. zontal
Sum.

Sum for 29 day<«, 1 to 29 of Diviflor«*696; mean

FIGURE 11.
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sums in each line of the form must equal the corresponding page sum
of the hourly heights in form 362, this serving as a check on the sum-
mation. After the summing of all the pages of the series has been
completed for any constituent the totals for each constituent hour
are obtained, the divisors from table 32 entered, and the constituent
hourly means computed (fig. 13). These means should be carefully
checked before proceeding with the analysis. Large errors can usually
be detected by plotting the means.

309. Form 244, Computation of (FO+u) (fig. 14)—This form pro-
vides for the computation of the equilibrium arguments for the
beginning of the series of observations, the computation being in
accordance with formulas given in table 2. For the most part the
form is self-explanatory. The values of the mean longitude of the

Form 142

TIDES: STENCIL SUMS.

Station : UMXA,...CalA.i.PraiA« Lat. :...362..3S.\Ji.

Componen.: ..UU""... Length of series: llgé Series begins: W_LOng,:iZOL-&ZI_V»

Kind of time used:.- _12Q72..15»... Computed by Prad. ... Kuim. 'i., .Mo.9, 19gO.
11-MT am

PKn  O° i 2 3 * 6 e 7 8 e 10 11
1 243 206 179 169 21.0 23.0 28.0 319 392 348 319 274
2 218 17.5 144 136 112 123 14.6 20.5 21.7 239 247 243
3 197 169 11.0 9.6 122 17.7 28.1 219 274 276 29.8 21.1
4 264 18.0 173 173 227 22.6 26.0 343 36.5 41.2 333 285
5 215 214 179 182 163 199 249 299 37.7 348 332 296
6 203 168 158 12.1 12.6 151 21.0 21.4 23.6 248 250 28.1
7 231 16.1 133 13.1 156 23.7 28.6 339 30.1 349 27.6 23.6
8 255 230 214 21.6 208 235 272 29.7 43.5 36.4 326 27.6

9 209 185 152 1211 113 13.8 18.1 26.3 26.8 28.6 28.0 29.6
10 169 132 102 8.7 115 155 183 21.5 244 253 287 243
11 18.6 15.0 12,5 157 17.2 232 295 41.1 36,7 344 278 24.0
12 245 255 204 207 21.0 24.6 32.1 31.7 327 365 31.6 256
13257 173 132 100 119 125 162 203 243 30.2 303 24.4
14 167 126 83 87 9.5 143 19.0 -23.4 302 274 272 262
16 19.0 16.1 163 15.7 20.1 26.5 37.7 37.7 402 393 356 29.6
16 29.6 22.8 21.6 225 257 31.7 319 349 358 381 283 273
17 229 18.6 145 11.1 105 123 153 19.0 254 246 24,9 23.6
18 154 100 6.2 32 49 10.2 16.0 242 245 251 254 27.6
19 167 154 13.1 153 198 294 31.8 358 383 37.9 38.7 28*3

20 27.6 21.0 19.8 204 28 299 31.5 36.1 364 399 £89 228
o—437.1 356.3 300.3 £66.5 323 8 401.7 495.8 578.5 635.4 645.6 593.5 523.4
B 13 13 14 Is 1s 17 1s 10 30 21 22 33

227 211 175 13.5 146 17.5 179 262 262 27.7 269 28.0 576.6
258 17.6 17.4 18.9 215 288 321 351 365 359 358 26.6 552.5
17.5 17.5 147 154 21.1 23.5 292 33#3 353 39.5 300 24.8 547.8
232 208 129 9.0 7.1 7.9 140 20.8 222 249 258 253 5380
275 202 169 155 16.4 238 253 30.3 279 29.0 340 254 597.5
238 23.0 20.0 242 23.1 252 27.5 288 39.4 382 287 24.4 5628
195 155 17.8 14.6 155 20.2 298 314 337 33.1 30.6 29.0 5743
224 194 123 88 7.4 107 149 195 24.1 26.6 32.0 27.3 558.1
22.1 181 154 14.0 17.1 19.1 243 293 380 29.0 28.0 24.6 528.2
10 232 226 263 22.0 244 259 287 338 281 307 264 245 536.1
11194 182 11.8 125 13.1 168 253 26.6 29.1 29.0 304 229 5508
12 215 133 84 4.6 4.4 87 150 21.0 255 31.9 281 27.0 5363
13 217 188 165 17.6 176 21.6 269 36.1 355 36.4 302 27.0 542.2
14 286 23.6 27.4 26.4 26.0 288 368 32.5 31.5 282 28.0 250 566.3
15 203 164 129 105 14.6 215 22.0 257 278 31.1 254 22.6 584.6
16209 149 109 6.1 48 9.9 169 232 321 308 30.6 289 5802
17213 222 17.1 168 17.9 267 27.6 36.0 33.5 36.5 354 32.1 5457
18 222 211 21.5 23.6 312 31.8 304 31.7 313 282 27.6 21.1 5144

19 19.6 155 12.5 11.3 10.0 122 199 26.1 28.6 24.1 22.5 19.7 5426
20 204 152 .7.8. 36 3p 7.2 17.1 222 27.4 29.8 343 27.7 558.1
"« 443.6 375.0 318.0 288.9 310.7 366.6 aSL.6 569.6 613.7 620.6 590.7 513.9 11093.0

C*® 9 w; B W

FIGURE 12.
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mooii (s), of the lunar perigee (p), of the sun (h), of the solar perigee
(Pi), and of the moon’s ascending node (N), may be obtained from
table 4 for the beginning of any year between 1800 and 2000. The
values for any year beyond these limits may be readily obtained by
taking into account the rate of change in these elements as given in
table 1. The corrections necessary in order to refer the elements to
any desired month, day, and hour are given in table 5. As the tables
refer to Greenwich mean civil time, the argument used in entering
them should refer also to this kind of time, and in the lines for the
beginning and middle of the series at the head of the form space is
therefore provided for entering the equivalent Greenwich hour. Any
change in the day may be avoided by using a negative Greenwich
hour when necessary. For example, 1922, January 1, 0 hour, in the
standard time of the meridian 15° east of Greenwich, may be written
as 1922, January 1,-1 hour in Greenwich time, instead of 1921,
December 31, 23 hour, as would otherwise be necessary. If anegative
argument is used in table 5, the corresponding tabular value must be
taken with its sign reversed. For the middle of the series the nearest
integral hour is sufficient.
310. The values of I, v, £ v', and 2v"” are obtained for the middle

of the series from table 6, using N as the argument. If V is between
180° and 360°, each of the last four quantities will be negative, but 7

Form iét

TIDES: STENCIL SUMS.

2 «m

Station: Marro, OftUfnrnln. Lttt :.267,,.221..11.

Component: JIVP—.. Length ot series: -lr.)?...,. Series begins: 1?19 't’ Fel;).-l 3;0 Lnnt7-120* 61* W.
op. Ve Mo, a. S-.

Kind of1 1g'(g;iAnﬂﬂd » 12Q%gr Computed hv Frod. A>>iﬂinjﬂQg§<7D6Q«9«1920 «_
6

B o* I 2 3 4 5 6 7 3 I3 10 11

21 26.9 18.1 148 145 10.6 11.1 17.3 23.6 22.1 244 24.1 226

22 169 148 7.7 57 6.6 11.1 195 232 265 27.6 30.8 249

23 17.8 157 15.1 20.1 21.6 30.7 333 37.3 39.0 428 339 284

24 7.2 6.8 6.2 6.1 6.5 80 9.7 109.183 12.1 11.0 9.4
Sums-21-24  67.7 554 438 46.4 453 609 79.8 9521069 1069 99.8 853
" 1-20 437.1 356.5300.3286.5 323.8 401.7 495.8 57S.5 635.4 645.6 593.5 523.4

Suma.- 504.8 411.7344.1332.9 369.1 462.6 575.6 673.7 742.3 752.5 693.3 608.7

DITlsora,- 164 163 162 165 164 163 163 163 164 165 163 162

Ueans.- 3.08 2.532.12 2.02 2.25 2.84 3.53 4.13 4.53 4.56 4.25 3.76
N*E > ia i* io io i? is ie ao ai aa aa

21 233 182 17.0 17.3 23.3 24.0 29.7 329 359 42.1 347 31.1 658.8
22 225207 202 260 269 31.7 362 34.0 40.0 313 262 285 5514
23 231163 155 11.6 119 137 19.6 251 266 262 24.0 24.5 5738
24 33 47 3017 09 09 1.7 34 58 7.0 7.7 7.8 159.8
Suma 21-24 72.2 599 55.7 56.6 63.0 70.3 86.2 95.4 108.0 106.6 92.6 83.9 1843.8
» 1-20 443.6 375.0 318.0 2B8.9 310.7 386.8 481.6 569.6 613.7 620.6 590.7 513.9 11093.0

Suma.- 515.8 434.9 373.7 345.5 373.7 459.1 567.8 065.U 721.7 727.2 683.3 597.8 12936.8
Divisors.- 162 163 163 163 162 162 163 163 162 162 163 163
Usaos.- 3.18 277 2.29 2.122.31 2.83 348 4.08 4.454.49 4.19 3.67

FIGURE 13.
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is always positive. Although table 6 is computed for the epoch,
January 1, 1900, it is applicable without material error for any series
of observations.

311. The values of u of L2and u of Mj, may be obtained from table
13 for any date between 1900 and 2000, inclusive, using the value of N
for interpolation. If the series falls beyond the limits of this table,
the following formulas may be used:

u of L2=2£—2v—R (par. 129) (446)

(par. 123) (447)
offand v may be taken from form 244, thevalues of R

u of M

The values

f Oroenwith hour-original hour+(S*-*-IS).

* Positive for West los

FIGURE 14.

and Q fromtables8 and 10, respectively, using the arguments [ and
P for the middle of the series.
TID ES : Computation of F0+ u.
120° 51' ff.
Station Lat..35°.22...N. Long. .120.85,WA_.
w mo. i . JF (recnvuh Ar)
Beginning oj series,, 1917 ......1*®]2.% ... Lengthofteria Time mer. .120.»
St CreinwifA kr.|
1919 Llay 5 12
Compute all values to two tkciau.l placia Tables a Harmonic Analyais and Predietioo cf the Tide.
_Forthe btKmomg of oerics. For the middle of serics.
(1)=* @ (s'-* 1 G)=p (5)=p <6>=W.
Trie 4 to-January 1of year 268-04 27./41 279-60 i 281- 55 _41. 251-.71
T-bj correct'enu Istofmonth 487-47 e 302561 0-00 -.32 6238
Table 5 cor-'ctioe to doy of racoih 158-12 1/.34 11.-.83.7 A 0-45 -05.21 .
Tabic - correction to awowich hr 4-39 n.ri-t 0 33 1 n-09 -n-ru
Fura- in- 119.02 32,24 322.32 1, _ 281.55 41 32 (), 245.11
(7)-/{TabicC 21.-7.6 M 220 - (MK),
-/{TabicC) - 21.-7.6.. DM 77
Shor 13825 L oan lag.sy  S2HW- 7T M 46.84
(8)-k (Tl 112568 1268 ¥ M- P +K— 60.00
(9)-{(Tatle G) - ..r.11:.7.1.. M
(10)-a' (Tabic C)- 253, VA120M)- .167. 36
(U)-V(T*tk6)- ..r-.16:.63 .. K, N
i ) STy S1e47 ..4.6.-84 +M- 93.68.
(22— — _52-Q3.. ) 8-53 -86 -78 179.15 K-
wofL £ 160%
“lng‘;gch,ﬁ‘ﬁ” - Izr;[?\:m‘; Y Vo .C.Q.-0Q., y,+u-“.m”‘-'3£’ -Ag Au-
lrania 1y RSO yHu—@)—5.58. 30
K (2X)a S (MN).
18)-F* Le -0-85 282094, F Njarnn32Qe 0.6 M 4684
321-47 gy 16-63 - (is)- 8oy U0 ;' : N, - 320-06
EDAmrw -~ — 3147 fdi. 1299-57. yotu- 233228 . y.+u 366:9.0..
354.90 6-9Q
(18)-(1)-(2).-. .,,Is.ﬁe; 78 (MS).
1625 o iBinca, 33415 +@- ... 058-30 46.84
+ () 170- 6 S32 358.30
Yt 302.28 405.14
@D-()H2).m.. _151-.26.. 4514
(22)420421)  — 13i.-..6.a. ) (2sM)
F 23V 202% 45 4 (31)meeee. 3345 15 @36)ziso* 18.C.-.24 356- 60
202- 45 - : 4684
§ + Q) 123-6 (36— 351-46 - (is) 66.78 .
L2DAO(S)= e 09T J85.-61 y.+u 93-46 e 309.76.
(2S)-rI)H24)-.. ...203-.42. 32560
46- 84. M e
250- 26
yoba-+(26)- .46.-.B4. (1314270- -...26?.15. yotu-t(B)- 2615.4.6
(3 - -322-32 MSI
(2002(26).ccc- .. .. 3S1.4.C L5317
351-4.6 ;306..-.8.3. seonene3.58,.30
S4-fi. 84
AU 311:.46..
334.15 Y27y HIO* 0,342,262 9.3.-.44 4
40- 77 i2Qe26, - ) SB6-T8 4 (is) 86-78 Mm
(33)-2(15)—- .. __ ~A.-.70. yotu - 255.-.81.. yAu-.. 0BQ.-22
-H|g) - ..86» 78.
. 203.30 Q).
BY—3)—~DH—.
35123 - 46- 60 +Q,. 25591, + 255 .91
. 0-24 +3— 220.16
290- 08 Vot 169.13 476.07
(38)-2(37)oome - 22a 16 116-07 v +v-+2{3>-.28.4£.C_4.

ngitude; negative for East longitude
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312. 1ii finding the difference between the longitude of the time
meridian (§) and the longitude of the place (L) consider west longitude
as positive and east longitude as negative. In the ordinary use of
form 244 it is assumed that civil time has been used in the tabulations
of the observations. If, however, the original hourly heights as
tabulated in form 362 are in accordance with astronomical time in
which the 0 hour represents the noon of the corresponding civil day
and the 12th hour the following midnight, form 244 will still be
applicable if the longitude of the time meridian (S) is taken equal to
the civil time meridian plus 180°. For example, if tabulations have
been made in astronomical time for a locality where the civil time is
based upon the meridian 15° E., the value for § should be taken
as — 15+ ISO, or 165°. If tabulations have been in Greenwich
astronomical time, § should be taken as 180°.

313. Form 244a, Log F and arguments for elimination (fig. 15).—
Items (1) to (11) are compiled here for convenience of reference for

LS COASTAND«OOFHC SUIRVEY

TIDES: Log F and Arguments for Elimination

Station., .Morro»..C alifornia.
yr. m d b
Length of aeries 1.63. days. Series begins ..oiiveiessnnsiennnes 19.19....... Feb*__.13 Q.
Component Log F Component Log F Component Log F
(id«) (<doc.) ‘Wdec.)
J o, 0.0201 | QPS— 9.9726 I que— et
Q. 0.0160 Nj, 2N . . . . 9. 9952 2M X e 0 0023
D, QR — 0.0472 0, ceeccnccncene 0.0264 U N e 1 1.9 25863 ..
Lj=Log F(M,)+ (1) 9.9589 0 0 eeeevnnnnes ,0-0929 MS, 28M ..9.:9932
M,=Log F(0,)+(S) 9-8856 R | N I I N M s 0 0596
7 (R — 9.9952 Q. 2Q 0.0264 M S T 9 3932
L O 9.9897 . R, S,, S,, S, S..T, 0.0000 M M s #9237 T 2 s
L O, 9.9863 X, M 9.9932 0.0000
7 (Y PEPY 4 & T PP P 1 ceseseesssnessesssssssens 202000264 s

.. (2 dec.)
(2 dec.)
.. (2 dec.)

(3)=P=item (12) from Form 244= ...53..».63.

(4)= (h—J»") =item (3)—i item (10), from Form 244 =
(5) = (A—r") = item (3) —J item (11), from Form 244=

3.37* (0 dec.)
R P—. (0 dec.)

(6) = (h—p,)=itcm (3) —item (4), from Form 244=.. 41 (0 dec.)
(7)=Log i?, from Table 7= " (4dec.)

(8)=Log Ot from Table 9= ___.9.! . (4dec.)

(9) = Natural number from Log F(KJ=...T..038 (3dec.)
(10)=Log/(K,)=10-Log F(K,) = .9..9.52B. (4dec.)
(11)=Natural number/(K,) from (10) =...Q»8.97....ccce..... (3dec.)

Explanation.—For all tables sco Special Publication No. 98. First fill in items (1) to (8). Then
obtain values of log F for all components excepting L, and M, from Table 12. Log F(L,) =log F(M,) +
log i?,, and log F(M,) =log F(0,) +log O,. Items (9) to (11) are obtained after the rest of the form
has been filled out.

FIGURE 15.
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this and form 452. TItems (1) to (6) are obtained from values given in
form 244. TItem (7) is obtained from table 7, using items (2) and (3) as
arguments, anditem (8) is obtained from table 9, using item (3) as
argument. Items (9) to (11) are obtained after the rest of the form
has been filled out.

314. The log F for each of the listed constituents, except L2and M x
and those for which the logarithm is given as zero, may be obtained
from table 12, using item (2) as the argument. For constituents
L2and Mi

Log F{L2) =log F(M2)-fitem (7) (448)

Log F(M )=log F(Oj) +item (8) (449)

If the tidal series analyzed was observed between the years 1900
and 2000, the log F(L2) and log F{Mj) may be taken directly from

Form 104 .
D EPARTMENT OF COMMERCE TIDES: HARMONIC ANALYSIS
(COAST ANOGHODETIC SURVEY
Horro, California Lai. 35° 22+ _N| 120° 51' v/
Component 21 M 1 begin*.1919  Feb. 13 I nglh of series— 163 120°

Hourly Means from Form |

(1) Hours 0 tol1 3508, .2 . 212 .2:Q2 225 2-84J 3 53 4-13 453 455420 o376
(@) Tlours 12023 3.18 2 .67 2 29 L12 0 231 2 .83 3 48 .4.08 4.45  4.43 4 11 367
. 0as w7 010 006 001 005 005 00810071 Q06 0.09
(=LastSvelues of w09 0 06 Q07 o.0s8 o.05
......... 6-20 5.20 441 4.14 456 5.67. .7 .01 1 8 211 8.981 9.05 8. 44j 7.43]
fe - Laitdalloks). 7.01 8.21 8 .98 9.05 8.44 7 .43
@+ (i0)xni) («(«)
-0.10 -0.100 -0. l(j -0.75 -0.750
-0 tis, SQ.-01.3 -023 -0.222 -0, 035 0162 23,01 -1.505 -2 607
Qli . . S0.23  -0/i99 -O&C 0 “4-57. -3.958
-0-03. -&@ -0 17 -0..120 -6. 1 ‘\‘h i&c 4. 91 -4.9I0
0.02 .0 S0 04 -0 070 +0..14C 3:88...-3..360 +1.94C
0 P6. ..0-00 0m0d4  -0.010 - 1ot .-0..042 40..026 500 -i.76 -0.880 +1.524
6.05 0.050 0.05 S1000 -0. 05C S2.178
1* - +0.036 -0 721 cio2sr
12¢
f <0750 L3.22.13..19. .0:08 0080 26 46 26.48
~10» 0.000 B=Al i3-00 Q- 866..0355 50 .0205 26 41 2287 -i320&
1670 1339 13,10 825 0251 -500 -0145 26 49 2013 -13%245
491C -acstl
+1 -.3880
1760
. 2= .-0B6L Fisia Istquadrant when we have 4-sand +£
© i In 2d quadrant when we have +5 and <.
Component M, M. 1 M. M. y M
S-55630 1 16474 19 41162 9.78247 9.14613 8-83885
9.85794 0 33806 & 39794 9.14613 8-77815 8-00000
8.69836 O 82668 1 01368 0.63634 0-36798 0-83805
177.14 261 .52 275 S3 76.99 11320  278.25
326.05 46 -84 70 26 93. 68 140 52 187-36
W ATW A2V @ 143.19 308 .36 345 .79 170. 67 253.72 105.61
9 99523 999797 19.98871 9.93338 9.99548
9.99946 s Lo -
9-85848  1- 16951 $41.365.. .9-79376 9 18275 a -.84337...
(17)=log. (augmenting factor-+12)......... . - 8.92200 8.92579 8.92209 8.940859.9! Ct ! 9.00332
(16)* log. (reciprocal 0il2) for componentS ___ ... 8.92082 8.92082 8.920628.92082 8.92062
8 -70656 0 09530 8 34569 8.73461 8-14917 7 84669
9 -8856 a 9932 9.9897 9. 9863 9-9794 '9-9726.....
8 -66614 Q0885 333539 872091 8-J2857 7-81929...
1-245 C. 022 0-054 0-014 0007
£S3'—natural i-itriber from [51)  /feesses sessssssassassese 10 046 i.226 ! 0.022 0.053 0.013 10007

FIGURE 16.
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tafele 13, using the year of observations, together with item (1), as
argument.

315. Form 194, Harmonic analysis (fig. 16).—This form is based,
primarily, upon formulas (295), (296), (303), and (304) and is designed
for the computations of the first approximate values of the epochs
(k) and the amplitudes (H) of the harmonic constants. Provisions
are made for obtaining the diurnal, semidiurnal, terdiurnal, quarter-
diurnal, sixth-diurnal and eighth-diurnal constituents, but only such
items need be computed as are necessary for the particular constituents
sought. For the principal lunar series Mi, M2 M3, M4 MO0, and MS§,
compute all items of the form. For the principal solar series Si, S2, S4
and S items (14), (16), (33), (35), and (37) may be omitted. For
the lunisolar constituents Kx and K2 items (14), (16), and (23) to
(37) may be omitted. For the diurnal constituents Ji, Oi, 00, Pi, Qi,
2Q, and pi, items (5), (6), and (14) to (37) may be omitted. For the
semidiurnal constituents L2 N2, 2N, R2 T2, X2 p2 v3 and 2SM, items
3), (4), (8) to (16), and (23) to (37) may be omitted. For ter-
diurnal constituents MK and 2MK, items (5), (6), (9), (12), and
(18) to (37) may be omitted. For quarter-diurnal constituents MN
and MS, items (3), (4), (8) to (25), and (35) to (37) may be omitted.
In the bottom portion of the form the symbol of the constituent is
to be entered at the head of the column or columns indicated by the
subscript corresponding to the number of constituent periods in a
constituent day, the remaining columns being left blank.

316. The hourly means from form 142 (fig. 13) are entered as items
(1) and (2) in regular order, beginning with the mean for 0 hour.
Item (4) consists of the last five values of item (3) arranged in reverse
order. Item (6) consists of the last six values of item (5) in their
original order. For the computations of this form the following
tables will be found convenient: table 19 of this publication for
natural products, Vega’s Logarithmic Tables for logarithms of linear
quantities, and Bremiker’s Fiinfstellige Logarithmen for logarithms
of the trigonometrical functions. In the last table the angular argu-
ments are given in degrees and decimals.

317. In choosing between items (44) and (45) the former should
be used if the tabular value of (41) in the first quadrant is greater
than 45° and the latter if this angle is less than 45°. In referring
(41) to the proper quadrant it must be kept in mind that the signs
of the natural numbers corresponding to (38) and (39) are respectively
the signs of the sine and cosine of the required angles. Therefore
(41) will be in the first quadrant if both s and ¢ are positive, in the
second quadrant if s is positive and ¢ negative, in the third quadrant
if both s and c¢ are negative, and in the fourth quadrant if s is nega-
tive and c¢ positive. In obtaining (49) use (46)+(47) for all
constituents except S, and (46)+(48) for S. The log factor F for
item (50) may be obtained from form 244a.

318. Form 194 is designed for use when 24 constituent hourly
means have been obtained and all the original hourly heights have
been used in the summation. If in the summation for a constituent
each constituent hour of the observation period received one and
only one of the hourly heights, it will be necessary to take the log-
augmenting factor from table 20 and add this to the sum of items
(46) and (48) to obtain item (49), striking out item (47).
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319. This form is also adapted for use with the long-period con-
stituents. Assuming that the daily means have been cleared of the
effects of the short-period constituents (p. 89), and that these means
have been assorted into 24 groups to cover the constituent period,
the 24 group means may then be entered in form 194 in place of the
24 hourly means used for the short-period constituents. Then, treat-
ing the constituents Mm and Sa the same as the diurnal tides and
the constituents Mf, Msf, and Ssa as the semidiurnal tides, the form
may be followed except that the log-augmenting factor must be taken
from table 20 and then combined with items (46) and (48) to obtain
item (49), striking out item (47).

320. To obtain Sa and Ssa from the monthly means of sea level, or
tide level, the following process may be used: Enter the monthly
means beginning with that for January in alternate spaces provided for
the hourly means in form 194, placing the value for January in the
space for the 0 hour. For convenience consider all the intermediate
blank spaces as being filled with zero values and make the computa-
tions indicated by (3) to (12) and (18) to (21). Correct the co-
efficients of «i and ¢, from 12 to 6, at top and foot of columns (9), (12),
(19), and (21). In bottom of form enter Sa in column having sub-
script 2 and Ssa in column with subscript 4 in order to obtain correct
augmenting factors and strike out numerals indicating subscripts.
For (38) and (39) take the logarithm of twice the values of 6s and 6¢
as obtained above. The f’s as obtained from (40) must have the
following corrections applied in order to refer them to O hour of the
first day of January—common years, Sa correction=+ 14.07°, Ssa
correction=+28.14°; leap years, Sa correction=+ 14.94°, Ssa cor-
rectus”+29.88°. For convenience in recording the results it is
suggested that the f as directly obtained from (40) be entered (in
its proper quadrant) in the space just below the logarithm from which
it is obtained, and that the f corrected to the first day of January
be entered in the same line in the vacant column just to the right.
The F+u, computed to the first day of January, may then be entered
immediately under the corrected fs and the F of (43) readily obtained.
For (49) the combination (46)+(47) will be used.

321. Form 452, R, « and Cfrom analysis and inference (figs. 17 and
18)—This form provides for certain computations preliminary to the
regular elimination process. The constants for constituents K xand
S2 as obtained directly from form 194 may be improved by the appli-
cation of corrections from tables 21 to 26; and constants for some of
the smaller constituents, which have been poorly determined or not
determined at all by the analysis, may be obtained by inference. If
the series of observations is very short, the inferred values for the
constants of some of the constituents may be better than the un-
eliminated values from form 194.

322. Form 452 is based upon paragraphs 229 to 243. It is designed
to take account of the diurnal constituent on one side (fig. 17) and the
semidiurnal constituents on the other side (fig. 18). The amplitudes
and epochs indicated by the accent (') are io be taken from form 194
and the quantities indicated by the asterisk (*) from form 244 or 244a.
If the series is less than 355 days, values for Sx and 2SM may be
omitted.

323. For all short series the values in columns (4) and (8) are to be
computed in accordance with the equivalents and factors in columns



HARMONIC ANALYSIS AND PREDICTION OF TIDES 115

(3) and (7) respectively. If the series is 192 days or more in length,
the K of Mj, Pi, and K2for column (4), and the log B of Mx Px and
K2 for column (8) may be taken directly from form 194, and if the
series is 355 days or more in length the k and .log R of all the com-
ponents for which analyses have been made may be taken directly
from the same form. When a value is thus taken directly from the
analysis, the corresponding equivalent in column (3) and factors in
column (7) are to be crossed out.

324, The tabular values of items (12) and (13) for the diurnal con-
stituents and items (14) to (18) for the semidiurnal constituents may
be obtained from tables 21 to 26 or from plotted curves representing
these tables, but for a series of 355 days or more in length the acceler-
ations may’be taken as zero and the resultant amplitude factors as
unity.

Form 4Ht
DEPARTMENT OF COMMENCE
SVHVEY

U S QST
TIDES | R, *, AND f, FROM ANALYSIS AND INFERENCE.

Station Morro, California

1™, daya. Series begins ... M1 firy 13— S —
DIURNAL COMPONENTS

Length of Series

E FROM ANALYSIS z FROM ANALTSIS AND INFERENCE 3 FROM ANALTSIS AND INFERENCE.
g 5
H R’ 14 g x P NG R
2 2
£ (1) 12) £ 3) (O] ) (©) a (@] ®)
U Ft.(3dec.) °(2dec.) o Equivalent. °(1 dec.) ° (1 dec.) ° (0 dec.) o Factore. (4 dec.)
i 116.7 150.9 326 Ji log. 0.079 + 8.8976
ki 0.967 48-82 K. (KiyXB.at<i 1109 60.0 st 08 27409+ 0. 7814
log. F(I)* -
M, 0.060 177.14 . 105.1 326.0 139 oe. F(I,) 0. 0201
N 17 log. R(J.) 8.6589
0, 0.569 T16.61 0 (0:Y i 9.3 3427 RLf,)
G 2
00 00 Ki+(id) 1225 325.6 157 Ki log ifXK,) + 9.9852
p. 0.299 18253 p K 11009 306.8 164 log. (13) -0, 0128
Qi 0-107 210-95 @ 93.5 255 .9 198 log. R(K,) 9-9724
20 20 87.7 169 .1 279
) . R . log. 0.071 F8.8513
si R O log. R(0.)  + 9.7550
Pi Pi Ei-1.43X(14)e. e S4.3 .0 1IFL-1. 990eSS@ueee log. (2. L9.8592
log. R(M.) 8-7471
(9)==p-=...53,03.(2 dec.); (10)=U (K ,).-..1.028_.(3 dec.); (1IN— A -*/)«-. -T..(0dec) (M)
(12)=acceleration in K, due to PAITKjIX 'Table 2 1 e (1 dec.) . .
Oi  Tog.iLo")" ~9.7550
(13)=reaultantamplitude, K, and P.-1+ fjFiK j) X (Table 22)]=.JL»P.3.......(2 dec.) R(0)=R'(0,)
14)=(K:-01)= 1% fi 1dec.
( ( ) ( ) 00 jog. 0.013 +8.6335
log.n'(0.)  +9.7814
Explanation—Obtain from Form 194 the amplitudes and epochs indicated by the accent ('), log. F(00)*  _0.0929
and from Form 244 or 244a the quantities indicated by the asterisk (*) log. R (00) §-3220
If the series is lees than 355 daya, omit Sx  For all short series, the values in columna (4) £i(00) -
and (8) will be computed in accordance with the Equivalents and Factore in columns (3) and (7),
x g
respectively; butif the aeries is 192 daye or more in length, the kof Mxand Pxforcolumn (4), P * 1080331 T 95198
and the log. R of M, and P xfor column (8) may be taken directly from Form 194;and if the series log. R(K1) +9.9724
is 355days ormorcin length, the nand log. R ofall thecomponenta forwhich analysisbas been made log. F(K)* 1 o_0160
may be taken directly from the same form. "When a value ia thus taken directly from the analysis, log. R(P.) 9.5082
the corresponding equivalentin column (3) and factore in column (7) should be crossed out. “(p.)
Th;(abg;lar:‘:\Iucs:or(ldl)and (13) may be oblar:ncd f;(])m T:blcszl and Zfz;sn.SdpccmlPublr 0. log. 0.194 C9287s
cation No. 98 or from plotted curves representing this table. For a aeries of 355 days or more, log. A(0,)  +9.7550
(12)=0, and (13)=1.
Obtain the *of Kiby applying (12) to (Ki0)' from Form 194, and use this corrected kin com- log. *(Q.) 9.0428
puting (14). If tbe two angles in (14) differ by more than 180°, add 360° to the smaller before m.,)
taking the difference, which may be cither positive or negative. 2Q  log. 0.026 + 8.4150
In computing column (8) it will be noted that the corrected log. R (ICY ia to be used when log. R(0.)  +9 7550
inferring P.. log. R(2Q) 8-1700
R(2Q)
s, log. R'(S.) —_—
R EMARKS: R(S,)=R'(S,)
Pi log. 0.038 +8.5798
log. R(0.)
log. R(P,) 8-3348
RM

FIGURE 17.
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325. The ks of and S2are to be corrected by the accelerations as
indicated before entering in column (4), and in "computing item (14)
for the diurnal constituents and (21) for the semidiurnal constituents
the corrected «x’s are to be used. If the two angles in item (14) for
the diurnal constituents, or in items (20) or (21) for the semidiurnal
constituents, differ by more than 180°, the smaller angle should be
increased by 360° before taking the difference, which may be either
positive or negative. In computing column (8) it will be noted that
the corrected log R's of Kxand S2 are to be used in inferring other
constituents depending upon them.

326. Form 2%5, Elimination of component effects (fig. 19).—This
form is based upon formulas (389) and (390). One side of the form
is designed for the elimination of the effects of the diurnal constitu-
ents upon each other and the other side for use with the semidiurnal
constituents, the two sides being similar except for the listing of the

DEPARTMENT OF COMMERCE
1. S CONST ANDGEOpiC SUIVE*

TIDESi R * AND f, FROM ANALYSIS AND INFERENCE.

Station Morro, California
Length ol Serien L8 daya. Seriesbegins 1.21.9,—Kobr UtirV 13
SEMIDIURNAL COMPONENTS.
FROM ANALYSIS. a FROM ANALYSIS AND I NFERENCE. g Frou ANALYSIS ANDINTXKSML.
X R o 1 X Ke-fu*  f=(4)-(5) § R
a ) @ a (©) ) ©) « £ . ®
o Ft.(3dec.) °(2dec.) & Equivalent. °(ldec) °(ldec) °(0dec.) o Factors. (4 dec.)
Ka 0.090 20 63 , f* 304-2 299-6 &... K, log0272 +9.4348
log. R(S,). +
La _15.67 12 MI(Q0). 329,9 3023 8 e F((K{)* : 2: 3271;
1, ,.1:245_ .. .-2.61.52 1, (MY-—m oo .5QB-4. .46.-B.. 262 log. R(K,) ' 8891
N, 0.263 326 84 N, (NJYeoo oo 286.9 320.1 327 R(K.)
2N 2N Nj—(20), . 265-4 233 -3 L, 10& 0.143  +9.1553
. R(N, +9.
S 0-314L. .3.06.44 (s:T30tof(i6) 304-2  SC8 3 log. i£(L.) 86097
Ta Ta ..304%2.. L317%5.. _ R(U)
K | MB046IXCD.- . 3065 93,5 213 M jee O - 00953
0'ois M 512.6 93 4 219 b !
N3 log. E(N,) 9.4201
0 118. 79 14  M;-0.866X(20).. 289-8 180 2 _.110... . R(N,)=Ji'(Ni)
28M . 2SM (2SM°/ e . 2N log. 0.133 +9.1239
©)=T#=..-21*%.76...(2 dec.); (10)=P*=.._53,Q.3._(2 dec.); (11)=/ K)* .0,897...(3 dec.) log-JR(le) 8-5440
(12)=(/>-,")*- -351.. (0 dec.); (13)=(A--Pi)’= IS2N)
(14)= acceleratiou in S, duc to K,~Table 23Xf ( = — .4 A‘(l dec.) Ri log 0008  + 7.9031
1.0 o(l gec.) log. J2(S,) +9-5017
(16) (14)+ (15)errmooeeees - -OXS__°(1, ce) log BR) - 7-4048
(17)=resultant amplitude, S, And K,=1+[Table 24X/(K* ) R(’ g)
(18)=resultant amplitude. S*and T,= Table 26=.......  -——-mmmmmmm LO%08 (2dec.) S, 8- 19( ) +9.4972
= 9955 (19) -9.9955
(19)=log.  (17)+log. (18 B (4dec.) log. R(S,) 9-5017
(20)=(M:-N)=_,, 2.1%5__ (i jee): (21)=(S;-M,) = _ — (1 dec.) (S,
Explanation.— Objain from Form 194 the amplitudes and epochs indicated by the accent (0; T }"g' ?‘_7(();9 *+8.7709
and from Form 244 or 244a the quantities indicated by the asterisk”*). og. J%(S,) +9-5017
ICthe senes ialesa lhan 355 dayB, omit 2SM. _ For all short aeries, the vaines in columna g&) log. E(T,) 8-2726
and (8) will b with the Eq and Paciorsm columna (3) and K(T,)
respectivel hul ii the aeries is 192 days D"marcm length, \hc * of K, lor column gs) and thu 1 1+ 7.8481
log. R of "for column (8) may be taken directly fmm%‘"om1 194;andif the cericeis 5 dayB or ka log 0.007 .
more in length, the x and liig. R ofall the components for which analysis has been made may logR(M,)  +0 -0953
be taken dlrecl]y from the same form. When a value is thus taken directly from the analysis, log. R(XJ 7-9404
the corresponding equivalent in column (3) and factors in column (7) eboula be croseed Dnt. *(*
Tbe tabular values for (14) to (18) may beobtained from Tables 23 to 26 in Special Publi- (*)
cation No. 98, or from glol\ed curves represemmg these tables. For a series of355 days or more, M log. 0.024 + 8.3802
(14)=(15)=(16)=0: (17) (18? 1; and (19)=0. log. R(M,)
Obtain the *oi S, by apply ing (16) to (S*/ from Form 194, and use this corrected x in com- loe K(ua)
puting ‘)212 If the two angles in e!ther&‘()) or (21) differ by more than 180°, add 360° to the g K(ua) 8 -4755
smaller before taking the difference, which may be either positive Drnegative. R(M
In computing column (8) it will be noted that the corrected log. R di S, is to be usedin in- log. 0.194 4+ 9.2878
ferring other components depending upon this one. »3 og. 0. y

log. J2(N,) +9 4201

) log-RW 8 -7079

TFWAHKiV — e RM

2M  log. R'(2SM)
R(aS)"R'(VSIT]

FIGURE 18.
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constituents. The symbol 4 represents the constituent to be cleared,
and the symbol B is the general designation for the disturbing con-
stituents. The symbol applying to constituent 4 is to be crossed out
in column (1) and entered in column (8). The values for items (9)
and (19) are to be taken from columns (1) and (2) of form 452.

327. For obtaining column (2) it will be found convenient to copy
the logarithms of the R’ of B from column (8) of form 452 on a hori-
zontal strip of paper spaced the same as table 29. Applying this
strip successively to the upper line of the tabular values for each con-

T
DEPARTMENT OK COMMERCE
COAS! AND OEODETIC SURVEY

TIDES: ELIMINATION OF COMPONENT EFFECTS

Slalion s.eceeeeseseees VXX .CAlifcri>ia

yr m d k
Length of series ... days. Series begins...di?.2-20 0 JLCB 130l P
(1= 3 4 (6) i)
Bl e wy ofe ok ol restirs
log (4dec)  f. (3dec) °(aodec) °(aodec)  (3dec) (3dec) Use 4 dec. lor logarithms, 3 dec. for amplitudes, 1dec. lar angles
Component A j=..72...
Al «rca .. .. .. B «“ .. 0.090
u 6 .0462 . (10)= (9)-(7) 0.080
Mi 7.#8481. 0iD07. ..ESQ.. .. 311...-0-..Q05 +0:0.05. (11)=log (6) = 8.6721
Nio 73351 Q2. .240.. 261, - *002 (12) = log (10) = 8.9031
2N 6 -5019 . - - (13)= (11) —(12) = log tan 8 = 9.7690
L V.-25.08. 002, .195.. .216... - -obi - .002.. *(14)=5r -30 .4
Si 85740 ©037 253 . 274, 1037 +.-003.. (I5)==logcos 8f = 9.9356
Ti 7 -5905 -.004. 312 . .333... - 002 4 .-.004 (16) — (12) —CIS) —log R(42D - 8.9675
> 6 5638 ~ 0.0472
u ss.g.03. == - (17)= (16) + log F{A)=log !{4i) = 9.0147
2 6 -3207 (18)=H(4) 0.103
2SM -« - 20.6
(20) —(14) - (19) —i* Ma) - 350.2
1 (20a)-(Fo-fu) 299-6
Sums= — o o T 40010 (21)= (20)+ (K>+u)=*Ma) - 239.8
Component Ai=..h%
AL 6 (9)= /7" {AD from analysis = 0.065
i - o . 10)= (9 — T 0054
Mi 8 .2443 0.018 293 309 S0 014 +0.011 (11)=log (6) - 8.0000
N, 75542 004 243 259 -.QQ4.  r0.0.1 (12) =log (10) =9 .7324
2V 6 6516 = (13)= (11) —(12) = log tan 5 f = 9.2676
Hi 6 1512 . I +(14)=0 f -10.5
Si 7 8741 007 76 92 L007 (15) =log cos 5 f = 9.9527
Ti 7 U340 001 135 151 - 001 (16)= (12) —(15)= log R (Aj) - 8.7397
75292 L002 5 21+ -001 + 002 ~ 9.9589
W 5 -3985 - T (17) = (16)+IcglMi):lcg HUi) - 8.6986
» o6 2592 B - (18)-H(42 ~ 0.050
25M 15.7
1 » _ 502
1 "r302.3"
1 ISums= -o. 010 +0.011 (21)-(20) + (F«+U)= K(A) - 307 -5
Component _
K2 6 .6419 .- - B = 1.245
L2 6 -7592 0 001 137 39 40 001 -K).001 (10) = (9)-(7) 1.246
I - (11) —log (6) ~7-6021
130 4+ *03 - 003 (12) =log (10) o0 09ss
(13) =(11)—12) Zlog tan 5 f = 7-5066
*(14)=5f = 0-2
323 - %001 d -001 0.0000
22 ceee 4 2001 (16) = (12) —(15) log AMa) 0.0955
. T 9.5932
e (17) =(16)-flog F(A2 =log H(A-) - 0-08 87
13.0 + .001 - 001 0S)=HiA2) = 1.227
_ e e (19) = r(*+) from analysis — 261.5
(20)= (14)+ (19) = f (4]) - "261.7
1 (20a) =(V0-fu) - 46.8
Simis= 9. 0.04 -0-001 @21)= (20)-f (VO0+u)=k(4:) - 308 .5
«[ror (14)ism iba Ist quadrant when (6) is + and (10) is+ LA*A* Feb* 28 1921
i for (14) is in the 2 quadrant whea 05) is + and (10) is — Computedby
*for (14)is in the 3d quadrant wheo (6) is —and (10) is — (Dit«)
4for (14) is in tbe 4th quadrant when (6) is - and (10) is +. L*P*D* - M I
Wheo (6) is 0 and (10) is.positive, (I) €(13) = - as. and (14) &(IS) = 0. VeriBedb y

FIGUHE 19.
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stituent the logarithms of the resulting products for column (2) may-
be readily obtained. Similarly, for column (4), the f’s of B from
column (6) of form 452 may be copied on a strip of paper and applied
to the bottom line of the tabular values for each constituent and the
differences obtained. The natural numbers for column (3) correspond-
ing to the logarithms in column (2) can usually be obtained most
expeditiously from table 27, this table giving the critical logarithm for
each change of 0.001 in the corresponding natural number. If the
logarithm is less than 6.6990, the natural number will be too small to
appear in the third decimal place, and the effects of the corresponding-
constituent may be considered as nil. The products for columns (6)
and (7) may be conveniently obtained from table 30. In column (8)
the references to (6) and (7) are to the sums of these columns. The
values of log F(4) and (V0-\-u) for column (8) may be obtained from
forms 244 and 244a.

328. In the use of this form it will be noted that the R’ and f’s
referring to constituent B are to be the best known values whether
derived from the analysis or by inference, but the R’ and f' of con-
stituent A4, entered as items (9) and (19), respectively, must be the
unmodified values as obtained directly by form 194.

ANALYSIS OF TIDAL CURRENTS

329. Tidal currents are the periodic horizontal movements of the
waters of the earth’s surface. As they arc caused by the same periodic
forces that produce the vertical rise and fall of the tide, it is possible
to represent these currents by harmonic expressions similar to those
used for the tides. Constituents with the same periods as those con-
tained in the tides are involved, but the current velocities take the
place of the tidal heights. There arc two general types of tidal cur-
rents, known as the reversing type and the rotary type.

330. In the reversing type the current flows alternately in opposite
directions, the velocity increasing from zero at the time of turning
to a maximum about 3 hours later and then diminishes to zero again,
when it begins to flow in the opposite direction. By considering the
velocities as positive in one direction and negative in the opposite
direction, sueli a current may be expressed by a single harmonic
scries, sueli as

T~Acos (at-\-a)-}-B eos {bt-\-f)J-C eos (city)+ etc. (450)

in which T7= velocity of the current in the positive direction at any
time ¢

A, B, C, etc.=maximum velocities of current constituents.
a, b, ¢, ctc. = speeds of constituents.
a, f, y, etc.= initial phases of constituents.

331. In the rotary type the direction of the current changes through
all points of the compass, and the velocity, although varying in
strength, seldom becomes zero. In the analysis of this type of cur-
rent it is necessary to resolve the observed velocities in two directions
at right angles to caeli other. For convenience the north and east
directions are selected for this purpose, velocities toward the south
and west being considered as negatives of these. For the harmonic



HARMONIC ANALYSIS AND PREDICTION OF TIDES 119

representation of such currents it is, therefore, necessary to have two
series—one for the north and the other for the east component.

332. For the analysis of either type of current the original hourly
velocities or the resolved hourly velocities are tabulated in the same
form used for the hourly heights of the tide. To avoid the incon-
venience of negative readings in this tabulation, a constant, such as
3 knots, is added to all velocities. These hourly velocities are then
summed with the same stencils that are used for the tides, and the
hourly mean velocities are analyzed in the same manner as the hourly
heights of the tide. The same forms are used for the currents, with
the necessary modifications in the headings. The rotary currents
will be represented by a double set of constants, one for the north
components and the other for the east components.

333. For a 29-day series of observations, it is recommended that
the analysis be made for the M series, the S scries, and for N2, Kx
and Ox For longer series additional constituents may be included.
In the analysis of current velocities, the harmonics of the higher
degrees sueli as M4and M 6may be expected to be of relatively greater
magnitude than they are in the tides. From theoretical considera-
tions it may also be shown that the magnitude of the diurnal constit-
uents as compared with the semidiurnal constituents in a simple tidal
oscillation is only about one-half as great in the current as in the tide.
However, because of the complexity of the tidal and current move-
ment, the actual relation between the various constituents as deter-
mined by the analysis is subject to wide variations. The constituent
Sx which is usually negligible in the tides, may be found to be of ap-
preciable magnitude in offshore currents because of the effect of daily
periodic land and soa breezes. However, as this constituent has a
speed very nearly the same as that of Kxit can be separated from the
latter only by a long series of observations, preferably a year or more.

334. Form 723 (fig. 20) provides for the determination of harmonic
constants from a series of current observations by comparison with
corresponding constants from a tidal series covering the same period
of time. This comparison is to be used if the series of observations is
less than 29 days and may be used for longer series if desired. For
the purpose of this comparison the hourly predicted heights at the tide
station are usually to be preferred to actual observations since meteor-
ological irregularities appearing in observed tides do not necessarily
appear in a similar manner in the observed currents. In this work
both currents and tides for the simultaneous period are to be summed
for constituents M, S, N, K, and 0; and the analysis is then carried
through form 194 (Tides: Harmonic Analysis) to obtain the values
of R' and f' for each constituent. The harmonics M4, M6 and M8
are to be obtained for the current series, but may be omitted in the
tidal series.

335. Enter in Form 723 the accepted H and Kof the principal tidal
constituents for the reference station and also the values of R' and f'
obtained from the analyses of the simultaneous series of tides and
currents. The necessary calculations in the form are self-explana-
tory. The corrected velocity amplitude of each current constituent
is obtained by a ratio on the assumption that for each constituent the
relation of the corrected amplitude to the uncorrected amplitude is
the same for both tide and current. The ratio derived for the con-
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stituent M2 is used also for the higher harmonics of M, this being-
considered more reliable than ratios determined directly from the
much smaller amplitudes of these harmonics. The corrected epoch
(K for each current constituent is calculated on the assumption that
the difference between the corrected and uncorrected epoch is the same
for tide and current. For convenience the zetas (f) rather than the
kappas from the simultaneous observations are used in the form and
a longitude correction, column (10), is introduced to allow for this
fact. Differences in column (9) for the higher harmonics of M2 are
derived from the difference for that constituent because of the uncer-
tainty in the determination of epochs of constituents of very small
amplitudes.

336. Short scries of current observations are frequently taken at
half-hourly intervals. As individual observations are somewhat
rough, the utilization of the half-hourly observations will add ma-
terially to the accuracy of the results obtained from an analysis.
Moreover, the closer spacing of the half-hourly values will give a
better development of the higher harmonics of M which are of greater
relative importance in the currents than in the tides. Special stencils
have been prepared for the summation of these observations. Obser-
vations taken on the exact hour are tabulated in form 362 as usual,
while observations on the half-hour are offset to the right on the
intermediate lines. As the series of observations under consideration
are short, provisions have been made for obtaining only the diurnal
constituents Kj and Oj; the semidiurnal constituents M2 S2 and N2;
and the higher harmonics of M.

337. For the diurnal constituents, the special stencils provide for
the same distribution, with the inclusion of the half-hourly values, as
is obtained with the standard stencils used for the hourly values only.
Hourly means for the constituents are obtained and entered in form
194 and all subsequent computations are the same as those based
upon the use of the standard stencils.

338. For the semidiurnal constituents M2 S2 and N2 the semi-
diurnal period is divided into 24 parts. Special stencils for the con-
stituents M2and N2provide for the distribution of the observed half-
hourly velocities into the 24 groups indicated by this division. No
stencil is required for the constituent S2 the necessary grouping being
accomplished by combining sums for’ afternoon observations with
those for the forenoon observations of corresponding hours. Thus,
the noon observations will be included with those taken at midnight,
and the observations at 12:30 p. m. with those taken at 0:30 a. m.

339. The resulting means obtained for the semidiurnal constituents
by the method described above are in reality half-hourly means, but
in adapting form 194 for the analysis, these means may be entered
in order in the spaces provided for the hourly means. Then, after
doubling all subscripts in the form, the necessary computations may
be carried out as indicated. Thus, all computations for the semi-
diurnal constituents will be made in the spaces originally designed
for the diurnal constituents. The computations for all higher har-
monics of even subscripts may be carried out in the same form using
the spaces originally designed for the harmonics with subscripts one-
half as great. In this adaptation of the form no provision is made for
the computation of a harmonic of odd subscript which is here of rela-
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tively little importance. Other forms which are used in connection
with the analysis will not be affected by the use of the special stencils
for the half-hourly velocities.

340. Observations on the half-hour may also be analyzed sepa-
rately from those on the exact hour, using the standard stencils for
the summation. In this case the stencils are moved to the right one
column and dropped one line, thus covering the hourly values and
exposing those occurring on the half-hour. Allowance must be made
for the difference of a half hour in the beginning of the series when
computing the (Fo+”"ys in form 244. This may be conveniently
done by assuming a time meridian a half-hour or 7%° westerly from
the actual time meridian used so that the first half-hourly observation
will correspond to the 0 hour of the assumed time meridian. The
difference of 15 minutes for the middle of the series has a negligible
effect in the computations and may be disregarded. In other respects
the analysis is carried on in the same manner as the analysis for the
hourly observations, and the results obtained afford a useful check
on the latter.



PREDICTION OF TIDES

HARMONIC METHOD

341. The methods for the prediction of the tides may be classified
as harmonic and nonharmonic. By the harmonic method the ele-
mentary constituent tides, represented by harmonic constants, are
combined into a composite tide. By the nonharmonic method the
predictions are made by applying to the times of the moon’s transits
and to the mean height of the tide systems of differences to take
account of average conditions and various inequalities due to changes
in the phase of the moon and in the declination and parallax of the
moon and sun. Without the use of a predicting machine the har-
monic method would involve too much labor to be of practical service,
but with such a machine the harmonic method has many advantages
over the nonharmonic systems and is now used exclusively by the
Coast and Geodetic Survey in making predictions for the standard
ports of this country.

342. The height of the tide at any time may be represented har-
monically by the formula

h=HO0JF'2f H eos [ai-j- (VO-\-u) —; 4s1)
in which
h= height of tide at any time &
H 0= mean height of water level above datum used for pre-
diction.
iZ=mean amplitude of any constituent 4.
/=factor for reducing mean amplitude H to year of pre-
diction.
a= speed of constituent A.
t=tim e reckoned from some initial epoch such as beginning
of year of predictions.
(VO+w )= value of equilibrium argument of constituent 4 when
t=0.
k=epoch of constituent 4.

In the above formula all quantities except 2 and ¢ may be con-
sidered as constants for any particular year and place, and when these
constants are known the value of A or the predicted height of the
tide, may be computed for any value of ¢ or time. By comparing
successive values of & the heights of the high and low waters, together
with the times of their occurrence, may be approximately determined.
The harmonic method of predicting tides, therefore, consists essen-
tially of the application of the above formula.
343. The exact value of ¢ for the times of high and low waters will

be roots of the first derivative of formula (451) equated to zero,
which may be written—

(452)

123
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Although formula (452) cannot, in general, be solved by rigorous
methods, it may be mechanically solved by a tide-predicting machine
of the type used in the office of the Coast and Geodetic Survey.

344. The constant HO of formula (451) is the depression of the
adopted datum below the mean level of the water at the place of predic-
tion. For places on the open coast the mean water levelisindentical
with mean sea level, but in the upper portions of tidal rivers that have
an appreciable slope the mean water level may be somewhat higher
than the mean sea level. The datum for the predictions may be more
or less arbitrarily chosen but it is customary to use the low-water plane
that has been adopted as the reference for the soundings on the
hydrographic charts of the locality. For all places on the Atlantic
and Gulf coasts of the United States, including Puerto Rico and the
Atlantic coast of the Panama Canal Zone, this datum is mean low
water. For the Pacific coast of the United States, Alaska, Hawaii
and the Philippines, the datum is in general mean lower low water.
For the rest of the world, the datum is in general mean low water
springs, although there are many localities where somewhat lower
planes are used. After the datum for any particular place has been
adopted its relation to the mean water level may be readily obtained
from simple nonharmonic reductions of the tides as observed in the
locality. The value of HO thus determined is a constant that is
available for future predictions at the stations.

345. The amplitude H and the epoch « for each constituent tide to be
included in the predictions are the harmonic constants determined by
the analysis discussed in the preceding work. Each place will have
its own set of harmonic constants, and when once determined will
be available for all times, except as they may be slightly modified
by a more accurate determination from a better series of observations
or by changes in the physical conditions at the locality such as may
occur from dredging, by the depositing of sediment, or by other
causes.

346. The node factor/ (par. 77) is introduced in order to reduce the
mean amplitude to the true amplitude depending upon the longitude
of the moon’s node. The factor/for any single constituent, therefore,
passes through a cycle of values. The change being slow, it is cus-
tomary to take the value as of the middle of the year for which the
predictions are being made and assume this as a constant for the entire
year. The error resulting from this assumption is practically negli-
gible. Each constituent has its own set of values for/, but these
values are the same for all localities and have been compiled for
convenient use in table 14 for the middle of each year from 1850 to
1999.

347. The quantity a represents the angular speed of any constituent
per unit of time. In the application of formulas (451) and (452) to
the prediction of tides this is usually given in degrees per mean solar
hour, the unit of # being taken as the mean solar hour. The values
of the speeds of the different constituents have been calculated from
astronomical data by formulas derived from the development of the
tide-producing force which has already been discussed. These speeds
have been compiled in table 2 and are essentially constant for all
times and places. The quantity (VO+w) is the value of the equilib-
rium argument of a constituent at the initial instant from which the
value of ¢ is reckoned; that is, when # equals zero. In the prediction
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of tides this initial epoch is usually taken at the midnight beginning
the year for which the predictions are to be made. In strictness the
V, or uniformily varying portion of the argument alone, refers to the
initial epoch, while the u, or slow variation due to changes in the
longitude of the moon’s node, is taken as of the middle of the period
of prediction and assumed to have this value as a constant for the
entire period. The quantity (V0-1-u) is different for each constituent
and is also different for each initial epoch and for different longitudes
on the earth. In table 15 there have been compiled the values of
this quantity for the beginning of each year from 1850 to 2000 for the
the longitude of Greenwich. The values may be readily modified to
adapt them to other initial epochs and other longitudes.
348. Let

X=west longitude in degrees of station for which predictions
are desired.
$=west longitude in degrees of time meridian used at this
station.
For east longitude, L and $ will have negative values.
Now let

_p=0 when referring to the long-period constituents.
1 when referring to the diurnal constituents.
2 when referring to the semidiurnal constituents, etc.

then p will be the coefficient of the quantity T in the equilibrium
arguments. Now, T is the hour angle of the mean sun and is the only
quantity in these arguments that is a function of the longitude of the
place of observation or of prediction. At any given instant of time
the difference between the values of the hour angle T at two stations
will be equal to the difference in longitude of the stations. If, there-
fore, the value of the argument (V0-l-w) for any constituent at any
given instant has been computed for the meridian of Greenwich, the
correction to refer this argument for the same instant to a place in
longitude L° west of Greenwich will be —pL, the negative sign being
necessary as the value of T decreases as the west longitude increases.

349. The instant of time to which each of the tabular values of
the Greenwich (Vo+'wTs of table 15 refers is the 0 hour of the Green-
wich mean civil time at the beginning of a calendar year. In the
predictions of the tides at any station it is desirable to take as the
initial epoch the 0 hour of the standard or local time customarily
used at that station. If, therefore, the longitude of the time merid-
ian used is §° west of Greenwich, the initial epoch of the predictions
will usually be §/15 mean solar hours later than the instant to which
the tabular Greenwich (Fo-b”~Ls are referred.

350. In formulas (451) and (452) the symbol a is the general desig-
nation of the speed of any constituent; that is to say, it is the hourly
rate of change in the argument. The difference in the argument due
to a difference of 8/15 hours in the initial epoch is therefore aS/15
degrees. The total correction to the tabular Greenwich (V@-\~uw) of
any year in order to obtain the local (F0+i;) for a place in longitude
L° west at an initial epoch of 0 hours of time meridian S$° west at the
beginning of the same calendar year is
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JE~pI - (453>

The general expression for the angles of (451) and (452) may now
be written

S
at-\-(VoHu)—K=at+Greenwich (VO+ u)-\~a" —pL—K (454)

351. In order to avoid the necessity of applying the corrections
for longitude and initial epoch to the Greenwich (V o+”"’s for each
year, these corrections may be applied once for all to the K’S.

Let

Y5~PL—k= —K' (455)

Then (454) may be written
at-\- (Fo-\-u)—K=at+ Greenwich (VO-\-v)—k' (456)

Thus, by applying the corrections indicated in (455) to the K’S for
any station, a modified set of epochs is obtained. These will remain
the same year after year and permit the direct use of the tabular
Greenwich (FO+w)’s in determining the actual constituent phases at
the beginning of each calendar year.

352. Let
Greenwich (VO-\-u)—«r= a (457)
then formulas (451) and (452) may be written
A=770+ X j JH eos (at-\-a) (458)
for height of tide at any time, and
X) ajH sin (at-\-a) = 0 (459)

for times of high and low waters. Formula (458) may be easily
solved for any single value of 4 but for many values of # as are neces-
sary in the predictions of the tides for a year at any station the labor
involved by an ordinary solution would be very great. Formula
(459) can not, in general, be solved by rigorous methods. The in-
vention of tide-predicting machines has rendered the solution of both
formulas a comparatively simple matter.

TIDE-PREDICTING MACHINE

353. The first tide-predicting machine was designed by Sir William
Thomson (afterwards Lord Kelvin) and was made in 1873 under the
auspices of the British Association for the Advancement of Science.
This was an integrating machine designed to compute the height of
the tide in accordance with formula (458). It provided for the sum-
mation of 10 of the principal constituents, and the resulting pre-
dicted heights were registered by a curve automatically traced by
the machine. This machine is described in part I of Thomson and
Tait’s Natural Philosophy, edition of 1879. Several other tide-
predicting machines designed upon the same general principles but
providing for an increased number of constituents were afterwards
constructed.
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354. The first tide-predicting machine used in the United States was
designed by William Ferrel, of the U. S. Coast and Geodetic Survey.
This machine, which was completed in 1882, was based upon modified
formulas and differed somewhat in design from any other machine
that has ever been constructed. No curve was traced, but both the
times and heights of the high and low waters were indicated directly
by scales on the machine. The intermediate heights of the tide could
be obtained only indirectly. A description of this machine is given,
in the report of the Coast and Geodetic Survey for the year 1883.

355. The first machine made to compute simultaneously the height
of the tide and the times of high and low waters as represented by
formulas (458) and (459), respectively, was designed and constructed
in the office of the Coast and Geodetic Survey. It was completed in
1910 and is known as the United States Coast and Geodetic Survey
tide-predicting machine No. 2. The machine sums simultaneously
the terms of formulas (458) and (459) and registers successive heights
of the tide by the movement of a pointer over a dial and also graphi-
cally by a curve automatically traced on a moving strip of paper.
The times of high and low waters determined by the values of £ which
satisfy equation (459) are indicated both by an automatic stopping
of the machine and also by check marks on the graphic record.

356. The general appearance of the machine is illustrated by figure
21. It is about 11 feet long, 2 feet wide, and 6 feet high, and weighs
approximately 2,500 pounds. The principal features are: First, the
supporting framework; second, a system of gearing by means of which
shafts representing the different constituents are made to rotate with
angular speeds proportional to the actual speeds of the constituents;
third, a system of cranks and sliding frames for obtaining harmonic
motion; fourth, summation chains connecting the individual constitu-
ent elements, by means of which the sums of the harmonic terms of
formulas (458) and (459) are transmitted to the recording, devices;
fifth, a system of dials and pointers for indicating in a convenient man-
ner the height of the tide for successive instants of time and also the
time of the high and low waters; sixth, a tide curve or graphic represen-
tation of the tide automatically constructed by the machine. The
machine is designed to take account of the 37 constituents listed in
table 38, including 32 short-period and 5 long-period constituents.

357. The heavy cast-iron base of the machine, which includes the
operator’s desk, has an extreme length of 11 feet and is 2 feet wide.
This forms a very substantial foundation for the superstructure,
increasing its stability and thereby diminishing errors that might
result from a lack of rigidity in the fixed parts. On the left side of
the desk is located the hand crank for applying the power (1, fig. 24),
and under the desk are the primary gears for setting in motion the
various parts of the machine. The superstructure is in three sections,
each consisting of parallel hard-rolled brass plates held from 6 to 7
inches apart by brass bolts. Between these plates are located the
shafts and gears that govern the motion of the different parts of the
machine.

358. The front section, or dial case, rests upon the desk facing the
operator and contains the apparatus for indicating and registering
the results obtained by the machine. The middle section rests upon a
depression in the base and contains the mechanism for the harmonie
motions for the principal constituents M2 S2 Ku Ot, N;, and M4. The
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rear section contains the mechanism for the harmonic motions for
the remaining 31 constituents for which the machine provides.

359. The angular motions of the individual constituents, as indicated
by the quantity at in formulas (458) and (459), are represented in the
machine by the rotation of short horizontal shafts having their bear-
ings in the parallel plates. All of these constituent shafts are con-
nected by a system of gearing with the hand crank at the left of the
dial case and also with the time-registering dials, so that when the
machine is in operation the motion of each of these shafts will be
proportional to the speed a of the corresponding constituent, and for
any interval of time or increment in ¢ as indicated by the time dials
the amount of angular motion in any constituent shaft will equal
the increment in the product af corresponding to that constituent.

360. Since the corresponding angles in formulas (458) and (459) are
identical for all values of # the motion provided by the gearing will be
applicable alike to the solution of both formulas. The mechanism
for the summation of the terms of formula (458) is situated on the side
of the machine at the left of the operator, and for convenience this
side of- the machine is called the “height side” (fig. 21), and the mech-
anism for the summation of the terms of formula (459) is on the right-
hand side of the machine, which is designated as the “time side”
(fig. 22).

361. In table 37 are given the details of the general gearing from the
hand-operating crank to the main vertical shafts, together with the
details of all the gearing in the front section or dial case. It will be
noted that §-6 (fig. 25) is the main vertical shaft of the dial case and
is connected through the releasable gears to the hour hand, the
minute hand, and the day dial, respectively. The releasable gears
permit the adjustment of these indicators to any time desired. A fter
an original adjustment is made so that the hour and minute hand will
each read 0 at the same instant that the day dial indicates the begin-
ning of a day, further adjustment will, in general, be unnecessary, as
the gearing itself will cause the indicators to maintain a consistent
relation throughout the year, and by use of the hand-operating crank
the entire system may be made to indicate any time desired. The
period of the hour-hand shaft is 24 dial hours, and the hand moves
over a dial graduated accordingly (3, fig. 23). The minute-hand
shaft, with a period of 1 dial hour, moves over a dial graduated into
.60 minutes (2, fig. 23).

362. The day dial, which is about 10 inches in diameter, is graduated
Into :366 parts to represent the 366 days in a leap year. The names of
the months and numerals to indicate every fifth day of each month are
inscribed on the face of the dial. This dial is located just back of the
front plate or face of the machine, in which there is an arc-shaped open-
ing through which the graduations representing nearly two months
are visible at any one time (J, fig. 23). The progress of the days as the
machine is operated is indicated by the rotation of this dial past an
index or pointer just below the opening (6, fig. 23). This pointer is
secured to a short shaft which carries at its inner end a lever arm with
a pin reaching under the lower edge of the day dial, against which it is
pressed by a light spring. A portion of the edge of the dial equal to
the angular distance from January 1 to February 28 is of a slightly
larger radius, so that the pin pressing against it rises and throws the
.day pointer to the right one day when this portion has passed by. On
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FIGURE 21 .—COAST AND GEODETIC SURVEY TIDE-PREDICTING MACHINE.
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FiGurReE 23.—- TIDE-PREDICTING MACHINE, RECORDING DEVICES.
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FIGURE 24.—TIDE-PREDICTING MACHINE, DRIVING GEARS.
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FIGURE 25.—TIDE-PREDICTING MACHINE, DIAL CASE FROM HEIGHT SIDE.
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FIGURE 26.—T IDE-PREDICTING MACHINE, DIAL CASE FROM T IME SIDE.
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FIGURE 27.—TIDE-PREDICTING MACHINE. VERTICAL DRIVING SHAFT OF
MIDDLE SECTION.



Special Publication No. 98

FIGURE 28 . —TIDE-PREDICTING MACHINE. FORWARD DRIVING SHAFT OF
REAR SECTION.
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FIGURE 29.—TIDE-PREDICTING MACHINE, REAR END.
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Figure 30.—Tide-Predicting Machine, DETAILS OF RELEASABLE Gear

FIGURE 31.—TIDE-PREDICTING MACHINE, DETAILS OF CONSTITUENT CRANK.
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the last day of December this pointer will move back one day to its
original position.

363. On the same center with the day pointer there is a smaller index
(7, fig. 23) which may be turned either to the right toward a plate in-
scribed “Common year,” or to the left to a plate inscribed “Leap
year 7  When this smaller index is turned toward the right, the day
pointer is free to move in accordance with the change in radius of the
edge of the dial. If the smaller index is turned toward the left, the
day pointer is locked and must hold a fixed position throughout the
year. For the prediction of the tides for two or more common years
in succession the day dial must be set forward one day at the close of
the year in order that the days of the succeeding year may be cor-
rectly registered. The day dial can be released for setting by the nut
(5, fig. 23) immediately above the large dial ring. A slower move-
ment of the day dial is provided by a releasable gear on the vertical
shaft §-6 (fig. 25).

364. There are three main vertical shafts S-13 (fig. 27), S-14
(fig. 28), and S-16 (fig. 29), to which are connected the gearing for the
individual constituents. The period of rotation of each is 12 dial
hours, and all move clockwise when viewed from above the machine.
The connections between these main shafts and the individual con-
stituent crankshafts are, in general, made by two pairs of bevel gears
and an intermediate horizontal shaft, except that for the slow moving
constituents Sa, Ssa, Mm, Mf, and MSf, a worm screw and wheel and
a pair of spur gears are in each case substituted for a pair of bevel
gears. In each case the gear on the main vertical shaft is releasable
so that each crankshaft can be set independently.

365. Main shaft §-13 in the middle section of the machine drives 9
individual crankshafts representing 6 constituents, 3 of them being
provided with two crankshafts each. These 6 constituents are M2
S2, Ki, N2 M4 and 0 I; the first three having the double crankshafts.
Main shaft §-14 at the front of the rear section of the machine drives
16 crankshafts representing one constituent each. These are Mér
MK, S4, MN, w, S6, sk, and 2N in the upper range, and MS, Mg K2r
2MK, L2, M3, 2SM, and P! in the lower range. Main shaft §-16 at
the back of the rear section drives 15 crankshafts. The constituents
represented are OO, X2 Si, Mi, J), Mm, and Ssa, in the upper ranger
and 2Q, R2, T2 Qi, pu Mf, MSf, and Sa in the lower range.

366. For each of the five long-period constituents motion is com-
municated from the intermediate shaft by a worm screw and wheel
to a small shaft on which is mounted a sliding spur gear. The latter
engages a spur gear on the crankshaft, but may be easily discon-
nected by drawing out a pin on the time side of the machine, thus
permitting the crankshaft to be turned freely when setting the
machine.

367. Gear speeds—The relative angular motion of each constituent
crankshaft must correspond as nearly as possible to the theoretical
speed of the constituent represented. The period of rotation of each
of the three main vertical shafts being 12 dial hours, the angular
motion of each of these shafts is 30° per dial hour. Table 38 con-
tains the details of the gearing from the main vertical shafts to the
individual crankshafts, the number of teeth in the different gears
for each constituentbeing givenin columns I, II, IT1, and IV. In design-
ing the predicting machine it was necessary to find such values for these
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columns as would give gear speeds approximating as closely as possible
with the theoretical speeds of the constituents. By comparing the
gear speeds as obtained with the corresponding theoretical speeds it
will be noted that the accumulated errors of the gears for an entire
dial year for all the constituents are negligible in the prediction of
the tides.

368. Releasable gears—Releasable gears (52, fig. 27) on the main ver-
tical shafts permit the independent adjustment of the time indicators
and individual crankshafts. The details of these gears are illustrated
in figure 30. A collar C, with a thread at its upper end and a flange
at the bottom, is fastened to the shaft by means of three steel screws.
The gear wheel A fits closely upon this collar and rests upon the flange.
It has sunk into its upper surface a recess a, which is filled by the
flange of collar B When in place, the latter is*prevented from turning
iby a small steel screw reaching into a vertical groove ¢ in the collar C
The lower surface of collar B is slightly dished, and the collar is split
twice at right angles nearly to the top. When the milled nut D is
screwed down with a small pin wrench, the edge of the collar B is
pressed against the edge of the recess a with such force as to make
slipping practically impossible. When the nut is loosened, the gear
may be turned independently of the main driving shaft. A small
wrench (56, fig. 28) is used for setting these gears. Each of the three
main driving shafts is provided with a clamp (55, fig. 28) to secure the
shaft from turning when the nut of the releasable gear is being loosened
or tightened.

.369. Constituent cranks—Secured to the ends of the constituent
crank shafts, which projects through the brass plates on both sides of
the machine, are brass cranks (40, fig. 25) which are provided for the
constituent amplitudes. Those on the left or height side of the
machine are designated as the constituent height cranks and are
used for the coefficients of the cosine terms of formula (458), and
those on the right or time side of the machine are designated as the
constituent time cranks and are used for the coefficients of the sine
terms of formula (459). The time crank on each constituent crank
shaft is attached 90° in advance (in the direction of rotation) of the
height crank on the same shaft. For the constituents Sa and Ssa no
time cranks are provided, as the coefficients of the sine terms corres-
ponding to these constituents are too small to be taken into account.
The direction of rotation of each constituent crank shaft with its con-
stituent cranks is clockwise when viewed from the time side of the
machine and counterclockwise when viewed from the height side.
The details of a constituent crank are shown in figure 31. The
pointer a is rigidly attached to the crank as an index for reading its
position on a dial. In each crank there is a longitudinal groove b
with flanges in which a crank pin d may be clamped in any desired
position. The crank pin has a small rectangular block as a base
which is designed to fit the groove in the crank, and through the
center of the crank pin there is a threaded hole for the clamp screw/.
Attached to the under side of the crank-pin block is a small spring
¢ that presses the block outward against the flanges of the groove,
keeping it from slipping out of place when unclamped and at the
same time permitting it to be moved along the groove when setting
the machine. The crank pin may be securely fastened in any de-
sired position by tightening up on the clamp screw, which, pressing
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magainst the small spring at the back, forces the crank-pin block
outward against the flanges of the groove with sufficient pressure
to prevent any slipping. A milled head wrench B is used for tighten-
ing the clamp screw. A small rectangular block e of hardened steel
is fitted to turn freely upon the finely polished axle of the crank pin.
This block is designed to fit into and slide along the slot of the con-
stituent frame.

370. Positive and negative direction.— All the constituent crank shafts
and cranks may be grouped into two ranges—those above the medial
horizontal plane of the framework being in the upper range and those
below this plane in the lower range. In the following discussion
direction toward this medial plane is to be considered as negative
and direction away from the plane as positive; that is to say, for all
econstituents in the upper range the positive direction will be upward
and the negative direction downward, while for the constituents in the
lower range the positive direction wdll be downward and the negative
direction upward.

371. Constituent dials.—To indicate the angular positions of the
econstituent crank shafts, the pointer (a, fig. 31) moves around a dial
{41, fig. 25) which is graduated in degrees. These dials are fastened
to the frame of the machine back of the constituent cranks on both
sides of the machine, those on the time side being graduated clockwise
and those on the height side counterclockwise. These dials and
pointers are so arranged that the angular position of a constituent
crank shaft at any time will be the same whether read from the dial
on the height side or from the dial on the time side of the machine,
and at the zero reading for any constituent the height crank will be
in a positive vertical position and the corresponding time crank in a
horizontal position. At a reading of 90° the height crank will be
horizontal and the time crank in a negative vertical position.

372. With the face of the machine registering the initial epoch, such
as January 1, 0 hour, of any year, the value of # then being taken as
zero, each constituent crank shaft may be set, by means of its releas-
able gear, so that the dial readings will be equal to the a of the corre-
sponding constituent as represented in formulas (458) and (459). If
the machine is then put in operation, the dial readings will, for succes-
sive values of ¢, continuously correspond to the angle (at-l~oc) of the
formulas, as the gearing already described will provide for the
increment at.

373. Constituent sliding frames.—For each constituent crank there
is a light steel frame (42, fig. 25) fitted to slide vertically in grooves in
a pair of angle pieces attached to the side plates of the machine. At
the top of the frame there is a horizontal slot in which the crank pin
slides. As the machine is operated the rotation of the crank shafts
with their cranks cause each crank pin to move in the circumference
of a circle, the radius of which depends upon the setting of the pin on
the crank. This motion of the pin, acting in. the horizontal slot of
the sliding frame, imparts a vertical harmonic motion to that frame.
The frame is in its zero position when the center horizontal line of the
slot intersects the axis of the crank shaft. Positive motion is the
direction away from the medial horizontal plane of the machine and
negative motion is toward the medial plane. The displacement of
each constituent height frame from its zero position will always equal
the product of the amplitude setting of the crank pin by the cosine
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of the constituent dial reading, and the displacement of each consti-
tuent time frame will always equal the product of the amplitude
setting by minus the sine of the constituent dial reading.

374. Constituent 'pulleys—Each constituent frame is connected with
a small movable pulley (43, fig. 25). For all constituents except
Mo, S2, N2 Kj, Ox, and Sa on the height side and M2, S2 N2 and M 4
on the time side this connection is by a single steel strip, so that the
pulley has the same vertical motion as the corresponding frame.

375. Doubling gears—Because of the very large amplitudes of some
of the constituents two methods were used in order to keep the lengths
of the cranks within practical limits. For M2 S2 and Kx two sets of
shafts and cranks were provided, so that the amplitudes of these
constituents may bo divided when necessary and a portion set on
each. A further reduction in the length of the cranks for these and
the other large constituents is accomplished by the use of doubling
gears between the sliding frame and movable pulley. Two spur
gears with the ratio of 1:2 (48, fig. 25) are arranged to turn together
on the same axis. The smaller gear engages a rack (46) attached to the
sliding frame and the larger gear engages a rack (47) attached to the
constituent pulley. Each rack is held against its gear by a flange
roller (49), and counterpoise weights are provided to take up the
backlash in the gears. Through the action of these doubling gears
any motion in the sliding frame causes a motion twice as great in the
constituent pulley. Doubling gears are provided on the height side of
the machine for constituents M2 S2 N2 K1} Ot, and Sa and on the
time side for constituents M2 S2 N2 and M4

376. Scales for amplitude settings—The scales for setting the con-
stituent amplitudes are attached to the frame of the machine and are,
in general, graduated into units and tenths (44, fig- 25). The scales
are arranged to read in a negative direction; that is, downward for
the constituents of the upper range and upward for the constituents
in the lower range. On a small adjustable plate (46) attached to
each constituent pulley there is an index line which is set to read zero
on the scale when the sliding frame is in its zero position. For
setting the crank pins for the constituent amplitudes the cranks to
be set are first turned to a negative vertical position. For the cranks
on the height side of the machine this position corresponds to a dial
reading of 180° and for the cranks on the time side to a reading of 90°.

377. The scales on the height side of the machine, which are used in
setting the coefficients of formula (458), are graduated uniformly one-
lialf inch to the unit. On the time side of the machine the scales are
modified in order to automatically take account of the additional
factor involving the speed of the constituent which appears in each of
the coefficients of formula (459). Dividing the members of this for-
mula by m, the speed of constituent M2 it becomes

Ti~"fH sin (a<+a)=0 (460)

The modified scales are graduated 0.5 a/m inch to the unit. The use
of the modified scales on the time side of the machine permits both
the height and time crank for any constituent to be set in accord with
the factor JH which is common to the coefficients of both formulas
(458) and (459). There are also provided for special use on the time
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side of the machine unmodified scales graduated uniformly to read in
a positive direction.

378. Summation chains—The summations of the several cosine
terms in formula (458) and of the several sine terms in formula (459)
are carried on simultaneously by two chains, one (27, fig. 25) on the
height side and the other (28, fig. 26) on the time side of the machine.
The chains are of the chronometer fuse type, of tempered steel, and
have 125 links per foot. The total length of the height chain is 27.6
feet and of the time chain 30.6 feet. A platinum point is attached
to one of the links of the time chain 3.5 feet from its free end for an
index.

379. Each of these chains is fastened at one end near the back part
of the machine by a pair of adjusting screws (33, fig. 29, and 54, fig. 22).
From these adjusting screws each chain passes alternately downward
under a constituent pulley of the lower range and upward over a con-
stituent pulley of the upper range, spanning the space between the
rear and middle section of the machine by two idler pulleys and con-
tinuing until every constituent pulley on each side of the machine is
included in the system. The movable pulleys are so arranged that
the direction of the chain in passing from one to another is always
vertical and parallel to the direction of the motion of the sliding frames.

380. Summation wheels—The free or movable end of each of the
chains is attached to a threaded grooved wheel (29, 30, fig. 25), 12
inches in circumference and threaded to hold more than seven turns
of the chain, or about 90 inches in all. These are called the height and
time summation wheels. Each is mounted on a shaft that admits a
small lateral motion, and by means of a fixed tooth attached to the
framework of the machine and reaching into the threads of a screw
fastened to the shaft the latter when rotating is forced into a screw
motion with a pitch equal to that of the thread groove of the summa-
tion wheel; so that the path of the chain as it is wound or unwound
from the summation wheel remains unchanged.

381. The height summation wheel (29, fig. 25) is located near the
front edge of the middle section of the machine, where it receives the
height summation chain directly from the nearest constituent pul-
ley. The time summation pulley (30) is located inside the dial case
near the lower left side, and three fixed pulleys are used to carry the
time chain from the end constituent pulley to the summation wheel.
Counterpoise weights are connected with the shafts containing the
summation wheels in order to keep the summation chains taut.

382. When all of the sliding frames on either side of the machine
are in their zero positions, the corresponding summation wheel is
approximately half filled by turns of the summation chain. Any
motion of a sliding frame in a positive direction will tend to unwind
the chain from the wheel, and any motion in the negative direction
will tend to slacken the chain so that it will be wound up by the
counterpoise weight. With several of the sliding frames on either
side of the machine moving simultaneously, the resultant motion,
which is the algebraic sum of all, will be communicated to the sum-
mation wheel. The motion of the sliding frame being transmitted
to the chain through a movable pulley, the motion of the free end of
the chain must be twice as great as that in the pulley. The scale of
the pulley motion is one-half inch to the unit of amplitude, and there-
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fore the scale of the chain motion is 1 inch to the unit, and one com-
plete rotation of the summation wheel represents a change of 12 units
of amplitude.

383. The zero position of the height summation wheel is indicated by
the conjunction of an index line (50, fig. 25) on the arm attached to
the wheel and an index line (51, fig. 25) on a bracket attached to the
framework of the machine just below the summation wheel, the
wheel itself being approximately one-half filled with the summation
chain. The length of the chain is adjusted so that the summation
wheel will be in its zero position when all the sliding frames on the
height side of machine are in their zero positions. It will be noted
that the conjunction of the index lines will not alone determine the
zero position of the wheel, since such conjunctions will occur at each
turn of the wheel, while there is only one zero position, which is that
taken when the constituent frames are set at zero.

384. The zero position of the time summation wheel is indicated by
the conjunction of an index point (11, fig. 23) attached to the time
summation chain and a fixed index (712, fig. 23) in the middle of the
horizontal opening near the bottom of the dial case, and the length of
the time summation chain is so adjusted that this conjunction will
occur when all sliding frames on the time side of machine are in their
zero positions.

385. Predicted heights of the tide—W hen the machine is in operation,
the sum of all the cosine terms of formula (458) included in the settings
for a station will be transmitted through the height summation wheel
to the face of the machine and there indicated in two ways—first by
a pointer moving over a circular height scale (8, fig. 23) and second
by the ordinates of a tide curve that is automatically traced on a
roll of paper (15, fig. 23). The motion of the height summation wheel
is transmitted by a gear ratio of 30:100 to a horizontal shaft which
is located just back of the dial case. One complete rotation of this
shaft represents 40 units in the height of the tide. From this shaft
the motion is carried by two separate systems of gearing to the height
pointer on the face of the machine and to the pen that traces the
tide curve.

386. Height scale—The height pointer is geared to make one com-
plete revolution for a change of 40 units in the height of the tide. A
height scale, with its circumference divided into 40 equal parts and
each of these unit parts subdivided into tenths, provides for the direct
registering of the sum of the cosine terms of formula (458) as com-
municated through the summation wheel. This scale has its zero
graduation at the top and is graduated positively to the right and
negatively to the left. The height pointer can easily be adjusted to
any position by means of a small milled nut (10, fig. 23) at the end of
its shaft. Ifit should be desired to refer the predicted heights to mean
sea level, this pointer must be adjusted to read zero at the same time
that the summation wheel is in its zero position; but if it is desired
to refer to some other datum, the pointer will be adjusted according
to the elevation of mean sea level above this datum. For the value
of h in formula (458) the pointer will be adjusted to a reading corre-
sponding to the adopted value of HO at the time the summation
wheel is in its zero position, then this value of HOwill be automatically
included with the sum of the cosine terms of that formula. As the
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machine is operated the height pointer will indicate the predicted
height of the tide corresponding to the time shown on the time dials.

387. In order to increase the working scale of the machine when pre-
dicting tides with smaller ranges, two additional circular height scales
are provided, one with the circle divided into 20 units and the other
into 10 units, with the units subdivided into tenths. These scales
may be easily removed or replaced on the machine, the scale in use
being secured in place by a small button at the top (9, fig. 23). The
20-unit scale may be conveniently used when the extreme range of
the predicted tide at any place is between 10 and 20 feet, and the
10-unit scale when the extreme range is less than 10 feet. If the 20-
unit scale is to be used, the value of each coefficient of both the cosine
and the sine terms must be doubled before setting the component
cranks, and if the 10-unit scale is used these original coefficients must
first be multiplied by 4 before setting the values in the machine. If
the extreme tide is less than 4 feet, the 40-unit dial may be readily
used as a 4-unit scale by considering the original unit graduations as
tenths of units in the larger scale. In this case the coefficients of the
cosine and sine terms of the formula must be multiplied by 10 before
entering in the machine. The factor used for multiplying the coeffi-
cients to adapt them to the different height scales is called the work-
ing scale of the machine. Working scales of 1, 2, 4, and 10 are now
in general use to take account of the different ranges of tide at the
places for which predictions are made.

388. Predicted times of the tide—Simultaneously with the summation
of the cosine terms of formula (458) on the height side of the machine,
the summation of the sine terms of formula (460), which was derived
from formula (459), is being effected on the time side. Being con-
cerned only with the time at which the sum of the sine terms is zerov
no provision is made for registering the sum except at this time,
which is indicated on the machine by the conjunction of the index
point on the time chain and the fixed platinum index in the dial case.
Near the time of a high water the index on the chain moves from right
to left and near the time of a low water from left to right. The con-
junction of the movable and fixed index is visible to the operator of
the machine and he may note the corresponding dial readings for the
time and height of the high or low water.

389. Automatic stopping device—This device provides for auto-
matically stopping the machine at each high and low water. Secured
to the hand-crank shaft is a ratchet wheel and just above the ratchet
wheel is a steel pawl {25, fig. 24) operated by an electromagnet {26/}
mounted under the desk top. The electric circuit for the electromag-
net is closed by a contact spring that rests upon a hard-rubber cylinder
{31, fig. 25) on the rear end of the shaft on which the time summation
wheel is mounted. A small platinum plug in this rubber cylinder
comes in contact with the spring, which is fitted with a fine motion
adjustment, when the time summation chain registers zero. This
closes the circuit and draws the pawl against the ratchet wheel,
thereby automatically stopping the machine. The lateral screw
motion of the shaft on which the rubber cylinder is mounted prevents
the platinum plug from coming in contact with the spring on any
revolution other than the one which brings the time chain to its zero
position. The circuit is led through an insulated ring on the hub
of the hand crank where a contact is kept closed by a spring. A fter
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the operator has noted the time and height readings of the high or
low water he may easily break the circuit at the crank hub by a slight
inward pressure against the crank handle, thus releasing the arma-
ture and pawl and permitting the machine to be turned forward to
the next stop. By means of a small switch (23, fig. 24) just below the
crank the circuit may be held open to prevent the automatic device
from operating when so desired.

390. Nonreversing ratchet—Upon the crank shaft, close to the bear-
ing in the desk frame, there is a small ratchet wheel and above this
there is a pawl (24, fig. 24) that is lifted away from the wheel by friction
springs when the machine is being turned forward but which is
instantly thrown into engagement when the crank is accidentally
turned backward. By pushing in one of the small buttons (22, fig. 24)
just above the crank the pawl is locked so that it cannot engage the
ratchet, thus permitting the machine to be turned backward when
mdesired. Pressure on another button releases the pawl.

#91. Tide curve —The tide curve which graphically represents the
rise and fall of the predicted tide is automatically traced on a roll of
paper by the machine at the same time that the results are being
indicated on the dials. The curve is the resultant of a horizontal
movement of the paper, corresponding to the passing of time, and a
vertical movement of a fountain pen (13, fig. 23), corresponding to the
rise and fall of the tide. The paper is 6 inches wide with about 380
feet to the roll, which is sufficient to include a little more than a full
year of record of the predicted tides at a station. The paper should
<be about 0.0024 inch thick in order that the complete roll may be of
(a suitable size for use in the machine.

392. Within the dial case, near the upper right-hand corner, is a
emandrel (33, fig. 25), which can be quickly removed and replaced. It
is designed to hold the blank roll of paper, the latter being wound upon
a wooden core especially designed to fit on the mandrel. At the
bottom of the mandrel is an adjustable friction device to provide
tension on the paper. From the blank roll the paper is led over an
idler roller (34, fig. 25), mounted in the front plate of the dial case,
then across the face of the machine for a distance of about 13 inches
to a feed roller (35, fig. 25), then over the feed roller to the receiving
roller (36, fig. 25), upon which it is wound.

393. The feed roller governs the motion of the paper across the face
of the machine and is provided near each end with 12 fine needle points
to prevent the paper from slipping. The feed roller is controlled
by the main vertical shaft of the dial case through gearing of such
ratio that the feed roller will turn at the same rate as the main
vertical shaft; that is to say, one complete turn of the feed roller
will represent 12 dial hours in time. The feed roller being 6 inches
in circumference the paper will be moved forward at the rate of
mone-half inch to the dial hour. A ratchet and pawl (37, fig. 25) are
so placed as to leave the paper at rest when the machine is turned
backward. If desired, the paper feed can be thrown out of action
altogether by turning a small milled head on the ratchet gear.

394. To provide for the winding up of the paper on the receiving
roller there is a sprocket wheel (38, fig. 25) held by adjustable friction
to the upper end of the feed roller. Fitted to the top of the receiving
roller is a smaller sprocket which is driven by a chain from the feed-
roller sprocket. The ratio of the sprockets is such as to force the
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receiving roller to wind up all the paper delivered by the feed roller,,
the tension on the paper being kept uniform by the friction device.
To remove a completed roll of record the smaller sprocket is lifted
from the receiving roller and a pin (39, fig. 25) at the back of the dial
case is drawn out, releasing the upper bearing bracket. The bracket
can then be raised and the receiving roller with its record removed.
A similar bracket secured by a pin is provided for the removal of the*
mandrel on which the blank roll of paper is placed.

395. Marigram gears—The pen that traces the tide curveismounted
in a carriage which is arranged to slide vertically on a pair of guiding:
rods and is controlled from a horizontal shaft at the back of the dial)
case. On this shaft there is mounted a set of three sliding change
gears (18, fig. 26), which are designed to mesh, respectively, with
three fixed gears mounted on a shaft just above. By sliding the
change gears in different positions any one of them may be brought
into mesh with its corresponding fixed gear. These gears provide
for ratios of 1:1, 2:1, and 3:2, according to whether the innermost,,
the middle, or the outer gears are in mesh. At the outer end of the
shaft containing the fixed gears is a thread-grooved wheel 4 inches,
in circumference (19, fig. 26), to which is attached one end of the
pen-carriage chain (20, fig. 26). The chain is partly wound upon the
wheel and from it passes through the dial case to the front of the
machine, then upward over a pulley near the top to a counterpoise*
weight within the dial case. The pen carriage is secured to this chain
by means of a clamp and can be adjusted to any desired position.

396. Scale of tide curve— W ith a working scale of unity, the rotation
of the height summation wheel, as transmitted through marigram.
gear ratio of 1:1 to the curve-line pen, will move the latter vertically
0.1 inch for each unit change in the sum of the harmonic terms and
this may be taken as the basic or natural scale of the graphic record.
This scale may be enlarged by the factor 3/2 or 2 through the use of
one of the other gear ratios and may be further modified to any
desired extent by the introduction of an arbitrary working scale-
factor. Letting G equal the marigram gear ratio (1, 3/2, or 2) and
S equal the working scale factor applied to the amplitude settings,,
the vertical scale of the graphic record may be expressed as follows:

1 inch of graph represents 10/GS units of summation (461)
1 summation unit is represented by GS/10 inches in graph (462)

The scale ratio of the graph will differ with different units used in.
the predictions. Thus

Graph scale (amplitude settings in feet) = én$yi20 (463)
Graph scale (amplitude settings in meters) = GS/393.7 (464)
Graph scale (amplitude settings in decimeters) = GS/89.37 (465)-

397. In selecting the marigram gear ratio and scale factor for the
predictions at any station, it is the general aim to secure as large a
scale as possible while keeping the graph within the limits of the paper.
Some consideration must be given also to the limits of the height
dial scale and in some instances to the mechanical limits of the indi-
vidual amplitude settings. The marigram gear ratio affects the
graph only but the scale factor affects also the amplitude settings and
the height dial readings. The extreme amplitude of the graphkr
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record is limited by the width of the paper which extends 3 inches on
either side of the medial line, but for mechanical reasons it is desirable
in general to keep the record within a band inches on either
side of the medial line. The following table suggests suitable scale,
dial, and gear combinations for different tidal ranges and different
current velocities. The tabular marigram scales are applicable only
when the foot or knot has been used as the unit for machine settings.
The marigram amplitude limits given in the last column are expressed
in the same unit that is used in setting the machine regardless of what
unit that may have been.

Working scale, height dial, marigram gear, and scale

) . Marigram scale Mari- 1
Tidal range Clirr‘e_nl Worklmg Height M ari- 'granll_ |
limits velocity scale dial gram . . ampli-
limits factor gear Settings  Settings tude
in feet in knots limit
J
Knots
Feet Knots Ratio per inch Units
> 0.0- 2.5 0.0- 1.0 10 4 2:1 1: 6 0. 50 1.5
2.6- 3.5 1.1- 1.5 10 4 3:2 1: 8 0.67 2.0
3.G- 4.0 1.6- 2.0 10 4 1:1 1:12 1.00 3.0
41-6.0 2.1- 3.0 4 10 2:1 1:15 1.25 3.7
6.1- 8.0 3.1- 4.0 4 10 3:2 1:20 1.67 5.0
8.1-10.0 4.1- 5.0 4 10 1:1 1:30 2.50 7.5
10.1-12.5 5.1- 6.0 2 20 2:1 1:30 2.50 7.5
12.6-16.5 6.1- 8.0 2 20 3:2 1:40 3.33 10.0
16.6-20.0 8.1-10.0 2 20 1:1 1:60 5.00 15.0
20. 1-25.0 10.1-12.5 1 40 2:1 1:60 5.00 15.0
25.1-32.5 12.6-16. 0 1 40 3:2 1:80 G 67 20.0
' 32.6- 16. 1- 1 40 1:1 1:120 10.00 30.0

When height dial readings are not required, and amplitude settings are in feet, a convenient graph scale
<of 1:10 can be obtained by using any one of the following combinations; scale factor 12 with gear ratio 1:1,
scale factor 8 with gear ratio 3:2, or scale factor Gwith gear ratio 2:1.

398. When the tide-predicting machine is used for the prediction
of the tide-producing force, the graph scale to be adopted will depend
upon the unit in which the force is to be expressed. Assume that the
sum of all terms in the vertical component of the force (par. 79) is
desired. Referring to paragraph 43, it will be noted that the extreme
value of this component due to the combined action of moon and sun
is approximately 0.2 X I0-6 with the unit of force taken as g, the mean
jacceleration of gravity. In this case a convenient scale relation which
will bring the graph within the desired limits on the paper is obtained
hy jadopting a working scale factor of 6 X 107 with the marigram gear
vatio of 2 : 1. With tliis combination 0.1 foot of graph ordinate will
represent 10-7 g units of force. In practice the scale factor would be
combined with the general coefficient common to all terms in the
formulas. ,

399. Pens—The curve-line pen (IS, fig. 23) and the datum-line pen
(14) are each of the ordinary fountain type. Each is fitted with a
metal lock joint, so that it may be quickly removed and replaced in
the same position, and is pressed against the paper by a light coil
spring when in use. The curve-line pen is mounted in a swivel arm
on a light carriage which slides vertically along two rods. The datum-
line pen is mounted in a swivel arm that may be adjusted so that the
mean sea-level line will be traced midway between the upper and lower
edges of the paper.
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400. Hour-marking device—The arm for the datum-line pen is se-
cured to the outer end of a shaft which carries two armatures, one for
the upper and the other for the lower of two electromagnets (17, fig.
26). A spring keeps the armatures at equal distances from their re-
spective electromagnets. The upper electromagnet is designed for
indicating the hours on the datum line and is in a circuit that is
opened and closed by a platinum-tipped contact spring resting upon
the edge of an ivory disk in which are embedded, equally spaced, 24
narrow strips of platinum (82, fig. 25). The ivory disk is mounted
on the shaft of the hour pointer, and as this rotates the platinum
strips successively make an electric contact that throws the datum-
line pen downward for an instant, making a corresponding jog in the
datum line, the downward stroke of the pen indicating the exact
hour. An extra strip of platinum placed close to the one representing
the midnight hour causes a double jog for the beginning of each day,
the downward stroke of the second jog indicating the zero hour.

401. High and low water marking device—The lower electromagnet
is in a circuit that is closed when the platinum index on the time
chain (11, fig. 23) is in contact with the fixed platinum index (12);
that is to say, at the times of high and low waters. When this con-
tact is made, the electromagnet attracts the armature, which throws
the datum-line pen upward, causing a corresponding upward jog in
the datum line, and thus automatically marking the time of the high
or low water. A small switch (21, fig. 24) just above the hand-crank
shaft permits the cutting out of the current from the two electromag-
nets.

402. Adjustment of machine—The adjustment of the machine
should be tested at least once each year and at any other time when
there is any reason for believing that a change may have taken place.
The following adjustments are required.

403. Height-chain adjustment—All amplitudes should be set at zero,
so that the turning of each constituent crank shaft will produce no
motion in the height chain. This should bring the summation wheel
to its zero position, but on account of a certain amount of backlash
and flexures in the machine this wheel may not be in an exact zero
position even when the chain is in adjustment. Now, set a single
constituent with a very small amplitude and operating the machine
with the hand crank, note whether the index of the summation wheel
oscillates equal distances on both sides of its zero position. If not,
the chain should be adjusted by the adjusting nut at its fixed end at
the back part of the machine.

404. Time-chain adjustment—The adjustment of the time chain is
similar to that of the height chain. The zero position is indicated by
the conjunction of a small triangular-shaped index on the chain and
a fixed platinum index in the middle of the horizontal opening in the
dial face. A small amplitude being set on one of the constituent
time cranks and the machine operated by the hand crank, the chain
index should oscillate equal distances on both sides of the platinum
point. If it does not, the necessary adjustment may be made at the
fixed end of the chain.

405. Hour-hand adjustment—This must be so adjusted that it will
register the exact hour at the same instant the circuit for the electro-
magnet is closed for the hour mark on the marigram, which is indi-
cated by a downward stroke of the datum-line pen. It is also neces-
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sary that the zero hour or beginning of the day shall correspond to the
double hour mark on the marigram. This adjustment may be accom-
plished by moving the hour hand on its shaft after releasing its set
screw. A finer adjustment may be effected by changing the position
of the contact spring back of the dial face.

406. Minute-hand adjustment—This is to be adjusted to read zero
on the exact hour indicated by the hour hand and the closing of the
electric circuit for the hour mark. The adjustment may be accom-
plished either by moving the minute hand on its shaft after releasing
its set screw or by means of the releasable gears on the main vertical
shaft of the dial case. The adjustments just described are those which
need be made only occasionally. Other adjustments are taken into
account each time the machine is set for a station.

407. Setting predicting machine—The time indicators on the face
of the machine are first set to represent the exact beginning of the
period for which predictions are to be made, which will usually be 0
hour of January 1 of some year. The hour and minute hands should
always be brought into place by the turning of the operating crank in
order that the adjustment of these hands relative to the electromag-
net circuit may not be affected. The date dial may, however, if
desired, be set independently, using the binding nut just above the
large dial ring for releasing and clamping. If only a small motion of
the date dial is necessary, it is generally preferable to set it by the
operating crank. The year index should be set to indicate the kind
of year.

408. In the usual operation of the machine a ratchet prevents the
operating crank from being turned backward, but this ratchet may
be released when desired by pressing on a button in the side of the
machine just above the crank. After the face of the machine has
been thus set to register the beginning of the predictions the three
main vertical shafts should be clamped to prevent them from turning.

409. To set the height amplitudes—All the constituent cranks on the
left or height side of the machine are first turned, by means of the
releasable gears on the main vertical shafts, to a vertical position, the
cranks of the upper range of constituents pointing downward and
those in the lower range upward, in which position all angles will read
180°. For the long-period constituents the cranks can be more
quickly brought to the vertical position by drawing out small knobs
on the time side of the machine, thus disconnecting the gearing.
The cranks are then turned by hand to the desired position and the
knobs pushed back into place. The amplitudes may now be set
according to the scales attached to the sides of the machine. The
crank pin is unclamped by a small milled head wrench and is then
moved along its groove until the index at the scale registers the
amplitude setting given in Form 445, when it is clamped in this posi-
tion. If no amplitude is given for any constituent, the corresponding
crank must be set at zero.

410. To set time amplitudes —The process is similar to that for the
height amplitudes, the cranks on the time side of the machine being
first turned to a vertical position with all angles reading 90°. The
cranks arc to be set with the same amplitudes as were used for the
height side, the modified scales automatically taking account of the
true differences in the amplitudes. For the constituents Sa and Ssa
the amplitudes are set on the height side only.
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411. To set constituent angles—After the amplitudes have been set
and checked on both sides of the machine the angles are set for the
beginning of the period of predictions, these settings being given in
Form 445. The angles may be set from either side of the machine,
except for constituents Sa and Ssa, for which there are no dials on
the time side, as the readings are the same for both sides. As each
constituent angle is set its releasable gear is clamped to the main
vertical shaft. After all the angles have been thus set the three main
vertical shafts must be unclamped to permit them to turn.

412. Changing height scale— There are three interchangeable height
scales, known as the 40-foot, the 20-foot, and the 10-foot scale. The
40-foot ring may also be conveniently used as a 4-foot scale. The
scale to be used for any station is indicated in Form 445. In removing
a scale from the machine a small button at the top is turned to release
the ring, which is then lifted slightly as it is being removed. The
desired scale is then placed on the machine and secured in place by a
button. Before removing or replacing the height scale it is desirable
that the height pointer be set approximately 45° to the left of its
zero position in order to interfere least with the removal or replacement
of the scale.

413. The datum or plane of reference—The hand-operating crank
should be turned forward or backward until the index of the summa-
tion wheel on the height side of the machine indicates mean sea level.
It must be kept in mind, however, that as the index lines may come
in conjunction at each complete rotation of the summation wheel
there is a possibility of being misled in regard to the mean sea-level
position. When in doubt, the operating crank should be turned
forward to obtain a number of conjunctions, the corresponding height
dial reading for each being noted. The conjunction that corresponds
most closely with the average of such height readings will be the one
that applies to the true zero position. Each complete turn of the
height summation wheel will cause a change in the height reading of
12 units, 6 units, or 3 units, respectively, according to whether the
40-unit, 20-unit, or 10-unit dial is used. The height hand, which can
be released by the milled nut on the face of the machine, may now
be set to the scale reading that corresponds to the height of mean sea
level above the datum which has been adopted for the predictions,
this value being given in Form 445.

414. The marigram gear.— There are three gear combinations, desig-
nated as the 1:1, 3:2, and 2:1 ratios. The gear ratio to be used for
any station is indicated in Form 445. When it is necessary to change
the gear ratio, the machine should be first turned to its mean sea-
level position. The change is then effected by sliding the lower set
of gears horizontally, being careful to hold the upper set with one
hand to prevent it from turning when the gears are released. Before
engaging the gears in their new ratios the counterpoise for the pen
carriage should be brought to a position approximately midway
between the limits of its range of motion. The 1:1 ratio is obtained
by sliding the lower set of gears as far as possible toward the height
side of the machine, thus engaging the innermost gears; the 3:2 ratio
by moving these gears toward the time side until the outer gears are
engaged, and the 2:1 ratio by engaging the middle gear of each set.
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415. In setting up the machine for successive stations there is a
mechanical advantage in making the necessary gear changes before
setting the new amplitudes if the gear changes are in the order of
2:1, 3:2, 1:1, and after setting the amplitudes if the gear changes
are in the reverse order. This precaution will lessen the chances of
jamming the curve pen carriage and throwing the height chain off its
pulleys when setting the amplitudes.

416. Inserting paper rol.—To place the paper on the machine, re-
move the mandril that is mounted within the dial case near the upper
right-hand corner and slip the roll of paper over the mandril, the
roll being so placed that the winding is clockwise when viewed from
above and when on the machine the paper unwinds from the outer
side of the roll. In placing the roll on the mandril care should be
taken to see that the small projection on the base of the latter enters
the cavity in the wooden core, so that the roll will fit flat against the
base. After the mandril with the roll of paper has been returned to
the machine and secured in place, the end of the paperis passed around
a roller to the face of the machine, across the face, and over the feed
roller at the left of the machine. The end is then inserted into the
slit in the receiving roller, which is given a few turns to take up the
slack paper and make it secure. Before passing the paper over the
feeding roller and on the receiving roller these rollers should be released
to permit them to turn independently, the release being effected by
turning the small milled head on a ratchet stud gear near the base of
the feeding roller and by lifting off from the top of the receiving roller
the small knob holding the connecting chain. After the paper has
been secured to the receiving roller these connections should be
restored.

417. Curve pen adjustment.— W ith the machine in its mean sea-level
position, the curve pen must be adjusted to bring the pen point on
the mean sea-level line as drawn by the base-line pen. This adjust-
ment may be effected by releasing the pen carriage from the oper-
ating chain and moving it to the desired position, where it is clamped
in place by the binding screw.

418. Verification of machine settings.—Each step in the adjustment
and setting of the machine should be carefully checked before pro-
ceeding with the next step. After the setting of the machine for any
station has been completed an excellent check on the work is afforded,
if the predictions for the same station for the preceding year are
available, by turning the machine backward several days and then
comparing the predicted tides with those previously obtained.

419. Predicting.—The datum and curve fountain pens are filled and
put in place, the electric cut-out switch under the base of the machine
closed, and the ratchet of the operating crank set to prevent the
machine from being turned backward. If the predicted height of the
tide for any given time is desired, the machine may be turned forward
until the required time is registered on the time dials and the cor-
responding height read off of the height dial.

420. If the predicted high and low waters for the year are desired,
the operating crank is turned forward until the machine is auto-
matically stopped by the brake at a high or low water. To avoid the
strain on the machine due to sudden stops, the operator should watch
the small index on the time chain, and as this approaches the fixed
index in the center of the opening on the face of the machine, turn the
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crank more slowly until the machine is stopped as the indexes come
in contact with each other. The time and height may then be read
directly from the dials on the face of the machine. The movement
of the height pointer before the stopping of the machine and also
the tide curve will clearly indicate whether the tide is a high or low
water. After the tide has been recorded an inward pressure on the
crank handle will release the brake and the machine can be turned
forward to the next tide, the process being repeated until all the
tides of the year have been predicted and recorded.

FORMS USED WITH TIDE-PREDICTING MACHINE

421. Form 444> standard harmonic constants jor predictions (fig.
32).—This form provides for the compilation of the harmonic con-
DEPARTMENT OP COMMERCE TIRCC 1
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FIGURE 32.



144 U. S. COAST AND GEODETIC SURVEY

stants for use in the prediction of the tides and also for certain per-
manent preliminary computations to adapt the constants for use
with the U. S. Coast and Geodetic Survey tide-predicting machine
No. 2. The form is used in a loose-leaf binder.

422. The constituents are listed in an order that conforms to the ar-
rangement of the corresponding constituent shafts and cranks on the
predicting machine. The accepted amplitudes and epochs are to be
given in the columns provided for the purpose. At the bottom of the
page a space is provided for indicating the source from which the con-
stants were derived.

423. The column of Remarks provides for miscellaneous informa-
tion pertaining to the predictions. This includes the kind of time in
which the predictions are to be given, the approximate extreme
range of tide at the place for determining the proper scale to be
used, the height dial, the marigram gear, the marigram scale, and
the datum to which the predicted heights are to be referred.

424. The extreme range may be estimated from the predictions for
a preceding year or may be taken approximately as twice the sum of
the amplitudes of the harmonic constants. The height dial, mari-
gram gear, and marigram scale which arc recommended for use with
different extreme ranges are given in the table on page 138.

425. The principal Irydrographic datums in general use are as fol-
lows: Mean low water for the Atlantic and Gulf coasts of the United
States and Puerto Rico. Mean lower low water for the Pacific coast
of the United States, Canada, and Alaska, and the Hawaiian and
Philippine Islands. Approximate low water springs for the rest of
the world, with a few exceptions. For use on the predicting machine
the datum must be defined by its relation to the mean sea level, and
this relation is usually determined from a reduction of the high and
low waters.

426. Column A of Form 444 is designed for the differences by
which the epochs of the constituents are adapted once for all for use
with the unmodified Greenwich (UO0+"),s of each year. These dif-
ferences take account of the longitude of the station and also of the
time meridian used for the predictions, and are computed by the
formula

(466)
in which

K'—K=adapted epoch—true epoch.

p —subscript of constituent, which indicates number of periods
in one constituent day. For the long-period constituents
Mm, Ssa, Sa, MSf, and Mf, p should be taken as zero.

A=longitude of station in degrees;+ if west,—if east,

a= speed of constituent in degrees per solar hours.

N=longitude of time meridian in degrces;+if west, —if east.

The values of the products as for the principal time meridians may

be taken from table 35. For any time meridian not given in the
table the products may be obtained by direct multiplication, taking
the values for the constituent speeds (a) from table 2.

427. Column B is designed for the reduction of the amplitudes
the working scale of the machine. The scale is unity when the 40-
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foot height dial is used, 2 for the 20-foot height dial, 4 for the 10-foot
height dial, and 10 for a 4-foot height dial. The working scale
should be entered at the head of the column and ueed as a factor
with the amplitudes in order to obtain the values for this column.
428. Columns C and D are designed to contain the adapted epochs

in positive and negative forms which may be used additively with the
Greenwich (FO+ u)%. It will be found most convenient to compute
column D first, by applying the difference in column A to the Kin
the preceding column and entering the result with the negative sign.
If the direct application of the difference should give a negative
result, this must be subtracted from 360° before entering in column D.

DEPARTMENT OF COMMERCE
DETIC SRVEY

U 5. COAST AMDAEC TiHITQI
Form No- 445 ' SETTINGS FOB TIDE PBEDICTING MACHINE
Station .. 20010, C alifornia . Y Eaji 19.23
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fi 4yi—
M 51Q... e 47,1. 183,7
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(MK), o — e
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Compu L.P.D. March 28, 1923 Verified bv __ F.J.H .o MRr.0h..29-..1923.....
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FIGURE 33.
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The values for column C may then be obtained by applying 360°
to the negative values in column D.

429. Form JJ3 settings jor tide-predicting machine (fig. 33).—This
form is designed for the computations of the settings for the predicting
machine for the beginning of each year of predictions. The forms
are bound in books, a separate book being used for each year of
predictions. This form is used in connection with Form 444, and
for convenience the order of arrangement of the constituents is identi-
cal in the two forms. The name of the station, the time meridian,
the height dial, marigram gear, marigram scale, and datum plane
are copied directly from Form 444.

430. For the amplitude settings the amplitudes of column B of
Form 444 are multiplied by the factors/from table 14 for the year for
which the predictions are to be made. A convenient way to apply
these factors is to prepare a strip of paper with the same vertical
spacing as the lines on Form 444 and enter the factors / for the
required year on this strip. The strip may then be placed alongside
of column B of Form 444 and the multiplication be performed. The
same strip will serve for every station for which predictions are to be
made for the given year. It has been the recent practice to enter
the amplitude settings to the nearest 0.05 foot as being sufficiently
close for all practical purposes.

431. For the dial settings for January 1, 0 hour, the Greenwich
equilibrium arguments of (Vo+"O’s from table 15 are to be applied, ac-
cording to the indicated sign, to the angles of column C or D of Form
444, using the angle in column D if it is less than the argument,
otherwise using the angle in column C For the application of the
(Fo+70O’s a strip similar to that used for the factors/ should be pre-
pared. The same strip will serve for all stations for the given year.
For the dial settings it is customary to use whole degrees, except foy"
constituent M2 for which the setting is carried to the first decimal
of a degree.

432. The settings for February 1 and December 31 are used for
checking purposes to ascertain whether there has been any slipping
of the gears during the operation of the machine. To obtain the dial
settings for February 1, Oh, and December 31, 24h, prepare strips
similar to those for the f s and (Vo+"’. On one enter the angular
motion of the constituents from January 1, Oh,to February 1, Oh;on a
second and a third strip, the angular motion for February 1, 0/ to
December 31, 24h, for a common and leap year, respectively. For
checking purposes a fourth and fifth strip may contain the angular m
changes for a complete common and a complete leap year, respectively.
The values for these strips may be obtained from table 36. These
strips will be found more convenient if arranged with two columns
each, one column containing the values in a positive form and the
other column containing the equivalent negative value *which is
obtained by subtracting the first from 360°. These strips are good
for all years, distinction being made between the common and leap
years. By applying the first strip to the dial settings for January
1 the values for February 1 are readily obtained, and by applying
the second or third strip to the latter settings those for the end of
the year are obtained. The values obtained by applying the fourth
or fifth strips to the settings for January 1 should also give the correct
setting for the end of the year, and thus serve as a check. The
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angular changes for computing the settings for any day of the year
may be obtained from tables 16 and 17.

PREDICTION OP TIDAL CURRENTS

433. Since the tidal current velocities in any locality may be
expressed by the sum of a scries of harmonic terms involving the
same periodic constituents that are found in the tides, the tide-
predicting machine may be used for their prediction. For the cur-
rents, however, consideration must be given to the direction of flow,
and in the use of the machine some particular direction must be
assumed. At present the machine is used for the prediction of
reversing currents in which the direction of the flood current is
taken as positive and the maximum velocity in this direction corre-
sponds to the high water of the predicted tide. The ebb current is
then considered as having a negative velocity with its maximum
corresponding to the low water of the predicted tide. Rotary cur-
rents may be predicted by taking the north and cast components
separately but the labor of obtaining the resultant velocities and
directions from these components would be very great without a
machine especially designed for the purpose. Predictions can, how-
ever, be made along the main axis of a rotary movement without
serious difficulties. Formulas for referring the harmonic constants of
the north and east components to any desired axis are given in Coast
and Geodetic Survey Special Publication No. 215, Manual of Current
Observations.

434. The harmonic constants for the prediction of current velocities
are derived from current observations by an analysis similar to that
used in obtaining the harmonic constants from tide observations. In
the current harmonic constants, however, the amplitudes arc expressed
in a unit of velocity, usually the knot, instead of the linear unit that
is used for the tidal harmonic constants. Forms 444 and 445 for the
computation of the settings for the tide-predicting machine are
applicable for the current predictions and the procedure in filling out
these forms is essentially the same as described in paragraphs 421-432
for the tide predictions. The node factors (/) and arguments (Fo+v)
are the same as for the tides. The height dial, marigram gear and
scale suitable to the current velocity can be obtained from the table
on page 138. Instead of a sea level elevation there should be entered
in the column of “Remarks” the velocity of any permanent current
along the axis in which the predictions are to be made. This velocity
should be marked plus (+) or minus (—) according to whether the
permanent current is iii the flood or ebb direction.

435. The predicting machine is set with the current harmonic con-
stants in the same manner as for the tidal harmonic constants. To
take account of the permanent current the height summation wheel
should be brought to its zero position and the height hand then set
at a dial reading corresponding to the velocity of the permanent
current, the hand being set to the right of the scale zero if the per-
manent current is in the flood direction and to the left if in the ebb
direction. The hand crank should be then turned to bring the
height hand to its zero position and the curve-pen set at the medial
line of the paper, this line now representing zero velocity or slack
water.
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436. The operation of the machine for the prediction of the cur-
rents is similar to that for the prediction of the tides. The machine
automatically stops at each maximum flood and ebb velocity and the
corresponding times and velocities are then recorded, the flood veloci-
ties being read to the right and the ebb velocities to the left of the
scale zero. In the prediction of the currents the times of slack water
are also desired. These are indicated by the zero position of the
recording hand as well as by the intersections of the curve and medial
line in the graphic record. The velocity of the current at any inter-
mediate time can be read directly from the height dial when the
machine has been turned to the time desired and it may be also scaled
from the graphic record.

437. Predictions of hydraulic currents in a strait, based upon the
difference in the tidal head at the two entrances, may be made by
means of harmonic constants derived from the tidal constants for
the entrances. Differences in tidal range or in the times of the high
and low waters at the two ends of a strait will cause the water surface
at one end alternately to rise above and fall below that at the other
end, thus creating a periodic reversing current in the strait. Theo-
retically, disregarding friction or inertia, the velocity of the current
would vary as the square root of the difference in head, being zero
when the surface is at the same level at both ends and reaching a
maximum when the difference is greatest. Actually there will gen-
erally be a lag of some minutes in the response of the current
movement to the difference in head which must be determined from
observations.

438. Let the two ends of the strait be designated by 4 and B, with
the flow from A4 toward B considered as flood or positive and the flow
in the opposite direction as ebb or negative. With the waterway
receiving the tide from two sources, the application of the terms
“flood” and “ebb” will be somewhat arbitrary, and care must be
taken to indicate clearly the direction assumed for the flood move-
ment. In the following discussion tidal constants pertaining to
entrances 4 and B will be distinguished by subscripts a and b, respec-
tively, and those pertaining to the difference in tidal head by the
subscript d. Since the usual constituent epochs known as “kappas”
refer to the local meridian, it will be necessary for the purpose of
comparison between places on different meridians to use the Green-
wich epochs “G” (par. 226), these being independent of local time and
longitude.

439. For any one constituent let 7 represent time as expressed
in degrees ofthe constituent reckoned from the phase zero of its
Greenwich equilibrium argument. Also let Ya and Y hepresent the
height of the constituent tide for any time T as referred to the mean
level at locations A and B, respectively; and let Ydequal the difference
(Ya—Ybh. Formulas for heights and difference may now be written

Ya=H a cos (T—Ga) for location (467)
Yb=H beos (T—Gb) for location “J?” (468)
Yd=H aeos (T—Gag—Hbeos (T-GbH
= (Haeos Ga—Hbeos Gbh eos T-\-(Hasin Ga—Hbsin Gbh sin T
=H deos (T—GJ) (469)
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in which

Hd=[Ha+ m -2 H aHbeos (Gb- G o]* (470)

_Wlasin Ga—H bsin Gb
Haeos Ga—Hbeos Gb

The proper quadrant for Gdis determined by the signs of the numer-
ator and denominator of the above fraction, these being the same,
respectively, as for the sine and cosine of the angle. Formulas (470)
and (471) may be solved graphically (fig. 34) by drawing from any
point C a line CD to represent in length and direction Ha and Ga,
respectively; from the point D a line DE to represent in length and
direction Hband (Gbt 180°), respectively. The connecting line from

Gd=tsm (471)

90-

180
Hd

ZIo

FIGUHE 34.

Cio E will represent by its length the amplitude Hdand by its direc-
tion the epoch Gd

440. Formulas (470) and (471) may be modified to adapt them for
use with tables 41 and 42.
From (470) we may obtain

HdHa=[1+ (HYHg2+2(I1lHa) cos (Gb- Gatl80°)]*  (472)
or
HdHb=[1 + (HeHly+2(HJHY cos (0BG»+1800)* (473)

and from (471) we have
Ton (r (gg/gg) sin (M-"£180°) ( .
Lan |(jd | -‘HVHQ cos (Gb-G at 180°) (474}
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or
(Ho/HY sin (» — +180°) /Afires
1+ (HJHD cos (£a- £ &180°) 7 b)

Formulas (472) and (474) are to be used when the ratio HblHadoes not
exceed unity. In this case take argumentr of the tables—H §fHa, and
argument x=(Gb—£"+180°). If the ratio HHHa exceeds unity use
formulas (473) and (475) and take argument r=H alHband argument
x=(Ga—Gb zI180°). The tabular values will give the ratios and
angular differences represented in the first terms of the formulas.
Therefore, in order to obtain the amplitude Hd the tabular value
from table 41 must be multiplied by Ha if the ratio Hb;Ha does not
exceed unity, or by Hbif this ratio does exceed unity. Also to obtain
the epoch Gd, the tabular value from table 42 must be increased by Ga
if the ratio does not exceed unity or by (*+180°) if the ratio is greater
than unity.

441. By the formulas given above separate computations are made
for each of the tidal constituents. The values obtained for Hdand Ga
are the corresponding amplitudes and Greenwich epochs in an har-
monic expression for the continually changing difference in elevation
of the water surface at the two entrances to the strait. When only a
single time zone is involved, the small ¥’s or modified kappas (k') per-
taining to that zone may be substituted for the Greenwich epochs (G)
in the formulas. For the prediction of the current, further modifica-
tions are necessary in the amplitudes to reduce to velocity units and in
the epochs to allow for the lag in the response of the current to the
changing difference in water level at the two entrances to the strait.

442. Since the velocity of an hydraulic current is theoretically
proportional to the square root of the difference in head, we may write

Tan (Gd—"+180°) =

(Velocity)2= constant (C) Xheight difference 476)

If we now let V equal the average velocity of the current at time of
strength as determined from actual observations and assume that the
corresponding difference in water level is 1.02 times the difference
resulting from the principal constituent M2 we may obtain an approxi-
mate value for the constant ((J) by the formula

G =F2(1.02M2 (477

in which M 2is the amplitude of the constituent M2in the harmonic
expression for the difference in head. The application of the factor
(C) to all the constituent amplitudes in this expression has the effect
of changing the height units into units representing the square of the
velocity of the resulting current.

443. The lag in the current is usually determined by a comparison
of the times of strengths and slacks from actual observations with
preliminary predictions of the corresponding phases based upon the
harmonic constants derived by the method just described. This lag
expressed in hours is multiplied successively by the speed of each
constituent and the result applied to the preliminary epoch for that
constituent.

444. In order that the magnitude of the constituent amplitudes may
be adapted for use with the predicting machine, a scale factor (§) is
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introduced. This factor, which depends upon the velocity of the cur-
rent, is selected with the view of obtaining a reasonably large working
scale without exceeding the limitations of the predicting machine. The
following scale factors are suggested :

Average velocity of current at time of strength: Scale factor
Less than 0.3 knot 20
From 0.3 to 0.5 knot 10
From 0.5 to1.0 knot 5
From 1.0 tol.5 knots 3
From 1.5 t02.0 knots 2
From 2.0 t03.0 knots 1
From 3.0 to4.0 knots 0.5
From 4.0 to5.0 knots 0.25
From 5.0 to 10.0 knots 0.1

In practice, the scale factor is usually combined with the factor (C)
and the product applied to each of the constituent amplitudes in the
expression for difference in head.

445. Using thé harmonic constants, modified in the manner de-
scribed above, in the predicting machine, the resulting dial readings
will represent the square of the current velocity. In order to avoid
the necessity of extracting the square root of each individual reading,
a square-root scale may be improvised and substituted for the regu-
lar height dial on the machine. From a consideration of the con-
struction of this machine, it can be shown that with a scale factor of
unity the angular position of a velocity graduation as measured in
degrees from the zero point will be 9° X (velocity)2 Thus the 1-knot
graduation will be spaced 9° from the zero, the 2-knot graduation at
36°, the 3-knot graduation at 81°, etc. For any scale factor (§), the
formula for constructing the square-root scale becomes

Angular distance from dial zero= 9°X-SX (velocity)2  (478)

446. To take account of any nontidal current not attributed to
difference in head at the two entrances to the strait, a special gradu-
ation of the square-root scale is necessary. Let V0 represent the
nontidal current velocity, positive or negative according to whether it
sets in the flood or ebb direction, and let V represent the resultant
velocity as indicated by any scale graduation, positive or negative
according to whether it is flood or ebb. The angular distance of any
scale graduation as measured from an initial point, usually marked by
an arrow, may then be expressed by the following formula:

Angle in degrees=9XS'X (V—V0)2 (479)

The required angle is to be measured to the right or to the left of the
initial point according to whether the angle (V—UQ) is positive or
negative. When setting the predicting machine the velocity pointer
must be at the initial point marked by the arrow when the sum of
the harmonic terms is zero.

447. In the graphic representation of the summation of the har-
monic terms by the predicting machine, the scale of the marigram
depends upon the marigram gear ratio as well as upon any scale factor
which may have been introduced. With a gear ratio of unity, the
scale of the marigram is 0.1 inch per unit of machine setting. In the
summation for the hydraulic currents, the marigram read by a natural
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scale would indicate the square of the velocity. A special square-root
reading scale for taking the velocities direct from the marigram may
be prepared as follows: Let ¥ = distance of any velocity graduation
from zero of scale. Then

Y (in inches) = 0.1X (scale factor) X (gear ratio) X (velocity)2  (480)

With the scale factor and gear ratio each unity, 1 knot of velocity
would be represented by 0.1 inch on the marigram, 2 knots by 0.4
inch, 3 knots by 0.9 inch, etc. With a scale thus constructed the
velocity of the tidal current may be taken directly from the mari-
gram. Any nontidal current which is to be included may afterward
be applied.



TABLES
EXPLANATION OF TABLES

Table 1. Fundamental astronomical data—This table includes
fundamental constants and formulas with references which form the
basis for the computation of other tables contained in this volume.
Because of the smallness of the solar and lunar parallax no distinction
is made between the parallax and its sine. The eccentricity of the
earth’s orbit and the obliquity of the ecliptic are given for epoch
January 1, 1900. The former changes about 0.000042 per century
and the latter about 0.013 of a degree in a century. The values given
may therefore be considered as applicable to the present century.

The formulas for longitude of both sun and moon are the same as
used in the previous edition of this book and are from the work of
Simon Newcomb. In a later work by Earnest W. Brown, slightly
different values are obtained for the elements of the moon’s orbit but
the differences may be considered negligible in so far as the tidal work
of the present century is concerned. In these formulas it will be noted
that T is the number of Julian centuries reckoned from Greenwich
mean noon on December 31, 1899, of the Gregorian calendar which
corresponds to December 19, 1899, by the Julian calendar. In the
application of these formulas to early dates special care must be taken
to make suitable allowances for the particular calendar in use at the
time. See page 4 for information in regard to calendars.

Table 1 includes the numerical values of the mean longitude of the
solar and lunar elements for the beginning of the century years
1600 to 2000 and also the rate of change in these longitudes as of
January 1, 1900. As the variations in these rates are very small,
they are applicable without material error for all modern times.
This table includes also the principal astronomical periods depending
on the solar and lunar elements with formulas showing how they are
derived. In these formulas the longitude symbol is used to represent
its own rate of change according to the unit in which the period is
expressed.

Table 2. Harmonic constituents— This table includes the arguments,
speeds, and coefficients of the constituent harmonic terms obtained
in the development of the tide-producing forces of the moon and sun.
They are grouped with reference to the formulas of the text from
which they are derived, the long-period constituents first, followed
by the diurnal, semidiurnal, and terdiurnal terms. The reference
numbers in the first column correspond to the numbered terms of the
formulas of the text, the letter A4 indicating a term in the lunar
development and the letter B a term in the solar development. In
the second column the usual symbols are given for the principal
constituents, parentheses being used when the term only partially
represents the constituent.

For an explanation of the constituent argument (E) see page 22.
The argument consists of two parts—the VP which contains the
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uniformly changing elements and determines the speed and period of
the constituent, and the u which is a function of the moon’s node with
slow variations and which is treated as a constant for a limited series
of observations. Because of the very small change in the element p/
it may for practical purposes also be treated as a constant with a mean
value of 282° for the present century.

The constituent speeds are obtained by adding the hourly rates of
change in the elements appearing in the V of the arguments. The-
hour angle (7T) of the mean sun changes at the rate of 15° per hour.
The hourly rate of change for each of the other elements will be found
in table 1.

For an explanation of the constituent coefficients (C) see page 24.
The coefficients of the solar terms include the solar factor §' (para-
graph 118), and coefficients of the lunar terms involving the 4th power
of the moon’s parallax include the factor a/c (paragraph 108), in
order that all terms may be comparable when used with the common
basic factor U. It is to be noted that in the present system of coef-
ficients for the terms of the principal tide-producing force there is
included a factor “2” which was formerly incorporated in the general
coefficient. For the terms involving the 4th power of the parallax
there is a corresponding factor of “3” in order that all terms may be
comparable in respect to the vertical component force.

In general the coefficients have been computed in accordance with
the coefficient formulas of the text, but exceptions were made for the
evectional and variational constituents pI} v3 X2 and 2 the coeffi-
cieqts of which are based upon computations by Professor J. C.
Adams who was associated with Darwin in the investigation of har-
monic analysis and who carried the development of the lunar theory
to a higher order of precision than is provided in this work. (See
pp. 60-61 of the Report of British Association for the Advancement of
Science for year 1883.)

The node factor (f) is explained on page 25. The last column of
table 2 contains references to the formulas for the node factors of the
various constituents.

Table 2a. Shallow-water constituents—In this table there are listed
the overtides and compound tides which are described on page 47.

Table 3. Latitude factors —This table includes numerical values of
the latitude (Y¥) functions which appear in the text as factors in
formulas representing component tidal forces and the equilibrium
height of the tide. The combination symbol at the head of each
column is taken to suggest the formula to which it applies. Thus,,
the letters v, s, and w refer respectively to the vertical, south, and
west components of the force, the letter v being applicable also to the
formulas for the equilibrium height of the tide which have the same
latitude factors as the corresponding terms in the vertical component
of the force. The first numeral “3” or “4” indicates whether the
formula is from the development of the principal force involving the
cube of the parallax or from the development involving the 4th power
of the parallax of the tide-producing body. The last digit “0,”
"1,” “2,” or “3” refers to the species of the constituents and indicates
whether they are long-period, diurnal, semidiurnal, or terdiurnal.
In several cases the same latitude factor is applicable to a number of
different groups as indicated at the head of the column in the table.



HARMONIC ANALYSIS AND RRRDICTTON OF TIDES 155

The following formulas were used in computing the latitude factors.
The maximum value (irrespective of sign) with corresponding latitude
is also given for each function.

Ym= (1/2—3/2 sin2F) maximum—1 when F=+90°.

F B3l=sin 2F maximum=l whenF=+45°,
F30, Fs and YwR same as ¥Ym

F $32= COs2F maximum+1 when F=0.

Ywia same as_ Ym

Fs3i= cos 2F maximum=l when F=0 ort90°.
FMi=sin F maximum £1 whenF=+90°.
F«.32=cos F maximum-+1 when F=0.

Fs0=sin F (cos2F —2/5) maximum=0.4 wlienF= £90°.
Frii= cos F (cos2F —4/5) maximum—~0.2754 when F= £58.91°,
F#)same as Yw

FRe=sin F cos2F maximum=0.3849 when F= +35.26°.
F #8same as F R
F,,43=cos3F maximum=1 when F=0.

F#l=sin F (cos2F —4/15) _ maximum+0.2667 w'hen F=+90°.
Fs2=cos F (cos2F —2/3) maximum—0.2095 when Y—+61.87°.
Ywii= (cos2F-4/5) maximum—O0.8 when F=+90°.

Table 4. Mean longitude of lunar and solar elements—This table
contains the mean longitude of the moon (s), of the lunar perigee (p),
of the sun (h), of the solar perigee (pf), and of the moon’s ascending
node (AO, for January 1, 0 hour, Greenwich mean civil time, for each
year from 1800 to 2000, the dates referring to the Gregorian calendar.

These values are readily derived from table 1, the rate of change in
the mean longitude of the elements for the epoch January 1, 1900,
being applicable without material error to any time within the two
centuries 1800 to 2000 covered by table 4. The same rate of change
may also be used, without introducing any errors of practical impor-
tance, to extend table 4 to dates beyond these limits. In extending
the table, care should be taken to distinguish between the common
and leap years, and for the earlier dates due consideration should be
given to the kind of calendar in use. (See p. 4 for discussion of
calendars.) It will be noted that each Julian century contains 36,525
days, while the common Gregorian century contains only 36,524 days,
with an additional day every fourth century.

Table 5. Differences to adapt table J to any month, day, and hour—
These differences are derived from the daily and hourly rate of change
of the elements as given in table 1, multiples of 360° being rejected
when they occur. The table is prepared especially for common years,
but is applicable to leap years by increasing the given date by one
day if it is between March 1 and December 31, inclusive. The cor-
rection for the hour of the day refers to the Greenwich hour, and if
the hour for which the elements are desired is expressed in another
kind of time the equivalent Greenwich hour must be used for the
table.

Table 6. Values ojI, v, £, v', and 2v" for each degree of N —Referring
to figure 1 (page 6), note that by construction arc QT ’ equals arc
T . Then in the spherical triangle B T A the three sides are IV, v,
and (N-£), and the opposite angles are respectively (180°-/), i, and .
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Therefore we have the following relations which may be used in com-
puting the values of I, v, and £in the table:

€0s I—¢c0S i €0S co— Sin i Sin c €0s N
=0.91370-0.03569 eos N

tan |{N —£+1) = eCZ’)SS I~ A tan 'V =1.01883 tan

tan b(N—£—r)= sin » tan AiV=0.64412 tan fiV
sm i(co-H)

For the computation of v’ and 2v"”, formulas (224) and (232) on
pages 45-46 may be used. The tabular values themselves were taken
from the preceding edition of this work where they were based upon
formulas differing slightly from those given here but any differences
arising from the use of the latter may be considered as negligible.

Table 7. Values of log Ra for amplitude of constituent L2—Values
in this table are based upon formula (213) on page 44.

Table 8. Values of R for argument of constituent L2—Values in
this table are derived from formula (214) on page 44.

Table 9. Values of log Qafor amplitude of constituent M 1—V alues in
this table are based upon formula (197) on page 41.

Table 10. Values of Q for argument of constituent —Values in
this table are derived from formula (203) on page 42.

Table 11. Values of u for equilibrium arguments.—This table is
based upon the u-formulas in lable 2 and includes values for the
principal lunar constituents for each degree of N. The u’s of L2and
M1 which are functions of both N and P are given separately in
table 13 for the years 1900 to 2000.

Table 12. Log factor F for each degree of I —The factor F is the
reciprocal of the node factor f to which references are given in table 2.
The values in table 12 are based upon the formulas for these factors
and are given for all the lunar constituents used in the tide-predicting
machine, excepting vaines for L2 and Mi which are given separately
in table 13.

Table 13. Values of u and log F for L2 and Mj.—From a com-
parison of the u’s of constituents L2 Mi, and M2in table 2, it will be
noted that the following relations exist:

u of L2= w of M2 —R
u of Mi=|(u of M2+ Q
Also, the following relations may be derived from formula (215) on
page 44 and formula (207) on page 43 since the factor F is the recip-
rocal of the node factorf:
log F(L2=log F(M2+log Ra
log F(M )=log F(Oi)+log Qa
The values for table 13 were computed by the above formulas, the

component parts being taken from tables 7 to 12, inclusive. The
values for log F(Mi) in this table are in accord with Darwin’s original
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formula from which a factor of approximately 1.5 was inadvertently
omitted (see page 43).

Table 14. Node factor f for middle of each year 1850 to 1999.—The
factor/is the reciprocal of factor F. The values for the years 1850 to
1950 were taken directly from the Manual of Tides, by R. A. Harris,
and the values for 1951 to 1999 were derived from tables 12 and 13.

Table 15. Equilibrium argument (V (0-\-u) for beginning of each year
1850 to 2000.—The equilibrium argument is discussed on page 22.
The tabular values are computed by the formulas for the argument
in table 2, the V0referring to the value of V on January 1, 0 hour
Greenwich mean civil time, for each year, and the u referring to the
middle of the same calendar year; that is, Greenwich noon on July
2 in common years and the preceding midnight in leap years. The
value of the T of the formulas is 180° for each midnight, and the
values of the other elements for the ¥ may be obtained from table
4. The u of the argument may be obtained from tables 11 and 13
after the value of N has been determined for the middle of each year
from tables 4 and 5. In constructing table 15 the values for the
years 1850 to 1950 were taken directly from the Manual of Tides, by
R. A. Harris, and the values for the years 1951 to 2000 were computed
as indicated above.

Tables 16, 17, and 18.—These tables give the differences to adapt
table 15 to any month, day, and hour, and are computed from the
hourly speeds of the constituents as given in table 2. The differ-
ences refer to the uniformly varying portion V of the argument, it
being assumed that for practical purposes the portion u is constant
for the entire year.

The approximate Greenwich (V@fu) for any desired Greenwich
hour may be obtained by applying the appropriate differences from
tables 16, 17, and 18 to the value for the first of January of the
required year, as given in table 15. To refer this Greenwich {V@¢\-u)
to any local meridian, it is necessary to apply a further correction
equal to the product of the longitude in degrees by the subscript of
the constituent, which represents the number of periods in a con-
stituent day. West longitude is to be considered as positive and
east longitude as negative, and the subscripts of the long-period
constituents are to be taken as zero. This correction is to be
subtracted.

The (Vof-u) obtained as above will, in general, differ by a small
amount from the value as computed by Form 244, because in the
former case the u refers to the middle of the calendar year and in
the latter case to the middle of the scries of observations.

Table 19. Products for Form 194~—This is a multiplication table
especially adapted for use with Form 194, the multipliers being the
sines of multiples of 15°.

Table 20. Augmenting factors.— A discussion of augmenting factors
is given on page 71. The tabular values for the short-period constit-
uents are obtained by formulas (308) and (309) on page 72, and those
for the long-period constituents by formulas (403) and (404) on
page 92. For constituents Si, S2, etc. the augmenting factor is unity.

Tables 21 to 26.—These tables represent perturbations in Kx and
S2 due to other constituents of nearly equal speeds. They are based
upon formulas (359) to (364), inclusive, on page 83.
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Table 27. Critical logarithms jor Form 275.—This table .«s de-
signed for quickly obtaining the natural numbers to three decimal
places for column (3) of Form 245 from the logarithms of column (2).
The logarithms are given for every change of 0.001 in the natural
number. Each logarithm given in this table is derived from the
natural number that is 0.0005 less than the tabular number to which
it applies. Intermediate logarithms, therefore, apply to the same
natural number as the preceding tabular logarithm. For example,
logarithms less than 6.6990 apply to the natural number 0.000 and
logarithms from 6.6990 to 7.1760 apply to thenaturalnumber 0.001, etc.

Table 28. Constituent speed differences.—The constituent speeds as
given in table 2 were used in the computation of this table.

Table 29. Elimination factors.—These tables provide for certain
constant factors in formulas (389) and (390). Separate tables for
each length of series and different values for each term of the formulas
are required. The tabular values are arranged in groups of three,
determined as follows:

First value= logarithm of

Second value=natural number always taken as
positive.
Third value=+6 —a)r, if is positive,

or y(6—a)r+180, if A A 7is negative.

Table 30. Products for Form 245.—This table is designed for ob-
taining the products for columns (6) and (7) of Form 245.

Table 31. For construction of primary stencils.—This table gives
the differences to be applied to the solar hours in order to obtain the
constituent hours to which they most nearly coincide. Each differr
ence applies to several successive solar hours, but for brevity only
the first solar hour of each group to which the difference applies is
given in the table.

An asterisk (*) indicates that the solar hour so marked is to be used
twice or rejected according to whether the constituent speed is greater
or less than 15p, when in the summation it is desired to assign a
single solar hour to each successive constituent hour. For the
usual summations in which each solar hour height is assigned to the
nearest constituent hour no attention need be given to the asterisk.

The table is computed by substituting successive integral values for
d in formula (243) and reducing the resulting solar hour of series (shs)
to the corresponding day and hour. The solar hour to be tabulated
is the integral hour that immediately follows the value of (shs) of
the formula. If the fractional part of (shs) exceeds 0.5, the tabular
solar hour is marked by an asterisk (*). The successive values of d,
although used positively in formula (243), are to be considered as
negative in the application of the table when the speed of the con-
stituent is less than 15p. When the constituent speed is greater than
15p, the difference is to be taken as positive. All tabular differences
are brought within the limits +24 hours and —24 hours by rejecting
multiples of £24 hours when necessary, and for convenience in use
all differences are given in both positive and negative forms.
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The following example will illustrate the use of the table: To find
constituent 2Q hours corresponding to solar hours 12 to 23 on 16th
day of series. By the table we see that solar hour 12 of the 16th day
of series is within the group beginning on solar hour 8 of the same day
with the tabular difference of +19 or —5 hours, and that the differ-
ence changes by —1 hour on solar hours 15 and 21, the latter being
marked by an asterisk. Applying the differences indicated, we have
for these solar hours on the 16th day of series:

Solar hour 12, 13, 14*, 15, 16, 17, 18, 19, 20, 21%, 22, 23
Difference —5 —5 -5 —6 —6 —6 —6 —6—6 —7 —7 —7

Constituent

2Q hour 7, 8 9% 9 10, 11, 12, 13, 14, 14*, 15, 16

In the results it will be noted that the constituent hours 9 and 14 are
each represented by two solar hours. If it should be desired to limit
the representation to a single solar hour each, the hours marked
with the asterisk should be rejected.

To find constituent 0 0 hours corresponding to solar hours 0 to 18
on the 22d day of series. The 0 hour of the 22d day is in the group
beginning on solar hour 14 of the preceding day with the tabular
difference of +14 or —10 hours, and changes of +1 hour in the
differences occur on solar hours 3 and 17 of the 22d day. It will be
noted that the hour 3 is marked by an asterisk. Applying the
differences from the table as indicated, we have for the 22d day
of series:

Solar hours 0. 1, 2, 3% 4, 5 fi 7, 8, 9, 10, 11, 12, 13, 14, IS, 16», 17, 18
Differences ,+14,+14,+14, +15,+15,+15,+15,+15,+15, -9,-9, -9, -9, -9, -9, -9, -9,-8, -8

Constituent
00 hours.. 14, 15, 16, 18, 19, 20, 21, 22, 23, 0, 1, 2, 3, 4, 5 6, 17,9, 10

In the results it will be noted thatconstituent hours 17 and 8 are
missing. If it is desired to have each of these hours represented also,
the solar hours marked by asterisks will be used again. In this table
the constituents have been arranged in accordance with the length of
the constituent day.

Table 32. Divisors for 'primary stencil sums.—This table contains
the number of solar hourly heights included in each constituent hour
group for each of the standard length of series when all the hourly
heights have been used in the summation.

Table 33. For construction of secondary stencils.—Constituent A is
the constituent for which the original primary summations have been
made, and constituent B is the constituent for which the sums are to
be derived by the secondary stencils. The “Page” refers to the page
of the original tabulations of the hourly heights in Form 362. The
differences in this table were calculated by formula (252), and the
corresponding “Constituent 4 hours” from formula (250), m being
assigned successive values from 1 to 24 for each page of record.
Special allowance was made for page 53 of the record to take account
of the fact that in a 369-day series this page includes only 5 days of
record. The sign of the difference is given at the top of the column.
For K-P and K.-T the positive sign is to be used for constituents
K and R and the negative sign for constituents P and T.

For brevity all the 24 constituent hours for every page of record
are not directly represented in the table. The difference for the
omitted hours for any page should be taken numerically one greater
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than the difference for the given hours on that page. For an example,
take the hours for page 2 for constituent 00 as derived from con-
stituent J. According to the table the difference for the constituent
hours 10 to 3, inclusive, is 9 hours; therefore the difference for the
omitted hours 4 to 9, inclusive, should be taken as 10 hours. For
constituent 2Q as derived from constituent O the three differences
usually required for each page are given in full.

The use of the table may be illustrated from the example above, as
follows:

Page 2—
J-hours 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11
Difference +9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 9, 9
0O-hours 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 19, 20
J-hours 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23
Difference +9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9
OO-hours 21, 22, 23, 0, 1, 2, 3, 4, 5, 6, 7, 8

The period 24 hours should be added or subtracted when necessary
in order that the resulting constituent hours may be between 0 and 23.

Table 34. For summation of long-period constituents.—This table
is designed to show the assignment of the daily page sums of the
hourly heights to the constituent divisions to which they most nearly
correspond. The table is based upon formula (395). The constituent
division to which each day of series is assigned is given in the left-hand
column. For Mf, MSf, and Mm there will frequently occur two
consecutive days which are to be assigned to the same constituent
division. In such cases the day which most nearly corresponds to the
constituent division is the only one given in the table, and this is
marked by an asterisk (*). The missing day, whether it precedes or
follows the one marked by the asterisk, is to be assigned to the same
constituent division. For Sa a number of consecutive days of series
are assigned to each constituent division. In the table there are
given the first and last days of each group.

Table 35. Products aS/15 for Form 444-—This table contains the
products of constituent speeds and time meridian longitudes for
formula (466) which is used in obtaining values of (k'-K) for column A
of Form 444.

Table 36. Angle differences for Form Iffp —This table gives the
differences for obtaining and checking the dial settings for February 1
and December 31, as entered in Form 445. The differences are de-
rived from tables 16 and 17.

Table 37. Coast and Geodetic Survey tide-predicting machine No. 2—
General gears.—This table gives the details of the general gearing from
the hand-operating crank to the main vertical shafts, together with
the details of the gearing in the front section or dial case. In this
table the gears and shafts are each numbered consecutively for con-
venience of reference, the gears being designated by the letter G and
the shafts by the letter S. In the second column are given the face
of each bevel or spur gear and the diameter of each shaft. The next
two columns contain the number of teeth and pitch of each bevel and
spur gear. The pitch is the number of teeth per inch of diameter of
the gear. The worm screw is equivalent to a gear of one tooth, as it
requires a complete revolution of the screw to move the engaged wheel
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one tooth forward. The period of rotation of each shaft and gear is
relative and refers to the time as indicated on the face of the machine,
which for convenience is called dial time.

Table 38. Coast and Geodetic Survey tide-predicting machine No. 2—
Constituent gears.—This table contains the details of the gearing from
the main vertical shafts to the individual constituent cranks. Column
I gives the number of teeth in the bevel gear on the main vertical
shaft; column II, the number of teeth in the gear on the intermediate
shaft that meshes with the gear on the vertical shaft; column III, the
number of teeth in the gear on the intermediate shaft that meshes with
the gear on the constituent crank shaft; and column IY, the number
of teeth in the gear on the crank shaft.

For the long-period constituents the worm gear is taken as the
equivalent of one tooth. For each of these constituents there is a
short secondary shaft on which sliding gears are mounted, but the
extra gears do not affect the speed of any of the crank shafts except
that for constituent Sa in which case a ratio of 1:2 is introduced.

The crank-shaft speed per dial hour for each constituent is equal to

30° X 1[1J1111111111 HX column

both Values appearing in each of the columns II and III is to be taken
as the value for the column. The column of “Gear speed per dial
hour” contains the speeds as computed by the above formula.

For comparison the table contains also the theoretical speed of each
of the constituents and the accumulated error per year due to the
difference between the theoretical and the gear speeds.

For convenience of reference the table includes also the maximum
amplitude settings of the constituent cranks.

Table 39. Synodic periods oj constituents.—This table is derived
from table 28, the period represented by 360° being divided by the
speed difference and the results reduced to days.

Table 40. Day oj year corresponding to any date.—This table is
convenient for obtaining the difference between any two dates and
also in finding the middle of any series.

Table 41. Values oj h injormula h = (1Jrr24 2r eos x)K—This table
may be used with formulas (472) and (473) on page 149 to obtain
constituent amplitudes for the prediction of hydraulic currents.

y For constituent Sa the product of

Table 42. Values (y k in y)rmulu k=tan~ I} {_’§rrelo)sc This table

may be used with formulas (474) and (475) on pages 149-150 to
obtain constituent epochs for the prediction of hydraulic currents.



162 U. S. COAST AND GEODETIC SURVEY

Table l.—Fundamental astronomical data

Mean distance, earth to sun 92, 897, 416 miles °
Mean distance, earth to moon 238, 857 miles &
Equatorial radius of earth (Hayford’s Spheroid of 1909) 3, 963. 34 miles «
Polar radius of earth (Hayford’s Spheriod of 1909) 3, 949. 99 miles °
Mean radius of earth (tﬂ, (Intern. Ell.) 6,371,269 meters 6 = 20,903,071 feet
= 3, 958. 91 miles
Solar parallax (Paris Conference)-----------=-=--------- 8.80" °© = 0. 000, 042, 66 radian
Lunar equatorial horizontal parallax (Brown) 57'2.70" @ = 0. 016, 59 radian
Mean solar parallax in respect to mean radius (a/ 0. 000, 042, 61 radian
Mean lunar parallax in respect to mean radius (@/C 0. 016, 57 radian
Eccentricity of earth’s orbit { epoch Jan. 1, 1900 0. 016, 75 ¢
Eccentricity of moon’s orbit ( 0. 054, 90 d

Obliquity of the ecliptic (co), epoch Jan. 1, 1900

23° 27! 8.26" c= 23. 452°
Inclination of moon’s orbit to plane of ecliptic (¢
5° 08’ 43.3546" d= 5. 145°

Ratio of mass of sun to combined mass of earth and moon
(Sitter) 327,932 6

Ratio of mass of earth tomassof moon (Hinks) 81.
Mass of sun/mass of earth(SI 331,954
Mass of moon/mass of earth (MVE) 0. 012, 27

Solar coefficient U = (SE) (a/cd3 .2569x10-7
Basic factor U—(ME) (ac) 3 — 5582 x 10-7

Solar factor 8" = UXU 0.4602

In the following formulas for longitude, T represents the number of Julian
centuries (36525 days) reckoned from Greenwich mean noon, December 31, 1899
(Gregorian Calendar).

Mean longitude of sun (B

= 279° 41' 48.04" + 129,602,768.13" T+ 1.089" T2«
Longitude of solar perigee i)

= 281° 13' 15.0" + 6,189.03" T+ 1.63" T2+ 0.012" T3«
Mean longitude of moon (s)

= 270° 26" 14.72"+ (1336 rev.+ 1,108,411.20") T+9.09"T 2+ 0.006,8"T3 «
Longitude of lunar perigee

=334° 19' 40.87" + (11 rev. + 392,515.94") T- 37.24" T2- 0.045" T3*
Longitude of moon’s node

="259° 10' 57.12" - (5 rev. + 482,912.63") T+ 7.58" T2+ 0.008" T3»
Ratio of mean motion of sun to that of moon 0. 074, 804

» American Ephemeris and Nautical Almanac for year 1940, p. xx.

*Table of astronomical constants by W. de Sitter, published in Bulletin of the Astronomical Institutes
of the Netherlands, Vol. VIII, No. 307, July 8, 1938, pp. 230-231.

¢ Astronomical Papers for the American Ephemeris, by Simon Newcomb; Vol. VI, pp. 9-10, and Vol.
IX, pt. 1, p. 224.

d The Solar Parallax and Related Constants, by William Harkness, p. 140.
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Table 1.—Fundamental astronomical data— Continued

MEAN LONGITUDE OF SOLAR AND LUNAR ELEMENTS FOR CENTURY YEARS

Epoch, Gregorian calendar Sun So!ar Moon L“r'.mr Mn‘::i‘; S
Greenwich mean civil time perlgee . perigee
h Pi s P N
0 0 0
279.857 276.067 99. 725 7.417 301. 496
280. 624 277. 784 47.604 116. 501 167.343
280.407 279. 502 342.313 225.453 33.248
1900, Jan. 1, 0 hour . _ . s 280.190 281.221 277.026 334.384 259.156
279.973 282.940 211. 744 83.294 125.069

RATE OF CHANGE IN MEAN LONGITUDE OF SOLAR AND LUNAR ELEMENTS (EFOCH, JAN. I, 1900)

Per Julian cen- Per common
Elements tury (36525 days) year (365 days) Per solar day Per solar hour
100r+ 0.769 359.761,28 0.985,647,3 0.041,068,64
1.719 0.017,18 0.000,047,1 0.000,001,96
Moon (s) - . 1336r+307.892 13r+129.384,82 13.176,396.8 0.549,016,53
Hr+109.032 40. 662,47 0.111,404,0 0,004,641.83
Moon’s node (N)__ __ . —5r—134.142 -19.328,19 -0.052,953.9 -0, 002,206,41
MEAN ASTRONOMICAL PERIODS
(Symbols refer to rate of change in mean longitude)
Solar days
Sidereal day, 360°/(360°+A) 0. 997,270
Lunar day, 360°/(360°+A—s) 1. 035,050
Nodical month, 360°/(s-iV) 27.212,220
Tropical month, 360% 27.321, 582
Anomalistic month, 360°/(s—p ) 27. 554, 550
Synodical month, 360°/(s—ft).. 29. 530, 588
Moon’s evectional period, 360°/(s—2h+p) 31,811,939
Eclipse year, 360°/(A—V) 346. 620,0
Tropical year, 360% 365.242,2
Anomalistic year, 360°/(h—p;) 365.259,6
Common year 365.000,0
Mean Gregorian year 365.242,5
Mean Julian year 365.250,0
Leap year 366.000,0
Evectional period in moon’s parallax, 360°/(h—p ) 411.784,7
Revolution of lunar perigee, 360°/p 8.85 Julian years
Revolution of moon’s node, 360°/iV. 18.61 Julian years

Revolution of solar perigee, 360°/pi 209 Julian centuries
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Ref.
No.

Au-
Al.
As..

Au.
As..
As..
Au.
At
Aio-

An-
Ali.

Atu
Aes-
Ats.

A S7-

Bu
Bi.

Bi
Bu

Bn.

Au.
Au.
Au-

An.
Ais.
Ait..
Ain.
An.
An.
AIS

Ais..

Au-
An-

Ass—
Ast—
Asi—

-434—

Symbol

M Sf.
Mf__.

Ssa-

Sa.
O i...

M,)_

2Qi—

(K-

ﬁvn)....

MPi.
SOi-
OOu.

KQi..

U. S. COAST AND GEODETIC SURVEY

Table !.—Harmonic constituents

Argument (E)

LUNAE LONG-PERIOD TERMS, FORMULA

Zero (permanent term).

S+p+180°.
4s—2p
3s—2ft+p
S+2ft-p+180°
is—2h

At

LUNAR LONG-PERIOD

SOLAR LONG-PERIOD

Zero (permanent term).

2h.
2h pl

zero.
zero.

zero-
zero.

—2t

-2f.

-2t

“2t-

—2£

“2t-

“2t-

“2t-

TERMS, FORMULA

it~
s
_3t-
-3t-

Speed per
solar hour

(62)

zero
544,374, 7
088.749.4

471.521.1
015.895.8
098.033.1

642.407.8
553.658.4
186,782, 5

569, 554, 3
626, 512,0
113.928.8

0.082,137,3

(137)

549, 016, 5
093, 391, 2
004, 641,8

647,049,6
191,424,3

TERMS, FORMULA (185)

zero.
zero.

zero.
zero.
zero.

zero
041,066, 7
082,133, 4

082,137,3
123, 204,0
041,070,6

o

.164,270,6
119

I 0.041,068,6

LUNAR DIURNAL TERMS, FORMULA (63)

T-2S+A+900
r-3s+A+p+90o.
r-s+A-p-90°,

2p+90°
r-ss— Ap §00
T—s—h+p—9
T-4S+3A+900
T-ft+90°
r+ft-90°

r-s+A+p-900.-
T+S+A-P-900—
T—2s+A-(-2p—90°.

T+2s+ft—2p—90°.
r-s+3A-p-90°..
T+S-A+P-900....

+2t-p.
+2t-p-
+2t-p-

+2t—
j’éttzPﬁ_
+2t—\
+2t-p-

13, 943,035, 6
13, 398,660,9
14.487, 410,3

12.854.286.2
13,471, 514,5
14, 414,556, 7

12.927.139.8
14,958,931,4
15.041, 068,6

14.496.693.9
15, 585,443, 3
13.952.319.2

16.129,818,0
14.569, 547,6
15.512, 589,7

LUNAR DIURNAL TERMS, FORMULA (63)

T-2S+3A-900.
T+2S-A—90°..
T+2S+A-900-

T+3S+A—p —90°..
T+S+A+P+900--.
T+4S+A—2p—90°.

T+3S-A+P—90°
T -f-s-f-3A—P+900_
T +4s—ft—90°

T+3A-900..

14. 025,172, 9
16. 056, 964, 4
16.139.101.7

16.683.476.4
15. 594, 727, 0
17.227,851,1

16.610.622.8
15. 667,580, 6
17.154.997.5

15.123,205,9

Coeffi-
cient (C)

0.5044
0.0827
0.0068

0.0116
0.0084
0.1566

0.0303
0.0043
0.0040

0.0043
0.0006
0.0025

Q001
0.0399

0.0032
0.0009

0.-2340
0.0118
0.0003

0.0728
0.0043
0.0006

00002

0.3771
0.0730
0.0104

0.0097
0.0142
0.0015

0.0061
0.0003
0.3623

0.0297
0.0297
0.0024

0.0024
0.0042
0.0042

0.0030
0. 0030
0. 0163

0. 0032

0. 0005
0.0004

)

0. 0003

Factor-f
formula

(73)
(73)
(73)

(73)
(73)
(74)

(74)
(74)
(74)

74)
74)
(74)

(74)

(141)
(141)
(141)

(142)
(142)

unity
unity
unity

unity
unity
unity

unity

unity

(75)
(75)
(75)

(75)
(73)
(75)

(75)
(75)
(76)

(76)
(76)
(76)

(76)
(76)
(76)

(76)
(76)
(Wl

7
(a7
an

a7
7)
a7

77)
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Table 2.—Harmonic constituents— Continued

Argument (E)

Ref. Speed per Coeffi- Factor-f
No. Symbol solar hour cient (C) formula
LUNAR DIURNAL TERMS, FORMULA (138)

4G r-3s+A C3E e 13. 394, 019,0 0. 0116 (143)

470- T —4s+h+p. C3fees 12. 849, 644,4 0.0032 (143)

An. (Mi)—- T-s+4 +H»- 14.492,052,1  0.0367 (144)

Ans T—2s+h+p- Ho— 13.947, 677, 4 6&% (144)

T+h-p___ A 15.036.426.8 (144)

An- T+s+h 15.590,085,2  0.0134 (145)

475 T 425 +h -p. 16.134.459.9 0002 (145)

SOLAR DIURNAL TERMS, FORMULA (186)

T-h+90° zero. 14.958,931,4 0.1755 unity
T-2ft+pi+90° zero. 14.917,864,7 0.0103 unity
E%— T-pi-900 zero. 14.999,998,0 0.0015 unity
Bn. T-3ft+2pi+90°. zero. 14.876,798,0 0.0004 unity
T+/i-90° zero. 15.041,068,6 0.1681 unity
T+ Pi—90° zero. 15.000,002,0 0.0042 unity
Bu. T+2A-Pl— 9@— zero. 15.082.135.3 unity
T—ft+2pi—90°- zero. 14.958.935.4 unity
B26- T+3h-2pi-90°. zero. 15.123,202,0 unity
B3I 2°+3/;—90° zero. 15.123, 205,9 0. 0076 unity
B32- r+4ft—Pi-900 zero. 15.164, 272, 6 h{(fbﬁ unity
B33- T+2/i+pi+90° zero. 15.082,139,2 unity
T+5A-2plI-90° A5 1 J— 15.205,339,3 unity

SOLAR DIURNAL TERM, PARAGRAPH 119

Bn. T. I zero | 15.000,000,0 unity

COMBINATION DIURNAL TERMS, FORMULAS (194), (201), AND (222)

Note 1. T—S+A+p—90°. - —QuU--. 14.496, 693,9 0.0209' (206)
T-s+h-90° +[-H-Q- .
Note 2- K, T+A-90° - 15041, 30 0.5305 (227)

LUNAR SEMIDIURNAL TERMS, FORMULA (64)

A39- M 2- 28.984,104, 2 0. 9085 (78)
o a Pr-~v-Ip---- 28.439, 7295 0.1759 (78)
A 2[[,3 2T-s+2h-p+m°. 29. 528,478, 9 0.0251 (78)
Au- IN2- SIT—45+8h+8p. 27.895,354,8  0.0235 18)
A3 ST—3s+4h—p.. 28. 512, 583,1 0,0341 (78)
Au. 2r-s+p+180°. 29. 455, 625,3 0,0066 (78)
A ds- — 2T— v 202 27.968.208.4 0,0219 (78)
Ait- (Si).. 27-_ v2H 2 30.000,000, 0 0,0006 (78)
447- (K2). 2T+2h 2. 30.082,137, 3 0,0786 (79)
_448- (W] 2T-s+2k+p. 2 29.537.762.6  0,0064 (79)
440 KJ2-— gT+si-Sh—p. 20 30.626.512.0 0.0064 79
dso- 2 28. 993,387, 9 0.0005 (79
-451- 2T+2s+2h—2p. 2p 31.170,886, 7 0.0005 (79)
452- 2 iﬁsf:@fpif_ 2 29,610,616,2 0,0009 79)
453- [, S2p 30. 553,658,4 0,0009 (79)
454 2T-2s+4h. 2 P 29.066, 241,5 0.0007 (79)
455- 7 I 31.098.033.1 0.0007 (79)
-451. —2c-2r 31,180,170, 3 0,0017 (80)
457- 2T+ 35+ 2h-p . coowens —210-2p. 31.724,545,0 0.0003 (80)
458 9T +s+2ft+p+180°- 2420 30. 635, 795,6 (80)
~459- éT+4s+éh—2p . —2f—2> 32. 268, 919, 7 (80)
_dio- ST+Ss+p ﬂ"f . 31.651.691.4 (80)
-461- 9rts+4A-p+180°. -2I-2» 30.708,649,3 (80)

2IHS......... R -2¢-2P7 32.196.066.1 (80)
-413- 2T+4h. -20-2p. 30.164.274.6 (80)

*Adapted for use with tabular node factors, theoretical value is 0.0317. See p. 43.
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Table 2.—Harmonic constituents— Continued

Argument (E)
Ref.

No: Symbol

Speed per
solar hour

LUNAR SEMIDIURNAL TERMS, FORMULA (139)

2T-Ss+SA+90° +3£-2K

28.435,087, 7

¥ V. 2T~4s+2h+p+90°- +3£-2K

2T—2s-1-2h—p —90°.... +3{—2%..
2T-5+2h-90° eeveereenne. +E£—2K.
2T—2s+2h+p—90° .o+i—2k- -
2T4-s4-2h-90°___ = —d—2k

27. 890, 713, 0
28.979,462, 4

29.533,120,8
28.988, 746,0
30. 631. 153. 8

SOLAR SEMIDIURNAL TERMS, FORMULA (187)

2T
2T-h+pi- zero
2T+h-pi+180°

Si-

2T—2h+2pi
(K2).— 2T+2h zero
2T"\-hJrP).

2T+Sh-pi
2T+2pi.
2T+4h-2pi

2T+4h zero
2T+ 5h-pl..
2T+ Sh+pi+m

2T+ 6h—2ni

30.000.000, 0
29.958.933.3
30.041,066, 7

29.917, «66,6
30.082.137.3
30.041.070.6

30.123,204,0
30.000.003.9
30.164.270.6

30.164, 274,6
30.205,341,2
30.123, 207,9

30.246,407,9

COMBINATION SEMIDIURNAL TERMS, FORMULAS (212) AND (230)

12 2T-s+2h-p-\-\m
Note 4. k2 2T4-2h

29. 528,478, 9
30. 082. 137. 3

LUNAR TERDIURNAL TERMS, FORMULA (140)

[V T— ST—Ss+Sh +3J—3k 43.476,156, 3
ST-4s+Sh+p +3£-3K 42.931,781,6
3T-2S+SA-P+1800.mmnn +3;-3k 44. 020, 531,0
3T-5s+3h+2p +3£3K. 42.387,406, 9
ST—48+5A—p " +31—3K 43.004, 635,2
3T-5+3h... +i-3k 44.574,189,4
ST-2s5+3h+p sioak 44,029,814, 7

SOLAR TERDIURNAL TERM, PARAGRAPH 119
$3cmm. ST .. 45.000, 000,0

Note I—Combines terms Am and A4 23.
Note 2—Combines terms 22 and Bn*

Coeffi-
cient (C)

0.0223
0.0062
0.0012

0 0209
0.0034
0.0019

0.4227
0 0248
0,0035

0.0010
0.0365
0.0009

0.0009

0.0008

0. 0251
0.1151

0 0178
0. 0050
0. 0010

0.0009
0.0007
0 0024

0.0004

Factor-f
formula

(146)
(146)
(146)

(147)
(147)
(148)

unity
unity
unity

unity
unity
unity

unity
unity
unity
unity
unity

unity

unity

(215)
(235)

(149)
(149)
(149)
(149)
(149)
(150)

(150)

unity

Note 3—Combines terms A» and An
Note 4—Combines terms An and Bn.



Symbol

M NS2.
2SMs..

MKi...
2MKj_.
SK3__
SOS---.

M
MSFI—-.
MN:—.
MK t....
S4

HARMONIC ANALYSIS AND PREDICTION

Origin

Mj+Ns—So..
2Ss—M j

Mj+Ki..
2Mj—K
Ss+Ki

Si+O0i. -

2MNe—.
2SMe— .
MSNs—
Se

Mg

3M S«--.
2 (MS)«.
2MSNs-
Ss

4Ss

Argument

Semidiurnal

2T-5s+4h+p
2T+ 2s-ih

Terdiurnal

3T-2s+SA-90°...
3T - is+3/»+90°...
3T+A—90°

321-25+A+90°___

Quarter diurnal

4T-4s+4A
4T-2s5+2A
4T-5s+ih+p____
4T-2s5+4A

4T

Sixth diurnal

6T-6S+6A
6T-4s+4A
6T-7s+6A+i>___
6T-25+2A

6T-5s+4A+
6T

Eighth diurnal

8T-8s+8A
8T-6S+6A
8T-4S+4A
8T-7S+6A+P____
87.

ey

$2£2vovt,
+4£-4HV _

s

OF TIDES

Table 2a.—Shallow-water constituents

Speed Factor-/

degrees per h.

27.423,833,7 P(Mh)

31.015,895,8 (M2

/930 PEEAKG

45.041.068.6
43.943.035.6 /(o1

57.968,208,4 P (M2
58.984,104,2 P (Mi)
57.423,833,7 P (Mj

59.066, 241,5 (M 2))x I(K,)

60.000,000,0 unity

86.952,312, 7P (Mt)
87.968,208,4 P (Mi)
86.407,938,0 P (Ms)
88.984,104,2 § (Mi)
87.423,833,7 P (Ms)
90.000,000,0  unity

115.936,4169 P (Mi)
116.952,312, 7P (Mi)
117.968,208,4 P (M 1)

D %
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o

e w

[N

10
11
12

13
14
15

16
17
18

19
20
21

22
23
24

25
26
27

28
29
30

31
32
33

34
35
36

37
38
39

40
41
£

43
44
45

Y V30

0. 500

500
498
496

.493
.489
.484

478
471
463

455
445
435

424
412
400

386
372
357

341
325
307

290
271
252

232
212
191

169
147
125

102
079
055

031
007
018

043
069
094

. 120
.146
. 172

198
224
250

Y V31
Y B0
Y 12
Y wi2

)

0.000

035
070
105

139
174
208

242
276
309

342
375
407

438
469
500

530
559
588

616
.643
669

695
719
743

.766
.788
809

.829
.848
.866

.883
.899
914

927
940
951

961
970
978

985
990
995

998
999
1.000

Y V32
Y w3

1.000

1.000
0.999
997

995
992
989

985
981
976

970
964
957

949
941
933

924
915
905

.894
.883
872

.860
.847
.835

821
.808
794

780
.765
750

735
719
703

.687
671
.655

.638
.621
.604

587
570
552

535
517
500

1.000

0.999
998
995

990
.985
978

970
961
951

940
927
914

899
.883
866

.848
.829
.809

.788
766
743

719
695
669

643
616
588

559
530
500

469
438
407

375
342
309

276
242
208

. 174
139
. 105

070
.035
000

00AST

Table 3.—Latitude factors

YW Yw2 Yw

)

0.000

017
035
.052

070
087
105

122
139
156

174
. 191
208

225
242
259

276
292
309

326
342
358

375
2391

5

407

423

438

454

409
.485
500

515
530
545

559
574
.588

.602
616
.629

643
656
669

682
695
707

1.000

1.000
0.999
999

998
996
995

993
990
988

985
982
978

974
970
966

961
956
951

946
940
934

927
921
914

906
.899
.891

883
875
866

857
.848
.839

.829
819
809

799
.788
777

766
755
743

731
719
707

*

0.000

010
021
031

041
052
062

071
081
090

099
. 108
. 116

. 124
L 131
138

144
150
156

. 161
. 165
169

172
. 175
A77

178
179
179

178
177
. 175

172
. 169
. 165

161
155
150

143
136
128

120
111
. 102

092
082
071

*In these columns reverse signs for south latitude.
latitude.

Yv«
Y B0

0.200

200
. 199
. 197

195
192
.188

.184
179
173

. 167
. 161
. 153

. 146
. 137
128

.119
. 110
099

.089
078
067

055
.044
.032

019
007
005

018
031
043

. 056
069
081

093
. 106
. 118

. 130
141
. 152

. 163
. 174
. 184

. 194
203
212

Y w2

ves Y8
B
0.000 1.000
017 1.000
035 0.998
052 .996
069 993
086  .989
103 984
120 978
136 971
153 964
.168 955
. 184 .946
.19 936
214 925
228 914
.241 901
255  .888
267 875
280  .860
291 .845
302 .830
312 814
322797
331 780
339 762
347 744
354 726
360 707
366 .688
371 671
375 .650
378 .630
381 .610
383 590
384 570
385 .550
.385 530
384 509
382 .489
380 .469
377 450
374 430
370 410
365 391
359 372
354 354

AND GEODETIC SURVEY

Y Bl

5

0.000

013
026
038

051
063
076

.088
099
LI

122
. 133
143

. 154
. 163
172

181
. 189
197

204
211
217

222
227
231

234
237
239

241
242
. 242

241
210
238

235
232
228

223
218
212

206
199
191

. 183
174
165

0.333

333
332
330

328
324
321

316
311
305

299
291
284

275
267
257

247
237
226

215
203
191

179
. 166
. 153

.140
127
. 113

.100
086
072

058
045
031

071
004
010

023
036
049

061
073
085

096
. 107
118

Y wil

0.200

200
199
. 197

195
192
189

185
181
176

. 170
.164
. 157

149
141
133

124
115
.105

094
.083
072

060
047
035

021
.008
006

020
035
050

065
081
097

. 13
129
. 145

162
. 179
196

213
230
.248

265
283
300

NN Y SN

© o

10
11
12

13
14
15

16
17
18

19
20
21

22
23
24

25
26
27

28
29
30

31
32
33

34
35
36

37
38
39

40
41
42

43
44
45

Other values are applicable to either north or south
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Table 3.—Latitude factors— Continued

Y 3l

YHE) Y VR 1 Y v« Y 182
Y Y V30 >32 Y wi Y f3. Ywl Y, 32 Yw Y B0 Y.« YV« Y.« Y B2 Ywn Y

Y w2
0 0
45 -0.250 1.000 0.500 0.000 0.707 0.707 0.071 -0.212 0.354 0.354 0.165 —0.118 -0.300 45
46 -.276 0.999 .483 -.035 719 .695 059 -.221 347 335 A55 — 128 -.317 46
47 -.302 998  .465 -.070 731 .682 .048 -.228 340 317 145 137 -.335 47
48 -.328 995 448 -.105 .743 .669 035 -.236 .333 300 135 -.146  -.352 48
49 -.354 990 430 -. 139 .755 .656 023 -.242 325 282 24 -155 -.370 49
50 -.380 985 413 -.174 .766 .643 010 -.249 317  .266 d12 -.163 -.387 40
51 -.406 978 396 -.208 .777 .629 -.003 -.254 308 .249 101 -, 170 -.404 51
52 -.431 970 379 -.242 788 616 -.017 -.259 299 233 089 -.177  -421 52
53 -.457 961 362 -.276 .799 .602 -.030 -.263 .289 .218 076 -. 183 -.438 53
54 -.482 951 .345 -.309 .809 .588 -. 044 -. 267 .280 .203 064 -.189 -.455 54

55 -.507 .940 .329 -.342 .819 .574 -.058 -.270 .269 .189 051 -.194  -471 55
56 -.531 927 313 -.375 .829 559 -.072 -.272 259 175 038 -.198 -.487 56
57 -.555 914 297 -.407 .839 545 -.087 -.274 249 .162 025 -.202 -503 57

58 -.579 .899 281 -.438 .848 530 -.101 -.275 238  .149 012 -.204  -519 58
59 -.602 .883 265 -.469 .857 515 -.115 -.275 227 137 -.001 -.207  -.535 59
60 -.625 866 .250 -.500 .866 .500 -.130 -.275 217 .125 -.014 -.208 -.550 60
61 -.647 .848 235 -.530 .875 485 -.144 -.274 206 .114 -.028 -.209 -.565 61
62 -.669 .829 .220 -.559 .883 409 ~-.158 -.272 195 103 -.041 -.210  -.580 62

63 -.691 .809 .206 -.588 .891 454 -.173 -.270 .184 .094 -.054 -.209 -.594 63

64 -.712 788 .192 -.616 .899 438 -.187 -.266 173 .084 -.067 -.208 -.608 64

65 -.732 .766 .179 -.643 .906 423 -.201 -.263 .162 .075 -.080 -.206 -.621 65
66 -.752 .743 .165 -.669 914 407 -214 -. 258 .51 .067 -.092 -.204 -.635 66
67 -.771 719 153 -.695 921 391 -, 228 -.253 .141 .060 -.105 -.201 -.647 67
68 -.790 .695 .140 -.719 927 375 -.241 -.247 130 .053 -.117 -.197 -.660 68
69 -.807 .669 .128 -.743 .934 358 -.254 -.241 200 046 -. 129 -193  -.672 69
70 -.825 643 .117 -. 766 .940 342 -.266 -.234 110 040 -.141 -.188 -.683 70
71 -.841 .616 .106 -.788 .946 .326 -.278 -.226 .100 .035 -.152 -.183 -.694 71
72 -.857 588 .095 -.809 951 .309 -.290 -.218 091  .030 -.163 -177  -.705 72
73 -.872 .559 .085 -.829 956 .292 -.301 -.209 .082 .025 -.173 -.170 -.715 73
74 -.886 .530 .076 -.848 961 .276 -.311 -.200 .073 .021 -, 183 -.163 -. 724 74
75 -.900 .500 .067 -.866 .966 .259 -.322 -. 190 .065 .017 -.193 -.155  -.733 75
76 -.912 469 .059 -.883 970 .242 -.331 -. 179 057 014 -.202 -. 147 -.741 76
77 -.924 438 .051 -.899 974 225 -.340 -.169 .049 .011 -.211 -.139  -.749 77
78 -.935 407 .043 -.914 978 208 -.349 -.159 .042 .009 -.219 -.130 -.757 1718
79 -.945 375 .036 -.927 982 .191 -.357 -. 146 .036 .007 -.226 -.120 -.764 79
80 -.955 .342 .030 -.940 985 .174 -.364 -.134  .030 .005 -.233 -.111 -.770 80
81 -.963 309 .024 -.951 988 156 -.371 -. 121 .024 .004 -.239 -. 100 -.776 81
82 -.971 276 019 -.961 990 139 -.377  -.109 019 .003 -.245 -.090 -.781 82
8 -.978 .242 .015 -970 993 .122 -.382 -.096 .015 .002 -.250 -.079 -.785 83
84 -.984 208 .011 -978 .995 .105 -.387 -.082 .011 .001 -.254 -.069 -.789 84
8 -.989 174 .008 -.985 996 .087 -.391 -.069 .008 .001 -.258 -.057 -.792 85
86 -.963 .139 .005 -.990 .998 .070 -.394 -.055 .005 .000 -.261 -.046 -.795 86

87 -.996 .105 .003 -.995 999 .052 -.397 -.042 .003 .000 -.264 -.035 -.797 87

8 -.998 .070 .001 -.998 999 .035 -.399 -.028 .001 .000 -.265 -.023 -.799 88
8 -1.000 .035 .000 -.999 1.000 .017 -.400 -.014 .000 .000 -.266 -.012 -.800 89
90 -1.000 .000 .000 -1.000 1.000 .000 -.400 000 .000 .000 -.267 000 -.800 90

“In these columns reverse signs for south latitude. Other values are applicable to either north or south
latitude.
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Table 4—Mean longitude of lunar and solar elements at Jan. I, 0 hour,
o eenwich ré:zean ci\!ifl time, of each year from 1800 to 2000

[s=mean longitude of moon; p —mean longitude lunar perigee; h=rnean longitude of sun; pi=mean longitude
solar perigee; N=Ilongitude of moon's node]

Year. S P h Pi N Year. S P h Pi N
0 o o 0 o o o o o o

342.31 225.45 280.41  279.50 33.25 1852— 28.44 181.24 279.82 280.40 107. 55

111.70  266.42 280.17 279.52 13.92 1853— 171.00 222.02 280.57 280.41 88.16

241.08 306.78 279.93 279.54 354.59 1854- 330.38 262.68 280.33 280.43 68. *4

10.47 347.44 279.69 279.55 335.26 Js55__ 69.77 303.34 280.09 280.45 49. 51

139. 85 28.10 27945 279.57 315.93 1856 199.15 344.00 279.85 280.46 30.18

282.41 68.88 280.20 279.59 296. 55 1857___ 341.72 24.78 280.60 280.48 10.80

51.80 109.54 279.96  279. 61 277.23 1858 111. 10 65.44  280.36 280. 50 351. 47

181.18 150.20 279.72 279.62 257.90 1859 240.49 106. 10  280.12  280. 52 332.14

310.57 190.86 279.48 279. 64 238. 57 1860__ 9.87 146.77 279.88 280.53 312.81

93.13  231.64 280.23 279. 66 219.19 1861___  152.43 187.54 280.63 280.55 293.43

222.51  272.30 27999 279.67 199. 86 1862___  281.82 228.20 280.39 280.57 274.10

351.90 31296 279.75 279.69 180. 53 1863 — 51.20 268.87 280.15 280.58 254.78

1812......... 121.28 353.63 279.51 279.71 161.20 1864 180.59 309.53 279.91  280. 60 235.45

1813 263. 84 34.40 280.26 279.73 141.82 1865.- 323.15 350.30 280.66 2S0. 62 216.07

1814 33.23 75.06 280.02 279.74 122.49 1866. . 92.53 30.96 280.42 280. 64 196. 74

1815 162. 61 115.73  279.78 279. 76 103.17 1867___  221.92 71.63  280. 18  280. 65 177.41

292.00 156.39 279.54 279.78 83.84 1868___  351.30 112.29 279.94 280.67 158.08

74.56 197.16 280.29 279.79 64.46 1869 133.86 153.06 280.69 280.69 138.70

203.94 237.82 280.05 279.81 45.13 1870___  263.25 193.73 280.45 280.71 119. 37

1819 333.33 278.49 279.81 279.83 25.80 1871___ 32.63 234.39 280.21 280.72 100.04

102. 71 319.15  279.57 279.85 6.47 1872 162.02 275.05 279.97 280.74 80. 72

245.28 359.92  280.32 279.86 347.09 1873.... 304.58 315.8S3 280.72 280.76 61.34

14. 66 40.59  280.08 279.88 327.76 1874. 73.96 356.49 280.48 280.77 42.01

144.04 81.25 279.84 279.90 308.43 1875___  203.35 37.15 280.24 280.79 22.68

273 43 12191  279.61 279.91 289.11 1876___  332.73 77.81 280.01 280.81 3.35

55.99 162. 69 280.35 279.93 269. 72 1877___ 115.29 118.59 280.75 280.83 343.97

185.38  203.35 280.11 279. 95 250.40 1878___  244.68 159.25 280.51 280.84 324.64

314.76  244.01 279.87  279.97 231.07 1879___ 14.06 199.91 280.27 280.86 305.31

1828 84.15 284.67 279.64 279.98 211.74 1880__  143.45 240.58 280.04 280.88 285.98

1829. _ 226.71 325.45 280.38 280.00 192.36 1881___  286.01 281.35 280.78 280.89 266.60

1830- 356.09 6.11 280.11 280.02 173.03 1882__ 55.39 322.01 280.54 280.91 247.28

1831 125.48 46.77 279.91 280.03 153.70 1883 184.78 2.67 280.31 280.93 227.95

1832 254.86 87.43  279.67 280.05 134.37 18S4___  314.16 43.34 280.07 280.95 208.62

1833 37.42 12821 280.41  280.07 114.99 1885. - 96. 72 84.11 280. 81 280.96 189. 24

1834 166.81 168.87 280.18 280.09 95.66 1886— 226.11 124.77 280.57 280.98 169. 91

1835......... 296.19  209.53 279.94 280.10 76.34 1887— 355.49 165.44  280.34 281.00 150. 58

65.58 250.20 279.70 280.12 57.01 1888___  124.88 206.10 280.10 281.01 131.25

1837 208.14  290.97 280.44 280.14 37.63 1889__  267.44 246.87 280.84 281.03 111.87

1838 337.52  331.63 280.21 280. 16 18.30 1K90 36.82 287.54 280.61 281.05 92. 54

1839 . 106.91 1230 279.97 280.17 358.97 1891 — 166.21  328.20 280.37 281.07 73.22

236.29 52.96 279.73 280.19 339.64 1892 ... 295.59 8.86 280.13 281.08 53.89

18.85 93.73  280.48 280.21 320.26 1893. ... 78.16 49.63 280.87 281.10 34.51

148.24 134.39  280.24 280.22 300.93 1894 - 207.54 90.30 280.64 281.12 15.18

277.62 175.06 280.00 280.24 281.61 1895 — 336.93 130.96 280.40 281.13 355.85

47.01 215.72  279.76  280.26 262.28 1896 — 106.31 171.62  280. 16 281.15 336. 52

189.57 256.49 280.51 280.28 242.90 1897— 248.87 212.40 29091 281.17 317.14

318.95 297.16 280.27 280.29 223.57 1898 18.26 253.06 280.67 281.19 297.81

88.34 337.82 280.03 280.31 204.24 1899 147.64 293.72 280.43 281.20 278.48
1848 217.72 18.48 279.79 280.33 184.91
1849 0.28 59.26 280.54 280.34 165. 53
1850 129.67 99.92 280.30 280.36 146.20
1851 259.05 140.58 280.06  280. 38 126. 87
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Table 4.—Mean longitude of lunar and solar elements at Jan. 1, 0 hour,
Greenwich mean civil time, of each year from 1800 to 2000— C ontinued

Year S P h Pi N Year S P h Pi N
0

1900 277.03 334.38 280.19 281.22 259.16 1952.... 323.15 290.16 279 60 282. 12 333.45
1901 46.41 15.05  279.95 281.24 239.83 1953.... 105.72 330.94 280.35 282.13 314.07
1902 175.80 5§5.71  279.71  281.26 220.50 1954;... 235.10 11.60 280.11 282.15 294.75
190 3___ 305.18 96.37 279.47 281.27 201.17 1955 4.49 52.26 279.87 282.17 275.42
1901 74.57 137.03 279.23 281.29 181.84 195 6__  133.87 92.92 279.63 282.18 256.09
1905 217.13 177.81 279.98 281.31 162.46 195 7__ 276.43 133.70 280.38 282.20 236.71
1906 346.51 218.47 279.74 281.32 143.13  1958.... 4582 174.36 280.14 282.22 217.38
190 7__ 115.90 259.13 279.50 281.34 123. 81 1959.... 175.20 215.02 279.90 282.24 198.05
1908 245.28 299.79 279.27 281.36 104.48 304.59 255.69 279.67 282.25 178. 72
1909 27.84 340.57 280.01 281.38 85.10 87.15 296.46 280.41  282.27 159.34
1910 157 23 21.23  279.77 281.39 65.77 216.53 337.12 280.17 282.29 140. 01
191 1___ 286. 61 61.89 279.53 281.41 46.44 345.92 17.78 279.93  282.30 120. 69
1912 56.00 102.55 279.30 281.43 27.11 115. 30 58.45 279.70 282.32 101.36
1913 198.56 143.33 280.04 281.44 7.73 257.86 99.22 280.44 282.34 81.98
1914 327.94 183.99 279.80 281.46 348.40 27.25 139.88 280.20 282.36 62.65
191 5_ 97.33 224.65 279.57 281.48 329.07 156.63  180.54 279.97 282.37 43.32
1916 226.71  265.32  279.33 281.50 309.75 286.02 221.21 279.73 282.39 23.99
1917 9.27 306.09 280.07 281.51 290. 36 68.58 261.98 280.47 282.41 4.61
1918 138.66  340.75 279.84 2S1.53 271. 04 197.96 302.64 280.24 282.42 345.28
191 9_ 268.04 27.41  279.60 281.55 251.71 327.35 343.31 280.00 282.44 325.95
1920 37.43 68.08 279.36 281.56 232.38 96.73 23.97 279.76 282.46 306.63
1921 179.99 108.85 280.10 281.58 213. 00 239.29 64.74  280.50 282.48 287.24
1922 309.37 149.51 279.87 281.60 193.67 8.68 105.40 280.27 282.49 267.92
192 3__ 78.76 190.18 279.63 281.62 174.34 138.06 146.07 280.03 282.51 248.59
1924 208.14  230.84 279.39 281.63 155. 01 1976— 267.45 186. 73 279.79 282.53 229.26
1925 350.71 271.61 230.14  281. 65 135.63 . 50.01 227.50 280.54 282.54 209.88
1926 120.09 312.27 279.90 281.67 116.31 ... 179.40 268.17 280.30 282.56 190. 55
192 7___ 249.47 35294 279.66 281.69 96.98 1979____  308.78 308.83 280.06 282.58 171.22
1928 18.86 33.60 279.42 281.70 77.65 198 0__  78.16 349.49 279.82 282.60 151.89
1929 161.42 74.37 280.17 281.72 58.27 198 1__ 220.73 30.26 280.57 282.61 132.51
1930 290.81  115.03 279.93 281.74 38.94 198 2 350.11 70.93  280.33 282.63 113.19
193 1__ 60.19 155.70 279.69 281.75 19.61 1983__ 119.50 111.59 280.09 282.65 93.86
1932 189.58 196.36 279.45 281.77 0.28 198 4__  248.88 152.25 279.85 282.67 74.53
1933 332.14  237.13  280.20 281.79 340.90 198 5 31.44 193.02 280.60 282.68 55.15
1934 101.52 277.80 279.96 281.81 321.57 198 6__  160.83 233.69 280.36 282.70 35.82
193 5___ 23091 318.46 279.72 281.82 302.25 198 7__  290.21 274.35 280.12 282.72 16.49
1936 0.29 359.12 279.48 281.84 282.92 198 8__ 59.60 315.01 279.88 282.73 357.16
1937 142.85 39.89 280.23 281.86 263.54 1989—  202.16 355.79 280.63 282.75 337.78
1938 272. 24 80.56 279.99 281.87 244.21  1990—  331.54 36.45 280.39 282.77 31S.45
193 9__ 41.62 121.22  279.75 281.89 224.88 1991 — 100.93 77.11 280.15 282.79 299.13
1940 171.01  161.88 279.51 281.91 205.55  1992— 23031 117.77 279.91 282.80 279.80
1941 313.57 202.65 280.26 281.93 186.17 1993 — 12.87 158.55 280.66 282.82 260.42
1942 82.95 243.32 280.02 281.94 166.84 199 4_ 142.26 199.21 280.42 282.84 241.09
194 3__ 212.34  283.98 279.78 281.96 147.51 199 5 271.64 239.87 280.18 282.85 221.76
1944 341.72 324.64 279.54 281.98 128.19 199 6__  41.03 280.53 279.94 282.87 202.43
1945 124. 28 5.42 280.29 281.99 108.80 199 7__  193.59 321.31 280.69 282.89 183.05
1946 253.67 46.08 230.05 282.01 89.48 1998 —  312.97 1.97 280.45 28291 163.72
194 7___ 23. 05 86.74  279.81 282.03 70.15 199 9__  82.36 42.63 280.21 282.92 144.39
1948 152.44 127.40 279.57 282.05 50.82 2000___  211.74 83.29 279.97 282.94 125.07
1949 295.00 168.18  280.32 282.06 31.44

1950 64.38 208.04 280.08 282.08 12.11

1951 193.77 249.50 279.84 282.10 352. 78
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Table s.—Differences to_adapt table 4 to any month, day, and hour of
Greenwich mean civil time

DIFFERENCES TO FIRST OF EACH CALENDAR MONTH OF COMMON YEARS *

Month s P h Pi N Montb s P h Pi N

Q 0 o (o] o o o o (o] [ 0
Jan. 1 0.00 0.00 0.00 0.00 0.00 July 1 22493 20.16  178.40 0.01 -9.58
Feb. 1 48.47 3.45 30. 56 0.00 -1.64 Aug. 1 273.40 23.62 208.96 0.01 -11.23
Mar. 1 57.41 6.67 58.15 0.00 -3.12 Sept. 1 321.86 27.07 239.51 0.01 -12.87
Apr. 1 105.88 10.03 88. 71 0.00 -4.77 Oct. 1 357.16 30.41 269.08 001 -14.46
May 1 14117 13.37 118.28 0.01 -6.35 Nov. 1 45. 62 33.87 299.64 0.01 -16.10
June 1 189.64 16.82 148.83 0.01 -8.00 Dec. 1 80.92 37.21  329.21 0.02 -17.69

DIFFERENCES TO BEGINNING OF EACH DAY OF MONTH FOR COMMON YEARS «

Day S P h Pi N Day S P h Pi N

0 o o 0 0 0 o 0 o 0
) B 0.00 0.00 0.00 0.00 0.00 | Ly S 210.82 1.78 15.77 0.00 -0.85
2.. 13.18 0.11 0.99 0.00 -0.05 18 224.00 1.89 16.76 0.00 -0.90
3 26.35 0.22 1.97 0.00 -0.11 ) 237.18 2.01 17.74 0.00 -0.95
4 39.53 0.33 2. 96 0.00 -0.16 250.35 2.12 18.73 0.00 -1.01
5 .. 52.71 0.45 3.94 0.00 -0.21 263.53 2.23 19.71 0.00 -1.06
6. 65.88 0.56 4.93 0.00 -0.26 276.70 2.34 20.70 0.00 -1.11
7.. __  79.06 0.67 591 0.00 -0.32 289.88 2.45 21.68 0.00 -1.16
8 92.23 0.78 6.90 0.00 -0.37 303.06 2.56 22. 67 0.00 —1.22
9 -- 10541 0.89 7.89 0.00 -0.42 316.23 2.67 23.66 0.00 -1.27
10 118. 59 1.00 8.87 0.00 -0.48 329.41 2.79 24.64 0.00 —1.32
11 131.76 1.11 9.86 0.00 -0.53 342.59 2.90 25. 63 0.00 —1.38
12 144.94 1.23 10.84 0.00 -0.58 355.76 3.01 26.61 0.00 -1.43
158. 12 1.34 11.83 0.00 -0.64 8.94 3.12 27.60 0.00 -1.48
171.29 1.45 12.81 0.00 -0.69 22.12 3.23 28. 58 0.00 -1.54
184.47 1.56 13.80 0.00 -0.74 35.29 3.34 29.57 0.00 —1.59
197.65 1.67 14.78 0.00 -0.79 48.47 3.45 30.56 0.00 -1.64

DIFFERENCES TO BEGINNING OF EACH HOUR OF DAY, GREENWICH CIVIL TIME

Hour N P h Pi N Hour S P h Pi N
0 0 0 0 0 o 0 o 0
0.00 0.00 0.00 0.00 6.59 0.06 0.49 0.00 —0.03
0.55 0.00 0.04 0.00 7.14 0.06 0.53 0.00 —0.03
1.10 0.01 0.08 0.00 7.69 0.06 0.57 0.00 -0.03
1.65 0.01 0.12 0.00 -0.01 15 8.24 0.07 0.62 0.00 -0.03
2.20 0.02 0.16 0.00 -0.01 16, 8.78 0.07 0. 66 0.00 —0. 04
2.75 0.02 0.21 0.00 -0.01 ) . 9.33 0.08 0.70 0.00 -0.04
3.29 0.03 0.25 0.00 -0.01 9.88 0.08 0.74 0.00 -0.04
3.84 0.03 0.29 0.00 -0.02 10.43 0.09 0.78 0.00 —0.04
4.39 0.04 0.33 0.00 -0.02 10. 98 0.09 0.82 0.00 —0.04
4.94 0.04 0.37 0.00 -0.02 11.53 0.10 0.86 0.00 -0.05
5.49 0.05 0.41 0.00 -0.02 12.08 0.10 0.90 0.00 -0.05
6.04 0.05 0.45 0.00 -0.02 23 12.63 0.11 0.94 0.00 -0.05

1The table may also be used directly for dates between Jan. 1 and Feb. 29, inclusive, of leap years; but
if the required date falls between Mar. 1 and Dec. 31, inclusive, of a leap year, the day of month should be
increased by one before entering the table.
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wValues of 1, v,

Positive
always

LWL AP PR AR H—  N——m O OO Oi

ENIAN

NN

m s s ns

o

v, and 2v" for each deg

OF

Positive when N is between 0 and 180°; negativ
between 180 and 360°

19

19
18
19

19
18
19

19
18
19
18
19
18
19
19
18
18
18
18
18
18
18
18
18
17
18
17
18
17
17
17
17
17
16
17
16
16
16
16

16
15

O

.

17
17
16

17
17
17

17
16
17

17
17
16

17
16
17

16
17
16

17
16
16

16
16
16

16
16
16

16
16
16

15
16
15

15
15
15

15
15
15

15
14
15

14
14

mf

13

14
13
14

13
13
14

13
13
14

13
13
13

13
13
13

13
13
13

13
13
13

13
12
13

12
13
12

13
12
12

12
12
12

12
12
12

1
12
11

11
11
11

1
1

360

359
358
357

356
355
354

353
352
351

350
349
348

347
346
345

344

342

332

330

329
328
327

326
325
324

323
322
321

320
319
318

317
316
315
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Table 6.—Values of I, v, =, v+, and 2.~ for each degree of N—Continued

85
86
87

88

90

Positive
always

27.32

27.27
27.21
27.15

27.09
27.03
26.97

26.91
26.85
26.78

26. 72
26. 65
26. 59

26. 52
26.45
26.38

26.31
26.24
26. 17

26.10
26.03
25.95

25.88
26.80
25.72

25. 65
25.57
25.49

25.41
25.33
25.25

25.17
25. 09
25.01

24.92
24.84
24.76

24.67
24.59
24.50

24. 42
24.33
24.24

24.16
24.07
23.98

Biff.

Positive when N is between 0 and 180° negative when N is

9.40
9. 54
9.67

9.81
9.94
10.07

10.19
10. 32
10.44

10. 56
10. 68
10. 79

10.90
11.01
11.12

11.23
11.33
11.43

11.53
11.63
11.72

11.81
11.89
11.98

12.06
12.14
12.21

12.28
12.35
12.42

12.48
12.54
12. 60

12.65
12.70
12. 75

Biff.

15
15
15
14
14
14
14
14
14
14
13
12
13
12
12
12
11
11
11
1
10

10

n

between 180 and 360°

Biff.

14
14
13

14
13
14

13
12
13
12
13
12
12
1
12
11
1
11
11
10

10
10

oo veosS

% % ®

o

n
e
<@

PR

Biff.

10
1
10
10
10
10

10

WhE NAEAN NSO AR AN UU® X HBRXLS XS Lo

BN W

21"

11.82

12.04
12.26
12.47

12.68
12.88
13. 08

13.28
13.48
13.67

13.86
14.05
14.23

14.40
14.58
14.75

14.92
15.08
15.21

15.39
15. 54
15. 69

15.83
15.96
16.10

16. 23
16.35
16. 47

16. 58
16. @
16.80

16.90
17. 00
17. 09

17.17
17. 25
17.33

17. 40
17.46
17. 52

17. 58
17. 63
17. 67

17.71
17.74
17. 77

Biff.
22
22
21
21
20
20
20

19
19
18
17
18
17
17
16
16
15
15
15
14
13
13
12
11
11

11
10

® e o

315

314
313
312

311
310
309

308
307
306

305
304
303

302
301
300

299
298
297

296
295
294

293
292
291

290
289
288

287
286
285

284
283
282

281
280
279

278
277
276

275
274
273

272
271
270
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Table 6.— Values of I, v, £, v, and 2v" for each degree of N—Continued

Positive when N is between 0 and 180°; negative when N isbetween

"‘l’s_“ive 180 and 360°
N always N
1 ¥ i v' 2v”

° w - Biff. 0 mff. mff. mff.
90.. 23.98 0 12.75 4 11. 68 . 8.79 ;5 17.77 5,
23.89 ) 12.79 s .72 s 8.81 5 17.79 , 26
23.80 . 12.83 4 11. 76 : 8.83 3 17.81 T 268
9 23.72 8 12.87 4 11. 80 N 8. 85 : 17.82 1 e
94 23.03 0 12.90 N 11.83 N 8.86 . 17.83 0 266
95 2354 ; 12.93 3 11.86 3 8.87 ! 17. 83 " 265
96 23.45 12.95 11.89 8. 88 17. 82 264

S 9 2 3 1 1
97 2336 ) 12.97 s 11.92 ) 8.89 . 17.81 , 26
98 23.27 ; 12.99 2 11.94 : 8.90 K 17.79 2 e
99. 23.18 13.01 11.95 8. 90 17.77 261

_ 9 1 1 1 3
100 23.09 ) 13.02 ) 11.96 . 8 89 ) 17.74 ;260
101 23.00 . 13.02 ’ 11.97 b 8. 89 / 17.71 3 as
102 22,91 . 13.02 0 11. 98 . 8.88 ! 17. 67 d s
103 2.8 0 13.02 . 11.98 0 8.87 . 17. 62 s 27
104 22.73 13.01 . 11.98 / 8. 86 ) 17.57 > s
105 22. 64 13.00 11.97 8 84 17.51 255

S 9 1 1 2 6
106 22.55 N 12.99 5 11.96 . 8.82 R 17.45 , 25
107 22.46 ; 12,97 2 11. 95 : 8.80 2 17.38 T
108 .. _ 22.37 . 12.95 2 11.93 i 8.78 ? 17.30 8§ =
109 22.28 . 12.92 N 11.91 ) 8.75 N 17.22 s 251
110 22.20 8 12.89 3 11.89 : 8.72 H 17.14 )
111 22.11 ; 12.85 3 11.86 3 8. 69 3 1705 0 20
12 . 22.02 ) 12.81 4 11.83 4 8.65 . 1695 | s
113, 21.93 5 12,77 : .79 i 8.61 4 1684 M oy
114. 21.84 . 12. 72 H 11.75 : 8.57 : 673 1
115 21.75 . 12.67 p 11.70 s 8.52 . 1662 245
116 21.67 s 12.61 s 11.65 : 8.48 : 1650 120 44
117 21.58 . 12.55 § 11.60 : 8.43 : 1637 D 24
18 21.50 0 12.48 ; 1154 . 8.37 p 1624 242
119 21.41 . 12.41 : 11.48 s 831 s 1610 14 24
120 21.32 ; 12.33 8 11.41 7 8.25 s 1596 |F 240
121 21.24 0 12.25 s 11.34 s 8.19 . 1581 o 239
122 21.15 K 12.17 s 11.26 M 8.13 S 1566 1% a3
123 21.07 s 1208 2 11.18 H 8.06 ] 155 10 oy
124 20. 99 11.98 11.10 7.99 15.33 236
20.91 8 18 10 11.01 ’ 7.91 g 1516 17 235
126 20.82 H s ) w2 7.83 5 VI (A £
127 20.74 11.67 10.82 7.75 14.81 233
128 20.66 s 1ss 2 wrn 0 7.67 s ez 19 93
129 20. 58 s a1 10.01 u 7.58 ; 43 1 3
130 20.51 1131 10.50 7.49 1423 230
130 . .. 2043 p nis 13 103 12 740 0 1403 20 o
132 20.35 8 oes B w2 12 730 1 1383 N s
20.28 10.91 10.13 7.20 13.62 227
2020 8 .77 M 10.00 13 710 10 1340 2 2%

20.13 1062 15 987 13 700 10 13as 2 s
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Table 6.— Values of I, v, V', and 2v" for each degree of N—Continued

Positive when N is between 0 and 180° negative when N is

Positive between 180 and 360°
always
N
I B i v' "
0 0 m o -0 , Diff. 0 Diff. o Diff. o Diff.
135 20.13 5 10.6 s 9.87 . 700, IERTIE
56 20.05 10.47 9.73 6.89 12.96
37— 1998 I 1031 18 959 1 678 1) 2 B
138 19.91 ! 01s {8 9as 12 666 17 FRTI
19.84 9.98 9.29 6.55 12.25
19.77 : 9.81 " 9o.13 18 643 12 12.01 §g
19.71 ¢ 963 1} 897 1S L TR s 2
"2 19.64 9.45 8.80 6.18 1151
Wi 1958 § 9.7 18 8.63 |7 606 12 IELI
144 ... 19. 51 6 9.08 15 8. 46 18 5.93 3 11.00 2%
s 19.45 8.89 8.28 5.80 10.74
Yo 1939 § s.e0 2 g0 18 566 14 .48 2
147 19. 33 § .40 2 791 1o 552 14 w2
s 19.27 8. 28 7.72 5.38 9.94
° 19.22 sor 4 12 2 524 966 28
19.16 785 22 T2 5 EXTI o8 B
19.11 . 7.63 7. 12 4.95 9.10
19. 05 § 741 2 601 1 ago 13 881 2
19.00 : 718 2 670 Il 465 12 852 2
15 4 18.95 6.95 6.49 4.50 8.23
5 5 1891 : e 3 627 2 434 18 794 B
156, i 1886 3 648 31 6.0s 32 a9 B 764 30
18. 82 6.24 5.82 4.03 7.34
18.78 4 599 23 sso 2 ag7 18 704 3
18.74 i 514 2 536 N a7 IRZIN
160 18.70 5.49 5.13 3.54 6.43
161 18. 66 . 524 2 as0 M E A g2 3
162 18.62 N 498 26 a6 2 w0 )7 581 3
1S. 59 4.n 4.41 3.03 550 o
18. 56 4.46 4. 16 2.86 5.19
27 25 17 32
18. 53 a7 301 B 269 17 487 u
166 18. 50 3.92 3.66 2.52 4.55
167 18. 47 ; 3.65 ;; 3.41 ;g 2.34 }3 423 §§
168 18.45 2 a2 316 2 ERE A 31 2
169 18. 43 3.10 2.90 1.99 359 5,
18.41 283 2,64 1.81 327 3
- 2 28 26 18 V)
18. 39 2 255 28 238 28 IR . b
17 2 L8 2.27 2.12 1.45 2.62
18. 36 R 199 28 186 28 127 13 229 B
18. 34 2 B 160 30 oo B 197
18. 33 1.42 1.33 0.91 164 o
18.32 . 114 28 o7 3¢ 0.73 13 131 3
18. 32 ' 08 2 080 37 0ss 099 3
178 18.31 0.57 0.54 7 0.66 4
179 18.31 . 029 28 0.27 2 018 1% 0.3 3
180. 1831 0.00 0.00 0.00 0.00

225

224
223
222

221
220
219

218
217
216

215
214
213

212
211
210

209
208
207

206
205
204

203
202
201

200
199
198

197
196
195

194
193
192

191
190
189

188
187
186

185
184
183

182
181
180
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Table 8— Values of R faor argument o constituent 12

are positive

when P is in first a third quadrants, negative when P & in second a fourth quadrants]
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2
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27
28
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31
33
34
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36
37
39
40
M
42
43

44
45

HARMONIC ANALYSIS AND PREDICTION

8

181
182
183

184
185
186

187
188
189

190
191
192

193
194
195

196
197
198

199
200
201

202
203
204

205
206
207

208
209
210

211
212
213

214
215
216

217
218
219

220
221
222

223
224
225

OF TIDES

Table 9.—Log Qa for amplitude of constituent Mi

Log Qa

9. 7133
9.7135
9.7137

9.7141
9.7145
9.7151

9.7158
9. 7165
9.7174

9. 7184
9. 7194
9.7206

9.7219
9.7232
9. 7247

9. 7263
9. 7280
9.7298

9.7317
9. 7337
9. 7358

9. 7380
9. 7403
9. 7427

9.7452
9.7479
9. 7506

9. 7534
9.7564
9. 7595

9. 7626
9. 7659
9. 7693

9. 7728
9. 7764
9. 7801

9.7839
9.7878
9. 7918

9.7960
9.8002
9.8045

9.8090
9.8136
9.8182

Din.

(=]

Ny AN

180

179
178
177

176
175
174

173
172
171

170
169
168

167
166
165

164
163
162

161
160
159

158
157
156

155
154
153

152
151
150

149
148
147

146
145
144

143
142
141

140
139
138

137
136
135

360

359
358
357

356
355
354

353
352
351

350
349
348

347
346
345

344
343
342

341
340
339

338
337
336
335
334
333

332
331
330

329
328
327

326
325
324

323
322
321

320
319
318

317
316
315

82
84
85
86
87
88

92

P

225

226
227
228

229

231

235

237

238
239
240

241
242
243

244
245
246

247
248
249

250
251
252

253
254
255

256
257
258

259
260
261

262
263
264

265
266
267

268
269
270

Log O»

9. 8182

9.8229
9.8278
9. 8328

9. 8379
9.8430
9.8482

9.8536
9.8590
9. 8645

9.8701
9. 8757
9.8814

9. 8872
9.8931
9.8990

9.9049
9.9109
9.9169

9.9229
9.9289
9.9349

9.9408
9.9468
9. 9527

9. 9585
9.9642
9. 9698

9.9753
9.9807
9.9859

9.9909
9.9957
0.0002

0.0045
0.0085
0.0122

0.0156
0.0186
0.0213

0.0236
0.0255
0.0271

0.0282
0.0288
0. 0290

Diff.

47
49

ou
51

54
00
56
56
57
58
59

59

=0
43

40
37
34
30
23
19

16
1

oo

131
130
129

128
127
126

125
124
123

122
121
120

119
118
117

116
115
114

113
112
111

110
109
108

107
106
105
104
103
102
101
100
99
98
96
95
93
92

91
9

305

303

302
301
300

299
298
297

296
295
294

293
292
291

290
289
288

287
286
285

284
283
282

281
280
279
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275
274
273

272
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270
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Table 10.—Values of Qfor argument of constituent Mi

o Diff. Diff. Diff.
) 0 0 o
(0) 0.5 45 25.8 0.8 90 90.0 1 135 1542
1 os 46 26.6 91 92.1 136 155.0
2 1.0 05 47 27.4 o8 92 94.1 2.0 137 1558
3 15 os 48 28.2 o 93 96.2 70 138 1565
4 1.9 49 29. 1 94 98.2 139 1572
5 2.4 0s 50 29.9 g'g 95 100.3 g(') 140 1579
6 2.9 o2 51 30.8 pird 9% 1023 > 141 1586
7 3.4 52 317 97 1043 142 1593
8 3.9 53 53 327 &'g 9  106.2 e 143 160.0
9 44 o3 54 33.6 0 9 1082 2.0 144 1607
10 0.5 55 34.6 Lo 100 110.1 - 145 1613
1 5.4 05 56 35.6 e 01 1119 h 146 162.0
12 5.9 o 57 36.6 1 102 1138 b 147 1626
13 6.4 05 58 37.7 11 103 1155 " 148 163.2
14 6.9 o 59 38.8 1 104 1173 3 1499 1638
15 7.4 s 60 39.9 3 105 119.0 by 150 1644
16 7.9 0.5 61 411 12 106 1207 > 151 165.0
17 8.4 0 62 42.3 13 107 1223 16 152 165.6
18 8.9 0 03 4335 12 108 1239 1§ 153 1662
19 0.6 64 44.7 - 109 1255 s 154 1667
20 100 2.6 65 46.0 3 1o 127.0 e 155 167.3
21 105 0 66 473 o m 1255 s 156 1679
2 110 0.6 67 487 4 12 1299 » 157 168.4
23 o 68 50. 1 i 13 1313 " 158 169.0
24 0.8 69 51.5 o 1 1327 b 159 169.5
3 127 0.6 70 53.0 15 1340 i 160 170.0
%6 133 i 7 545 - 16 1353 3 161 1706
27 138 P 7 56. 1 . 17 135 12 162 1711
28 144 0.6 7 577 16 us  137.7 1635 171.6
29 150 e 74 593 3 19 1389 164 1721
0 156 os 75 61.0 17 120 1401 ]]_21 165 172.6
31 162 76 62.7 21 1412 166 173.1
2 168 o-6 7 64.5 11'§ 122 1423 1111 167 173.6
3 174 oe 78 66.2 e 123 1434 oo 168 174.1
4 18.0 79 68.1 124 1444 169 1746
35 187 0z 80 69.9 18 125 1454 11(()) 0 175.1
36 193 o 81 71.8 i& 126 1464 &g M 1756
37 200 o 82 73.8 127 1473 o 1 1761
3 207 57 s3 75.7 128 148.3 . 173 176.6
9 214 57 84 777 129 1492 o 174 1771
40 22.1 0.7 85 79.7 2.1 130 150. 1 0.8 175 177.6
4 224 57 86 81.8 > Bl 1509 58 176 178.1
2 235 o 87 83.8 2.0 132 1518 e 177 1785
83 42 8s 85.9 133 1526 178 179.0
44 250 o8 89 87.9 20 134 1534 98 179 1795

45 25.8 | 90 90.0 ! 135 154.2 180 180.0
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Table 10.—Values of Q for argument of constituent Mj—Continued

» 0 DiO. P Q Diff. P Q i, 0 D iii.
o o 0 o o o o o

IS0 180.0 0.5 25 2058 0.8 270 2700 1 315 3342 0.8
1S1 180.5 226 206.6 w2724 316 335.0

182 181.0 g‘g 227 2074 58 2712 2741 2 317 3358 58
183 1815 03 228 2082 68 273 2762 b 318 3365 57
184 1819 229 200.1 274 2782 319 3372

185 182.4 b3 230 209.9 o8 275 2803 2 320 3379 57
186 1829 03 31 2108 o 276 2823 2.0 321 3386 o
187 183.4 232 2117 277 2843 322 3393

188 183.9 o 83 2127 . 278 286.2 ;‘z 323 3400 o
189 184.4 02 234 2136 "o 279 28822 20 324 3407 oe
19  184.9 o 235 2146 o 260 290.1 8 325 3413 o
191 1854 o5 236 2156 b 281 291.9 s 326 342.0 0e
192 185.9 02 237 2166 10 282 2938 I 327 3426 0:6
193 186.4 o 88 2177 - 283 2955 s 328 3432 0.6
194 1869 03 239 2188 b 284 2973 18 329 3438 e
195  187.4 o 240 219.9 b 285 299.0 b 330 3444 oe
19  187.9 0.5 41 2211 12 256 300.7 e 331 345.0 0.6
197 188.4 o 242 2223 12 287 3023 16 32 345.6 g
198 188.9 0e 43 2235 12 288 303.9 16 33 3462 oe
199 189.4 0.6 244 2247 i 289 305.5 s 334 3467 0.6
200 190.0 o8 245 2260 3 200 307.0 18 35 3473 e
201 1905 53 246 2273 3 291 3085 s 336 347.9 o:s
202 191.0 0.6 47 2287 4 202 309.9 4 337 348.4 0.6
203 191.6 58 248 2301 14 293 3113 - 338 349.0 s
204 1921 53 249 2315 i 204 3127 b 339 349.5 o
205 1927 250 233.0 295 314.0 340 350.0

206 1933 g'g 251 2345 e 296 3153 13 341 3506 58
207 193.8 o 232 23601 6 297 3165 1 342 35101 os
208 194.4 .6 253 2377 e 298 317.7 12 343 3516 0
209 195.0 o 254 2393 ;e 299 318.9 12 344 3521 53
210 195.6 5-6 255 241.0 hy 300 3201 b 345 3526 o
A1 1962 256 242.7 301 3212 346 353.1

212 196.8 o6 257 2445 :’7‘ 302 3223 " 347 353.6 53
23 1974 56 258 2462 o 303 3234 o 34 354.1 83
214 198.0 o 250 248.1 s 304 3244 o 349 354.6 0.5
215 198.7 o7 260 249.9 8 305 325.4 e 350 3551 83
216 199.3 o 261 2518 - 306 3264 . 351 355.6 s
217 200.0 o 262 253.8 o 307 3273 o 352 356.1 0.5
218 200.7 S 263 2557 e 308 3283 o 353 356.6 s
219 201.4 57 264 2577 b 309 3292 o 354 3571 o
20 2021 265 2597 310 330.1 355 357.6

21 202.8 57 266 261.8 2('. 311 3309 g'g 356 358.1 03
22 2035 o 267 263.8 24 312 3318 0-e 357 3585 o
23 2042 268 265.9 33 3326 358 359.0

24 205.0 g‘g 269 267.9 20 314 3334 o8 359 359.5 g;

225 205.8 270 270.0 315 334.2 : 360 360.0
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Table 11.— Values of u for equilibrium arguments

[Use sign at head of column when N is between 0 and 180° reverse sign when N is between 180 and 360°)

M2, N2 0i, Qi

N Ji Ki K2 2N,MS M3 MjMK Me M8 2 (e]0) MK 2MK Mf N
X, n, v 2Q, p

0 ° 0 0 0 0 - ° ° 0 0 - « ° 0

+
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 360

. . 0.28 0.04 0.05 0.0s 0.11 0.15 0.15 0.53 0.17 0.06 0.34 359
2 0.38 0.27 0.57 0.08 0.11 0.15 0.23 0.30 0.30 1.05 0.34 0.12 0.67 358
. . 0.85 4 1

—
o
—-
°
o
-
w

3 0.56 0.40 0.11  0.17 0.23 0.3 0.45 0.45 1.57 0.52 0.17 01 357
4 0.75 0.54 1. 14 0.15 0.23 0.30 0.45 0.60 0.60 2.10 0. 69 0.23 1.35 356
5 0.94 0.67 1.42 0.19 0.28 0.38 0.56 0.75 0.75 2. 62 0.86 0.29 1.68 355
6 1.12 0.80 1.70 .23 0.34 0.45 0.68 0.90 0.90 3.14 1.03 0.35 2.02 354
7 1.31  0.94 1.99 0.26 0.40 0.53  0.79 1.05 1.05 3.67 1.20 0.41 2.36 353
8 1.50 1.07 2.27 0.30 0.45 0.60 0.90 1.20 1.20 4.19 1.37 0. 47 2.69 352
9 1.68 1.20 2.55 0.34 0.51 0.68 1.01 1.35 1.35 4.71 1.51 0.53 3.03 351

i0 1.87 1.34 2.83 0.37 0.56 0.75 1.12 . . . 0.59 3.36 350
li 2.05 1.47 3.11 0.41  0.62 0.82 1.24 1.64 1.64 5.75 1.88 0. 64 3.70 349
12 224 1.60 3.39 0.45 0.67 090 1.34 B . 0.70 4.03 348

13 242 1.73 3. 67 0.48 0.73 0.97 1.45 1.94 1.94 6.79 2.21 0.76 4.36 347
14 2.61 1.86 3.95 0.52 0.78 1.04 1.56 2.09 2.09 7.31 2.38 0. 82 4.70 346
15 2.79 199 4.23 0.56 0.84 112 1.67 2.23 2.23 7.82 2.55 0.88 5.03 345
16 2.98  2.12 4.51 0.60 0.89 1.19  1.79 2.38 2.38 8.34 2.72 0.93 5.36 344
17 3.16 2.25 4.78 0.63 0.95 1.26 190 2.53 2.53 8.85 2.89 0.99 5.69 343
IS 3.34 238 5.06 0.67 1.00 1.34  2.00 2.67 2.68 9. 36 3.05 1.05 6.02 342
19 3.52 251 5.33 0.70 1.06 1.41 2.1 281 2.82 9.87 3.22 1.11 6.35 341
20 3.71  2.64 5.60 0.74 1.11 1.48 2.21 295 2.97 10.38 3.38 1.17 6.67 340
21 3.89 277 5.87 0.77 1.16 1.55 232 3.09 3.11 10.89 3.54 1.23 7.00 339
22 4.07  2.90 6.1 0.81 1.21 1.62 2.42 3.23 3.26 11.39 3.7 1.28 7.33 338
23 4.25 3.03 6. 41 0.84 1.26 1.69 2.53 3.37 3.40 11.89 3.87 1.34 7.65 337
24 4.42 315 6. 68 0.88 1.31 1.75 2.63 3.51 3.55 12.39 4.03 1.40 7.97 336
25 4.60 3.28 6.94 0.91 1.37 1.82 2.73 3.64 3.69 12.89 4.19 1.46 8.29 335
26 4.78 3.40 7.21 0.94 1.42 1.89 2.8 3.78 3.83  13.39 4.35 1.52 8.61 334
27 496 3.53 7.47 0.98 1.47 1.96 2.94 3.92 3.98 13.89 4.51 1.57 8.93 333
28 5.13  3.65 7.73 1.01  1.52 2.02 3.04 4.05 4.12  14.38 4.67 1.63 9.25 332
29 5.30 3.78 7.99 1.04 1.57 2.09 3.13 4.8 4.26 14.87 4.82 1.69 9.57 331
30 5.48 3.90 8.24 1.08  1.62 2.16 3.23 431 4.40 15.36 4.98 1.75 9.88 330

31 5.65 4.02 8.50 1.11  1.67 2.22 3.33 4.45 4.54 15.84 5.13 1.80 10.19 329
32 5.82 4.14 8.75 1.14 172 2.29 343 4.58 4.68 16.32 5.29 1.86 10.50 328
33 5.99 4.26 9.00 1.17  1.76 235 3.52 4.70 4.82  16.80 5. 44 1.92 10.81 327
34 6.16 4.38 9.25 1.20 181 2.41 3.61 4.82 4.96 17.28 5.59 1.97 1112 326
35 6.33  4.50 9. 50 1.24 1.85 2.47 3771 494 5.10 17.76 5.74 2,03 1143 325
36 6.50 4.62 9.74 1.27  1.90 2.53 3.80 5.06 5.23  18.23 5.89 2.09 11.73 324
37 6.66 4.74 9.98 1.30  1.94 2.59 3.89 518 5.37 18.69 6.03 2.15 12.03 323
38 6.83 4.S5 10.22 1.33 199 2.65 3.98 530 5.50 19.16 6. 1S 220 12.33 322
39 6.99 497 10.46 1.36 2.03 2.71 4.07 542 5.64 19.62 6.32 2.26  12.63 321
40 7.15 5.08 10.69 1.38 2.08 2.77 4.15 5.54 5.77 20.08 6. 46 231 12,92 320
41 7.31 519 10.93 1.41 2.12 2.82 4.24 5.65 5.90 20.53 6.60 2.37 13.22 319
42 7.47 530 11.16 1.44 2.16 2.88 432 5.76 6.03  20.9S 6. 74 2.42 13.51 318

43 7.63 5.41 11.38 1.47  2.20 294 440 5.87 6.16 21.43 6. 88 2.48 13.80 317
44 7.79 552 11.60 1.50 2.24 299 4.49 5098 6.29 21.87 7.02 2.53 14.08 316
45 7.94 5.63 11.82 1.52 228 3.04 457 6.09 6.42 2231 7.15 2.59 1437 315

Note.—For L2and Mi see Table 13; for 2SM and MSf, take u of M 2with sign reversed; for Pi, R2 Si,
S2 S3,Si, T2 Mm, Sa, and Ssa, take «=0.
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[ Use sign at head of column when N is between 0 and 180°, reverse sign when N is between 180 and 360°]

Ji

9.41
9.54
9. 68

9.81
9.94
10.07

10.19
10.32
10.44

10. 56
10.68
10. 79

10.91
11.02
11.12

11.23
11.33
11.43

11.53
11.63
11.72

11.81
11.90
11.98

12.06
12.14
12.22

12. 29
12.36
12.42

12.49
12. 55
12.60

12.65
12.70
12.75

Ki

6.35

6.54

6.64
6.73
6.82

6.91
7.00
7.09

7.17
7.26
7.34

7.42
7.49
7.57

7.64

7.79

7.86
7.92
7.99

8.05
8.11
8.17

8.23
8.28
8.34

8.48

8.53
8.57
8.61

8.64
8.68
8.71

8.74
8.76
8.79

Ka

c

11.82

12.04
12.26
12. 47

12.68
12.88
13.08

13.28
13.48
13.67

13.86
14.05
14.23

14.40
14.58
14.75

14.92
15.08
15.24

15.39
15. 54
15.69

15.83
15.96
16.10

16. 23
16.35
16.47

16.58
16.69
16.80

16.90
17.00
17.09

17.17
17.25
17.33

17.40
17.46
17.52

17.58
17.63
17.67

17. 71
17.74
17.77

Ma, N2
2N, MS
X, n, v

1.52

.55
.57
1.60

.62
.65
1.67

.69
72
1.74

.76
.78
.80

——

—_

.82
.84
1.86

.88
90
91

—-—

1.93
1.94
1.96

1.98
1.99
2.00

2.02
2.03
2.04

2.05
2.06
2.07

2.08
2.09
2.10

2.10
2.11
2.11

2.12
2.12
2.13

2.13
2.13
2.14

2.14
2.14
2.14

M3 MMN

[SESEN)
N
Q

[SESENY
2
E

DWW Www
- -
EN w

w W W
°

20
.20
20

[REREY

3.20
3.20
3.20

4.27
4.27
4.27

5.78
5.83
5.88

5.93
5.97
6.01

6.05
6.08
6.11

6.15
6.18
6.21

6.24
6.26
6.29

6.31
6.32
0.34

6.36
6.37
6.3S

6.39
6.40
6.41

6.41
6.41
6.41

Ms

8.48
8.50
8.51

8.52
8.53
8.54

8.54
8.54
8.54

%;%mMK

7.29
7.41
7.53

7. 65
7.76
7.88

7.99
8.10
8.21

8.32
8.42
8.53

8.63
8.73
8.83

8.93
9.03
9.12

9.22
9.31
9.40

9.48
9.57
9.65

9.73
9. 81
9.88

9.96
10.03
10.10

10.17
10.23
10.30

10. 36
10. 41
10.47

10.52
10. 57
10.62

«

22.31

22.75
23.18
23.00

24.02
24.44
24.85

25.26
25.66
26.06

26.46
26.85
27.23

27.61
27.98
28. 34

28.70
29.06
29.41

29.75
30.09
30. 42

30.74
31.06
31.37

31.68
31.98
32.27

32.55
32.82
33.09

33.35
33.60
33.85

34.09
34.31
34.53

34.74
34.95
35.14

35.33
35. 50
35.67

35.83
35.98
36.12

9.
9.7

9.79
9.87

9.95
10.03

10.10
10.17
10. 24

10.31
10.37
10. 43

10.49
10.54
10.60

10.65
10.69
10.73

10.77
10.81
10.84

10.87
10.90
10.93

14.37

14.65
14.93
15.20

15.47
15.74
16.01

16. 28
16.54
16.80

17.05
17.30
17.55

17.80
18.04
18. 28

18.51
18.74
18.97

19.19
19.41
19.63

19.84
20.04
20.25

20.45
20.64
20.83

21.01
21.20
21.37

21.54
21.71
21.87

22.02
22.17
22.32

22.46
22.59
22.72

22. 84
22.96
23.07

23.17
23.27
23.37

315

314
313
312

311
310
309

308
307
306

305
304
303

302
301
300

299
298
297

296
295
294

293
292
291

290
289
288

287
286
285

284
283
282

281
280
279

278
277
276

275
274
273

272
271
270

Note.—For Li and Mi see Table 13; for 2SM and M Sf, take u o/ Ma with sign reversed; for Pi, Ri, Si,

Sa, Sj, Si, Ta, Mm, Sa, and Ssa, take «—-=0.
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Table 11.— Values of u for equilibrium arguments—c ontinued

[ Use sign at head of column when N is between 0 and 180°, reverse sign when N is between 180 and 860°]

M2,N2

N Ji K, K2 2N,MS Ms MiMN Mé6 Ms 0, Qi 00 MK 2M K Mf N
2Q, r1
X, p, v
0 0 o 0 0 ° ° 0 - 0 = 0 0 °

+
90 12.75 8.79 17.77 2.14  3.20 4.27 6.41 8.54 10.62 36.12 10.93 4.52 2337 270

91 12.79 8.81 17.79 2.14  3.20 4.27 6.41 8.54 10.66 36.25 10.95 4.54 23.46 269
92 12.83 8.83 17.81 2.1 3.20 4.27 6.40 8.54 10.70 36.37 10.96 4.56 23.54 268
93 12.87 8.85 17.82 2.1 3.20 4.26 6.40 8.53 10.74 36.48 10.98 4.58 23.61 267

94 1290 8.86 17.83 2,13 3.20 4.26 6.39 8.52 10.77 36.58 10.99 4.60 23.67 266
95 12,93 8.87 17.83 2,13 3.19 4.26 6.38 8.51 10.80 36.67 11.00 4.62  23.73 265
96 12.96 8.88 17.82 2 3.19 4.25 6.37 8.49 10.83 36.75 11.01 4.64 23.79 264

97 12.98 8.89 17.81 212 3.18 4.24 6.35 847 10.86 36.82 11.01 4.65 23.84 263
98 13.00 8.90 17.79 2.11 3.17 4.22 6.34 845 10.88 36.87 11.01 4.67 23.88 262
99 13.01 890 17.77 211 3.16 4.21 6.32 8.43 1090 36.92 11.00 4.68 2391 261

100 13.02 8.89 17.74 2.10 3.15 4.20 630 8.41 1092 36.95 11.00 4.69 23.93 260
101 13.03 8.89 17.71 2.09 4.19 6.28 8.38 10.93 36.98 10.99 4.70 2395 259
102 13.03 8.88 17.67 2.09 4.17 6.26 8.34 1094 36.99 10.97 4.71 23.96 258

103 13.02 8.87 17.62 2.08 3.11 4.15 6.23 830 1095 37.00 10.95 4.72 2397 257
104  13.02 8.86 17.57 2.07 3.10 4.14 6.20 8.27 1095 36.99 10.93 4.72 2397 256
105 13.01 8.84 17.51 2.06 3.09 412 6.17 8.23 1095 36.96 10.90 4.73  23.96 255

106 12.99 8.82 1745 2.05  3.07 4.10 6.14 8.19 1094 36.93 10.87 4.73 23194 254
107 12.97 8.80 17.38 2.04 3.06 4.08 6.11 15 1094 36.89  10.84 4.73 2391 253
108 12.95 8.78 17.30 2.03  3.04 4.06 6.08 1 10.93  36.83 10.81 4.72  23.88 252

109 1293 8.75 17.22 2.02  3.02 4.03 8.06 1091 36.76 10.77 4.72  23.84 251

6.05
110 1290 8.72 17.14 2.00 3.00 4.00 6.01 8.01 10.89  36.67 10.72 4.72 2379 250
11 12.86 8.69 17.05 1.99 2.98 3.98 597 796 10.87 36.58 10.68 4.71  23.73 249
112 12.82 8.65 16.95 1.98 2.96 395 593 7.90 10.84 36.48 10.63 4.70 23.66 248
13 1277 8.61 16.84 1.96 2.94 392 588 7.84 10.81 36.36 10.57 4.69 2359 247
114 12.72 8.57 16.73 1.94 292 3.89 583 7.78 10.78 36.23 10.51 4.68 23.50 246
115 12.67 8.52 16.62 1.93  2.89 386 5.7 7.71 10.74 36.09 10.45 4.67 23.41 245
116 12.61 8.48 16.50 1.91  2.87 3.82 5.74 7.65 10.70 3593 10.39 4.65 2331 244
117 12.55 8.43 16.37 1.90 2.84 3.79 5.69 7.58 10.65 35.76 10.32 4.63 23.21 243
118 12.48 837 16.24 1.88 2.82 3.76 5.64 7.52 10.60 35.57 10.25 4.61 23.09 242
119 1241 831 16.10 1.86 2.79 3.72 559 7.45 10.55 3537 10.18 4.59 2296 241
120 12.34  8.25 15.96 1.84 2.77 3.69 5.53 7.38 10.49 35.16 10.10 4.57 22.83 240
121 12.26 8.19 15.81 1.82 2.74 3.65 5.47 7.30 1043 34.94 10.02 4.54 22.69 239
122 12.17 8.13 15.66 1.80 2.71 3.61 541 7.22 1037 34.70 9.93 4.52  22.54 238
12?2 12.08 8.06 15.50 1.78 2.68 3.57 535 7.14 1030 34.49 9.84 4.49 2237 237

124 1198 799 15.33 1.76  2.64 3.52 5.29 7.05 10.22 34.19 9.75 4.46 22.20 236
125 11.88 7.91 15.16 1.74  2.61 3.48 522 6.96 10.14 33.91 9.65 4.43  22.03 235
126 11.78 7.83 14.99 1.72  2.58 3.44 515 6.87 10.06 33.62 9.55 4.40 21.84 234
127 11.67 7.75 14.81 1.70  2.54 3.39 5.09 6.78 9.97 33.31 9.45 4.36 21.64 233
128 11.56 7.67 14.62 1.67 2.51 3.34  5.02  6.69 9.88 32.99 9.34 4.32  21.44 232
129 11.44 7.58 14.43 1.65 2.48 3.30 4.95 6.60 9.79  32.66 9.23 4.28 21.23 231
130 11.31  7.49 14.23 1.63  2.44 3.26 4.8 6.51 9.69 32.31 9.12 4.23  21.00 230
131 11.18 7.40 14.03 1.60 241 3.21 481 6.42 9.58 31.95 9.00 4.19 20.76 229
132 11.05 7.30 13.83 1.58 2.37 3.16 4.74 6.32 9.47 31.58 8.88 4.14 20.52 228

133 1091 7.20 13.62 1. 3.11 4.66 6.22 9.36 31.19 8.76 4.09 20.27 227
134 10.77  7.10 13.40 153 2.29 3.06 4.58 6.11 9.24  30.79 8.63 4.04 20.01 226
135 10.62 7.00 13.18 1.50 2.25 3.00 4.51 6.01 9.12  30.37 8.50 3.99 19.75 225

Note.—For Lj and Mi see table 13; for 2SM and M Sf, take u of M2 with sign reversed; for Pi, B2, Si, S2,
83, Si, T2, Mm, Sa and Ssa, take 0.
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Table 11.— Values of u for equilibrium arguments— Continued

[ Use sign at head of column when N is between 0 and 180°, reverse sign when N is between 180 and 360°]

M2, Nj

N Jj Ki Ka 2N, MS M3 MGMN wm6 Ms 0,, Qi [e]0) MK 2MK Mf N
il 2Q.p
X, n, V
° 0 o o ° 0 » 0 o 0 ° ° 0 0 0
+ +
136 10.62 7.00 13.18 1.50 2.25 3.00 4.51 6.01 9.12  30.37 8.50 3.99 19.75 225
136 10.47 6.S9 12.96 1.48 2.21 295 4.43 590 9.00 29.94 8.36 3.94 19.47 224
137 10.31 6. 78 12.73 145 2.17 290 434 579 8.87 29.49 8.22 3.88 19.18 223
138  10.15 6.66 12.50 1.42  2.13 2.84 4.26 5.68 8.73 29.04 8.08 3.82 18.88 222
139 998 6.55 12.26 1.39  2.09 2.78 4.18 5.57 8.59 28.56 7.94 3.76 18.58 221
140 9.81 6.43  12.02 1.30  2.05 2.73 4.09 5.46 8.45 28.08 7.79 3.70  18.26 220
141 9.64 6.31 11.77 1.34  2.00 2.67 4.01 5.34 8.30 27.58 7.64 3.64 17.94 219
142 9.46 6.18 11.52 1.31 1.96 2.61 3.92 5.22 8.15  27.07 7. 49 3.57 17.61 218
143 9.27 6.06 11.27 1.28 1.91 2.55 3.83 5.10 8.00 26.54 7.33 3.50  17.27 217
144 9.08 5.93 11.01 1.25 1.87 249 3.74 498 7.84  26.00 7.17 3.43 1692 216
145 8.89 5.80 10.74 1.22 1.82 2.43 3.65 4.86 7.67 25.45 7.01 3.36 16.56 215
146 8.69 5.66 10.48 1.19 1.78 2.37 3.56 4.74 7.50 24.89 6.84 3.29 16.20 214
147 8.49 5.52 10.21 1.16 1.73 2.31  3.47 4.62 7.33 2431 6. 68 3.21 15.82 213

148 8.28 5.38 9.94 1.12  1.69 2.25  3.37 4.50 7.16 23.72 6.51 3.14 1544 212
149 8.07 5.24 9.66 1.09  1.64 2.18 3.28 437 6.98 23.12 6.33 3.06 15.05 211
150 7.85 5.10 9.38 1.06 1.59 212 3.18 4.24 6.80 22.51 6.16 2.98 14.65 210

151 7.63  4.95 9.10 1.03  1.54 2.06 3.08 4.11 6.61 21.88 5.98 2.90 14.24 209
152 7.41 4.80 8.81 1.00 1.49 1.99 299 3.98 6.42 21.24 5.80 2.81 13.83 208
153 7.18 4.65 8.52 0.96 1.44 1.92 2.89 3.85 6.22 20.59 5. 61 2.73 1341 207
154 6.95 4.50 8.23 0.93  1.39 1.86 3.78 3.71 6.03 19.93 5.43 2.64  12.98 206
155 6.72  4.34 7.94 0.90 1.34 1.79  2.69 3.58 5.82  19.26 5.24 2.55 12.54 205
156 6.48 4.19 7.64 0.86 1.29 1.72 2.59 345 5.62 18.58 5.05 2.46  12.10 204

157 6.24 4.03 7.34 0.83 1.24 1.66 2.48 3.31 5.41  17.89 4.85 2.37 11.65 203
158 5.99 3.87 7.04 0.79 1.19 1.59 2.38 3.18 5.20 17.19 4.66 2.28 1119 202
159 5.74 3.70 6. 74 0.76 1.14 1.52 2.28 3.04 4.99 16.48 4.46 2.1S 10.73 201

160 5.49 3.54 6.43 0.72  1.09 1.45 2.17 2.90 4.77 15.75 4.26 2.09 10.26 200
161 5.24 3.37 6.12 0.69 1.04 1.38 2.07 2.76 4.55 15.02 4.06 1.99 9.79 199
162 4.98 3.20 5.81 0.66 0.98 1.31 197 2.62 4.33 1429 3.86 1.89 9.31 198
163 4.72  3.03 5.50 0.62 0.93 1.24 1.86 2.48 4.10 13.54 3.66 1.79 8.82 197
164 4.46 2.86 5.19 0.58 0.88 1.17  1.75 2.34 3.87 12.78 3.45 1.70 8.33 196
165 4.19  2.69 4.87 0.55 0.82 1.10  1.64 2.19 3.64  12.02 3.24 1.60 7.83 195

166 3.92 252 4.55 0.51  0.77 1.02 154 2.05 3.41 1125 3.03 1.49 7.33 194
167 3.65 2.34 4.23 0.48 0.71 0.95 143 1.90 3.18 10.48 2.82 1.39 6.83 193
168 3.38 217 3.91 0.44  0.60 0.88 132 1.76 2.94 9.70 2.61 1.29 6.32 192

169 3.10 1.99 3.59 0.40 0.61 0.81 1.21 1.62 2.70 8.91 2.39 1.18 5.80 191
170 2.83 1.81 3.27 0.37 0.55 0.74  1.10 1.47 2.46 8.12 2.18 1.08 5.29 190
171 2.55 1.63 2.94 0.33  0.50 0.66 1.00 1.33 2.22 7.32 1.97 0.97 4.77 189

172 2.27 145 2.62 0.30  0.44 0.59 0.89 1.18 1.97 6.51 1.75 0.86 4.24 188
173 1.99 1.27 2.29 0.26 0.39 0.51  0.77 1.03 1.73 5.71 1.53 0.76 3.72 187
174 1.71  1.09 1. . . 0. 4 . 1.4 . 19 186

175 1.42 091 1.64 0.18 0.28 0.37 0.55 0.74 1.24 4.09 1.10 0.54 2.66 185
176 1.14  0.73 1.31 0.15 0.22 0.30 0.44 0.59 0.99 3.27 0.88 0.43 2.13 184
177 0.86 0.55 0.99 0.11  0.17 0.22  0.33 0.44 0.75 2.46 0.66 0.33 1.60 183
178 0.57 0.37 0.66 0.07 0.11 0.14 0.22 0.29 0. 50 1.64 0.44 0.22 1.07 182
179 0.29 0.18 0.33 0.04 0.05 0.07 0.11 0.14 0.25 0.82 0.22 0.11 0.53 181
180 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 180

Note.—For Lj and Mi see Table 13; for 2SM and MSf, take u of Ma with sign reversed; for Pi, Ra, Si, Sj,
83, Si, Ta, Mm, Sa, and Ssa, take u=0.
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Table 12.—Log factor F corresponding to every tenth of a degree of 1

! 18.3°
Constituent''”
Ji 0.0827
Ki 0.0547
K2 0.1263
Ms*, N2,2N—. 9.9839
M3- - . 9.9758
M4 MN .... 9.9678
Me 9.9516
9.9355
0.0939
0.3139
M K 0.0386
2M K 0.0224
Mf 0.2039
M m 9.9465
! 18.9°
Constituent'"'”
Ji . 0. 0707
Ki .... . 0.0477
K2 0.1134
9.9854
9 9780
9.9707
9.9561
9.9415
0i> Qi, 2Q, — 0.0811
00 ... 0. 2726
M K 0.0330
2MK 0.0184
Mf. 0.1769
M m . 9.9514
! 19.5°
Constituent”*
Ji 0.0592
Ki 0.0408
K2 0.1001
Ms*, N2,2N___ 9.9869
Ms- 9.9804
M4, M N 9.9738
Mg 9.9607
Mg 9.9476
0Oi, Qi, 2Q, pi... 0.0688
00 ... eeee 0.2327
M K . 0.0277
2MK... 0.0146
MTf 0.1508
Mm 9.9564

Difl.

-21
-12
-22

+2
+4
+4

+8
+10

-22
-69

-10
-7

46
+8

Diff.

-20
-12
-22

+2
+4
+5

+8
+10

D iff.

-18
-12
-23

+3
+3
+5

+8
+11

-20
-65

-9
-6

-43
+9

18.4°

0.0806
0.0535
0 1241

9.9841
9.9762
9.9682

9.9524
9.9365

0.0917
0.3070

0.0376
0.0217

0.1993
9.9473

19.0°

0.0687
0.0465
0.1112

9.9856
9. 9784
9.9712

9.9569
9.9425

0.0790
0.2659

0.0321
0.0177

0.1725
9.9522

19.6°

0.0574
0.0390
0.0978

9.9872
9.9807
9.9743

9.9615
9.9487

0.0668
0.2262

0.0268
0.0140

0.1465
9.9573

Diff.

-20
-12
-21

+3
+4
+5

+7
+10

-21

-70

-6

-45
+8

Diff.

-19
-12
=22

+3
+4
+5

+7
+10

=20
-67

-9

-44
+8

Diff.

+4
+6

+8
+10

-20
-65

-9
-7

-42
+8

18.5°

0.0786
0.0523
0.1220

9.9844
9.9766
9.9687

9.9531
9.9375

0.0896
0.3000

0.0367
0.0211

0.1948
9.9481

19.1°

0.0668
0.0453
0.1090

9.9859
9.9788
9. 9717

9.9576
9. 9435

0.0770
0. 2592

0.0312
0.0171

0.1681
9.9530

19.7°

0.0555
0.0385
0.0956

9.9874
9.9811-
9.9749

9.9623
9.9197

0.0648
0.2197

0.0259
0.0133

0.1423
9.9581

Diff.

-20
-11
-21
+2
+3
+5

+7
+10

-22

-69

-7

-45
+8

Diff.

-19
-11
-22
+2
+6

+8
+10

-21
-67

-9

-44
+9

Diff.

-18
-11
-23

+3
+4
+5

+8
+11

-19
-65

-9
-6

-43
+9

18.6°

0.0766
0.0512
0.1199

9.9846
9. 9769
9.9692

9.9538
9.9385

0.0874
0.2931

0.0358
0.0204

0.1903
9.9489

19.2°

0.0649
0.0442
0.1068

9.9861
9.9792
9.9723

9.9584
9.9445

0.0749
0. 2525

0.0303
0.0164

0.1637
9.9539

19.8°

0.0537
0.0374
0.0933

9.9877
9.9815
9.9754

9.9631
9.9508

0.0629
0. 2132

0.0250
0.0127

0.1380
9.9590

Diff.

=20
-12
-22

+3
+4
+5

+8
+10

-21
-68

-9
-7

-45
+8

Diff.

-19
-11
-23

+3
+4
+5

+8
+10

-20
-66

-9
-6

-43
+8

Diff.

-19
-12
=22

+3
+4
+5

+8
+10

.20
-64

-8
-6

-42
+9

*Log F of X2, M "2, M S, 2SM, and M Sf are eaeh equal to log F of M 2.

Log F of Pi, R2, Si, S2, Sg, Se, T2, Sa, and Ssa are each zero.

For log F of L2and Mi see Table 13

18.7°

0.0746
0.0500
0. 1177

9.9849
9.9773
9.9697

9.9546
9.9395

0.0853
0.2863

0.0349
0.0197

0.1858
9.9497

19.3°

0.0630
0. 0431
0.1045

9.9864
9.9796
9.9728

9.9592
9. 9455

0.0729
0. 2459

0.0294
0.0158

0.1594
9.9547

19.9°

0.0518
0.0362
0.0911

9.9880
9.9819
9.9759

9.9639
9.9518

0.0609
0.2068

0.0242
0.0121

0.1338
9.9599

-19
-12
-22

+2
+4
+5

+7
+10

-21
-69

-10
-7

-45
+8

Diff.

-19
-12
=22
+2
+5

+7
+11

-20
-66

-9

-43
+9

Diff.

-18
-11
-23
+2
+5

+8
+11

-20
-64

-9
-6

-41
+9

19.4°

0.0611
0.0419
0.1023

9.9866
9.9800
9.9733

9.9599
9.9466

0. 0709
0.2393

0.0285
0.0152

0.1551
9.9556

20.0°

0.0500
0.0351
0.0888

9.9882
9.9823
9.9764

9.9647
9.9529

0.0589
0.2004

0.0233
0.0115

0.1297
9.9608

Diff.

—20
—11
—21

+3
+3
+5

+8
+10

-44
+9

Diff.

-19
-11
-22

+3
+4
+5

+8
+10

-21
-66

-8
-6

-43
+8

Diff.

+8
+11

-19
-64

-8
-6

-42
+9
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Table 12.—Log factor F corresponding to every tenth of a degree of I—Con.

! 20.1°  Diff.  20.2°  Diff.  20.3°  Diff.  20.4° Diff.  20.5° Diff. 20.6° Diff.

Constituent®”,

Ji 0.0482 -18 0.0464 -17 0.0447 -18 0.0429 -18 0.0411 -17 0.0394 -17
K, 0.0340 -11  0.0329 -11  0.0318 .11 0.0307 -11  0.0296 .11 0.0285 .11
Ks 0.0864 -23 0.0841 -23 0.0818 -23 0.0795 -24 0.0771 -23 0.0748 -23
Ms*, Ns, 2N 9.9885  +3 99888  +2 9.9800  +3 9.9893  +3 9.9896  +3 9.9899 .,
M 9.9827  +4 9.9831  +4 9.9835 +5 9.9840 +4 9.9844  +4 9.9848 +4
Mg, 9.9770  +5 9.9775 4+ 9.9781  +5 9.9786 +6 99792  +5 9.9797  +¢
Ms 9.9655 +s 9.9663 +s 9.9671 +s 9.9679 +s 9.9687 +9 99696 +s
Ms____ 99540 <10 9.9550 +11 9.9561 +11 9.9572 +11 9.9583 +11 9.9594 +11
0i, Qi, 2Q, pi... 0.0570 -19 0.0551 -20 0.0531 -19 0.0512 -19 0.0493 -18 0.0475 -19
00 0.1940 -63 0.1877 -63 0.1814 -63 0.1751 -62 0.1689 -62 0.1627 -62
MK.. . 0.0225 -8 0.0217 -9 0.0208 -8 0.0200 -9 0.0191 -8 0.0183 -8
2M K 0.0109 -5 0.0104 -6 0.0098 -5 0.0093 -6 0.0087 -5 0.0082 -6

M f 0.1255 -41 0.1214 -41 0.1173  -41 0.1132  -41 0.1091 -40 0.1051 -41
9.9617 +9  9.9626 +9  9.9635 +9  9.9644 +9  9.9653 +9  9.9662 +9

20.7° Diff. 20.8° Diff. 20.9° Diff.  21.0° Diff. 21.1° Diff. 21.2° Diff.

Constituerai,

0.0377 -17 0.0360 -17 0.0343 -17 0.0326 -17 0.0309 -17 0.0292 -16

0.0274 -11 0.0263 -11 0.0252 -11 0.0241  -11  0.0230 -11 0.0219 -10
0.0725 -24  0.0701 -23 0.0678 -24 0.0654 -24 0.0630 -23 0.0607 -24
Ms*, Ns, 2N___ 9.9901 +3  9.9904 +3  9.9907 +3  9.9910 +2  9.9912 +3  9.9915 +3
M3 9.9852 +4  9.9856 +4  9.9860 +4  9.9864 +5  9.9869 +4  9.9873 +4
Mg, M N 9.9803 +5 9.9808 +6 9.9814 +5  9.9819 +6  9.9825 +6 9.9831 +5
Mss.. 9. 9704 +8 9.9712 +8 9.9720 +9  9.9729 +8 9.9737 +9  9.9746 +8

Ms T 99605 +11  9.9616 +11 9.9627 +12  9.9639 +11 9.9650 +11 9.9661 +12

Oi, Qi, 2Q, pu_. 0.0456 -19 0.0437 -18 0.0419 -19 0.0400 -18 0.0382 -18 0.0364 -18
00 0.1565 -61 0.1504 -61 0.1443 -61 0.1382 -61 0.1321 -60 0.1261 -60

M K 0.0175 -8 0.0167 -8 0.0159 -8 0.0151 -8 0.0143 -8 0.0135 -8
2MK 0.0076 -5 0.0071 -6 0.0065 -5 0.0060 -5 0.0055 -5 0.0050 -5
Mf 0.1010 -40 0.0970 -39 0.0931 -40 0.0891 -39 0.0852 -40 0.0812 -39
Mm.. 9.9671 +9 99680 +10 9.9690 +9  9.9699 +10  9.9709 +9 99718 +10

1

21.3°  Diff. 21.4° Diff. 21.5° Diff. 21.6° Diff. 21.7° Diff. 21.8° Diff*

Constitient'i

Ji 0.0276 -17 0.0259 -16 0.0243 -16 0.0227 -16 0.0211 -16 0.0195 -16
K, 0.0209 -11 0.0198 -11 0.0187 -10 0.0177 -11 0.0166 -10 0.0156 -11
Ks 0.0583 -24 0.0559 -25 0.0534 -24 0.0510 -24 0.0486 -24 0.0462 -24
Ms*, Ns, 2N___ 9.9918 +3  9.9921 +3  9.9924 +3  9.9927 +3  9.9930 +3  9.9933 +3
M3 9.9877 +5  9.9882 +4  9.9886 +4  9.9890 +4  9.9894 +5  9.9899 +4
Mg, M N 9.9836 +6 9.9842 +6 9.9848 +6  9.9854 +5  9.9859 +6  9.9865 +6
Ms 9.9754 +9  9.9763 +9  9.9772 +8  9.9780 +9  9.9789 +9 99798 +8
Ms 9.9673 +11 9.9684 +12  9.9696 +11 9.9707 +12 9.9719 +11  9.9730 +12

0Oj, Qi, 2Q, pi... 0.0346 -18 0.0328 -18 0.0310 -18 0.0292 -17 0.0275 -18 0.0257 -17
00 0.1201 -60 0.1141 -59 0.1082 -59 0.1023 -59 0.0964 -58 0.0906 -58

MK 0.0127 -8 0.0119 -8 0.0111 -8 0.0103 -7 0 0096 -8 0 0088 -7
2MK__ 0.0045 -5 0.0040 -5 0.0035 -5 0.0030 -5 0.0025 -4 0.0021 -5
Mf 0.0773 -38 0.0735 -39 0.0696 -38 0.0658 -39 0.0619 -38 0.0581 -37
Mm 9.9728 +9 99737 +10 99747 <10  9.9757 +10 9.9767 +9 99776 +10

*Log F of X2, ms, vs, SM, 2SM, and M Sf are each equal to log F of M2.
Log F of Pi, R2, Si, S2, Sg, Sj, T2, Sa, and Ssa are each zero.
For log F of Ls and Mi see Table 13.
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Table 12.—Log factor F corresponding to every tenth of a degree of I—Con.

Constitinent'i

Ji
Ki
K2

M2+ N3, 2N __

0i, Qi, 2Q, pi..
00

MK
:MK

Mf
Mm

i. 1

Constituent'i®

Constituent'i.

0i, Qi, 2Q, pi_-
(o] ¢}

MK.....
2M K

Mf
Mm.

*Log Fof X2P2, v;, MS, 2SM and M Sf are each equal to log F of M 2.

21.9°

0.0179
0.0145
0. 0438

9.9936
9.9903
9.9871

9.9806
9.9742

0.0240
0.0848

0.0081
0.0016

0.0544
9.9786

22.5°

0.0086
0.0083
0.0293

9.9953
9.9930
9.9907

9.9860
9. 9813

0.0137
0.0504

0.0036
9.9990

0.0321
9. 9547

23.1°

9.9997
0.0022
0.0145

9. 9972
9. 9958
9. 9943

9. 9915
9.9Sb7

0.0038
0.0171

9.9994
9.9966

0.0104
9.9910

Diff.

16
-1 0
=24

+2
+5
+6

+9
+12

-18
-58

-38
+10

Diff.

-15
-10
-25
+3
+6

+9
+ 12

-17
-56

-37
+10

Diff.

-15
.10
-24

+3
+5
+7

19
+12

-16
-55

-7
-4

-35
+11

22.0°

0.0163
0.0135
0.0414

9.9938
9.9908
9.9877

9.9815
9.9754

0.0222
0.0790

0.0073
0.0011

0.0506
9.9796

22.6°

0.0071
0.0073
0.0268

9. 9956
9.9935
9.9913

9.9869
9.9825

0.0120
0.0448

0.0029
9.9985

0.0284
9.9857

23.2°

9.9982
0.0012
0.0121

9.9975
9. 9963
9.9950

9.9924
9.9899

0.0022
0.0116

9.9987
9.9962

0.0069
9.9921

Diff.

-15
-11
.24

+3
+4
+6

+9
+12

-37
+10

Diff.

-15
-24
+3
+4
+6

+9
+13

-16

6
-7
-4

-36
+11

Diff.

-14
-10
25

+3
+4
+6

+10
+13

-16
-54

-7
-4

-35
+10

22.1°

0.0148
0.0124
0.0390

9.9941
9.9912
9.9883

9.9824
9.9766

0.0205
0.0732

0.0065
0.0007

0.0469
9.9806

21.1°

0.0056
0.0063
0.0244

9.9959
9.9939
9.9919

9.9878
9.9838

0.0104
0.0392

0.0022
9.9981

0.0248
9.98G8

23.3°

9.9968
0.0002
0.0096

9.9978
9.9967
9.9956

9. 9934
9.9912

0.0006
0.0062

9. 9980
9.9958

0.0034
9.9931

Diff.

+3
+5
+6

+9
+11

-17

-57

-5

-38
+10

Diff.

-15
-11
-25

+3
+5
+6

-36
+10

Diff.

-14
-10
=24

+3
+5
+6

+9
+12

-16
-55

-6
-3

-35
+11

Log F of Pi, R2Si, S2, Sg, S6 T2Sa, and Ssa are each zero.
For log F of L2and Mi see Table 13.

22.2°

0.0132
0.0114
0.0365

9.9944
9.9917
9.9889

9.9833
9. 9777

0.0188
0.0675

0.0058
0.0002

0.0431
9.9816

22.8°

0.0041
0.0052
0.0219

9.9962
9.9944
9.9925

9.9887
9.9850

0.0087
0.0336

0.0015
9.9977

0.0212
9.9878

23.4°

9. 9954
9.9992
0.0072

9.9981
9.9972
9.9962

9.9943
9.9924

9.9990
0.0007

9.9974
9.9955

9.9999
9.9942

Diff.

15
-11
=24

+3
+4
+ 6

+9
+12

17
.57

-1
-4

-37
+ 11

Diff.

-15
-10
-25

-36
+11

Diff.

.14
-10
.25

+3
+4
+6

+10
+13

-16
-54

-7
-4

-35
+

22.3°

0.0117
0.0103
0.0341

9.9947
9.9921
9.9895

9.9842
9.9789

0.0171
0.0618

0.0051
9.9998

0.0394
9.9827

22.9°

0.0026
0.0042
0.0194

9.9966
9.9948
9.9931

9.9897
9.9862

0.0071
0.0281

0.0008
9. 9973

0.0176
9.9889

23.5°

9.9940
9.9982
0.0047

9. 9984
9.9976
9. 9968

9.9953
9.9937

9.9974
9.9953

9. 9967
9.9951

9.9964
9.9953

Diff.

.16
-10
=24

+3
+5

+6

+9
+12

-17
-57

-8
-4

Diff.

-14
-10
-24

+3
+5
+6

+9
+12

-17
-55

-7
-4

-36
+10

Diff.

-14
.25
+3

+5
+7

+11

22.4°

0.0101
0.0093
0.0317

9.9950
9.9926
9.9901

9.9851
9.9801

0.0154
0.0561

0.0043
9.9994

0.0357
9. 9837

23.0°

0.0012
0.0032
0.0170

9.9969
9.9953
9.9937

9.9906
9.9874

0.0054
0.0226

0.0001
9.9969

0.0140
9. 9899

23.6°

9.9926
9.9973
0.0022

9.9987
9.9981
9.9975

9.9962
9.9949

9.9958
9.9900

9.9960
9.9948

9.9929
9.9964

Diff.

-15
=10
-24

+3
+4
+ 6

+9
+ 12

-17
-57

-7
-4

-36
+10

Diff.

-15
-10
-25

+3
+6
+6

+9
+13

-16
-55

-7
-3

-36
+11

Diff.

.14
-10
=24

+4
+5
+6

+10
+13

-16
-54

-6
-4

-35
+11
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Table 12.—Log factor F corresponding to every tenth of a degree of I—Con.

I

23.7°

Constituent””
Ji 9. 9912
K, 9.9963
K2.__ 9.9998
M2 N212N___ 9.9991
M3 9.9986
Mi, M N .. 9.9981
Me 9.9972
Ms 9.9962
Oi, Qi, 2Q,pi— 9.9942
00 9. 9846
M K 9. 9954
2M K 9.9944
9.9894
9.9975
X s 1 24.3°

CotstituentX
Ji 9.9830
Ki 9.9905
K2 9.9850
M2%, N2,2N_.__ 0.0010
M3 0.0015
Mi, M N 0.0020
Me 0. 0030
Mg 0.0039
0Oi, Qi, 2Q, pi... 9.9850
oo 9.9530
MK 9.9915
2M K 9.9925
Mf 9.9690
M m 0.0043
i 24.9°

Constituent” .

Ji 9.9751
K, 9.9849
K2 9. 9701
M 2%, Ns, 2N_—  0.0030
Ms 0. 0045
Mi, M N 0.0059
Me 0. 0089
Me 0.0119
0i, 9.9760
00 9.9222
MK. 9.9879
2MK. 9.9909
Mf. 9.9491
Mm 0.0112

Diff.

-14
-25
+3
+5

+ 6

+9
+13

-7
-3

.34
+1

Diff.

.14
-9
.25

+3
+5
+6

-34
+11

Diff.

-14
-51

-6
-3

—32
+12

23.8°

9.9898
9. 9954
9. 9973

9.9994
9.9991
9.9987

9. 9981
9. 9975

9. 9927
9. 9793

9. 9947
9. 9941

9.9860
9.9986

24.4°

9.9816
9.9896
9.9825

0.0013
0.0020
0.0026

0. 0039
0.0053

9. 9835
9.9478

9.9909
9. 9922

9. 9656
0.0054

25.0°

9. 9738
9.9840
9. 9677

0.0033
0. 0050
0.0066

0. 0099
0.0132

9.9746
9.9171

9. 9873
9.9906

9. 9459
0.0124

Diff.

-34
-30
-25
+3
+4
+7

+10
+13

-36

-53

-4

-35
+11

Diff.

-13
-25
+3
+5
+7

+10
+13

-15
-52

-6

-33
+12

Diff.

-12
-9
-25

+3
+5
+7

+ 10
+14

-15
-50

-0
-2

-33
+ 12

23.9°

9.9884
9. 9944
9. 9948

9. 9997
9.9995
9.9994

9.9991
9.9988

0. 9911
9.9740

9. 9941
9.9937

9.9825
9.9997

24.5°

9.9803
9. 9887
9.9800

0.0016
0.0025
0.0033

0.0049
0.0066

9.9820
9.9426

9.9903
9.9919

9.9623
0.0066

25.1°

9.9726
9. 9831
9.9652

0.0036
0.0055
0.0073

0. 0109
0.0146

9.9731
9.9121

9. 9867
9.9904

9.942G
0.0136

Diff.

.14
-10
=24

+3
+5
+ 6

+10
+13

-15
-53

-3

-34
+12

Diff.

-13
-10
-24

+4
+5
+6

+10
+13

-33
+11

Diff.

-13
-9
-24

+4
+5
+7

+10
+ 13

-14
-50

-6
-3

—32
+12

24.0°

9.9870
9.9934
9. 9924

0.0000
0.0000
0.0000

0.0001
0. 0001

9. 9896
9.9687

9.9934
9.9934

9.9791
0.0009

24.6°

9.9790
9.9877
9.9776

0.0020
0.0030
0.0039

0. 0059
0.0079

9.9805
9. 9375

9.9897
9.9916

9.9590
0.0077

25.2°

9.9713
9.9822
9. 9628

0. 0040
0.0060
0. 0080

0. 0119
0.0159

9.9717
9.9071

9.9861
9. 9901

9.9394
0.0148

Diff.

-16

-53

-3

-34
+11

Diff.

-13
-25
+3
+5
+7

+10
+13

-15
-51

-6
-2

-33
+12

Diff.

-12
-10
-25
+3
+6

+11
+14

-15

-5

-2

-32
+12

eLog Fof X2, M, V2 MS, 2SM, and M Sf are eaeh equal to log F of M2.

Log F of Pi, R2, Si, S2, S4, Sa, T2, Sa, and Ssa are eaeh zero.

Forlog F of L2 and Mi see Table 13.

24.1°

9. 9857
9. 9924
9.9899

0.0003
0.0005
0.0007

0.0010
0.0013

9. 9880
9.9634

9.9927
9. 9931

9.9757
0.0020

24.7°

9.9701
9.9812
9.9603

0.0043
0. 0065
0 0086

0.0130
0.0173

9.9702
9.9021

9.9856
9.9899

9. 9362
0.0160

Diff.

-14
-25
+4
+5

+0

+10
+13

-15

-52

-3

-33
+11

Diff.

-13

-10

-25
+3
+5
+7

+10
+13

-15
-51

-6

-33
+ 12

Diff.

-13
.24
+4
+5
+7

+10
+13

-14
-50

-6
-2

-32
+12

24.2°

9. 9843
9.9915
9.9874

0.0007
0.0010
0. 0013

0.0020
0. 0026

9. 9865
9.9582

9. 9921
9.9928

9.9724
0.0031

24.8°

9.9764
9. 9858
9.9726

0.0026
0.0040
0. 0053

0.0079
0.0105

9.9775
9. 9273

9.9885
9. 9911

9.9524
0.0101

25.4°

9.9688
9.9803
9.9579

0. 0047
0.0070
0.0093

0.0140
0.0186

9.9688
9.8971

9.9850
9.9897

9.9330
0.0172

Diff.

-13
-10
-24
+3
+5
+7

+10
+13

-15
-52

-34
+12

Diff.

-13
-25

+4

+10
+14

-15
-51

-6
-2

-33
+11

Diff.

-12
-25
+3
+5
+7

+10
+14

.14
-49

-6
-3

-32
+13
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Table 12.—Log factor F corresponding to every tenth of a degree of I—Con.

i

25.5°
Constituent'-'*
J, 9. 9676
Ki 9. 9794
K2 .. 9.9554
M2N 2.2.N-.-. 0.0050
0.0075
M4 MN 0.0100
M3 0.0150
M s 0.0200
0i, Qi, 2Q,pi—  9.9674
oo__ 9.8922
MK._ 99844
2MK__ 9.98%4
Mf 9.9298
0.0185
1 26.1°
Constituent
Ji 9.9604
K 9.9741
K2 9.9406
M 2% NI2, 2N 0.0071
M3 0.0106
M i 0.0142
M a 0.0213
M s 0.0283
0i, Qi, 2Q,pi — 9.9590
oo0___ 9.8629
M K 9.9812
2MK.. 9.9883
9.9110
0.0259
1 26.7°
Constituent''”.
9.9535
9.9689
9.9260
M 2%, Ns, 2N 0.0092
M3 0.0138
M4M N .. 0.0184
M« 0.0277
Ms 0.0369
0i, Qi, 2Q.pi— 9.9509
00 9.8344
MK 9.9782
2M K 9.9874
Mf... 9. 8926
M m 0.0336

Diff.

-12

-25

+3
+5
+7

+10
+14

.14
-49

-5
-2

-32
+ 12

Diff.

-12
-9
-24

+3
+6
+7

+ 10
+ 15

-13

-48

-2

-31
+ 13

Diff.

11
-8
.25

+4
+6
+8

+10
+ 14

-13
-47

-5
-2

-30
+14

25.6°

9.9664
9. 9785
9. 9529

0.0053
0.0080
0.0107

0.0160
0.0214

9.9660
9.8873

9.9839
9.9892

9.9266
0.0197

26.2°

9.9592
9.9732
9.9382

0.0074
0.0112
0.0149

0.0223
0.0298

9.9577
9.8581

9.9807
9.9881

9.9079
0.0272

26.8°

9.9524
9. 9681
9.9235

0.0096
0.0144
0.0192

0.0287
0.0383

9.9496
9.8297

9.9777
9.9872

9.8896
0.0350

Diff.

-12
-25
+4
+5
+7

+11
+14

-14
-49

-6
-2

-31
+12

Diff.

-12

-25

+4
+5
+7

+11
+14

14
-48

Diff.

-12
-9
-24

+3
+5
+7

+11
+15

.13
-47

-30
+13

*Log F of Xj, »2 MS, 2SM, and M Sf are
g J

For log F of L2 and Mi see Table 13.

25.7°

9.9652
9.9776
9. 9504

0.0057
0.0085
0.0114

0.0171
0.0228

9.9646
9.8824

9.9833
9.9890

9.9235
0.0209

26.3°

9.9580
9.9724
9.9357

0.0078
0.0117
0.0156

0.0234
0.0312

9.9563
9.8533

9.9802
9.9880

9. 9048
0.0285

26.9°

9.9512
9.9672
9.9211

0.0099
0.0149
0.0199

0.0298
0.0398

9.9483
9.8250

9.9772
9.9871

9.8866
0.0363

Diff.

-13
-24
+3

+6
+7

-14
-49

-5
-2

-32
+ 13

Diff.

-11
-24
+3
+5
+7

+10
+14

-14
47

-31
+13

Diff.

-11
-8
-24
+4
+6
+7

+11
+14

-13
-47

-5
-1

-29
+13

25.8°

9. 9639
9.9768
9.9480

0.0060
0.0091
0.0121

0.0181
0.0241

9.9632
9.8775

9.9528
9. 9888

9.9203
0.0222

26.4°

9.9569
9.9715
9.9333

0.0081
0.0122
0. 0163

0.0244
0.0326

9.9549
9.8486

9.9797
9.9878

9.9017
0.0298

27.0°

9.9501
9. 9664
9.9187

0.0103
0.0155
0.0206

0.0309
0.0412

9.9470
9.8203

9.9767
9.9870

9.8837
0. 0376

each equal to log F of Mj.
Log F of Pi, R2, Si, S2, S4, Ss, T2, Sa, and Ssa are each zero.

Diff.

-14
-49

-5
-2

-31
+ 12

Diff.

-12
-9
-25

-30
+12

Diff.

-11
-8
-25

+4
+5
+7

+11
+15

-13
-46

-30
+13

25.9°

9.9627
9. 9759
9.9455

0.0064
0.0096
0.0128

0.0192
0.0255

9.9618
9.8726

9.9823
9.9886

9.9172
0.0234

27.1°

9.9490
9.9656
9.9162

0.0107
0.0160
0.0213

0.0320
0.0427

9.9457
9.8157

9.9762
9.9869

9.8807
0.0389

Diff.

-11
-9
-24
+3
+7

+10
+14

.14
-49

-31
+13

Diff.

-11
-24
+4
+5
+7

+11
+ 14

13
47

-5
-2

-30
+13

Diff.

-11

.24

+3

+8

+11
+ 14

13
-46

-4

-30
+14

26.0°

9. 9616
9. 9750
9. 9431

0.0067
0.0101
0.0135

0.0202
0.0269

9.9604
9.8677

9.9817
9.9885

9. 9141
0.0247

26.6°

9. 9546
9.9698
9.9284

0.0089
0.0133
0.0177

0.0266
0.0354

9.9523
9.8391

9.9787
9.9875

9. 8957
0.0323

27.2°

9.9479
9. 9647
9.9138

0.0110
0.0166
0.0221

0.0331
0.0441

9.9444
9.8111

9.9758
9. 9868

9.8777
0.0403

Diff.

12
-25
+4

+5
+7

+12

Diff.

-11
-24
+3

+5
+7

+13

Diff.

—10

=24
+4
+5
+7

+11
+15

-13
-46

—5
—1

-29
+13
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Table 12.—Log factor F corresponding to every tenth of a degree of I —Con.

Ma*, Na, 2N
Ma

M!. M N
Ms

Ms

0i, Qi, 2Q, p1
0O0....

MK .
2M K

M f...
M m

Constituent

Ma*, Na, 2N.
Ma
Mi, M N

Ms
Ms

0i, Qi, 2Q, pi-———-
oo_ =

M K
2MK..

M f
M m

Constituent

Ji
Ki

Ks———

*Log F of X2, P2va, MS, and M Sf are each equal to log F of Ma.

27.3°

9.9469
9.9639
9.9114

0.0114
0.0171
0.0228

0.0342
0.0450

9.9431
9.8065

9.9753
9.9867

9.8748
0.0416

27.8°

9.9416
9. 9599
9.8994

0.0133
0.0199
0.0265

0.0398
0.0530

9.9368
9. 7838

9.9731
9.9864

9.8603
0.0485

Diff.

13
-46

-4
-1

-29
+14

Diff.

-11
-9
-24

-13
-45

-4

-29
+14

274°  Diff.  27.5°  Diff.
9.9458 .11  9.9447 -10
9.9631 -8 9.9623 -8
9.9090 -24  9.9066 -24
0.0118  +3  0.0121  +4
0.0177 +5  0.0182  +6
0.0235  +8  0.0243  +7
0.0353 411 0.0364 411
0.0471  +15  0.0486 +15
9.9418 -13  9.9405 -12
9.8019 -46  9.7973 -45
9.9749 -5 9.9744 -4
9.9866 -1 9.9865 0
9.8719 30  9.8689 -29
0.0430 +14  0.0444  +13
27.9°  Diff.  28.0°  Diff.
9.9405 -10  9.9395 -10
9.9590 -8 99582 -8
9.8970 -24  9.8946 -24
0.0136  +4  0.0140 44
0.0205 +5  0.0210 +6
0.0273  +7  0.0280 438
0.0409 411 0.0420 +12
0.0545 +16  0.0561 +15
9.9355 -12  9.9343 -13
9.7793 -45  9.7748 -45
9.9727 -4 9.9723 -5
9.9863 0 99863 -1
9.8574 -29  9.8545 -28
0.0499 +14  0.0513 +14
283°  Diff.  28.4°
9.9365 -10  9.93s5
9.9559 -8 9.9551
9.8874  -24  9.8850
0.0152 +3 00155
0.0227 +6  0.0233
0.0303 +8  0.0311
0.0455  +11 0.0466
0.0606  +15  0.0621
9.9306  -12  9.9294
9.7615  -44  9.7571
9.9710 -4 9.9706
9. 9862 0 99862
9.8460  -28  9.8432
0.0556  +14  0.0570

Log F of Pi, Ra, Si, Sa, S4 Sc, Ta, Sa, and Ssa are each zero.

For log F of La and Mi see Table 13.

27.6°

9.9437
9.9615
9. 9042

0.0125
0.0188
0.0250

0.0375
0.0501

9.9393
9.7928

9.9740
9. 9865

9.8660
0.0457

28.1°

9.9385
9.9574
9.8922

0.0144
0.0216
0.0288

0.0432
0.0570

9.9330
9.7703

9.9718
9.9862

9.8517
0.0527

Diff.

-11
-24
+4
+5
+8

+12
+14

-13

-45

-1

-29
+14

Diff.

-10

.24

-28
+15

Diff. 28.5°

-10
-8

-24
+4
+6
+7

+12
+16

-12
-44

-4

0

-28
+14

9.9345
9.9543
9.8826

0.0159
0.0239
0.0318

0.0478
0.0637

9.9282
9. 7527

9.9702

9.8404
0.0584

27.7°

9.9426
9.9607
9.9018

0.0129
0.0193
0.0258

0.0387
0.0515

9.9380
9.7883

9.9735
9.9864

9.8631
0.0471

28.2°

9.9375
9.9567
9.8898

0.0148
0.0222
0.0295

0.0443
0.0591

9.9318
9.7659

9.9714
9. 9862

9.8489
0.0542

Diff.

-10
23
+4

+6
+8

-28
+15

Diff.

-10

.24

.28
+14

Diff.

-10

-24

+4

+8

+12
+15

-12
44

-29
+14

28.6°

9.9335
9.9535
9.8803

0.0163
0.0245
0.0326

0.0489
0.0652

9.9270

9. 7483

9.9862

9.8376
0.0599
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Table 13.— Values of u and log F of L2 and Mi for years 1900 to 2000

Year N wof L2 Dili. uofMi Diff. Log F (L) Dift. LogF (M, Diff. ™v
o o ° 0
1899 260 +11.4 s 353.5 - 0. 0964 01 9. 7295 1 260
1900 255 +5.1 358.7 0.1125 9. 7260 255
3% 1 2~3 3.7 g;’ 0.1052 2;; 9.7338 l;g 250
245 6.2 bt 8.8 o 0. 0793 = 9. 7527 et 245
240 9.1 2 142 > 0.0445 3 9.7824 bréd 240
1901 235 -10.0 20.4 0.0092 9.8228 235
230 -9.4 26 27.6 g'g 9.9779 i 9.8734 P 230
225 -7.8 8 365 5 9.9529 Ers 9.9330 P 225
1902 220 5.5 47.9 9.9347 9.9977 220
215 3.0 23 625 136 9.9233 1;3 0.0586 A 215
210 0.4 28 o5 150 9.9183 o 0.0998 % 210
205 +2.2 29 999 194 9. 9193 n 0.1056 aa 205
1903 200 +4.5 117.6 9.9254 0.0780 200
195 +6.5 fg 132.0 1‘1"3 9. 9309 5 0. 0283 o 195
190 +8.0 as 143.0 a 9. 9523 b 9. 9700 b 190
185 +8.8 58 151.6 o 9.9713 - 9. 9275 b 185
1904 180 +8.9 158.6 9.9926 9.8561 180
175 +8.2 I 164.4 38 0.0148 %g 9.5525 igg 175
170 +6.4 b 169.5 o 0.0357 209 9.8269 e 170
165 +3.6 28 174.1 e 0.0523 s 9.8091 - 165
1905 160 +0.1 178.0 0. 0616 9.7991 160
155 3.7 38 183.1 e 0.0611 ™ 9.7970 a 155
150 7.3 > 187.7 i 0. 0502 19 9. 8033 o 150
45 -10.1 28 192.8 8 0. 0307 1 9.8185 by 145
1906 M0 -11.8 198.6 0. 0058 9.8433 140
135 -12.1 por 205.6 - 9.9790 268 9. 8782 i 135
130 -11.3 "8 24a B8 9. 9530 b 9.9228 payl 130
125 9.4 e 259 113 9. 9320 216 9.9744 o 125
1907 120 6.7 2413 9. 9159 0.0238 120
115 3.4 33 0.7 104 9. 9069 o 0.0521 3 115
no +0.3 3 2518 2h 9. 9053 n 0.0397 o 110
105 +42 e 3008 130 9.9137 i 9.9583 ph 105
1908 100 +8.0 315.8 9.9314 9.9195 100
95 +11.2 32 327.1 3 9.9596 8 9.8512 st 95
90  +13.4 o 335.8 5 9. 9956 pres 9. 7921 o 90
1909 S5+ 138 343.0 0.0473 9. 7449 85
80  +11.3 o 349.1 & 0.1009 o 9. 7103 po 80
75 +5.3 s 354.6 5 0.1472 163 9. 6883 o 75
70 3.9 o 0.0 i 0.1663 - 9.6789 b 70
1910 65 -13.2 5.5 0.1454 9. 6822 65
60  -19.4 82 113 i 0.0945 e 9. 6956 1. 60
55 -21.5 2 15.0 57 0.0343 w 9. 7285 s 55
50 -20.4 M 62 82 9.9787 s 9. 7722 pot 50
1911 45 -17.0 30.7 9. 9338 9.8286 45
0 -12.2 38 50.8 :g'h 9. 9011 313‘1‘ 9. 8921 oH 40
35 6.4 8 0wy 190 9. 5823 » 9.9401 e 35
30 0.2 0 920 228 9. 8704 » 9. 9626 . 30
1912 25 +6.1 114.8 9.8841 9. 9283 25
0 +12.1 0 z2’s A7 9. 9000 fyd 9.8040 poet 20
15 +174 Rt 145.6 3 9. 9428 8 9.7959 ol 15
10 +21.3 3 155.5 o 9. 9954 s 9. 7374 oot 10
1913 5 4227 163.2 0.0634 9. 6924 5
0 +19.9 a8 169.8 & 0.1414 m 9. 6616 3 0
IR (W R 175.7 A 0. 2089 7 9. 0447 o 355
350 2.6 ;3-8 1813 5.6 0. 2276 - 9.6414 s 350
1914 345 -14.5 187.0 0.1820 9.6515 345
340 -20.5 g'g 193.1 S 0.1072 ;gg 9.6755 ggg 340
B35 -21.2 " 200.0 e 0.0334 738 9.7133 A 335

330 -18.7 : 208.5 . 9.9730 9. 7651 330
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Table 13.— Values of u and log F of L2 and Mi for years 1900 to 2000— Con.

Year N wofLz Diff. wuofMi Diff. Log F (Lzy Diff. LogE (MO0 Diff. N
1914 330 -18.7 » 2085 0 9. 7651 a3 330
1915 325 -14.3 219.4 9.9283 9. 8204 325
! 5.5 14.6 295 699
IS R O 1 I
310 +3.0 59 2763 228 9. 8815 20 9.9741 174 310
5.6 21.6 - 108 : 316
1916 305 +8.6 297.9 9. 8923 9. 9425 305
300+ 13.6 e s 70 9.9153 o 9. 8844 23(') 300
+17. ) . -
295 17.4 33 3274 24 9.9199 e 9. 8244 Goo 295
1917 +19.6 336.8 9.7738 290
2
285  +19.4 243 344.3 P 0.0458 i 9. 7368 B4 285
250 +16.1 b 350.6 & 0.0954 s 9.7129 239 280
275 +9.6 o 356.2 B 0.1305 b 9. 7018 s 275
1918 270 +1.7 1.4 0.1368 9. 7033 270
265 5.4 " 6.6 s 0.1141 el 9. 7167 v 265
260 9.8 - 12.1 - 0.0740 9. 7419 260
1.8 6.0 440 - 370
5 S )
255 11.6 o 18.1 s 0.0300 o8 9. 7789 255
1919 250 - 11.2 5.2 9. 9902 9.8275 250
245 94 s X B 9.9582 e 9. 8869 > 245
240 6. : 45.0 : 9.9348 9.9539 240
. 3.1 145 148 664
235 3.7 M 595 133 9. 9200 - 0.0203 s 235
1920 230 0.5 77.7 9.9133 0.0696 230
3.1 20.2 6 : 134
225 +2.6 3% 979 102 9.9139 - 0.0830 - 225
220 +5.4 28 ney 188 9.9210 o8 0.0580 = 220
215 +7.6 T 1318 1L 9.9338 - 0.0113 o 215
1921 210 +9.2 143.3 9.9512 9.9603 210
0.9 8.9 209 462
205 +10.1 0.0 152.2 70 9.9721 227 9.9141 205
200 +10.1 1 159.2 s 9.9948 o 9.8760 381 200
195 +9.0 250 165.1 b 0.0172 To fo 195
1922 190 +7.0 170.1 0.0368 9. 8257 190
185 +4.1 29 174.8 4.7 0.0509 141 9. 8127 130 185
o toe 33 1792 44 0.0572 s 9. 8073 Y 180
1 2. : :
75 2.9 e 183.5 3 0.0545 A 9.8095 o 175
1923 170 - 61 188.0 0.0432 9.8192 170
2.4 .
165 8.5 14 192.9 o 0.0253 o 9. 8368 K 165
160 o4 198.5 >4 0.0035 b 9.8627 -~ 160
1924 155 -10.3 205.0 9.9504 9.8974 155
! 0.5 8.2 220 . 433
Bonow ol om R omo ouwmoom W
: X - X - 148 : 498
140 6.3 2 375 130 9.9245 a8 0.0404 498 140
1925 135 3.7 255.1 9.9151 0.0755 135
130 0.7 3 753 102 9.9121 3 0.0764 130
125 +2.6 33 2946 1oy 9.9163 e 0.0377 e 125
120 +5.8 32 a5 159 9.9284 oo 9.9746 120
1926 +8.7 322.7 9.9491 9.9063 115
50 (2"92 3321 4 9.9787 e 9.8437 626 110
105 +118 09 339.7 o3 0.0167 T 9.7912 e 105
1 +10.9 : . :
00 9% 3460 A 0.0607 oy 9. 7503 590 100
1927 95 +7.3 351.7 0.1041 9. 7213 95
9 +0.9 s 357.0 5.3 0.1347 306 9. 7041 172 9%
85 72 54 2.2 e 0.1381 ot 9. 6989 52 85
-145 : 7.6 5. 0.1105 9. 7060 n
44 6.0 475 200
1928 -18.9 13.6 0.0630 9. 7260
20.0 " 20.7 g; 0.0105 i:g 9. 7592 izé
S18.4 1 294 87 9.9628 a 9.8058 AN
-15.0 e as 114 9.9245 9.8637 o
1929 210.3
S ®owe M w0
: 59 6T 23 et 20 ) 13
+11 6.0 . 20.9 - 112 - 9664 480

+7.1 : 120.6 9. 8923 9.9184
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Table 13.— Values of u and log F of .2 and Mi for years 1900 to 2000—Con.

Year

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

N

345

340
335
330
325

320
315
310
305

300
295
290
285

280

225

220
215
210

205
200
195
190

185
180
175
170

165
160
155
150

145
140
135
130

125
120
115
110

u of 112

+7.1

+12.
+17
+20
+21

Loo

+17.
+6

[SRERN

-17.
-22
-22.
-18.

Gow®

-13.

-1.
+4

aae®

+10
+15
+19
+21

Sinosin

+20
+15
+6.
-2

noni

-9.
-13.
-13.
-11

[CRTENE-N

wm
Dok

EXNIEN

+
—
—
®

. +
e o
nbhio W

©
=% o

-7.
-5
-3.
-0

ENSE NI

+2.
+4.
+7
+9

=4~

+10.0
+9.7
+7.6
+3.2

Diff.

YN

[SESESEN

_-—
csha

Ll

R
~ e~

=ainl

N—S W
Lawa

[RERRRER]
PR

S
]

[SERERRN
ek -

- S -

wawiv

Qo

FNIeRTY
P

u of Mi

Diff.

g% LA
ral®

&
RS

FNFIS
& thinin

Log F (L2)

9.8923

9.9175
9.9570
0.0134
0.0840

0.1614
0. 2202
0.2218

0.1646
0.0805
0.0145
9.9569

9.9157
9.8895
9.8776
9.8794

9.8945
9.9227
9.9637
0.0160

0.0752
0.1302
0.1618
0.1548

0.1155
0.0625
0.0129
9.9711

9.9398
9.9190
9.9087
9.9063

9.9126
9.9262
9.9458
9.9098

9.9960
0.0216
0.0432

0.0573
0.0617
0.0501
0.0422

0.0228
0.0010
9.9791
9.9591

9.9420
9.9290
9.9207
9.9176

9.9204
9.9295
9.9455
9.9685

9.9982
0. 0331
0.0696
0.1002

Diff.

252

401
558
706
774

588

572

781
720
576
412

262
119

18
151

282
410
523
592

550
316

393

530
490
418
313

208
103
24
03

130
196

262

Log F (Mi)

9.9184

9.8498
9.7828
9.7270
9.6850

9. 6569
9. 6428
9.6421

9.6550
9.6817
9.7225
9.7771

9.8433
9.9110
9.9578
9.9572

9.9123
9.8490
9.7896
9.7418

9.7078
9.6874
9.6803
9.6858

9.7039
9.7349
9.7777
9.8331

9.8989
9.9690
0.0285
0.0555

0.0395
9.9949
9.9427
9.8952

9.8569
9.8285
9.8099

9.8002
9.7989
9.8057
9.8202

9.8425
9.8726
9.9107
9.9564

0.0077
0.0586
0.0966
0.1044

0.0745
0.0182
9.9530
9.8906

9.8364
9.7923
9.7589
9.7304

Diff.

686

670
558
420
281

141
7
129

267
408

662

310
428
554
658

701
595
270
100

446
522
475
383

284
186
97

13

145
223

301
381
457
513

509
380

78
299

503
652
624
542
441

225

N

345

340
335
330
325

320
315
310
305

300
295
290
285

280
275
270
265

260
255
250
245

240

225

185

170

165
160
155
150

145
140
135
130

125
120
115
110
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Table 13.— Values of u and log Fof 1.2 and  for years 1900 to 2000—con.

Year N UofLj Diff. sMof Ml Diff. Log F (L Diff. Log F (Mi) Diff. N
0 (o} o o

1944 110 +3.2 62 354.6 . 0.1002 . 9.7364 s 110

1945 105 3.0 359.7 0.1149 9.7249 105

100 9.6 & 48 B 0.1061 o8 9.7246 " 100

95 -14.9 o 10.3 > 0.0757 o 9.7363 b 95

%0  -17.7 i 16.5 52 0.0331 2 9.7603 m 90

1946 85 -17.9 24.0 9. 9885 9.7973 85

80  -16.1 oot 35 53 9.9488 » 9.8467 ‘;;‘; 80

75 -12.7 M 461 28 9.9163 e 9.9050 i 75

1947 70 8.2 63.1 9.8963 9. 9603 70

65 3.0 32 846 212 9.8864 b 9.9882 m 65

60 +2.6 papd 072 22 9.8884 2 9.9677 o 60

55 +8.1 > 62 190 9.9030 o] 9.9088 b4 s5

1948 50 +13.2 140.7 9. 9312 9.8382 50

45 +17.4 42 1514 197 9.9740 ‘g’; 9.7734 oy e

0 +19.8 o 159.8 e 0.0319 e 9. 7208 e 40

33 +19.0 P 166.7 & 0.1025 e 9.6820 b 35

1549 0 +13.4 172.7 0.1749 9. 6570 30

25 +2.0 114 178.4 i 0.2196 w 9. 6455 o 25

20 -11.2 A 184.0 o 0.2046 o 9. 6475 - 20

15 -20.1 3 189.8 Pl 0.1407 s 9.6629 b 15

1950 0 -23.1 196.4 0.0643 9.6924 10

5 .22.0 I 204.1 - 9.9963 o 9.7361 peid 5

0 -18.2 38 239 08 9.9431 s 9.7933 ples 0

355 -12.9 33 270 13 9.9054 o 9.8603 o 355

1951 350 6.8 244.7 9.8827 9.9237 350

345 0.3 83 2670 223 9.8743 2: 9.9572 e 345

340 +6.1 b 2899 229 9.8797 - 9. 9398 m 340

35 +12.1 59 3000 13) 9.8990 m 9.8843 oy 335

1952 30 +17.3 3232 9.9322 9. 8191 330

325 +21.1 e 333.8 13'26 9.9793 o 9.7612 i 325

320 +22.6 e 342.0 52 0.0390 o 9. 7162 an0 320

35 4205 o 348.7 b 0.1056 55 9. 6852 i 315

1953 310 +13.8 354.7 0.1639 9. 6680 310

305 +3.2 s 0.2 ;2 0.1881 ;gg 9.6642 ;f 305

300 12 o 57 e 0.1643 38 9. 6733 e 300

295 -13.6 b 1.4 i 0.1085 pos 9. 6958 o 295

1954 290 -15.9 17.7 0.0485 9. 7307 290

285 -15.0 et 251 B 9.9948 - 9. 7791 zg; 285

80 -12.2 28 a4 3 9.9528 o 9.8399 o8 280

1955 275 8.4 46.6 9.9230 9.9102 275

270 4.0 it 627 181 9.9055 A 9.9776 o 270

265 +0.5 43 s29 202 9.8987 o 0.0225 o 265

260 +4.8 43 w47 200 9.9020 3 0.0237 I 260

1956 255 +8.5 123.7 9. 9144 9. 9858 255

250 +11.5 3 1383 [0S 9.9348 :2; 9.9320 g:z 250

245 +13.4 ¥ 1492 3 9. 9615 27 9.8804 e 245

240 +14.0 o 157.6 pi 9.9923 308 9.8380 pes 240

1957 85 +13.1 164.3 0.0238 9.8008 235

230 +10.6 3 169.9 36 0.0511 m 9. 7866 22; 230

225 +6.7 3 175.0 e 0.0693 u 9. 7769 7 225

220 +2.3 P 179.7 e 0.0746 3 9. 7770 o 220

1958 215 2.0 184.3 0.0669 9. 7862 215

210 5.4 3 189.0 g 0.0492 o 9.8042 180 210

205 75 - 194.1 - 0.0260 3 9.8308 o 205

200 8.5 o 199.7 i 0.0014 p 9.8658 b 200

1959 195 8.5 206.3 9.9781 9.9090 195

190 7.6 ‘:'g 214.4 1?1‘12 9.9579 b 9.9596 Zgg 190

185 6.3 13 246 1972 9.9417 H 0.0151 = 185

180 4.4 : 237.7 : 9.9299 0. 0692 180
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Table of u and log F of L2and M! for years 1900 lin.
Year U of 12 Diff. ti of Mi Diff. Loeg F (L) Diff. Log F (Mi) r
1959 4.4 BT e 9.9299 0.0692 150
1960 2.3 254.1 9.9228 0.1096 175
0.0 ig g 3 9.9207 ;1) 0.1203 170
+2.3 33 210 133 9.9237 Py 0.0951 165
+4.5 2 3066 154 9.9320 B 0.0444 160
1961 +0.5 318.9 9.9457 9.9841 155
+8.1 '}'g 3285 56 m 9. 9252 150
+8.9 03 336.1 e for 9. 8729 145
1962 +8.7 342.5 0.0170 9. 8204 140
+7.2 s 348.1 28 0.0465 s 9. 7950 135
+4.1 e 353.2 o 0.0728 263 9. 7703 130
S 0.6 : 358.0 : 0.0894 9.7554 125
5.4 4.9

1963 - 6.0 2.9 0.0902 9.7507 120
S 11.0 2(5] 8.0 i 0.0733 5 9.7565 115
145 He 13.6 i 0.0428 3 9. 7735 110
“16.0 o 202 8 0.0058 N 9.8025 105
1961 -15.5 28.3 9.9690 9. 8437 100
-13.4 - 83 142 9.9370 iig 9. 8956 95
10,1 3 520 &l 9.9125 o 9. 9523 9
5.9 .2 6 8 9. 8969 9.9988 85
1965 S L1 93.7 9.8921 0.0049 80
+4.0 - g9 212 9.8981 . 9.9657 75
4-9.0 D TETIC I A 9.9161 boot 9.8991 70
+13.3 o 144.7 o 9.9470 Py 9. 8289 65
1966 +16.5 154.3 9.9917 9.7674 60
+17.9 ;'g 162.0 P 0.0498 P 9. 7185 55
+15.9 20 168.5 83 0.1173 o 9.6832 50
+8.9 o 1743 g 0.1795 e 9. 6614 45
1967 S 2.0 179.8 0.2069 9.6529 40
S142 17'-3 185.4 P 0.1786 e 9. 6577 35
S212 - 191.4 e 0.1135 o 9. 6759 30
223.1 e 1982 3 0.0418 n 9. 7081 25
1968 21.3 206.4 9.9794 9.7545 20
172 o aze 198 9.9310 pood 9. 8137 B

118 bt k13 193 9.8975 33 9.8803
5.6 Py 2505 0 9.8785 p 9.9370 5
1969 +0.9 6.5 2735 55, 9.8735 o 9.9555 0
+7.4 8 257 {72 9. 8826 oy 9. 9227 355
+13.5 o siae 177 9.9058 - 9.8603 350
1970 +18.6 Ny 326.4 9.9437 28 9.7946 345
+22.2 3 336. 2 . 9.9965 o 9.7388 340
+23.1 o 343.9 p 0.0628 o 9.6965 335
+19.8 33 350.4 5> 0.1355 el 330
1971 +11.1 356.3 0.1938 9. 6540 325
S 1.8 3 0.2059 m 9.6531 320
1.7 o 7.4 s 0.1043 e 9.6656 315
1701 B 13.4 P 0.0974 P 9.6912 310
1972 -18.0 202 0.0313 9.7305 305
-15.9 g 28.4 lg‘f 9.9767 igg 9. 7833 300
12.2 37 388 4 9.9359 408 9.8482 295
7.5 M 528 52 9.9088 o 9.9191 290
1973 2.4 71.3 9.8945 9.9802 285
+2.7 " 93.3 %f'g 9.8919 2 0.0058 280
+73 s 1149 31 9. 9005 e 9.9834 275
+ 113 i TEP I b 9.9326 270
1974 +14.4 144.8 9.9462 9.8760 265
+16.0 []]i’ 154.5 3'2 9.9805 ggg 9.8269 260
+15.9 %3 162.1 P 0.0185 380 9.7895 255

+ 13.7 : 168.3 : 0.0549 9.7642 250
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of uand log F of L2and Mi for years 1900 un»
Year Diff. Ii of M i Diff. Log F (L2 Diff. LogF (Mi) v
3
1974 4.1 168.3 5.5 0. 0549 274 9. 7642 250
1975 173.8 0. 0823 9. 7508 245
i 178.8 j'g 0. 0939 e 9.7486 240
3 183.6 48 0.0871 3 9. 7568 235
32 188.5 = 0.0660 286 9. 7751 230
1976 193.8 0.0374 9.8033 225
03 199.6 > 0.0074 30 9.8411 220
0.2 206.4 6.8 9.9801 n 9.8882 215
e a7 33 9.9573 28 9. 9436 210
1977 225.2 9.9399 0.0042 205
%f 238.7 }2'3 9. 9281 118 0.0631 200
2 2555 (o8 9.9218 ] 0.1070 195
1978 2742 0.1199 190
%'(2] 2023 81 9.9248 e 0.0971 185
20 3076 13y 9.9337 s 0.0502 180
13 319.5 o 9.9472 13 9.9949 175
1979 328.8 9.9413 170
g'g 336.2 (7)'3 ;;3 9.8936 165
03 342.4 83 0.0099 bl 9.8538 160
e 347.8 e 0.0340 u 9.8221 155
1980 3527 0. 0553 150
3 357.3 i 0.0090 et 9. 7842 145
43 1.9 s 0.0729 b 9. 7783 140
a3 6.7 48 0.0630 214 9. 7816 135
1981 11.9 0.0416 9. 7947 130
0 17.9 60 0.0129 » 9.8184 125
0.4 25.0 " 9.9817 e 9. 8533 120
: 34.0 : 9.9524 115
2.3 12.0 246
1982 46.0 9.9278 9.9523 110
32 020 160 9.9101 o 0.0031 105
3 g1 201 9. 9006 % 0.0307 100
A 1038 To 9. 9004 o 0.0140 95
1983 122.9 9.9104 9. 9597 9
hie ET 9. 9315 o 9.8894 85
33 ug7- 1t 9.9645 e 9.8218 80
P 157.3 3¢ 0.0099 SN 9. 7646 75
1984 164.3 0.0659 9. 7201 70
:-; 170.4 g‘é 0.1263 P 9.6889 65
s 176.0 ] 0.1741 9. 6706 60
1985 181.4 0.1839 9.6652 55
36 187.0 a8 0.1474 ph 9.6729 50
> 193.2 6.2 0.0549 b2 9. 6941 s
%3 2003 87 0.0199 o 9.7291 40
1986 209.0 9.9639 9. 7781 35
i 2204 |14 9.9210 o 9. 8395 30
> PET 9.8920 b 9.9035 25
Py 2566 293 9.8768 o 9. 9506 20
1987 280.0 9.8754 9.9524
§s 301.0 fé‘g 9.8880 e 9.9068 0
bt TN 9.9150 m 9. 8400 B
b 3292 o 9.9572 o 9. 7750
1988 338.3 0.0151 9. 7215 355
o1 345.6 3 0.0868 n 9.6820 350
o 351.9 ¢ 0.1629 “ 9. 6565 345
i 357.7 b 0. 2165 b 9.6451 340
1989 3.3 0. 2126 9.6469 335
8 9.0 gt 0.1553 H 9.6623 330
sl 15.2 &2 0.0809 - 9.6912 325
: 225 - 0.0132 9. 7341 320
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Tabl u and log F of L2and Mi for years 1900 to 1.
Year Diff. uofMi Diff. Log F(L;) Diff. Log ECMi) r
1989 10 22.5 00 0.0132 . 9.7341 320
1990 31.5 9.9595 9.7906 315

N FER I 9. 9209 386 9.8582 310
53 so0 o8 9. 8967 9.9276 305
3¢ 795 293 9.9776 300
1991 1022 9.8876 9.9827 295
5 1226 294 9.9011 e 9.9433 290
43 1382 (78 9.9257 o 9.3848 285
- 149.7 oo 9. 9601 P 9.8283 280
1992 158.6 0.0029 9.7819 275
319 165.5 &0 0.0479 P 9.7493 270
3 1715 o 0.0887 B 9.7290 265
1993 176.9 0.1137 9. 7211 260
et 182.0 B 0.1147 2119 9.7249 255
33 187.0 B 0.0933 o 9. 7400 250
15 1924 P 0.0591 By 9. 7662 245
1994 198.3 0.0218 9.8033 240
0.3 2052 & 9.9878 350 9.8510 235
% a5 8 9.9598 Eh 9.9086 230
224.1 e 9.9389 e 9.9731 225
1995 . 2379, 9.9252 . 0.0372 20
27 255.1 2 9.9183 % 0.0868 )
: 2745 o4 9.9177 s 0.1041
bal 231 3¢ 9.9228 o 0.0839 205
1996 308.5 Lo 9.9330 47 0.0395 20
10 3204 o 9.9177 b 9.9876 195
3 329.7 23 9.9661 oot 9.9382 190
b 3370 P 9.9870 2 9.8955 185
1997 343.0 0.0091 9.8607 180
2156 348.3 3 0.0302 %;L 9.8339 175
28 353.0 e 0. 0477 e 9.8148 170
33 3575 o 0.0586 . 9.8035 165
1998 1.9 0. 0605 9. 7999 160
3.6 6.4 :'g 0.0524 o 9.8044 155
1.3 P 0.0355 1 9.8174 150
& 16.9 b 0.0124 by 9.8395. 145
1999 23.4 9.8714 140
(;'g 315 1?1‘15 9.9613 = 9.9130 135
5 20 193 9.9389 o 9.9627 130
2000 55.9 9.9215 0.0141
gi 739 80 9.9103 P 0.0516 i)
3 o1z 292 9.9066 a 0.0540 0
: 114.7 . 9.9111 0.0142



HARMONIC ANALYSIS AND PREDICTION OF TIDES

Table 14—Node factor f for middle of each year, 1850 to 1999

Constituent 1850 1851 1852 1853 1854 1855 1856 1857 1858
Ji — 0.892 0.948 1.007 1.061 1.105 1.138 1.158 1.165 1.160
Ki 0.922 0.959 0.999 1.037 1.069 1.092 1.107 1.113  1.108
K2 0.816 0.887 0.977 1.075 1.168 1.246 1.298 1.317  1.302

1.163 0.905 0.725 1.055 1.263 0. 944 0.469 0.962 1.283
1.023 1.675 1.974 1.559 1. 118 1.860 2.348 1.872  1.177

M 2% N2, 2N, Xz, ne, b2-  1.027 1.017 1.005 0.993 0.981 0.972 0.966 0.963 0.965
M

3 1.042 1.026 1.008 0.989 0.972 0.958 0.949 0.945  0.948
Mi, M N 1.056 1.035 1.011 0.986 0.963 0.944 0.932 0.928 0.931
Ms 1.085 1.053 1.016 0.978 0.944 0.918 0.900 0.894  0.899
Ms — 1.114 1.071 1.021 0.971 0.927 0.892 0.869 0.861 0.867

0Oi, Qi, 2Q, pi-—m»——  0.874 0.933 0.998 1.059 1. 110 1.150 1.174 1.183  1.176
oo 0.631 0. 786 0.983 1.204 1.422 1.608 1.735 1.783  1.745

MK 0.948 0.976 1.004 1.029 1.048 1.062 1.069 1.072  1.070
2MK 0.974 0.993 1.010 1.022 1.029 1.032 1.032 1.032  1.032
Mf 0.743 0. 856 0.990 1.129 1.257 1.360 1.427 1.452  1.432
M m 1.094 1.059 1.016 0.973 0.933 0.900 0.879 0.871 0.878

Constituent 1860 1861 1862 1863 1864 1865 1866 1867 1868
Ji 1.110 1.066 1.013 0.955 0.898 0.852 0.829 0.832 0.863
K, 1.072 1.041 1.004 0.964 0. 926 0.898 0.883 0.885  0.904
K2 1.179 1.086 0. 988 0.897 0.823 0. 773 0. 749 0.753 0.784
| Dy 0.568 0.924 1.225 1.117 0.865 0.879 1.082 1.190  1.091
Mi 2.227 1.792 1.046 1.260 1.680 1.609 1.164 0.812  1.189
M2%, N2,2N, Xz, P2, 17 0.980 0.991 1.004 1.016 1.026 1.034 1.038 1.037 1.032
Ms 0. 970 0. 987 1.006 1.024 1.040 1.051 1.057 1.056 1.049
Mi, M N 0. 960 0.983 1.008 1.032 1.054 1.069 1.076 1.075  1.066
Me 0.941 0.974 1.011 1.049 1.081 1.105 1.117 1.115  1.100
Ms 0.922 0.966 1.015 1.065 1.110 1.143 1.159 1.156  1.135
0> Qi, 2Q, pi-——r 1.116 1.065 1.005 0.941 0. 880 0.832 0.808 0.812 0.843
oo _ 1.447 1.230 1.008 0.807 0.647 0.540 0.489 0.497  0.563
MK 1.050 1.032 1.007 0.979 0.951 0. 928 0.916 0.918 0.933
2M K 1.029 1.023 1.011 0.995 0.976 0.960 0.950 0.952  0.964
Mf 1.270 1. 145 1.007 0.872 0. 755 0. 670 0.629 0.635 0.689
M m 0.928 0.968 1.011 1.054 1.091 1.117 1.130 1.128 1.1

Constituent 1870 1871 1872 1873 1874 1875 1876 1877 1878

0.971 1.028 1.079 1.120 1.147 1.162 1.164 1.154  1.130
0.974 1.014 1.050 1.079 1.099 LI 1.112 1.104 1.087
0.920 1.014 1.112 1.201 1.269 1.309 1.315 1.287 1.227

0.828 1.148 1.224 0.816 0. 545 1.087 1.270 0.858 0.543
1.811 1.300 1. 185 2.004 2.286 1.656 1.227 1.998 2.269

1.013 1.000 0. 988 0.977 0.969 0.964 0.963 0.967 0.974
1.019 1.001 0.982 0.966 0. 954 0.947 0. 946 0.951 0. 961
1.026 1.001 0.976 0.955 0.939 0.930 0.928 0.935  0.949

Ms 1.039 1.001 0.965 0.933 0.910 0.896 0.894 0.904  0.924
Ms 1.052 1.002 0.953 0.912 0.881 0.864 0.862 0.874  0.900
0i> Qi» 2Q, pi.——  0.958 1.022 1.080 1.127 1.161 1.179 1.182 1.169 1.140
(o]0 0.858 1.067 1.290 1.500 1.666 1.764 1.779 1.708 1.563
MK 0.987 1.014 1.037 1.054 1.065 1.071 1.072 1.068  1.059
2MK 1.000 1.015 1.025 1.030 1.032 1.032 1.032 1.032  1.031
M f 0.907 1.044 1.181 1.300 1.390 1.442 1.450 1.413  1.335
M m 1.043 1.000 0.957 0.919 0.891 0. 874 0.872 0.884 0.908

*Factor f of MS, 2SM, and M Sf are each equal to factor f of M2.
Factor f of Pi, R2., Si, S2, S4, S6, T2, Sa, and Ssa are each unity.

199

1859

1.141
1.095
1.254

1.001
1.776

0.971
0.957
0.942

0.915
0.888

1.153
1.627

1.063
1.032

1.370
0.897

1869

0.912
0.936
0. 840

0.840
1.731

1.024
1.036
1.048

1.073
1.099

0.896
0.685

1879

1.094
1.061
1.144

1.036
1.645

0.984
0.976
0.968

0.953
0.938

1.098
1.366

1.044
1.027

i.224
0.943
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Table 14.—Node factor f for middle of each year, 1850 to 1999—

Constituent 1880

1,047
1.027
1.048

- - 1. 246
M 1.046

M 2%, Nii, 2N, X2 u2, /2= 0.996
M. . 0.994
0.992

0.988
0.984

1.043
1.144

1.023
1.019

Mf 1.092
0.984

Constituent 1890

1.049
1.028
1.052

1.153
1.323

M>* N2, 2N, X2 U2 vi. 0.996

Ms 0.993
Mi, M N 0.991
Me 0.987
Mg_ 0.982
1.046

1. 153

1.024

1.019

1.098

0.983

Constituent 1900

J 0. 968
K . 0.973
K2 0.916
Li.... 0.753
Mi_ 00000000000 1.902
M 2%, N2 2N, X2, p2, v2- 1.013
Ms_... 1.020
1.027

1,040

1.054

0i,rQi, 2Q ,p,e_wrvererrens 0. 956
00 . 0. S50
MK 0.986
2MK ... 0.999
Mf 0.901
Mm 1.015

‘Factor/of MS, 2SM, and M Sf are each equal to factor f of M2.
Factor f of Pi, R2, Si, S2, Si, S¢, T2, Sa, and Ssa are each unity.

1881

0,991
0.988
0.951

1.020
1. 528

1.009
1.013
1.017

1.026
1.035

0.980
0.926

0.997
1. 005

0.953
1.028

1891

1.096
1.062
1. 148

0. 709
2.091

0.984
0.976
0.968

0. 952
0.936

1.100
1.375

1.045
1.028

1.230
0.941

1901

0.910
0.934
0.838

1.030
1.399

1.024
1.036
1.049

1.074
1.100

0.893
0. 679

0.957
0.980

0.779
1.083

1882

0.932
0.949
0.866

0.786
1.824

1.020
1.031
1.041

1.062
1.084

0.916
0. 739

0.968
0.988

0.823
1.069

1902

0.861
0. 903
0.782

1. 193
0.858

1.032
1.049
1.066

1.101
1.136

0.812
0. 559

0.933
0.963

0. 686
1. 112

1883

0.878
0.914
0.800

0.941
1.529

1.030
1.045
1.060

1.092
1.124

0.860
0.599

0.941
0.969

0.717
1.102

1893

1. 155
1. 105
1.289

1. 185
1.434

0.967
0.950
0. 934

0.903
0. 873

1.170
1.713

1.068
1.032

1.416
0.883

1903

0.832
0.885
0.752

1.117
1.069

1.037
1.056
1.076

0.811
0. 496

0.918
0.952

0. 634
1.128

1884

0.840
0.890
0.760

1.152
0.970

1.036
1.054
1.073

1.111
1.151

0.820
0.513

0.922
0.955

0.649
1.124

1894

1. 165
1.112
1.316

1. 219
1.369

0. 963
0.946
0. 928

0.894
0.861

1.182
1.780

1.072
1.032

1.451
0.872

1904

0. 829
0. 883
0. 750

0.925
1.507

1.038
1.057
1. 076

1.117
1.159

0.80S
0.490

0.916
0.951

0.630
1.130

1885

0.827
0.882
0.748

1.171
0.877

1.038
1.057
1.077

1.118
1.160

0.806
0.486

0.915
0.950

0.626
1.131

1895

1.162
1.110
1.308

0.704
2.176

0.964
0.947
0.930

0.896
0.864

1. 179
1.761

1.071
1.032

1.441
0. 875

S. COAST AND GEODETIC SURVEY

1886

0.841
0.891
0.762

1.006
1.364

1.036
1.054
1.072

L1
1.150

0.821
0.516

0.922
0.955

0.651
1.123

1896

1.146
1.099
1. 267

0.607
2.240

0. 969
0.954
0.939

0.910
0.882

1. 160
1.660

1.065
1.032

1.387
0.892

1887

0.880
0.915
0.803

0.824
1.721

1.029
1.044
1.060

1.091
1.123

0.862
0.604

0.942
0.970

0.721
1.101

1897

1.118
1.078
1.197

1.141
1.471

0.978
0.967
0.956

0.934
0.913

1.125
1.491

1. 054
1.030

1.296
0. 921

1907

0.957
0.965
0. 900

1.221
0.946

1.016
1.023
1.031

1.047
1.063

0.944
0.814

0.980
0. 990

0.877
1.052

Continued
1888 1889
0.934  0.994
0.950  0.990
0.869  0.955
0.945  1.205
1.593 1075
1.020  1.008
1.030  1.012
1.040  1.016
1.061  1.024
1.082  1.033
0.919  0.983
0.746  0.936
0.969  0.998
0.988  1.006
0.828  0.959
1.007  1.026
1898 1899
1077 1.026
1.054 1012
1.108  1.010
1.229  0.897
1.166  1.781
0.989  1.001
0.983  1.002
0.977  1.002
0.966  1.003
0.955  1.004
1.078 1020
1281  1.058
1.036  1.013
1.025 1014
1.175 1038
0.958  1.001
1908 1909
1.016  1.069
1.005  1.042
0.992  1.090
1.062  0.653
1.479  2.112
1003 0.991
1.005  0.986
1.007  0.982
1.010  0.973
1.013  0.964
1.008  1.068
L017  1.240
1.008  1.033
1.012  1.023
1.012 1151
1.010  0.966
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Table 14—Node factor f for middle of each year, 1850 to 1999—Continued

Constituent

M
Mi, M N

Constituent

Ju __
Ki
K2

Constituent

Ji
K i
K2

‘Factor fof MS, 2SM, and M Sf are each equal to factor f of M2.
Factor f of Pi, R2, Si, S2, Si, Ss, T2, Sa, and Ssa are each unity.

1910

1.111
1.073
1.182

0.834
1.972

0.980
0.969
0.959

0.940
0.920

1.118
1.455

1.051
1.029

1. 275
0.927

1920

0.890
0.921
0.813

1.198
0.896

1.028
1.042
1.056

1.086
1. 116

0. 871
0.626

0.947
0.973

0.739
1. 096

1930

1.150
1. 102
1.278

1.022
1.312

0.968
0.952
0.937

0.907
0.878

1.165
1.686

1.066
1.032

1.402
0.887

1911

1.142
1.096
1.256

1.246
1.248

0.970
0.956
0.942

0.914
0. 887
1.15
1.633
1.063
1.032

1.373
0.896

1931

1.163
1.112
1.312

0.471
2.353

0.964
0.946
0.929

0.895
0.863

1.181
1.772

1.071
1.032

1.446
0.873

1912

1.160
1.109
1.303

1.135
1.657

0.965
0.948
0.931

0.898
0.867

1.176
1.748

1.070
1.032

1.434
0.877

1922

0.827
0.882
0.748

0.870
1.597

1.038
1.057
1.077

1.118
1.160

0.806
0. 487

0.915
0. 950

0. 626
1.131

1.181
1.773

1.071
1. 032

1.447
0.873

1913

1.165
1.113
1.317

0.561
2.297

0.963
0.945
0.928

0.894
0. 861

1.183
1.783

1.072
1.032

1.452
0.871

1923

0.836
0.887
0.756

0.932
1.503

1.036
1.055
1.074

1.114
1.154

0.815
0.504

0.920
0.953

0.641
1.126

0.968
0. 952
0 936

0 906
0.877

1.165
1.690

1.067
1.032

1.403
'0.887

1914

1.157
1.107
1.296

0.729
2.146

0.966
0.949
0.933

0.901
0.870

1.173
1. 732

1.069
1.032

1.425
0.880

1924

0.870
0.909
0.791

133
.082

—_

031
047
063

—

.096
130

0.850
0. 579

kd

937
0. 966

701
107

-

1934

1. 126
1.083
1.216

1.078
1.614

0.975
0.963
0.951

0.928
0.905

1 134

1.057

1. 031

1. 320
0.913

1915

1. 137
1.092
1.243

1.221
1.310

0.972
0.958
0.945

0.918
0. 893

1.148
1.602

1.061
1.032

1.356
0.902

1935

1.088
1. 056
1.130

. 636
2. 148
0.986
0.979
0.972

0.958
0.945

1.090
1.332

1.041
1.026

1.205
0.949

1916

1.104
1.067
1.165

1.172
1.371

0.982
0.972
0.964

0.946
0.928

1.109
1.414

1.048
1.028

1.252
0.934

1936

1. 038
1021
1. 033

0.859
1 850

0.998
0.997
0.996

0.994
0.992

1.034
1.108

1.019
1 017

1.070
0.991

1917

1.059
1.035
1.071

0. 761
1.993

1927

1.037
1.020
1.030

0.669
2.063

0.998
0.998
0.997

0.995
0 994

1. 032
1.102

1. 018
1017

1. 066
0.993

1937

0 982
0 982
0 937

1.190
1.098

1.011
1 016
1.021

1.032
1.043

0.970
0.894

0.992
1.003

0.931
1.035

1918

1.004
0.997
0.973

0.780
1.909

1.006
1.009
1.012

1.017
1.023

0.995
0.974

1.003
1.009

0.985
1.018

1.040
1.026

1 201
0.950

1938

0.923
0. 943
0.854

1.162
1.079

.022
033

—-——
o

1.067
1.091

0.907
0.714

0.964
0.985

0.804
1.075

201

044

1919

0.945
0.958
0.884

1.118
1.243

1.018
1.027
1.036

1.054
1. 073

0.931
0.779

0.975
0.992

0.851
1.060

1929

1.125
1.083
1.214

1. 270
1.138

0.976
0.964
0.952
0.929
0 906

1 530



202 u.

S. COAST AND GEODETIC SURVEY

Table 14—Node factor f for middle of each year, 1850 to 1999—Continued

Constituent 1940
0.836

0. 888

K2 0.757
L2 0. 860
M i 1.623
M 2*, N2,2N, X, #2, 12- 1.036
M3 1.055
Mi,MN________ 1074
M« 1.113
Mg 1.154
0.816

oo 0.505
MK. .. 0.920
2M K 0.953
Mf _ 0.642
1.126

Constituent 1950
1.165

1.113

1.317

1.074

Mi 1.717

Ma*, Na, 2N, Xa, ju. va.  0.963
0. 945
0. 928

0.894
0.861

1.183
00 1.784

MK 1.072
2MK 1.032

Mf 1.452
0.872

Constituent 1960

0.831
0.885
0. 752

Lj_ 1199
Mi 0.767

1.037
1.056
1.076

1.116
1.157

0.810
OO ceeceoce soccnnse 0.495

0.917
0.952

MK ..
2M K

M f..
Mm.

0.633
1.128

*Factor fof MS, 2SM, and M Sf are each equal to factor f of M2.
Factor f of Pi, R2, Si, S2, Si, Si, T2, Sa, and Ssa are each unity.

1941

0.827
0.882
0.748

1.021
1.313

1.038
1.057
1.077

1.118
1.160

0.806
0.486

0.915
0.950

0.626
1.131

1951

1.160
1.109
1.303

1.120

0.965
0.948
0.931

0.898
0.867

1.177
1.750

1.070
1.032

1.435
0.877

1961

0.860
0.903
0.781

1.081
1.197

1.033
1.049
1.066

1.111.

1.137

0.840
0.557

0.932
0.962

0.684
1.113

1942

0.846
0.894
0.766

1952

1.143
1.096
1.257

1.014
1.778

0.970
0.956

0.941.

0.914
0.887

1.155
1.637

1.063
1.032

1. 375
0.896

1962

0.909
0.934
0.836

0.849
1.690

1.024
1.037
1.050

1.075
1.102

0. 891
0.675

0. 956
0.980

0.776
1.084

1943

0.888
0.920
0. 812

1.144
1.076

1.028
1.042
1.057

1.086
1.117

0.870
0.623

0.946
0.973

0.736
1.096

1953

1.112
1.074
1.184

0.653
2.161
0.979

0.969
0.959

0.939
0.920

1.119
1.459

1.051
1.029

1.278
0.926

1963

0. 766
0.972
0.914

0.893
1.699

1.014
1.020
1.027

1.041
1.055

0.954
0.845

0.985
0.998

0.898
1.046

1944

0. 944
0.956
0. 882

0.876
1.714

1.018
1.027
1.036

1945

1.003
0. 996
0.970

0.748
1.944

1.006
1.009
1.012

1.018
1.025

0.994
0.969

1.002
1.008

0.981
1.019

1955

1.002
1.001
0.995

1.260
0.964

1.003
1.004
1.006

1.009
1.012

1.010
1.023

1.009
1.012

1.016
1.008

1946

1.057
1.034
1.068

1.091
1.480

0.994
0.990
0.987

0. 981
0.975
1.055
1.189
1.028
1.021

1.120
0.976

0.959
0.966
0.903

1.112.

1.276

1.015
1.023
1.031

1.046
1.062

0.945
0.819

0.981
0.996

0.880
1.051

1947

1.103
1.067
1.162

1.255
1.138

0.982
0.973
0.964

0.947
0.929

1.107
1.408

1.047
1.028

1.249
0.935

1967

1.146
1.098
1.265

0.690
2.175

0.969
0.954
0.940

0.911
0.883

1.159
1.655

1.064
1.032

1.385
0.893

1948

1.136
1.091
1.242

0.894
1.927

0.972
0.959
0.945

0.919
0.894

1.147
1.598

1.061
1.032

1.354
0.902

1958

0.855
0.900
0.776

0.915
1.527

1.033
1.051
1.068

1.104
1.141

0.835
0.546

0.930
0.960

0.675
1.116

1968

1.161
1.110
1.307

1.185
1.503

0.964
0.947
0.930

0.897
0.865

1.071
1.032

1.439
0.876

1949

1.157
1.107
1.295

0.482
2.339

0.966
0. 949
0.933

0.901
0.870

1.173
1.729

1.069
1.032

1.424
0.880

1959

0.829
0.883
0. 749

1969

1.165
1.113
1.316

1.310
1.197

0.963
0.945
0.928

0.894
0.861

1.182
1.782

1.072
1.032

1.451
0.872
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Table 14—Node factor f for middle of each year, 1850 to 1999—Continued

Constituent 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

1.155 1.132 1.097 1.051 0.995 0.936 0.881 0.842  0.827 0.839
1. 105 1.088 1.063 1.029 0.991 0.951 0.916 0.891 0.882 0.890
1.289 1.232 1.150 1.055 0.957 0. 871 0.804 0.763  0.748 0.760

0.882 0.668 1.118 1.270 1.014 0.808 0.988 1.179  1.169 0.994
1.987 2.176 1.503 1.012 1.535 1.777 1.428 0.870 0.874 1.361

M 2%, N2,2N, X2, fi2, v2-  0.966 0.973 0.983 0.995 1.008 1.020 1.029 1.035 1.038 1.036
m 3 0.950 0.900 0.975 0.993 1.012 1.029 1.044 1.054  1.057 1.054

Mi, M N 0.934  0.948  0.967 0.991  1.016  1.039  1.059  1.072 1.077  1.073
Me— .' 0.903  0.922 0951 0986 1024  1.060 1.090 1110 1.118  [.112
Ms 0.873  0.898  0.935 0981  1.032  1.081 1122 1149 1.160  1.151
0i, Qi, 2Q, p i———— 1.170  1.143 1101  1.047  0.984  0.920  0.863  0.822 0.806  0.819

[ 1.716  1.575  1.380  1.159  0.940  0.750  0.607  0.517 0.485  0.512
M K 1.068  1.059  1.045  1.024  0.998  0.970  0.943  0.923 0.915  0.922
2MK.. 1.032  1.031  1.028  1.020  1.006  0.989  0.970  0.956 0.950  0.955
M f... 1417 1341 1233 1102 0962  0.831  0.723  0.652 0.625  0.647

0.882 0.906 0.940 0.982 1.025 1.067 1.100 1.123  1.131 1.121

Constituent 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

0.877 0.930 0.989 1.045 1.093 1.130 1.153 1.164 1.163 1.148
0.913 0.948 0.987 1.026 1.060 1.086 1.104 1112 1.111 1.100
0.799 0.864 0.949 1.045 1.142 1.226 1.285 1.315  1.310 1.270

L2. 0.848 1.001 1.238 1.157 0. 745 0.811 1.263 1.244  0.749 0.746
Mi 1.656 1.468 0.974 1.323 2.050 2.032 1.292 1.367 2.142 2.122

M**, N2,2N, X2, p2vi. 1.030  1.021  1.009  0.997  0.984 0974  0.967 0.964 0.964  0.969

Ms.... — 1.045 1.031 1.013 0.994 0.977 0.962 0.951 0.946  0.947 0.054
Mi, M N 1.061 1.042 1.018 0.993 0.969 0.949 0.935 0.928 0.930 0.939
Me 1.092 1.063 1.027 0.989 0.954 0.924 0.904 0.894  0.896 0.910
Ms 1.125 1.085 1.036 0.986 0.939 0.901 0.874 0.862 0.864 0.881

0.858 0.915 0.979 1.041 1.096 1.140 1.168 1.182  1.180 1.161
00 0.596 0.735 0.921 1.137 1.361 1.560 1.706 1.778 1.766 1.668
M K 0.941 0.967 0.996 1.022 1.043 1.058 1.068 1.072  1.071 1.065
2MK.. 0.969 0.987 1.005 1.019 1.027 1.031 1.032 1.032  1.032 1.032

0.715 0.820 0.949 1.088 1.221 1.333 1.412 1.450 1.443 1.392
1.103 1.070 1.029 0.986 0.944 0.909 0.884 0.872  0.874 0.891

Constituent 1990 1991 1992 1993 1994 1995 « 1996 1997 1998 1999
Ji 1.120 1.080 1.030 0.972 0.914 0.864 0.833 0.829 0.852 0.896
K . 1.079 1.051 1.015 0.976 0.937 0.905 0.886 0.883  0.897 0.926
K2 1.203 1.115 1.016 0.922 0.842 0.785 0.754 0.750 0.772 0.821
L2 1.216 1.248 0.898 0.801 1.077 1.208 1.107 0.921  0.893 1.096
Mi 1.334 1.156 1.778 1.829 1.282 0.800 1.083 1.487 1.560 1.214

M 2%, Ne, 2N, X2, ui, vi.  0.977 0.988 1.000 1.013 1.024 1.032 1.037 1.038 1.034 1.027
Ms. . 0.966 0.982 1.000 1.019 1.036 1.048 1.056 1.057 1.051 1.040
Mi, M N 0.955 0.976 1.000 1.025 1.048 1.065 1.075 1.076 1.069 1.054
Me 0.932 0.964 1.000 1.038 1.072 1.099 1.115 1.117  1.105 1.082
Ms— 0.911 0.952 1.C00 1.051 1.C98 1.134 1.156 1.159  1.143 1. 111

1.128 1.081 1.024 0.960 0.897 0.844 0.812 0.808 0.832 0.879
[oXo] 1.505 1.296 1.072 0.863 0.688 a 565 0.498 0.489  0.538 0.643

1.054 1.038 1.015 0.988 0.959 0.934 0.918 0.916 0.928 0.950
- 1.030 1.025 1.015 1.000 0.982 0.964 0.952 0.951  0.959 0.976

1.303 1. 184 1.048 0.910 0. 786 0.691 0. 636 0.629  0.669 0.752
0.918 0.956 0.998 1.042 1.081 1.110 1.128 1.130  1.117 1.091

* Factor fof MS, 2SM, and M Sf are each equal to factor f of M2.
Factor f of Pi, R2 Si, S2, Si, Se, T2, Sa, and Ssa are each unity.
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HARMONIC ANALYSIS AND PREDICTION OF TIDES
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B © beginning of each calendar month

o adapt table

1 6.—Differences
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Table 17.—Differences tw adapt table I5 o beginning of each day of month— Continued

U. S. COAST AND GEODETIC SURVEY
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B o beginning of each day of month— Continued

17.—Differences ®© adapt table

Table

HARMONIC ANALYSIS AND PREDICTION OF TIDES
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18.— Differences it adapt table I5 to beginning of each hour of day

Table

U. S. COAST AND GEODETIC STJUVEY
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HARMONIC ANALYSIS AND PREDICTION OF TIDES
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218 U. S. COAST AND GEODETIC SURVEY

Table 19.—Products for Form 194

[Multiplier=sin 15°=0.359]

0.000 0. 259 0.518 0. 777 1.036 1.295 1.554 1.813 2.072 2.331

01, 003 262 521 780 1039 1.298  1.557  1.816  2.075 2.334
.02 005 264 523 782 1.041  1.300  1.559  1.818  2.077 2.336
03, 008 267 526 785 1.044  1.303  1.562  1.821  2.080 2.339
(L — — . 010 269 528 787 1.046  1.305  1.564  1.823  2.082  T2.341
05, 013 272 531 790 1.049 1308 1567  1.826  2.085  [2.344
.06. 010 275 534 793 1052 1311 1.570  1.829  2.088  12.347
018 277 536 795 1.054 1313 1572 1.831  2.090 2.349
021 280 539 798 1.057 1316 1.575  1.834  2.093 2.352
023 282 541 800 1.059 1318  1.577  1.836  2.095 2.354
026 285 544 803 1.062  1.321 1580  1.839  2.098 2.357
LI 028 287 546 805  1.064 1323 1582 1.841  2.100 2.359
12, .031 290 549 808  1.067 1.326  1.585  1.844  2.103 2.362
13 034 293 552 811 1.070 1329  1.588  1.847  2.106 2. 365
036 295 554 813 1072 1331  1.590  1.849  2.108 2.367
.039 298 557 816 1.075  1.334  1.593  1.852 2.1l 2. 370
.041 2300 559 818 1.077 1336  1.595  1.854  2.113 2.372
044 303 562 821 1.080 1339  1.598  1.857 2.116 2.375
047 306  .565 824 1.083  1.342  1.601  1.860  2.119 2.378
.049 308 567 826  1.085 1344 1603 1.862  2.121 2.380
052 311 570 829 1.088 1347  1.606  1.865 2.124 2.383
.054 313 572 831 1.090  1.349  1.608  1.867  2.126 2.385
.057 316 575 834 1.093  1.352 1611  1.870  2.129 2.388
.060 319 578 837 1.096  1.355  1.614 1.873  2.132 2.391
062 321 580 839 1.098  1.357 1.616 1.875  2.134 2.393
065 324 583 842 1101 1360 1.619  1.878  2.137 2.396
067 326 585 844 1103 1362  1.621  1.880  2.139 2.398
070 329 .588 847 1106  1.365  1.624  1.883  2.142 2.401
073 332 591 850 1109  1.368  1.627  1.886  2.145 2.404
075 334 593 852 LIl 1370 1.629  1.888  2.147 2.406
078 337 596 855 1114 1373 1.632  1.891  2.150 2.409
31. .080 339 598 857 1116 1375  1.634  1.893  2.152 2.411
32. .083 342 .601 860  1.119  1.378  1.637  1.896  2.155 2.414
[ S .085 344 .603 862 1121  1.380  1.639  1.898  2.157 2.416
.088 347 606 865  1.124  1.383 1612 1901  2.160 2.419
.091 350 609 868 1127  1.386 1615 1.904  2.163 2.422
.093 352 611 870 1.129  1.388 1647  1.906  2.165 2.424
.096 355 614 873 1132 1391  1.650  1.909  2.168 2.427
.098 357 616 875 1134 1393 1.652 1911  2.170 2.429
101 360 619 878 1137 1396  1.655 1.914  2.173 2.432
. 104 363 622 881 1140  1.399  1.658  1.917  2.170 2.435
. 106 365 624 883 1142 1401  1.660 1919  2.178 2.437
L109 368 627 886  1.145  1.404  1.663  1.922  2.181 2.440
L1 370 629 888  1.147  1.406 1.665  1.924  2.183 2.442
114 373 632 891 1150  1.409  1.668  1.927  2.186 2.445
17 376 .635 894 1153 1.412  1.671  1.930  2.189  2.448
119 378 637 896  1.155  1.414  1.673  1.932  2.191 2.450
122 381 .640 899 1158  1.417  1.676  1.935  2.194 2.453
124 383 .642 901 1160  1.419  1.678  1.937  2.196 2.455
127 386 .645 904 1163 1.422  1.681  1.940  2.199 2.458
130 .388 .648 906  1.166  1.424 1084  1.942  2.202 2.460




HARMONIC ANALYSIS AND PREDICTION OF TIDES 219

Table 19.—Products for Form 194— Continued

[Multiplier=sin 15°=10.259J

0.130 0.388 0.648 0.906 1.166 1.424 1.684 1.942 2.202 2.460

132 391 650 909 1.168 1.427 1.686 1.945 2.204 2.463
135 394 .653 912 1.171 1.430 1.689 1.948 2.207 2.466
137 396 655 914 1.173 1.432 1.691 1.950 2.209 2.468
.140 399 .658 917 1.176 1.435 1.694 1.953 2.212 2.471
142 . 401 660 919 1.178 1.437 1.696 1.955 2.214 2.473
145 404 .663 922 1.181 1.440 1.699 1.958 2.217 2.476
.148 407 . 666 925 1.184 1.443 1.702 1.961 2.220 2.479
150 409 .668 927 1.186 1.445 1.704 1.963 2.222 2.481
153 412 671 1930 1.189 1.448 1.707 1.966 2.225 2.484
155 414 673 932 1.191 1.450 1.709 1.968 2.227 2.4S6
158 417 676 935 1.194 1.453 1.712 1.971 2.230 2.489
161 420 679 938 1.197 1.456 1.715 1.974 2.233 2.492
163 422 .681 940 1.199 1.458 1.717 1.976 2.235 2.494
166 425 .684 943 1.202 1.461 1.720 1.979 2.238 2.497
168 427 086 945 1.204 1.463 1.722 1.981 2.210 2.499
171 430 .689 948 1. 207 1.466 1.725 1.984 2.243 2.502
174 433 092 951 1.210 1. 469 1.728 1.987 2. 246 2. 505
176 435 .694 953 1.212 1.471 1.730 1.989 2.248 2. 507
179 438 697 956 1.215 1.474 1.733 1.992 2.251 2.510
181 440 699 958 1.217 1.476 1.735 1.994 2.253 2.512
.184 443 702 961 1.220 1.479 1.738 1.997 2. 256 2.515
186 445 704 963 1.222 1.481 1.740 1.999 2.258 2.517
.189 448 707 966 1.225 1.484 1.743 2.002 2.261 2.520
192 451 710 969 1.228 1.487 1.746 2.005 2. 264 2.523
194 453 712 971 1.230 1.489 1.748 2.007 2. 266 2. 525
197 456 715 974 1.233 1.492 1.751 2.010 2.269 2.528
199 458 17 976 1.235 1.494 1.753 2.012 2.271 2.530
202 461 720 979 1.238 1.497 1.756 2.015 2.274 2.533
205 464 723 982 1.241 1.500 1.759 2.018 2.277 2.536
207 466 725 .984 1.243 1.502 1.761 2.020 2.279 2.538
210 469 728 987 1.246 1.505 1.764 2.023 2.282 2. 541
212 471 .730 989 1.248 1.507 1.766 2.025 2.284 2.543
215 474 733 992 1.251 1.510 1.769 2.028 2.287 2. 546
218 477 736 995 1.254 1.513 1.772 2.031 2.290 2.549
220 479 738 997 1.256 1. 515 1.774 2.033 2.292 2.551
223 .482 741 1.000 1.259 1. 518 1.777 2.036 2.295 2.554
225 .484 743 1.002 1.261 1.520 1.779 2.038 2.297 2. 556
228 487 746 1.005 1.264 1.523 1.782 2.041 2.300 2.559
231 490 749 1.008 1.267 1.526 1.785 2.044 2.303 2. 562
233 492 751 1.010 1.269 1.528 1.787 2.046 2.305 2.564
236 495 754 1. 013 1.272 1.531 1.790 2.049 2.308 2.567
238 497 756 1.015 1.274 1..533 1.792 2.051 2.310 2. 569
241 500 .759 1.018 1.277 1.536 1.795 2.054 2.313 2.572
243 502 761 1.020 1.279 1.538 1.797 2.056 2.315 2.574
246 .505 764 1.023 1.282 1. 541 1.800 2. 059 2.318 2.577
249 508 767 1.026 1.285 1.544 1.803 2.062 2.321 2.580
251 510 .769 1.028 1.287 1.546 1.805 2.064 2.323 2.582
254 513 772 1.031 1.290 1. 549 1.808 2.067 2.326 2.585
256 515 774 1.033 1.292 1.551 1.810 2.069 2.328 2. 587
259 518 777 1.036 1.295 1.554 1.813 2.072 2.331 2. 590
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Table 19.—Products for Form 194— Continued

[Multiplier=sin 30°=0.500]

0. 000

005
010
015

020
025
.030

.035
040
045

050

055
000
005

070
075
.080

.085
090
095

. 100

105
. 110
. 115

. 120
. 125
130

135
140
145

150

155
. 100
105

170
. 175
. 180

. 185
190
. 195

200

205
210
215

220
225
230

235
.240
.245

250

0.500

505
510
515

520
525
530

535
. 540
.545

550

600

.605
610
615

620
025
630

.635
640
645

.655
660
665

070
675
.080

.685
690
695

700

.705
710
715

720
725
730

735
740
. 745

750

1.000

1.005
1.010
1.015

1.020
1.025
1.030

1.035
1.040
1.045

1.050

1.055
LOGO
1.065

1.070
1.075
1.080

—_

085
.090
095

—_—

—_

105
110
115

120
125
130

——

135
140
145

——

—

155
100
1.165

=

170
175
1.180

—_

185
190
1.195

-

205
210
1.215

—_

220
225
1.230

1.235
1.245

1,250

1.500

1.505
1.510
1.515

1.520
1.525
1.530

1.535
1.540
1.545

1.550

1.555
1.5G0
1.505

1.570
<s1.575
1.580

1.585
1.590
1.595

1.600

1.705
1.710
1.715

1.720

1.725
1.730

1.745

1.750

2.000

2.005
2.010
2.015

2.020
2.025
2.U30

2.035
2.040
2.045

2.050

2.055
2.060
2.065

2.070
2.075
2.080

2.085
2.090
2.095

2.100

2.105
2.110
2.115

2.120
2.125
2.130

2.135
2.140
2.145

2. 150

2. 155
2.160
2.165

2.170
2. 175
2.180

185
190
2.195

2. 200

2. 205
2.210
2.215

2.220
2.225
2.230

2.235
2.240
2.245

2.250

. 520

ISR
0
N
0

530

535
540
545

SIS

555
560
565

N
o
~
wn

ISESHSY
n
%
3

GO5
.610
615

[SESENY

G20
.625
630

SIS

2.635
.640
645

[SEN]

2. G50

2.655
2.660
2.665

2.070
2.675
2.080

2.685
2. 690
2. 695

2.700

2.705
2.710
2.715

2.720
2. 725
2.730

2.735
2.740
2.745

2.750

4.000

4.005
4.010
4.015

4.020
4.025
4.030

4.035
4.040
4. 045

4.050

4.055
4.060
4.065

4.070
4.075
4.080

4.085
4.090
4.095

4.100

4.500

4.505
4.510
4.515

4.520
4.525
4,530

4. 535
4.540
4.545

4. 550

4.555
4.560
4.565

4.570
4.575
4.580

4.585
4.590
4.595

4.600

4.605
4.610
4.615

4.620
4.625
4. 630

4.635
4.640
4.645

4.650

4.655
4.660
4.665

4.670
4.675
4.680

4.685
4.690
4.695

4.700

4.705
4. 710
4.715

4.720
4.725
4.730
4.735
4.740
4.745

4.750



HARMONIC ANALYSIS AND PREDICTION OF TIDES 221

Table 19.—Products for Form 194— Continued

[M u]tiplier=sin 30°=0.500]

0.250 0. 750 1.250 1.750 2,250 2.750  3.250 3.750 4.250 4. 750
- 255 755 1.255 1.755 2.255 2.755 3.255 3.755 4.255 4.755

260 .760 1.260 1.760 2.260 2.760 3.260 3.760 4.260 4.760
265 765 1.265 1.765 2.265 2.765 3.265 3.765 4.265 4.765

270 770 1.270 1.770 2.270 2.770 3.270 3.770 4.270 4. 770
275 775 1.275 1.775 2.275 2.775 3.275 3.775 4.275 4.775
280 780 1.280 1.780 2.280 2.780  3.280 3.780 4.280 4. 780

285 785 1.285 1.785 2.285 2.785 3.285 3.785 4.285 4.785
290 790 1.290 1.790  2.290 2.790 3.290 3.790 4.290 4. 790
295 795 1.295 1.795 2.295 2.795 3.295 3.795 4.295 4.795
.300 .800 1.300 1.800 2.300 2.800 3.300 3.800 4.300 4.800

305 .805 1.305 1.805 2.305 2.805 3.305 3.805 4.305 4.805

310 810 1.310 1.810 2310 2.810 3.310 3.810 4.310 4810

315 815 1. 315 1.815 2315 2815 3.315 3.815 4.315 4.815

- 320 .820 1.320 1.820 2.320  2.820 3.320 3.820 4320 4.820
325 825 1.325 1.825 2.325 2.825 3.325 3.825 4.325 4.825
330 830 1.330 1.830 2.330 2.830 3.330 3.830 4330 4.830

335 835 1.335 1.835 2335 2.835 3.335 3.835 4.335 4.835
340 .840 1.340 1.840 2.340 2.840 3.340 3.840  4.340 4.840
345 845 1.345 1.845 2.345 2.845 3.345 3.845 4.345 4.845

- 350 850 1.350 1.850 2.350 2.850 3.350 3.850  4.350 4.850

355 855 1355 1.855 2.355 2.855 3.355 3.855 4.355 4.855
360 860 1.360 1.860 2.360  2.860 3.360 3.860  4.360 4.860
365 865 1.365 1.865 2365 2.865 3.365 3.865 4.365 4.865

370 870 1.370 1.870 2.370 2.870 3.370 3.870 4.370 4.870
375 875 1.375 1.875 2375 2.875 3.375 3.875 375 4.875
380 .880 1.380 1.880 2.380 2.880 3. 380 3.880 4.380 4.880

385 .885 1.385 1.885 2.385 2. 885 3.385 3.885  4.385 4.885
390 .890 1.390 1.890 2.390 2.890 3.390 3.890 4.390 4.890
.395 .895 1.395 1.895 2.395 2.895 3.395 3.895 4.395 4.895

400 900 1.400 1.900 2.400 2.900 3.400 3.900 4.400 4.900
405 905 1.405 1.905 2.405 2.905 3.405 3.905 4.405 4.905
410 910 1.410 1.910 2.410 2.910 3.410 3.910 4.410 4.910
415 915 1415 1.915 2.415 2915 3.415 3.915 4.415 4915

420 920 1.420 1.920 2.420 2.920 3.420 3.920 4.420 4.920
425 925 1.425 1.925 2.425 2.925 3.425 3.925 4.425 4.925

— .430 930 1.430 1.930 2430 2930 3.430 3.930 4.430 4.930

435, 935 1.435 1.935 2.435 2.935 3.435 3.935 4.435 4.935
440 940 1.440 1.940 2.440 2.940 3.440 3.940 4.440 4.940
445 945 1.445 1.945 2.445 2.945 3.445 3.945 4.445 4.945

450 950 1.450 1.950 2.450 2.950 3.450 3.950 4.450 4.950

455 955 1.455 1.955 2.455 2.955 3.455 3.955 4.455 4.955
460 960 1.460 1.960 2.460 2.960 3.460 3.960 4.460 4.960
465 965 1.465 1.965 2.465 2.965 3.465 3.965 4.465 4.965

470 970 1.470 1.970 2.470 2.970 3.470 3.970 4.470 4.970
475 975 1.475 1.975 2475 2.975 3.475 3.975 4.475 4.975
480 980 1.480 1.980 2.480 2.980 3.480 3.980 4.480 4.980

485 985 1.485 1.985 2.485 2.985 3.485 3.985 4.485 4.985
490 990 1.490 1.990 2.490 2.990 3.490 3.990 4.490 4.990
495 995 1.495 1.995 2.495 2.995 3.495 3.995 4.495 4 995

.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000  4.500 5.000
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U.

Table

0.000

007
014
021

028
«035
.042

.049
057
064

071

078
.085
092

099
106
113

120
127
134

141
.148
156
163
170
177
184
191
198
205
212
219
226
233
240
247
255
262
269
276
.283
290

304

325
332
339
346

354

S. COAST

AKD GEODETIC SURVEY

19.—Products for Form 194— Continued

[M ultiplier=sin 45°= 0.i0i]

0.707

714
721
728

.735
742
749

756
764
771

778

.785
792
799

.806
813
.820

827
.834
841

.848

855
.863
870

877
.884
891

.898
905
912

919

926
933
940

947
954
962

969
976
983

990

997
1.004
1.011

1.018
1.025
1.032

1.039
1.046
1.053

1.060

1.414

1.421
1.428
1.435

1.442
1.449
1.456

1.463
1.471
1.478

1.485

1,492
1.499
1.506

1.513
1.520
1.527

1.534
1.541
1.548

1. 562
1.570
1.577

1.584
1.591
1.598

1.605
1.612
1.619

1.626

1. 633
1.640
1.647

1.654
1.661
1.669

1.676
1.683
1.690

1.697

1.704
1.711
1.718

1.725
1.732
1.739

1.746
1.753
1.760

1.768

2.121

2.128
2.135
2.142

2.149
2.156
2.163

2.170
2.178
2.185

2.192

2.199
2.206
2.213

2.220
2.227
2.234

2.241
2.248
2.255

2.262

2.269
2.277
2.284

2.291
2.298
2.305

2.312
2.319
2.326

2.333

2.340
2.347
2.354

2.361
2.368
2.376

2.383
2.390
2.397

2.404

2411
2.418
2.425

2. 432
2.439
2.446

2. 453
2.460
2.467

2.474

2.828

2.835
2.842
2.849

2.856
2.863
2.870

2.877
2.885
2.892

2.899

2.906
2.913
2.920

2.927
2.934
2.941

2.948
2.955
2.962

2. 969

2.976
2.984
2.991

2.998
3.005
3.012

3.019
3.026
3.033

3. 040

3.047
3.054
3. 061

3.068
3.075
3.083

3.090
3.097
3.104

3.111

3.118
3.125
3.132

3.139
3.146
3.153

3.160
3.167
3.174

3.182

3.535

3.542
3.549
3. 556

3.563
3.570
3.577

3.584
3.592
3.599

3.606

3.613
3.620
3.627

3.634
3.641
3.648

3.655
3.662
3.669

3.676

3.683
3.691
3.698

3.705
3.712
3.719

3.726
3.733
3.740

3.747

3.754
3.761
3.768

3.775
3.782
3.790

3.797
3.804
3.811

3.818

3.825
3.832
3.839

3.846
3.853
3.860

3.867
3.874
3. 881

3.888

4.242

4.249
4.256
4.263

4.270
4.277
4.284

4. 291
4.299
4.306

4.320
4.327
4.334

4.341
4.348
4.355

4.362
4.369
4. 376

4.383

4.390
4.398
4.405

4.412
4.419
4.426

4.433
4.440
4.447

4.454

4.461
4.468
4.475

4.482
4.489
4.497

4.504
4.511
4.518

4.525

4.532
4. 539
4. 546

4.553
4.560
4.567

4.574
4.581
4.588

4.596

4.949

4.956
4.963
4.970

4.977
4.984
4.991

4.998
5.006
5.013

5.020

5.027
5.034
5.041

5.048
5.056
5.062

5.069
5.076
5.083

5.090

5.097
5.105
5.112

5.119
5.126
5.133

5.140
5.147
5.154

5.161

5.168
5.175
5.182

5.189
5.196
5.204

5.211
5.218
5.225

5.232

5.239
5.246
5.253

5.260
5.267
5.274

5. 281
5.288
5.295

5.302

5.656

5.663
5.670
5.677

5.684
5.691
5.698

5.705
5.713
5.720

5.727

5.734
5.741
5.748

5.755
5.762
5.769

5.776
5.783
5. 790

5.797

5.804
5.812
5. 819

5.826
5.833
5.840

5.847
5.854
5.861

5.868

5.875
5.882
5.889

5.896
5.903
5.911

5.918
5.925
5.932

5.939

5.946
5.953
5.960

5.967
5.974
5.981

5.988
5.995
6.002

6.010

6.363

6.370
6.377
6.384

6.391
6.398
6.405

6.412
6.420
6.427

6. 434

6.441
6.448
6.455

6.462
6.469
6.476

6.483
6.490
6.497

6.504

6.511
6,519
6.526

6.533
6. 540
6.547

6. 554
6.561
6.568

6. 575

6.582
6.589
6.596

6.603
6.610
6.618

6.625
6.632
6. 639

6.646

6.653
6.660
6.667

6.674
6.681
6.688

6.695
6.702
6.709

6.716
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Table 19.—Products for Form 194— Continued

[Multiplier=sin 45°=0.707]

0.354 1.060 1.768 2.474 3.182 3. 888 4.596 6.302 e.oro 0.716

361 1.068 1.775 2.482 3.189 3.896 4.603 5.310 6.017 6. 724
368 1.075 1.782 2.489 3.196 3.903 4.610 5.317 6.024 0. 731
375 1.082 1. 789 2.496 3.203 3.910 4. 617 5.324 6.031 6.738
.382 1.089 1.796 2.503 3.210 3.917 4.624 5.331 6.038 0.745
389 1.096 1.803 2.510 3.217 3.924. 4.631 5.338 6.045 6. 752
396 1.103 1.810 2.517 3.224 3.931. 4.638 5.345 6.052 6.759
403 1.110 1.817 2.524 3.231 3.938 4.645 5.352 6.059 6.765
410 1. 117 1.824 2.531 3.238 3.945 4.652 5.359 6.066 6. 773-
417 1.124 1.831 2.538 3.245 3.952 4.659 5.366 6.073 6.780
| 424 1.131 1.838 2.545 3.252 3.959 4.666 5.373 6.080 6. 787
61 431 1.138 1.845 2.552 3.259 3.966 4.673 5.380 6.087 6.794
62 438 1.145 1.852 2.559 3. 2G6 3.973 4.680 5.387 6.094 6.801
68 .445 1.152 1.859 2.566 3.273 3.980 4.687 5.394 6.101 6.808
04 452 1.159 1.866 2.573 3. 280 3.987 4.694 5.401 6.108 6.815
05 460 1. 167 1.874 2. 581 3.288 3.995 4.702 5.409 6.116 6.823
06 467 1.174 1.881 2.588 3.295 4.002 4.709 5.416 6.123 6.83Q
.07 474 1.181 1.888 2.595 3.302 4.009 4. 716 5.423 6.130 6.837
.68 .481 1.188 1.895 2.602 3.309 4.016 4.723 5.430 6.137 6.844
.69 .488 1.195 1.902 2.609 3.316 4.023 4.730 5.437 6.144 6.851
.70 495 1.202 1.909 2.616 3.323 4.030 4.737 5.444 6.151 6.858

502 1.209 1.916 2.623 3.330 4. 037 4.744 5.451 6. 158 6.865
. 509 1. 216 1.923 2.630 3.337 4.044 4. 751 5.458 6.165 6.872
516 1.223 1.930 2.637 3.344 4.051 4.758 5.465 0.172 6.879

523 1.230 1.937 2.644 3. 351 4.058 4. 765 5.472 6.179 6.886
. 530 1.237 1.944 2. 651 3. 358 4.065 4.772 5.479 6.186 6.893
537 1. 244 1.951 2. G 3. 8t:5 4.072 4.779 '6. 486 6.193 6.900

544 1.251 1.958 2.665 3.372 4.079 4. 786 5.493 6.200 6.907
551 1.258 1.965 2.672 3.379 4.086 4. 793 5. 500 6.207 6.914
559 1.266 1.973 2.680 3.387 4.094 4.801 5.508 6.215 6.922

.80 566 1.273 1.980 2. 687 3.394 4.101 4.808 5.515 6.222 6.929
.81 573 1.280. 1.987 2.694 3.401 4.108 4.815 5.522 6. 229 6.936
.82 580 1.287 1.994 2.701 3.408 4.115 4.822 5.529 6. 236 6.943
.83 587 1.294 2.001 2. 708 3.415 4.122 4.829 5.536 6.243 6.950
.84 594 1.301 2.008 2.715 3.422 4.129 4.836 5.543 6.250 6.957
. 601 1.308 2.015 2.722 3.429 4.136 4.843 5. 550 6.257 6.964
.86 .608 1.315 2.022 2.729 3.436 4.143 4.850 5.557 6.264 6.971

615 1.322 2.029 2. 736 3.443 4.150 4.857 5. 564 6. 271 6.978
622 1.329 2.036 2.743 3.450 4.157 4.864 5.571 6.278 6.985
629 1.336 2.043 2.750 3.457 4.164 4.871 '5. 578 6.285 6.992

636 1.343 2.050 2. 757 3.464 4.171 4.878 5.585 6.292 6.999

91 .643 1.350 2.057 2.764 3.471 4. 178 4.885 5.592 6. 299 7.006
92 650 1.357 2.064 2.771 3.478 4.185 4.892 5.599 6.306 7.013
93 658 1.365 2.072 2.779 3.486 4.193 4.900 5.607 6.314 7.021
.94 665 1.372 2.079 2.786 3.493 4.200 4.907 5.614 6.321 7.028
.95 672 1.379 2.086 2.793 3.500 4.207 4.914 5.621 6.328 7.035
96 679 1.386 2.093 2.800 3.507 4.214 4.921 5.628 6. 335 7.042

686 1.393 2.100 2.807 3.514 4.221 4.928 5.635 6.342 7.049
693 1.400 2.107 2.814 3.521 4.228 4.935 5.642 6.349 7.056
700 1.407 2.114 2.821 3.528 4.235 4.942 5.649 6.356 7.063

707 1.414 2.121 2.828 3.535 4.242 4.949 5.656 6.363 7.070




224 U. S. COAST AND GEODETIC SURVEY

Table 19.—Products for Form 194— Continued

[Multiplier=sin 60°=0.866]

0 1 2 3 4 5 6 , 8 9
0.00 0.000 0.866  1.732  2.598  3.464 4330  5.196 6.062  6.928 7.794
.009 875 1741 2,607  3.473 4339 5205  6.071  6.937 7,803
017 883 1749 2.615  3.481 4347 5213 6.079  6.945 7.811
026 892 1758 2.624 3490  4.356 5222  6.088  6.954 7.820
035 901 1767  2.633  3.499  4.365 5231  6.097  6.963 7,829
043 909 1775 2.641 3507 4373 5239  6.105  6.971 7,837
.052 918 1.784  2.650  3.516 4382 5248  6.114  6.980 7.846
061 927 1793 2,659  3.525 4391 5257  6.123  6.989 7. 855
069 935 1801  2.667 3.533  4.399  5.265 6.131  6.997 7.863
078 944 1810  2.676  3.542  4.408 5274  6.140  7.006 7.872
A0 .. ... . 087 953 1.819  2.685 3.551 4.417 5283  6.149  7.015 7.881
A1 _ 095 961 1.827  2.693  3.559  4.425 5291  6.157  7.023 7.889
12 - 104 970 1.836  2.702  3.568 4.434 5300  6.166  7.032 7.898
13 113 979 1.845 2711 3.577 4443 5309  6.175  7.041 7.907
121 987 1.853  2.719  3.585 4.451 5317  6.183  7.049 7.915
. 130 996 1.862  2.728  3.594  4.460  5.326  6.192  7.058 7.924
16. . 139 1005 1.871 2737 3.603  4.469 5335 6201  7.067 7.933
17 147 1013 1.879 2745 3.611  4.477 5343 6.209  7.075 7.941
18 L156 1.022 1.888  2.754  3.620  4.486 5.352  6.218  7.084 7.950
A9 . 165 1.031 1897  2.763  3.629 4.495 5361 6227  7.093 7,959
20 L1730 1039 1905 2771 3.637  4.503 5.369 6.235  7.101 7.967
21 - 182 1.048 1914 2780  3.646 4.512 5378  6.244  7.110 7,976
22 191 1.057  1.923 2789 3.655  4.521  5.387  6.253  7.119 7.985
23 199 1065  1.931  2.797  3.663 4.529 5395 6261  7.127 7.993
24 .. 208 1.074 1940  2.806 3.672 4.538 5.404  6.270  7.136 8.002
- 216 1.082 1948  2.814  3.680 4.546 5.412 6278  7.144 8,010
225 1091 1.957  2.823  3.689  4.555 5.421 6287  7.153 8.019
27 234 1100 1.966  2.832  3.698  4.564 5430  6.296  7.162 8.028
28 242 1108 1.974  2.840 3,706 4.572  5.438 6304  7.170 8.036
29 _ 251 L1117 1.983  2.849 3715  4.581  5.447 6313 7.179 8.045

260 1.126 1.992 2.858 3.724 4.590 5.456 6.322 7.188 8.054

31 268 134 2.000 2.866 3.732 4.598 5.464 6.330 7.196 8.062
32 277 143 2.009 2.875 3.741 4.607 5.473 6.339 7.205 8.071

-

.83 286 1.152 2.018 2.884 3.750 4.616 5.482 6.348 7.214 8.080
294 1.160 2.026 2.892 3.758 4.624 5. 490 6. 356 7.222 8.088

e 303 1.169 2.035 2.901 3.767 4.63% 5.499 6.365 7.231 8.097

36 312 1.178 2.044 2.910 3.776 4.642 5.508 6.374 7.240 8.106
320 1.186 2.052 2.918 3.784 4.650 5.516 6. 382 7.248 8.114

2329 1.195 2.061 2.927 3.793 4.659 5.525 6.391 7.257 8.123

.39 338 1.204 2.070 2.936 3.802 4.668 5.534 6.400 7.266 8.132
.40 346 1.212 2.078 2.944 3.810 4.676 5.542 6.408 7.274 8.140
41 355 1.221 2.087 2.953 3.819 4.685 5.551 6.417 7.283 8.149
42 364 1.230 2.096 2.962 3.828 4.694 5.560 6.426 7.292 8.158
43 372 1.238 2.104 2.970 3.836 4.702 5.568 6.434 7.300 8.166
44 _ 381 1.247 2.113 2.979 3.845 4.711 5.577 6.443 7.309 8.175
45 _ 390 1.256 2.122 2.988 3.854 4.720 5.586 6.452 7.318 8.184
4ac . 398 1.264 2.130 2.996 3.862 4.728 5.594 6.460 7.326 8.192

407 1.273 2.139 3.005 3.871 4.737 5.603 6.469 7.335 8.201
416 1.282 2.148 3.014 3.880 4. 746 5.612 6.478 7.344 8.210
.49 424 1.290 2.156 3.022 3.888 4.754 5.620 6.486 7.352 8.218

] | — 433 1.299 2.165 3.031 3.897 4.763 5.629 6.495 7.361 8,227



HARMONIC ANALYSIS AND PREDICTION OF

TIDES 225

Table 19.—Products for Form 194— Continued

[Multiplier=sin 00°=0.86(1]

442
450
459

468
476
.485

494
502
511

520

528
537
546

554
563
572

580
.589
598

.606

615
.624
.632

041
.650
.658

667
675
.684

.693

.701
710
719

727
736
745

753
762
771

79

788
797
805

814
.823
.831

840
.849
857

.866

1.299

1.308
1.316
1.325

1.334
1.342
1.351

1.360
1.368
1.377

1.386

1.394
1.403
1.412

1.420
1.429
1.438

1.446
1.455
1.464

1.481
.490
498

—_—

—_

507
516
1.524

—_

533
541
550

1.576
1.585

1.593

1.611

1.619
1.628
1.637

1.654
1.663
1.671

1.680
1.689
1.697

1.706
1.715
1.723

2.165

2.174
2.182
2.191

2.200
2.208
2.217

2.226
2.234
2.243

2.252

2.260
2.269
2.278

2.286
2.295
2.304

2.312
2.321
2.330

2.347
2. 356
2. 364

2.373
2.382
2.390

2.399
2.407
2.416

2.425
2.433
2.442
2.451
2.459
2.468
2.477
2.485

2.494
2.503

2. 520

537

3.031

3.040
3.048
3.057

3.066
3.074
3.083

3.092
3.100
3.109

3.118

3.126
3.135
3.144

3.152
3.161
3.170

3.178
3.187
3.196

3.204

3.213
3.222
3.230

3.239
3.248
3.256

3.265
3.273
3.282

3.291

3.299
3.308
3.317

3.325
3.334
3.343

3.351
3.360
3.369

3.377

3.386
3.395
3.403

3.412
3.421
3.429

3.438
3.447
3.455

3.464

3.897

3.906
3.914
3.923

3.932
3.940
3.949

3.958
3. 966
3.975

3.984

3.992
4.001
4.010

4.018
4.027
4.036

4.044
4.053
4.062

4.070

4.079
4.088
4.096

4.105
4.114
4.122

4.131
4.139
4.148

4.157

4.165
4.174
4.183

4.191
4. 200
4.209

4.217
4.226
4.235

4.243

4. 252
4.261
4.269

4.278
4.287
4. 295

4.304
4.313
4.321

4.330

5.023

5.031
5.040
5.049

5.057
5.066
5.075

5.083
5.092
5.101

5.109

5.118
5.127
5.135

5.144
5.153
5.161

5.170
5.179
5.187

5.196

5.629

5.638
5.646
5. 655

5.664
5.672
5. 681

5. 690
5.698
5.707

5.716

5.724
5.733
5.742

5. 750
5. 759
5.768

5.776
5.785
5.794

5. 802

5.811
5.820
5. 828

5.837
5.846
5. 854

5.863
5. 871
5.880

5.889

6. 495 7.361 8.227

6.504 7.370 8.236
6. 512 7.378 8. 244
6. 521 7. 387 8. 253

6.530 7.396 8.262
6. 538 7.404 8.270
6.547 7.413 8.279

6. 556 7.422 8.288
6.564 7.430 8.296
6. 573 7.439 8.305

6. 582 7.448 8.314

6.590 7.456 8.322
6.599 7.465 8.331
6. 608 7.474 8.340

6.616 7. 482 8.348
6. 625 7.491 8.357
6.634 7.500 8.366

6.642 7.508 8.374
6. 651 7.517 8.383
6.660 7.526 8.392

6.668 7.534 8.400

6. 677 7.543 8.409
6. 686 7.552 8. 418
6.694 7.560 8.426

6.703 7. 569 8.435
6. 712 7.578 8.444
6. 720 7.586 8.452

6. 729 7. 595 8.461
7.737 7.603 8.469
6. 746 7.612 8.478

6. 755 7.621 8.487

6. 763 7.629 8.495
0.772 7. 638 8.504
6. 781 7.647 8.513

6.789 7.655 8.521
6.798 7.664 8.530
6.807 7. 673 8.539

6.815 7.681 8.647
6.824 7.690 8. 556
6.833 7.699 8.565

6.841 7.707 8.573

6. 850 7.716 8. 582
6.859 7.725 8. 591
6.867 7.733 8.599

6.876 7.742 8.608
6.885 7.751 8.617
6.893 7. 759 8. 625

6. 902 7.768 8.634
6.911 7.777 8.643
6.919 7. 785 8.651

6.928 7. 794 8.660
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U.

Table

0.000

010
019
.029

039
048
058

068
077
.087

097

106
116
126

135
.145
. 155

164
174
184

193

203
213
222

232
242
251

261
270
280

290

299
309
319

328
338
348

.357
367
377

386

396
406
415

.425
435
444

454
464
473

S. COAST

AND GEODETIC SURVEY

19.—Products for Form 194— Contin

[Multiplier=sin 75°=0.966]

0.966

976
985
995

1.005
1.014
1.024

1.034
1.043
1.053

—_

072
082
092

-

101
JA11
121

———

—_

130
140
150

——

169
179
1.188

—

—

198
208
217

—_—

1.227
236
1.246

1.265
1.275
1.285

1.294
1.304
1.314

1.323
1.333
1.343

1.352

1.362
1.372
1.381

1.391
1.401
1.410

1.420
1.430
1.439

1.449

1.932

1.942
1.951
1.961

1.971
1.980
1.990

2.000
2.009
2.019

2.029

2.038
2.048
2.058

2.067
2.077
2.087

2.096
2.106
2.116

2.125

2.135
2.145
2.154

2.164
2.174
2.183

2.193
2.202
2.212

2.222

2.231
2.241
2.251

2.260
2.270
2.280

2.289
2.299
2.309

2.318

2.328
2.338
2.347

2.357
2.367
2.376

2.386
2.396
2.405

2.415

2.898

2.908
2.917
2.927

2.937
2.946
2. 956

2. 966
2.975
2.985

2.995

4.830

4.840
4.849
4.859

4.869
4.878
4.888

4.898
4.907
4.917

4.927

4. 936
4.946
4.956

4.965
4.975
4.985

4.994
5.004
5.014

5.023

5.033
5.043
5.052

5.062
5.072
5.081

5.091
5.100
5.110

5.120

5.129
5.139
5.149

5.158
5.168
5.178

5.187
5.197
5.207

5.216

5.226
5.236
5.245

5. 255
5.265
5.274

5.284
5.294
5.303

5.313

5.989

5.999
6.009
6.018

6.028
6.038
6.047

6.057
6.066
6.076

6.086

6.095
6.105
6.115

6.124
6.134
6.144

6.153
6.163
6.173

6.182

6.192
6. 202
6.211

6. 221
6.231
6.240

6.250
6.200
6.269

6.279

ued

6.762

6. 772
6.781
6. 791

6.801
6.810
6.820

6.830
6.839
6.849

6.859

6.868
6.878
6.888

6. 897
6.907
6.917

6.926
6.936
6.946

6.955

6.965
6.975
6.984

6.994
7.004
7.013

7.023
7.032
7.042

7.052

7.061
7.071
7.081

7.090
7.100
7.110

7.119
7.129
7.139

7.148

7.158
7.168
7.177

7.187
7.197
7.206

7.216
7.226
7.235

7. 245

7.728

7.738
7.747
7.757

7.767
7.776
7.786

7.796
7.805
7.815

7.825

7.834
7.844
7.854

7.863
7.873
7.883

7.892
7.902
7.912

7.921

8.694

8.704
8.713
8.723

8.733
8.742
8.752

8. 762
8.771
8.781

8.791

8.800
8.810
8.820

8.829
8.839
8.849

8.858
8.868
8.878

8.887

8.897
8.907
8.916

8.926
8.936
8.945

8.955
8.964
8.974

8.984

8.993
9.003
9.013

9.022
9.032
9.042

9.051
9.061
9.071

9.080

9.090
9.100
9.109

9.119
9.129
9.138

9.148
9.158
9.167

9.177
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Table 19.—Products for Form 194— Continued

[Multiplier=sin 75°=0.966]

493
502
512

522
531
541

551
560
570

580

589
599
.609

618
628
.638

.647
.657
.667

676

.686
696
705

715
724
734

744
753
763

773

782
792
802

811
.821
.831

.840
. 850
860

869

879
.889
.898

908
918
927
937
947
956

966

1.449

1.459
1.468
1.478

1.488
1.497
1.507

—_

517
526
536

_—

1.555
565
575

——

—_

584
.59
1.604

613
.623
1.633

-

.652
.662
671

-

—_

681
690
.700

—_—

1.710
719
.729

——

—_

.748
758
.768

777
787
797

.806
1.816
1.826

1.845
1.855
1.864

1.874
1.884
1.893

1.903
1.913
1. 922

2.415

2.425
2.434
2.444

2.454
2.463
2.473

2.483
2.492
2.502

2.512

2.521
2.531
2.541

2.550
2.560
2.570

2.579
2.589
2.599

2.608

2.618
2.628
2.637

2.647
2.656
2.666

2.676
2.685
2.695

2.705

2.714
2.724
2.734

2.743
2.753
2.763

2.772
2.782
2.792

2.801

2.811
2.821
2.830

2.840
2.850
2.859

2.869
2.879
2.888

2.898

3.381

3.391
3. 400
3.410

3.420
3.429
3.439

3.449
3.458
3.468

3.478

3. 487
3.497
3.507

3.516
3.526
3.536

3.545
3. 555
3.565

3.574

3.584
3.594
3.603

3.613
3.622
3.632

3.642
3.651
3.661

3.671

3. 680
3.690
3.700

3.709
3.719
3. 729

3.738
3.748
3.758

3.767

3.777
3.787
3.796

3.806
3.816
3.825

3.835
3. 845
3.854

3.864

4.347

4.357
4.366
4.376

4.386
4.395
4.405

4.415
4.424
4.434

4.444

4.453
4.463
4.473

4.482
4.492
4.502

4.511
4.521
4.531

4. 540

4.550
4.560
4.569

4.579
4.588
4.598

4.608
4.617
4.627

4.637

4.646
4.656
4.666

4.675
4.685
4.695

4.704
4.714
4.724

4.733

4.743
4.753
4.762

4.772
4.782
4.791

4.801
4.811
4.820

4.830

6.279

6. 289
6. 298
6.308

6.318
6.327
6.337

6.347
6. 356
6. 366

6.376

6. 385
6. 395
6.405

6.414
6.424
6.434

6.443
6.453
6.463

6.472

6.482
6. 492
6.501

6.511
6. 520
6. 530

6. 540
6.549
6.559

6.569

6.578
5. 588
6.598

6.607
6.617
6.627

6.636
6.646
6.656

6.665

6.675
6.685
6.694

6. 704
6.714
6. 723

6. 733
6. 743
6.752

6. 762

7.245

7. 255
7.264
7.274

7.284
7.293
7.303

7.313
7.322
7.332

7.342

7.351
7.361
7.371

7.380
7.390
7.400

7.409
7.419
7.429

7.438

7.448
7.458
7.467

7.477
7.486
7.496

7. 506
7.515
7.525

7.535

7.631

7.641
7.651
7.660

7.670
7 680
7.689

7.699
7.709
7.718

7.728

8.211

8.221
8. 230
8.240

8.250
8.259
8.269

8.279
8.288
8.298

8.308

8.317
8.327
8.337

8.346
8.356
8. 366

8.375
8. 385
8.395

8.404

8.414
8.424
8.433

8.443
8.452
8.462

8.472
8.481
8.491

8.501

8. 510
8.520
8. 530

8.539
8.549
8.559

8.568
8.578
8.588

8.597

8.607
8.617
8.626

8.636
8.646
8.655

8.665
8.675
8.684

8.694

227

9.177

9.187
9.106
9.206

9.216
9.225
9.235

9.245
9.254
9.264

9.274

9.283
9.293
9.303

9.312
9.322
9.332

9.341
9.351
9.361

9.370

9.380
9.390
9.399

9.409
9.418
9.428

9.438
9.447
9.457

9.467

9.476
9.486
9.496

9.505
9. 515
9.525

9.534
9.544
9.554

9.563

9.573
9.583
9.592

9.602
9.612
9.621

9.631
9.641
9. 650

9.660
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Table 20.—Augmenting factors

SHORT-PERIOD CONSTITUENTS,* FORMULA (308)

Diurnal Ji, Ki, Mi, Oi, 00, Pi, Qi, 2Q, pi
Semidurnal K2, L2, M2, N2, 2N, Rz, T2,

Augment- .

ing factor Logarithm
1.0029 0. 001241
1. 0115 0.004972 Each tabulated
1.0262 0.011220
1.0472 0. 020029
1.1107 0.045605 24 means.
1.2092 0.082498

Remarks

solar hourly height

used once and once only in summa-

SHORT-PERIOD CONSTITUENTS,* FORMULA (309)

MS
2SM___

Augment-
ing factor

1.0028
1.0023
1.0021

1. 0115
1.0115
1. 0111

1.0100
1.0104
1.0023

1.0250
1.0238
1.0431

1.0456
1.0123

Logarithm

0.00123
0.00099
0.00091

0.00499
0.00496
0. 00179

1 tion; group covers one constituent
hour; constituent day represented by

Remarks

Each constituent hour of observa-

tion period receives one and

0.00432
0.00449
0.00100

only one of solar hourly heights
in the summation; group covers
one solar hour; each constituent

day represented by 24 means.

0.01074
0. 01021
0.01833

0. 01935
0.00532

LONG-PERIOD CONSTITUENTS, FORMULA (403)

Remarks

Daily sums used as units in the summation for the divisional
> means, and all daily sums used; constituent month for Mm, Mf,
M Sf, and constituent year for Sa and Ssarepresented by 24 means.

ANNUAL AND SEMIANNUAL CONSTITUENTS, FORMULA (404)

A, p2, vi, 2SM.
Augment- .
ing factor Logarithm
) PR, 1.0031 0.00134
Ki 1.0029 0.00125
Kj 1.0116 0.00500
L 1.0112 0. 00482
Mi 1. 0027 0.00116
Mj 1.0107 0.00464
Ms 1. 0244 0. 01047
1.0440 0. 01868
1.1028 0.04251
1.1934 0.07680
1.0103 0.00447
1.0099 0.00430
1.0025 0.00107
1.0033 0.00144
Augment- "
ing factor Logarithm
Mm 1.0050 0.00218
Mf 1. 0205 0.00880
MSft 1.0192 0. 00825
S 1.0029 0. 00124
1.0115 0.00497
Augment- o
ing factor Logarithm
Sa... 1. 0115 0.00497
Ssa. 1.0472 0.02003

Remarks

jFor analysis of 12 monthly means.

*For constituents Si, S2, S3, etc., augmenting factor is unity.
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Table 21.— Acceleration in epoch of Kj due to Pi

[Argument i—\i>' refers to beginning of series]

\ Series

14 29 58 87 105 134 163 192 221 250 279 297 326

h—ly \ \ days days days days days days days days days days days days days

o) (¢} o o) [¢) o) o o o (o) o 0 o
0 180 +6.5 +11.4 +14.6 +12.6 +10.1 +5.1 +0.9 +0.2 +2.4 +3.9 +3.9 +3.3 + 1.6
10 190 +13.9 +16.4 +16.0 +12.0 +8.8 +3.4 -0.1 +0.7 +3.0 +4.1 +3.6 +2.7 +0.9
20 200 +17.9 +18.3 +153 +9.9 +6.4 +1.0 -1.0 +0.9 +3.2 +3.7 +2.8 +1.7 0.0
30 210 +19.0 +17.6 +129 +6.7 +3.1 -1.6 -1.7 +1.0 +2.9 +3.0 +1.7 +0.5 -1.0
40 220 +17.6 +152 +94 +2.8 -0.5 -3.8 -2.1 +1.0 +2.4 +2.0 +0.3 -0.8 -1.7
50 230 +14.7 +11.7 +5.2 -1.2 -4.1 -54 -2.1 +0.8 +1.7 +0.8 -1.0 -2.0 -2.0
00 240 +10.8 +7.4 +0.7 -5.2 -7.2 -6.0 -1.9 +0.6 +0.9 -0.4 -2.2 -2.9 -2.1
70 250 +6.4 +2.7 -39 -87 -93 -58 -1.5 +0.4 +0.1 -1.5 -3.2 -3.4 -1.9
80 260 +15 -2.2 -8.2 -11.3 -10.2 .50 -1.0 +0.1 -0.8 -2.6 -3.8 -3.3 .1.5
00 270 -3.5 -6.9 -12.0 -12.5 -9.7 -3.8 -0.5 -0.1 -1.6 -3.5 -3.9 -2.9 -1.1
100 '280 -8.2 -11.3 -14.7 -12.1 -8.1 -2.3 0.0 -0.4 -2.3 -4.0 -3.5 -2.2 -0.5
10 290 -12.5 -14.9 -16.0 -10.1 -5.6 -0.7 +0.6 -0.6 -2.8 -4.0 -2.7 -1.3 0.0
120 300 -16.0 -17.5 -15.2 -6.9 -2.7 +1.0 +1.1 ~-0.8 -3.1 -3.5 -1.6 -0.4 +0.6
130 310 -18.4 -18.3 -12.2 -2.9 +0.5 +2.6 +1.5 -1.0 -3.1 -2.5 -0.3 +0.7 +1.1
140 320 -18.9 -16.7 -7.2 +1.3 +3.6 +4.1 +1.9 -1.0 -2.5 -1.1 +0.9 +1.6 +1.6
150 330 -16.8 -12.1 -1.0 +5.4 +6.4 +5.2 +2.1 -0.9 -1.5 +0.5 +2.1 +2.5 +1.9
160 340 -11.3 -4.7 +5.4 +89 +8.6 +59 +2.0 -0.7 -0.1 +1.9 +3.1 +3.1 +2.1
170 350 -2.8 +3.9 +109 +11.5 +10.0 +5.9 +1.7 -0.3 +1.2 +3.1 +3.8 +3.4 +2.0
180 360 +6.5 +11.4 +14.6 +12.6 +10.1 +5.1 +0.9 +0.2 +2.4 +3.9 +3.9 +3.3 +1.6

Table 22.—Ratio of increase in amplitude of Ki due to Pi
[Argument /— v’ refers to beginning of series]
\ Series

14 29 58 87 105 134 163 192 221 250 279 297 326

h-V \ days days days days days days days days days days days days days
0 180 -0.31 -0.26 -0.12 +0.01 +0.06 +0.09 +0.06 +0.01 -0.02 0.00 +0.03 +0.05 +C.05
10 190 -0.25 -0.17 -0.02 +0.09 +0.12 +0.12 +0.07 +0.01 0.00 +0.02 +0.06 +0.07 +0.06
20 200 -0.15 -0.06 +0.07 +0.16 +0.17 +0.13 +0.06 +0.02 +0.02 +0.05 +0.08 +0.08 +0.07
30 210 -0.04 +0.04 +0.16 +0.20 +0.20 +0.13 +0.05 +0.02 +0.04 +0.07 +0.09 +0.09 +0.06
40 220 +0.07 +0.14 +0.23 +0.23 +0.21 +0.12 +0.04 +0.03 +0.05 +0.08 +0.09 +0.09 +0.05
50 230 +0.17 +0.23 +0.27 +0.24 +0.19 +0.09 +0.03 +0.03 +0.06 +0.09 +0.09 +0.08 +0.04
60 240 +0.25 +0.28 +0.29 +0.22 +0.15 +0.05 +0.02 +0.04 +0.07 +0.09 +0.08 +0.06 +0.03
70 250 +0.30 +0.31 +0.28 +0.18 +0.10 +0.02 +0.01 +0.04 +0.08 +0.09 +0.07 +0.04 +0.02
80 260 +0.33 +0.32 +0.24 +0.12 +0.05 -0.01 0.00 +0.04 +0.08 +0.08 +0.04 +0.02 +0.01
90 270 +0.32 +0.29 +0.18 +0.04 -0.02 -0.04 0.00 +0.04 +0.07 +0.06 +0.02 0.00 0.00
100 280 +0.28 +0.23 +0.10 -0.03 -0.07 -0.06 -0.01 +0.04 +0.06 +0.03 0.00 -0.01 0.00
10 290 +0.22 +0.15 +0.01 -0.10 -0.11 -0.07 0.00 +0.04 +0.04 +0.01 -0.02 -0.02 -0.01
120 300 +0.13 +0.05 -0.09 -0.15 -0.14 -0.07 0.00 +0.03 +0.02 -0.01 -0.03 -0.03 0.00
130 310 +0.03 -0.06 -0.17 -0.18 -0.14 -0.06 +0.01 +0.03 0.00 -0.03 -0.04 -0.03 0.00
140 320 -0.08 -0.16 -0.23 -0.19 -0.13 -0.04 +0.02 +0.02-0.01 -0.04 -0.04 -0.02 +0.01
150 33 -0.19 -0.25 -0.26 -0.17 -0.10 -0.01 +0.03 +0.02 -0.02 -0.04 -0.03 -0.01 +0.02
160 340 -0.28 -0.30 -0.25 -0.12 -0.05 +0.03 +0.04 +0.01 -0.03 -0.03 -0.01 +0.01 +0.03
170 350 -0.32 -0.31 -0.19 -0.06 0.00 +0.06 +0.05 +0.01 -0.03 -0.02 +0.01 +0.03 +0.04
180 360 -0.31 -0.26 -0.12 +0.01 +0.06 +0.09 +0.06 +0.01 -0.02 0.00 +0.03 +0.05 +0.05
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Table 23.—Acceleration in epoch of S2due to K2

[Argument h—c" refers to beginning of series]

\ Series
15 29 58 87 105 134 163 192 221 250 279 297 326
days days days days days days days days days days days days days
h—"
(o] (o] (o] o] o (o] 0 (o] (o] (o] o (o] o

0 180 +3.2 +5.9 +10.1 +104 +8.0 +3.2 +0.4 +0.1 +1.3 +2.9 +3.2 +2.4 +0.9
10 19 +7.2 +9.6 +12.3 +10.0 .+6.7 +2.0 0.0 +0.3 +1.9 +3.3 +2.9 +1.9 +0.5
20 200 +10.8 +12.6 +13.2 +84 +4.7 -0.6 -0.5 +0.5 +2.4 +3.3 +2.2 +71.1 0.0
30 210 +13.7 +14.6 +12.6 +5.7 +2.3 -0.9 -0.9 +0.7 +2.6 +2.9 +1.3 +0.3 -0.5
40 220 +154 +150 +9.9 +2.5 -0.4 -2.2 -1.3 +0.8 +2.5 +2.0 +0.3 -0.6 -1.0
50 230 +154 +13.5 +58 -1.1 -3.0 -3.4 -1.6 +0.8 +2.0 +0.9 -0.8 -1.4 -1.3
60 240 +13.2 +9.6 +0.8 -4.5 -54 -4.4 -1.7 +0.7 +1.2 -0.4 -1.8 -2.1 -1.6
70 250 +8.6 +3.7 -4.4 -74 -7.2 -49 -1.7 +0.5 +0.1 -1.6 -2.6 -2.6 -1.7
8 20 +19 -3.0 -8.8 -9.5 -83 -49 -1.3 +0.2 -1.0 -2.6 -3.1 -2.8 -1.6
90 270 -5.5 -9.1 -11.9 -10.4 -83 -4.2 -0.7 -0.2 -1.9 -3.2 -3.3 -2.7 -1.3
100 280 -11.2 -13.2 -13.2 -9.9 -7.3 -2.7 00 -0.5 -2.4 -3.4 -3.0 -2.2 -0.7
10 290 -14.6 -15.0 -12.7 -8.2 -5.2 -0.8 +0.8 -0.7 -2.6 -3.1 -2.3 -1.4 0.0
120 300 -15.6 -14.7 -109 -6.6 -2.6 +1.2 +1.4 -0.8 -2.4 -2.5 -1.4 -0.4 +0.8
130 310 -14.7 -12.9 -8.0 -2.4 +0.5 +3.1 +1.7 -0.8 -2.0 -1.7 -0.3 +0.7 +1.3
140 320 -12.4 -10.0 -4.4 +1.0 +3.4 +44 +1.7 -0.7 -1.5 -0.7 +0.8 +1.6 +1.7
160 330 -9.1 -6.4 -0.6 +4.4 +59 +49 +1.6 -0.5 -0.8 +0.3 +1.9+24 +1.7
160 340 -5.3 -2.3 +33 +7.3 +7.7 +4.8 +1.3 -0.3 -0.1 +1.3 +2.7 +2.8 +1.6
170 350 -1.1 +1.9 +7.0 +94 +8.4 +4.2 +0.9 -0.1 +0.7 +2.2 +3.2 +2.8 +1.3
180 360 +3.2 +5.9 +10.1 +104 +8.0 +3.2 +0.4 +0.1 +1.3 +2.9 +3.2 +2.4 +0.9

Table 24.—Ratio of increase in amplitude of S2due to K2
[Argument #—v" refers to beginning of series]

\ Series
15 29 58 87 105 134 163 192 21 250 279 297 326
days days days days days days days days days days days days days

0 180 +0.26 +0.24 +0.15 +0.03 -0.02 -0.04 -0.01 +0.03 +0.05 +0.04 +0.01 0.00 0.00

10 190 +0.23 +0.19 +0.08 -0.03 -0.06 -0.05 -0.01 +0.03 +0.04 +0.02 0.00 -0.01 -0.01
20 200 +0.18 +0.12 0.00 -0.09 -0.10 -0.06 -0.01 +0.03 +0.03 0.00 -0.02 -0.02 -0.01
30 210 +0.10 +0.04 -0.08 -0.13 -0.12 -0.06 0.00 +0.02 +0.01 -0.01 -0.03 -0.03 -0.01

40 220 +0.01 -0.05 -0.15 -0.15 -0.13 -0.05 0.00 +0.02 0.00 -0.03 -0.04 -0.03 0.00
60 230 -0.08 -0.14 -0.19 -0.16 -0.11 -0.03 +0.01 +0.02 -0.01 -0.04-0.03 -0.02 0.00
60 240 -0.17 -0.21 -0.21 -0.14 -0.09 -0.01 +0.02 +0.01 -0.02 -0.04 -0.02-0.01 +0.01

70 250 -0.23 -0.25 -0.20 -0.10 -0.05 +0.02 +0.03 +0.01 -0.03 -0.03 -0.01 0.00 +0.02
80 260 -0.27 -0.25 -0.16 -0.05 0.00 +0.05 +0.04 0.00 -0.02 -0.02 0.00 +0. 02 +0. 03
90 270 -0.25 -0.21 -0.10 +0.01 +0.05 +0.08 +0.05 0.00 -0.01  0.00 +0.02 +0.04 +0.04

100 280 -0.20 -0.15 -0.02 +0.07 +0.10 +0.10 +0.05 +0.01 0.00 +0.02 +0.04 +0.05 +0.05
110 290 -0.13 -0.06 +0.05 +0.12 +0.14 +0.11 +0.05 +0.01 +0.01 +0.04 +0.06 +0.06 +0. 05
120 300 -0.03 +0.03 +0.13 +0.17 +0.16 +0.11 +0.04 +0.01 +0.03 +0.05 +0.07 +0.07 +0. 05

130 310 +0.06 +0.11 +0.18 +0.19 +0.17 +0.09 +0.03 +0.02 +0.04 +0.07 +0.08 +0.07 +0.04
140 320 +0.14 +0.18 +0.22 +0.19 +0.15 +0.07 +0.02 +0.02 +0.05 +0.07 +0.07 +0. 06 +0.03
150 330 +0.21 +0.23 +0.24 +0.18 +0.13 +0.04 +0.01 +0.03 +0.06 +0.07 +0.06 +0.05 +0. 02

160 340 +0.25 +0.26 +0.23 +0.14 +0.08 +0.01 0.00 +0.03 +0.06 +0.07 +0.05 +0.03 +0.01
170 350 +0.27 +0.26 +0.20 +0.09 +0.03 -0.02 0.00 +0.03 +0.06 +0.06 +0.03 +0.02 0.00
180 360 +0.26 +0.24 +0.15 +0.03 -0.02 -0.04 -0.01 +0.03 +0.05 +0.04 +0.01 0.00 0.00



231.

OF TIDES

HARMONIC ANALYSIS AND PREDICTION

Table 25.—Acceleration in epoch of S2due to Ta

[Argument h~—pi reters to beginning of series]

\Series.

326
days

58 87 105 134 163 102 221 250 279 297
days days days days days days days days days

days

29
days

days

h-pil

-2.9
-2.9
-2.8

.0
.1

-3
-3
3.0

-2.6  -3.0
-2.9 -3.1
-3.2

-3.2

-2.4
-2.7
-3.0

40
60

+0.4
+0.6
+0.7

-2.5
-2.2
-1.9

-2.9

-2.6
-2.3

-3.2
-3.1
-2.9

-3.2 -33
-3.4 -3.3
-3.4 -3.3

70
SO
90

-0.2
-0.2
-0.1

+0.7
+0.7
+0.7

+0.9
+0.9
+0.9

-0.
+0.2
+0.7

-2.6
-2.2
-1.8
+3.2
+3.0
+2.8

-2.8

-3.1
-2.5
-0.3
+0.3
+0.9
+1.5
+2.0
+2.4
+2.8
+3.
+3.
+3.3
+3.3
+3.2
+3.0
+2.7
+2.3
+0.3
-0.2
-0.8

-2.8

-3 3
-3.1
-1.
-0.8
-0.2
ISO +0.5
220 +2.6
230 +2.9
240 +3.2
270 +3.3
310 +2.2
-0.4

100
110
120
130
150
160
170
190 +1.1
200 +1.6
210 +2.1
250 +3.3
260 +3.4
280 +3.2
290 +2.9
300 +2.6
320 +1.7
330 +1.2
340 +0.7
350 +0.1
360
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\'" Series
\

h—P i\
0

10
20
30

40
50
60

70
80
90

100
110
120

130
140
150

160
170
180

190
200
210
220
230
240
250
260
270
280
290
300
310
330
340

360
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Table 26.—Resultant amplitude of S2due to Tj

29
days

1.06

Pee S See
Lol Lol
EEE EHu

PP

ooo

- e
> o2 bl
D P=S C®

3
@

1.04
1.05
1.06
1.06

1.06
1.06

U.

58
days

1.05

1.05
1.04

S. COAST AXT) GEODETIC SURVEY

[Argument h—p; refers to beginning of series]

87
days

1.04

1.03
1.03
1.02

1.01
1.00
0.99

oo oo oo o
oo Lol Lo Lol ©
=SS ©Y®a U L

——

105
days

1.03

1.03
1.02
1.01

1.00
0.99
0.98

0.97
0.97
0.96

0.96
0.95
0.95

0.95
0.95
0.95

0.96
0.96
0.97

0.98
0.99
0.99

1.00
1.01
1.02

1.03
1.04
1.04

1.05
1.05
1.05

1.05
1.05
1.05

1.05
1.04
1.03

134
days

1.02
1.01
1.00
1.00
0.99

0.98
0.97

e S9S 999
oo oo bl Ll
N S

Qo=

=Se w33

———

[
XX
EEER

1.05
1.05
1.05

1.05
1.04
1.04
1.03
1.02

163
days

1.01

1.00
0.99
0.99

0.98
0.97
0.97

=)
N3]
N

oo
XN

cco oo ooo oo:
-
33%

—_——
oo oz Lol
FPRR R=mS SO ®

——
s
SRR

1.04
1.04
1.04

1.04
1.03
1.03

1.02
1.02
1.01

192
days

1.00

0.99
0.99
0.98

0.98
0.97
0.97

0.97
0.97
0.97

0.97
0.97
0.97

221
days

0.99

0.99
0.98
0.98

0.98
0.97
0.97

0.97
0.97
0.97

0.98
0.98
0.98

0.99
0.99
1.00

1.00
1.01
1.01

1.01
1.02
1.02

1.03
1.03
1.03

1.03
1.03
1.03

1.03
1.02
1.02

1.02
1.01
1.01

1.00
1.00
0.99

250
days

0.99

0.99
0.98
0.98

0.98
0.98
0.98

0.98
0.98
0.98

0.98
0.99
0.99

0.99
0.99
1.00

1.01
1.01
1.01

1.02
1.02
1.02

1.02
1.02
1.02

1.02
1.02
1.02

1.02
1.01
1.01

1.01
1.00
1.00

1.00
0.99
0.99

279
days

0.99

0.99
0.99
0.98

0.98
0.98
0.99

0.99
0. 99
0.99

0.99
0.99
1.00

1.00
1.00
1.01

1.01
1.01
1.01

1.02
1.02
1.02

1.02
1.02
1.02

1.01

1.01
1.01
1.00

1.00
1.00
1.00

0.99
0.99
0.99

297
days

0.99

0.99
0.99
0.99

0.99
0.99
0.99

0.99
0.99
0.99

1.00
1.00
1.00

1.00
1.00
1.01
ol
1.01
1.01

1.00
1.00
0.99

0.99
0.99

326
days

0.99

0.99
0.99
0.99

0.99
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.01

1.01
1.01
1.01

1.01
1.01
1.01

1.01
1.01
1.01

1.01
1.00
1.00

1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00
0.99



HARMONIC ANALYSIS AND PREDICTION OF TIDES 233

Table 27.— Critical logarithms for Form 245

Natural Loga- Natural Loga- Natural Loga- Natural Loga- Natural Loga-
number  rithm number rithm number rithm number rithm number  rithm
0.000 0.050 8. 6947 0.100 8.9979 0.150 9.1747 0. 200 9.3000
.001 6. 0990 .051 8. 7033 101 9. 0022 . 151 9.1776 201 9. 3022
.002 7.1761 .052 8.7119 102 9.0065 152 9.1805 202 9.3043
.003 7.3980 .053 8. 7202 103 9.0108 153 9.1833 203 9.3065
004 7. 5441 054 8.7284 104 9.0150 154 9.1862 204 9.3086
005 7.6533 055 8. 7365 105 9.0192 155 9.1890 205 9.3107
.006 7.7404 056 8. 7443 . 106 9.0233 156 9.1918 206 9.3129
007 7.8130 057 8. 7521 . 107 9.0274 157 9.1946 207 9.3150
008 7.8751 .058 8.7597 108 9.0315 158 9.1973 .208 9.3171
009 7.9295 059 8. 7672 . 109 9.0355 . 159 9. 2001 209 9.3192
&ﬂ 7.9778 060 8.7746 lﬁ(l 9.0395 .160 9. 2028 210 9.3212
. 8.0212 061 8.7818 . 9.0434 . 161 9. 2055 211 9.3233
012 8.0607 062 8.7889 112 9.0473 . 162 9. 2082 212 9. 3254
013 8.0970 063 8.7959 L 113 9.0512 . 163 9. 2109 213 9.3274
014 8.1304 064 8.8028 114 9.0551 . 164 9.2136 214 9.3295
015 8.1614 065 8.8096 115 9.0589 165 9.2162 215 9.3315
016 8.1904 066 8. 8163 116 9.0626 . 166 9. 2189 216 9. 3335
017 8.2175 067 8.8229 .17 9.0664 . 167 9. 221.5 217 9. 3355
018 8.2431 068 8.8294 118 9.0701 168 9.2241 218 9. 3375
019 8.2672 .069 8.8357 119 9.0738 169 9. 2267 219 9.3395
020 8. 2901 070 8. 8420 120 9.0774 . 170 9.2292 220 9.3415
021 8.3118 071 8.8482 121 9.0810 .1 9.2318 221 9.3435
022 8.3325 072 8.8544 122 9.0846 172 9.2343 222 9.3454
023 8.3522 073 8.8604 123 9.0882 173 9.2368 223 9.3474
024 8.3711 074 8. 8663 124 9. 0917 . 174 9.2394 224 9. 3493
025 8.3892 075 8.8722 . 125 9.0952 L175 9.2419 225 9.3513
026 8.4066 076 8.8780 . 126 9.0987 . 176 9.2443 226 9.3532
027 8.4233 077 8. 8837 127 9.1021 177 9.2468 227 9. 3551
028 8.4394 078 8. 8894 . 128 9.1056 . 178 9.2493 228 9. 3570
029 8. 4549 079 8. 8949 . 129 9.1090 179 9.2517 229 9. 3589
.030 8. 4699 080 8.9004 130 9.1123 .180 9. 2541 230 9.3608
031 8.4843 081 8.9059 . 131 9.1157 . 181 9. 2565 231 9.3627
032 8.4984 .082 8.9112 132 9.1190 .182 9.2589 232 9. 3646
033 8.5119 .083 8. 9165 133 9.1223 . 183 9.2613 233 9.3665
034 8. 5251 084 8.9217 134 9.1255 . 184 9. 2637 234 9.3683
035 8.5379 .085 8.9269 135 9.1288 185 9. 2661 235 9.3702
036 8. 5503 086 8. 9320 136 9.1320 . 186 9. 2684 236 9.3720
037 8. 5623 .087 8. 0371 137 9.1352 . 187 9.2707 237 9.3739
.038 8.5741 .088 8.9421 138 9.1384 . 188 9. 2731 238 9.3757
.039 8. 5855 .089 8. 9470 139 9.1415 . 189 9. 2754 239 9.3775
040 8.5967 090 8.9519 140 9.1446 . 190 9.2777 .240 9. 3794
041 8.6075 091 8.9567 .141 9.1477 . 191 9. 2799 241 9.3812
.042 8.6181 092 8.9615 142 9.1508 . 192 9. 2822 242 9.3830
043 8.6284 093 8.9662 143 9.1539 . 193 9.2845 243 9.3848
044 8. 6385 094 8.9709 . 144 9.1569 . 194 9. 2867 244 9.3866
045 8.6484 .095 8. 9755 .145 9.1599 195 9.2890 245 9.3883
046 8.6581 096 8.9801 146 9.1629 . 196 9. 2912 .246 9.3901
047 8. 6675 097 8. 9846 147 9.1659 197 9.2934 247 9.3919
.048 8.6767 .098 8.9891 .148 9. 1688 . 198 9. 2956 248 9.3936
.049 8.6858 099 8. 9935 . 149 9.1718 . 199 9.2978 249 9.3954

050 8. 6947 . 100 8.9979 150 9.1747 200 9.3000 250 9.3971
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Table 29.—Elimination factors

[Upper line for each constituent gives the logarithms of the factors; middle line, corresponding natural

Constituent sought

Oi-.

Si,,,

SERIES 14 DAYS. DIURNAL CONSTITUENTS

9.7968
.626
91

8.2016
016

9.3160
207

.7890
615
267

.7203
526
105

3017
.020

0913
123

9. 7607
576

8.1357
014
175

numbers; lower line, angles in degrees]

7968

269

7968
626

91

3839
024

.3839
.024

356

9958
990

14

3150
207

3017
020

998

3344
216

84

Mi

2015
357

7968
626
269

7890
615

3150
207
264

8578
721
282

3839
.024
4

3150
207
96

. 8290

675
275

1.6530

172

a

3150
207
264

3839
.024
356

.7890
.615
267

.3826
.024
351

.7358
.054
189

7968
.626
91

.2015
016
3

1.1361
014
182

1.8516
11
79

(60)

9.7890
615

8.3839
024
4

9.3150
207
96

8.3826
024

8.9571
091
18

9.0878
> 122
100

8.3320
021
12

8.7710
.059
11

9.1065
128

9.7203
255
9.9958
990
346
9.8578
721
78
8. 7358
17
8.9571

342

3355
217
82

2581
018
174

19990
998
353

3331
215

Disturbing constituents (B, C, etc.)

Q
8.3017
353
9.3150
264

8.3839
.024
356

9.7968
626

9.0878
122
260

9.3355
217
278

9.7968
626
91

9.3283
213
271

9. 9967
992
348

2Q

9.0913
123
261

8.3017
.020
353

9.3150
207
264

8. 2015
016
357

8.3320
.021
348

8.2581
.018
186
9.7968

626
269

7.1244
.001

9.7298
537
256

9.7607
576
262

9.9990
998
353

9.8290
675
85

8.1361
014
178

8.7710
059 .
349

9.9990

9.3283
213

7.1244
.001

217
71

8.1357
014
185
9.3344
276
8.6530
188
9.8516
711
281
9.1065
272
9.3331
215
290
9.9967
12
9.7298
537
104
9.3369

217
283
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Table 29.—Elimination factors—Continued

SERIES 15 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought (4)
K2 L2 M2 N2 2N Ri T2
Kj. 7534 8.9437 9.2424 9063 .9950 9.6707
567 088 175  .081  .997 989 975  .468
260 342 244 326 353 345 338 247
L2 7534 9.7627 8.9055 2507 .7927 .8276 9.8585 9.9961
567 579 .080 . 178 620 672 722 991
100 262 344 246 92 85 77 347
LY 5 8.9437 .7627 9.7627 9055 .7291 .1941 8.4114 9.8276
.088 579 579 080  .054 016  .026 672
18 262 344 10 3 175 85
I A — 2424 9055 9.7627 7627 2760 3018 93204 8.1941
175 080  .579 579 189 200 209  .016
116 16 262 108 101 93 3
f . [ 9063 2507 8.9055 9.7627 8167 8.4856 9.3018
081  .178  .080 .579 066 .049 031 .200
34 114 16 26 19 1 101
R2 e 7927 8.7291 9.2760 .8167 9. 9950 9.7195
997 620 054 189  .066 997 524
7 350 252 334 353 255
8276 8.1941 9.3018 .9987 9.9987 9. 7627
672 016 200 049 997 997 579
275 357 259 341 7 353 262
8585 8.4114 9.3204 .4856 .9950 .8010
722 026 209 031 989 997 632
283 185 267 349 15 269

9961 9.8276 .1941 3018 .7195 9.7627 9.8010
991 672 016 .200 524 579 632

13 275 357 259 105 91
M2 8.7223 3018 8.9141 .8276 .9961 .5420 .1935 9. 3301
.053 .200 016 672 991 035 016 .005 214
21 101 3 85 347 13 178

1941 9.8276 9961 .6823 .3168 9.3301 .3364 8.7786
198 016 672 991 481 207 214 217 .060
103 3 85 347 249 95 80 170

2SM .. 8.8476 3301 8.1935 0793  .5765 4114 .1941 7291 9.3018
070 214 016 120 .038 026 016 .054 .
192 272 354 256 338 185 357 350 259

7223
.053
339

3018
259

8.1941
016
357

9.8276
672
275

9.9961
991
13

8. 5420
035
347

8.1935
016
354

.005
182

). 3301

214
272

9.7627
579
262

8.1926
016
351

9.2966
198
257

8.1941
016
357

9.8276
672
275

9.9961
991
13

9.6823
481
111

9.3168
207
265

9. 3301
214
272

9.3364
217
280

8.7786
.060
190

9.7627
579

9.1043
127

237

2SM

8.8476
070
168

9. 3301
214

. 1935
016

0793
120
104

5765
.038
22

4114
026
175

1941
016
3

7291
054
10

9.3018
200
101

8.1926
016

9.1043
127
91
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Table 29.—Elimination factors—Continued
SEBIES 29 DAYS. DIUBNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)
Constituent sought
(4)

Ki Mi ol 00 Pi Qi 2Q

6955 7199 8144 2092 8.6937  .6672 0538  8.3224
.050 .049 .052 065 162 .049 046 113 .021

351 341 328 13 322 319 310 336 344

Ki.. 8.6955 8.6955  .7517  .7517 9818 8.7199  .6937 9954  8.0542
050 .050 056 .056 959 052 .049 990 011

351 338 22 331 328 319 346 354

Mi_. 6955 8144 7199 0674 87517  .7199 4418  7.9579
N 049 .050 065 052 117 .056 052 028 .009

19 347 32 161 338 328 175 183

0i- L7199 7517 8.8144 7185 2616  8.6955 3262 8.9810
052 056 065 052 018 050 049 021 .096

32 22 13 44 174 351 341 196

00. .8144 7517 87199 7185 0332 8.6848  .6504 8.9334

065 056 .052 .052 108 .048 045 086 .029

347 338 328 316 309 306 297 324 332

Pi- 2092 9818 9.0674 2616  .0332 77378 2260 9.9954  8.6248
162 .959 117 018 .108 .005 017 990 .042

38 29 199 186 51 357 348 14 202

Qi- 6937 7199 87517 .0955 7.7378 6955  8.4846  9.9857
049 .052 056 .050 .048 005 .050 031 .968

41 32 22 54 3 351 17 25

2Q-. 6672 .6937  8.7199 6504 82260 8.6955 85377  9.1825
046 049 .052 049 045 017 050 034 152

50 41 32 19 63 12 27 35

Si- 0538 9954 8.4418 3262 9334 9.9954 8.4846  .5377 8.1807
113 990 028 021 .086 990 031 .034 015

24 14 185 352 36 346 343 333 188

3224 0542 7.9579 9810 4666 8.6248 9.9857 .1825 8.1807
021 011 009 096 029 042 .908 152 015
16 6 177 104 28 158 335 325 172



HARMONIC ANALYSIS ANI) PREDICTION

Constituent
sought (A)

Ki.

La.. 8144
065
13

Ma. 7517
056
22

Na.. 7199
.052
32

2N- 6937
.049
41

Ra. 9954
990
14

Sa-. 9818
29

Ta. 9587
909
43

. 2092
162

8. 3224
021
16

8.0542
011

2SM. 9.0054
101
215

OF TIDES

Table 29.—Elimination factors— Continued

SERIES 29 DAYS. SEMIDIURNAL CONSTITUENTS

Li

8144
065
347

050

6896
.049
19

048
28

9581
.009
182

9810
.096
196

. 2842
192
210

'. 9857
968
25

. 7378
005

.2616
018
174

. 6248
.042
202

Mj

7617
.056
338

.6955
050
351

6955
.050

049
19

3262
352

.2616
018
186

L1172
.060
201

19810
7096
196

. 2616
.018
174

. 9810
096
164

12588
018
193

Disturbing constituents (R, C, etc.)

Na

g. 7199
052
328

.049
341

.6955
.050
351

8.6955
050

8. 4846
031
343

7.7378
.005
357

8.3278
021
191

8.2616
018
186

8.9810
.096
164

9.9857
968
335

7.5900
004
183

2N

.6937
049
319

6798
.048
332

049
341

6955
050
351

8. 5377
034
333

8. 2260
017
348

7.4179
003
182

7.7378
005
357

9.9857
168
335

9.1825
152
325

7. 7379
005
354

Ra

9954
990

7.9581
009
178

3262
021

8.4846
031
17

8. 5377

034
27

9.9954
990
14
9.9818
.959
29
9.0538
24
7.2754
002
8.1807
172
8. 7772

060
201

Sa

9. 9818
959
331

8.9810
096
164

8. 2616
018
174

7.7378
005
3

8. 2260
017
12

9.9954
990
346

9954
990
14

.6955
050
9

.2588
018
167

.6248
.042
158

2616
018
186

Ta

9.9587
909
317

9. 2842
192
150

8.7772
060
159

8.3278
021
169

7.4179
.003
178

9.9818
959
331

i9954
990
346

8.4418
.028
175

8. 5780
038
153

8.8324
068
143

8.3262
021
352

9.2092
322
9.9857
335
8.9810
.096
164
8.2616
174
7.7378
.005
9.0538
336
.6955
.050
351
8.4418

028
185

8.6248
.042
158

8. 9640
092
148
7.7378
005
357

8.3224
344
7. 7378
2005
357
8.2616
018
186
8.9810
196
9.9857
.968
25
7.2754
002
359
8.2588
018
193
8.5780
207
8.6248

.042
202

8.6955
.050

351

12539

199

8.0542
011
354

8.2616
018
186

8.9810
.096
196

9.9857
968
25

9.1825
152
35

8.1807
015
188

8. 6248
.042
202

8.8324
.068
217

8.9640
092
212

8.6955
050

5015
032
209

239

2SM

9.0054
145
8.6248
.042
158
8.2588
167
7 5900
.004
177
7.7379
005

8.7772
060
159

8.2616
018

174

8.3262
021

7.7378
005
8. 2539

161
8. 5015

.032
151
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Table 29.—Elimination factors—Continued
SERIES 68 DAYS. DIURNAL CONSTITUENTS

Disturbing constituents (B, C. etc.)
Constituent sought

Ji K, Mi Oi (o]0 Pi Qi 2Q S, pi

1 ) (R, 8.6896 8.6657 8.6504 8.8039 9.1056 8.5715 8.4713 9.0154 8. 3059
049 046 045 .064 128 037 030 104 .020

341 322 297 25 284 278 259 313 329

K joerereene enensnenesnennanen 8. 6896 8.6896 8.7185 8.7185 9.9254 8.6504 8.5715 9.9818 8.0520
049 .049 .052 052 .842 045 037 959 011

19 e 341 316 44 303 297 278 331 348

Mi - 8.6657 8.6896 8.8039 8.6504 9.0427 8.7185 8.6504 8.4403 7.9572
046 049 .064 045 110 052 045 .028 .009

38 19 eee 335 63 142 316 297 170 186

[0 ) O - 8.6504 8.7185 8.8039 8.5737 8.2588 8.6896 8.6657 8.3224 8.9640
045 .052 064 037 018 049 046 021 .092

63 44 25 vee 88 167 341 322 16 212

00........ - 8.8039 8.7185 8.6504 8.5737 8.8349 8.4575 8.3057 8.8391 8.4112
.064 .052 045 037 .068 029 .020 069 .026

335 316 297 272 e 259 253 234 287 303

] ) DO 9.1056 9.9254 9.0427 8.2588 8.8349 7.7379 8.2155 9.9818 8.5907
128 .842 110 018 068 005 016 959 .039

76 57 218 193 101 — 354 335 29 225

110 DTN 8.5715 8.6504 8.7185 8.6896 8.4575 7.7379 8.6896 8.4645 9.9418
037 .045 052 .049 029 .005 .049 .029 875

82 63 44 19 107 6 e 341 35 51

2Queeeneneenerenens 84713 8.5715 8.6504 8.6657 8.3057 8.2155 8.6896 8.4887 9.0969
030 .037 045 046 .020 016 .049 031 125

101 82 63 38 126 25 19 . 53 70

9.0154 9.9818 8.4403 8.3224 8.8391 9.9818 8.4645 8.4887 8.1761
104 959 .028 021 .069 959 029 031 015

47 29 190 344 73 331 325 307 e 196

8.3059 8.0520 7.9572 8.9640 8.4112 8.5907 9.9418 9.0969 8.1761
.020 011 009 092 026 039 .875 125 015
34 12 174 148 57 135 309 290 164
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Table 29.—Elimination factors— Continued
SERIES 58 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought (4)

K2 L2 MJ N2 2N R2 2 12 28M

K2- 8.8039 7185 .6504 .5715 9.9818 9.9254 9.8237 9.1056 8.3059 .0520 8.9185
.064 .052 045 037 959 .842 666 128 020 011 083

335 316 297 278 331 303 274 284 329 348 110

L2. 8.8039 6657 6244 7.9579 8.9640 9.2209 9.9418 7.7379 .2588 8.5907
.064 .049 .046 042 009 .092 . 166 .875 .005 018 .039

25 341 322 303 177 148 120 309 354 193 135

M 2. 8.7185 6657 8.3224 8.2588 8.7480 8.9640 3.2588 .9640 8.2476
052 .049 049 046 021 018 056 092 018 .092 018

44 19 341 322 16 167 138 148 193 212 154

N=*.. 8. 6504 8.6657 .6896 8.4645 7.7379 8.3193 8.2588 9418 7.6898
.045 .046 .049 049 .029 .005 .021 018 .092 875 .004

63 38 19 341 35 6 157 167 212 51 173

2N 4 cveerenesnnnnens 8.5715 8.6244 .6657 8.4887 8.2155 7.4165 7.7379 9.9418 7.7356
037  .042 046 .049 031 016  .003 005 875 125  .005

82 57 19 53 25 176 51 70 12

Ri- 9.9818 7.9579 .3224 8.4645 8.4887 9.9818 9.9254 9.0154 7.2736 .1761 8.7480
959 .009 .021 .029 031 959 .842 104 .002 015 056

29 183 344 325 307 331 303 313 357 196 138

9.9254 8.9640 .2588 7.7379 8.2155 9.9818 9.9818 8.2475 5907 8.2588
.842 092 018 .005 016 959 959 049 018 039 018

57 212 193 354 3.5 29 331 341 206 225 167

T*. 9.8237 9.2209 .7480 8.3193 7.4165 9.9254 8.4402 8.5270 .7366 8.3224
.666 .166 056 021 .003 .842 959 .028 034 055 021

240 222 203 184 57 29 190 234 253 16

9.1056 9.9418 .9640 8.2588 7.7379 9.0154 4402 8.5907 .8933 7.7379
. 128 875 .092 018 005 104 049 .028 .039 078 005

76 51 212 193 354 47 19 170 225 244

8.3059 7.7379 .2588 8.9640 9.9418 7.2736 .2475 5270 3.5907 8.2286
.020 .005 018 .092 875 .002 018 .034 039 .049 017

31 167 148 309 3 154 126 135 19 141

8.0520 8.2588 .9640 9.9418 9.0969 8.1761 .5907 .7366 8.8933 8.4439
011 018 .092 875 125 015 039 .055 078 .049 .028

12 167 148 309 290 164 135 107 116 341 122

2SM. 8.9185 8.5907 .2475 7.5898 7.7356 8.7480 .2588 .3224 7.7379 .2286 .4439

.083 .039 018 .004 005 056 018 021 005 017 .028
250 225 206 187 348 222 193 344 354 219 238
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Table 29.—Elimination factors—Continued
SERIES 87 DAYS. DIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

(A) . .
Ji Ei Mi Oi 00 Pi Qi 2Q S, Pi

S . 8.6798 8.6244 8.5225 8.7857 8.9030 83232 7.9841 8.9481  8.2780
048 042 033 061 080 021 010 089 019

—_— 332 303 265 38 246 237 209 289 313

G . 8.6798 8.6798 8.6607 8.6607 9.8237 8.5225 8.3232 9.9587  8.0476
048 048 .046 046 666 .033 .021 909 011

28 — 332 294 66 274 265 237 317 341

Mi 8.6244 8.6798 8.7857 8.5225 9.0002 8.6607 8.5225 8.4376  7.9556
042 .048 061 033 100 046 .033 027 .009

57 28 —_— 322 95 123 294 265 165 190

0i 8.5225 8.6607 8.7857 8.2641 82539 8.6798 8.6244 8.3155  8.9351
033 .046 .061 013 018 048 042 .021 .086

95 66 38 f— 133 161 332 303 23 228

8.7857 8.6607 8.5225 8.2641 8.3377 7.813« 7.4337 8.6579 8.3116
061 046 .033 018 022 007 .003 045 .020

322 294 265 227 cees 208 199 351 251 275

Pi._ 89030 9.8237 9.0002 8.2539 8.3377 7.7367 8.1982 9.9587  8.5315
.080 666 100 018 .022 005 016 909 034

114 86 237 199 152 J— 351 323 43 247

8.3232 8.5225 8.6607 8.6798 7.8138 7.7367 [8.6798 8.4303  9.8640
021 033 .046 .048 007 005 .048 027 731

123 95 66 28 161 9 ceen 332 52 76

b1 0 T 7.9841 8.3232 8.5225 8.6244 7.4337 8.1982 8.6798 8.4014  8.9351
010 .021 .033 .042 .003 016 048 025 086

151 123 95 57 9 37 28 — 80 104

8.9481 9.9587 8.4376 8.3155 8.6579 9.9587 8.4303 8.4014 8.1689
089 909 .003 021 .045 909 .027 .025 015

71 43 195 337 109 317 308 280 e 204

8.2780 8.0476 7.9556 8.9351 8.3116 8.5315 9.8640 8.9351 8.1689
019 011 .009 086 020 .034 731 .086 015
47 19 170 132 85 113 284 256 156 ——
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Constituent
sought (4)
K2

7857
061
38

Ma..ererene 6607
.046

J\ [ DRSSO, 5225
033
95

2N e 3232
021
123

Ricerrinns 9.9587
909
43

) PO 9.8237

Tacoereeerenns 9.5416
.348
129

1.9030
.080
114

LR 1.2780
019
47

8.0476
ou
19

2SM.......... a 7538
.057

L2 M2
7857 6607
061 046

322 294

6798
.048
332
8.6798
.048
28
8.6244 8.6798
.042 .048
67 28
1.5247 8.6244
033 .042
85 57
7.9576 1.3155
.009 021
185 337
19351 1.2539
.086 018

228 199
»1055 1.6976
127 050

271 242

9.8640 19351
731 .086
76 228
7.7367 1.2539
005 018
9 161
1.2539 1.9351
018 .086
161 132

8.6315 8.2286
034 017
247 219

Table 29.—Elimination factors—Continued
SERIES 87 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Nj

5225
033
265

6244

.042
303

.048
332

8.6798
.048
28
8.4303
.027
308
7.7367

005
351

.020
214
8. 2539
199
8.9351
132
9.8640
284
7.5883

004
190

2N

3232
237
5247
275

6244
.042
303

.6798
.048
332

8.4014
025
280

1.1982
016
323

7.4165
003
186

7.7367
005
351

9.8640
731
284

1.9351
086
256

7.7314
005
342

Rj

9.9587
909

7.9576
009

8.3155
021
23

8.4303
027
52

&4014
.025
80

9.9587
909
43

9.8237

9481
.089
71

7.2740
.002
4

015
156

.6976
.050
242

9.9587
317

9.9587
909
43

8.6798
.048
28

017
141

8.5315
034
113

a 2539
018
199

T2

9.5416
.348
231

9.1055
127

8.6976
050
118

8.3068
020
146

7.4165
.003
174

9.8237
666
274

9.9587
909
317

8.4376
027
165

8.4358
027

8.5521
.036
70

8.3155
021
337

8.9030
D80
246

9.8640
731

8.9351
.086
132

.2539
018
161

7.7367
005
9

8.9481
.089
289

6798
.048
332

4376
.027
195

5315
034
113

7629
.058
85

7.7367
005
351

8.2780 8.0476 8.7538
019 011 057
313 341 75

7.7367 8.2539 8.5315
005 018 034

8.2539 8.9351 8.2286
018 086 017
199 228 141

8.9351 9.8640 7.5883
086 731 004
228 76 170

9.8640 8.9351 7.7314
731 086 005
76 104 18

7.2740 8.1689 8.6976
002 015 050
356 204 118

8.2286 8.5315 8.2539
017 034 018
219 247 161

a 4358 a 5521 8.3155
027 .036 021
262 290 23

8.5315 a 7629 7.7367
.034 058 005
9

247 275
8.1849
048 0151
28 122
8.6798 8.3401
.048 022
332 93
8.1849 8.3401
015 .022
238 267
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Table 29.—Elimination factors— Continued
SERIES 105 DAYS. DIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)
Constituent sought
(A)

Ji Ki Mi 0, 00 Pi Qi 2Q S, H
ji 8.6704 8.5885 8.4422 8.4953 8.8322 82332 7.7808 8.3722  8.1065
047 039 028  .031  .068 .017  .006  .024 013
214 248 271 158 291 308 339 342 216
Ki  eeoeresressessseens 8.6704 8.6704 8.5381 8.5381 9.7311 8.4422 8.2332 9.9393  7.0766
047 047 035 035 538 .028  .017  .870 001
146 . 214 236 124 257 271 305 308 182
8. 6704 8.4953 8.4422 8.8219 85381 8.4422 8.9548  8.3679
047 031 028 .066  .035  .028  .090 023
146 . 202 89 4 236 271 94 328
8.5381 8.4953 8.2803 8.1856 8.6704 8.5885 8.6113  8.8929
035 031 019 015 047 .039  .041 078
124 158 . 67 20 214 248 72 306
85381 8.4422 8.2803 8.4500 7.9556 6.4362 7.5174  8.1640
035 028 .019 028 .009  .000  .003 015
236 271 293 — 313 327 181 185 239
9.7311 8.8219 8.1856 8.4500 7.8500  8.2067 9.9393  8.4685
538 .066  .015  .028 007 016 870 .029
103 318 340 47 194 228 52 286
84422 8.5381 8.6704 7.9556 7.8500 8.6704 8.2396. 9.7951
028 035  .047  .009  .007 047 017 624
89 124 146 33 166 .. 214 38 92
8.2332 8.4422 8.5885 6.4362 8.2067 8.6704 7.1241  8.7943
017 028 .039 000 016  .047 001 062
55 89 12 179 132 146 — 4 68
S fevvnremrsessessreessensesns 8.3722 9.9393 8.9548 8.0113 7.5174 9.9393 8.2396 7.1241 8.3820
024 870 090 041 003 870  .017  .001 024
18 52 266 288 175 308 322 356 . 234

8.1065 7.0706 8.3679 8.8929 8.1640 8.4685 9.7951 8.7943 8.3820
.013 001 023 .078 015 029 .624 062 024
144 178 32 54 121 74 268 302 126
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Table 29.—FElimination factors— Continued
SERIES 105 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought {4)
K2 L2 M2 N2 2N R2 S2 T2 X2
| (G R — 8.4953 8.5381 8.4422 8.2332 9.9392 9.7311 9.1892 8.8322
031 035 .028 017 .869 538 155 068
202 236 271 305 308 257 205 291
| D JOU 8.4953 8.6704 8.5885 8.4347 8.9311 8.8929 7.6403 9.7951
031 T .047 039 .027 085 078 .004 .624
158 214 248 282 106 54 2 268

8.6704 8.5885 8.6113 8.1856 8.3896 8.8929
.047 039 041 015 025 078

214 248 72 20 148 54
8.6704 8.6704 8.2395 7.8500 8.4362 8.1856
047 047 017 007 027 015
146 214 38 166 114 20
8.5885 8.6704 7.1241 8.2067 8.3366 7.8500
.039 047 001 016 022 007
112 146 4 132 80 166
8.6113 8.2395 7.1241 9.9392 9.7311 8.3722
041 017 001 .869 538 .024
288 322 356 _ 308 257 342
8.1856 7.8500 8.2067 9.9392 9.9392 8.6704
015 007 016 .869 .869 .047
340 194 228 52 308 214
8.3896 8.4362 8.3366 9.7311 9.9392 8.9548
025 027 022 538 869 090
212 246 280 103 52 266

8.8929 8.1856 7.8500 8.3722 8.6704 8.9548
078 015 .007 .024 047  .090
306 340 194 18 146 94

8.1065 7.8500 8.1856 8.8929 9.7951 8.3410 8.1585 7.6654 8.4685
013 007 015 078 .624 022 014 005 029
144 166 20 54 268 92 40 168 74

7.0766 8.1856 8.8929 9.7951 8.7943 8.3820 8.4685 8.0785 8.6609
"""""""""""""" .001 015 078 .624 062 024 029 012 .046
178 20 54 268 302 126 74 22 108

8.4685 8.1585 7.2638 7.8368 8.3896 8.1856 8.6113 7.8500
.029 014 002 007 025 015 041 007
286 320 354 208 212 340 288 194

M Vi 2SM

8.1065 7.0766 8.6847
013 .001 048
216 182 97

7.8500 8.1856 8.4685
.007 015 029

8.1856 8.8929 8.1
015 078 014

8.8929 9.7951 7.2638
078 .624 002

9.7951 8.7943 7.836S
.624 062 007
92 58 152

8.3410 8.3820 8.3896
.022 .024 .025
268 234 148

8.1585 8.4685 8.1856
014 .029 015
320 286 20

7.6654 8.0785 8.6113
005 012 041
192 338 72

8.4685 8.6609 7.8500
.029 .046 007
286 252 166

8.6704 8.1117

047 013
......... 146 60
8.6704 8.2581
 a— 018
214 94
8.1117 82581
013 018
300 266
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Ji

8. 4360
155

8.3940
025
131

8.2695
019
121

8.0361
011
190

8. 7345
054
107

8.2094
,010
96

8.0930
012
72

8.6047
040
41

7.7771
006

Ki

8. 4360
027
205

8.4360
027
155

8.2628
018
146

8. 2628
018
214

9. 5078
322
132

8.2695
019
121

8.2094
016
96

9. 8992
793
66

7.1819
.002
4

Mi

8.3946
229
8. 4360

.027
205

8. 0361

170

8. 2695
019

239

8. 4838
030

337

8.2628

146

8.2695

121

8. 8500
071

27

8. 2196

017
28

Oi

8. 2695
239
8.2628
214

8. 0361
011

8.1796
015
249

7.9151
346
8.4360
155

8. 3946
025
131

8. 5206
033
280

8. 6697

047
38

(o]0]

8. 0361
170
8.2628
018
146
8. 2695
121
8.1796

015
111

8. 2156
016

7.8315
007

Pi

8.7345
054
253

9.5078
322
228
-8.4838
030
23
7.9151
.008
14
8.4760

030
262

7.6424
169
7.9951
144
9. 8992
.793
294
8.2746

52

Table 29.—Elimination factors—Continued
SERIES 134 DAYS. DIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Qi

8.2094
016
264
8. 2695
.019
239
8.2628
214
8.4360
027
205
8.1133
013
273
7.6424

004
191

8.4360
155
8.2605
305
9.6387
243

2Q

8.0930
012
288

8.2094
016
264
8.2695
019
239

8. 3946
.025
229
7.9812
298
7.9951
216
8.4360

205

7.9233
.008
330

8.7610
.058
268

S,

8.6047
040
319
9.8992
793
294
8.8500
071
89
8. 5206
033
80
8. 2156
016
328
9.8992
793
66
8.2605
55
7.9233

30

8.3143
021
118

77771
006
201
7.1819
002
356
8.2196
T
8.6697
047
322
7.8315
007
211
8.2746
308
9.6387
117
87610
92
8.3143

242



HARMONIO ANALYSIS AND PREDICTION OF TIDES 247

Table 29.—Elimination factors—Continued
SERIES 134 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought (A4)
K3 La Ma Na 2N Ra Ta 2SM
| 1€ YO 8.0361 2628 8.2695 12094 1.8992 9.5078 ;9538 8.7345 7.7771 7.1819 8.5254
011 018 019 016 793 322 .090 054 .006 002 034
19¢ 214 239 264 294 228 342 253 201 356 61
5 0361 4360 8.3946 .3215 8.8285 »5871 9.6387 7.6424 7.9151 8.2746
011 027 .025 021 067 047 .039 435 .004 .008 019
170 205 229 254 104 38 152 243 191 346 52
Ma..cinnes 2628 8.4360 4360 3946 .5206 7.9151 4622 8.6697 7.9151 8.6697 7.9208
018 027 027 025 033 08 .029 047 008 047 .008
146 155 205 229 80 14 128 38 346 322 27
Na _ 2695 8.3946  .4360 4360 8.2605 7.6424 3592 79151 .6697 9.6387 6.7753
019  :.025 027 027 018 004 023 008 047 435 .001
121 131 155 205 55 169 103 14 322 117 2
2N. 2094 8.3215  .3946 8.4360 7.9233 7.9951 2280 7.6424 .6387 8.7610 7.6344
016 021 025 027 08 .010 017 004 435 058 004
106 131 155 30 144 78 169 117 92 158
Ra. 8992 8.8285 .5206 8.2605 7.9233 8992 5079 8.6047 2346 8.3143 8.4622
793 067 033 018 008 793 322 040 017 021 029
256 280 305 330 294 228 319 267 242 128
»
5078 8.6697 7.9151 7.6424 7.9951 .8992 8992 8.4360 7.9028 8.2746 7.9151
322 047 008 .004 010 793 793 027 .008 019 008
132 322 346 191 216 294 205 333 308 14
Ta- 9538 8.5871 .4622 8.3592 8.2280 .5079 9.8992 t8500 1.0509 7.7834 8.5206
090 039 029 .023 017 322 793 071 011 .006 033
18 208 232 257 282 132 271 219 194 80
xa. 7345 9.6387 .6697 7.9151 7.6424 .6047 8.4360 .8500 8.2746 1.5650 7.6424
054 435 047 008 004 040 027 071 019 037 004
107 117 322 346 191 41 155 308 284 169
7.7771 7.6424 7.9151 9.6387 .2346 7.9028 8.0509 8.2746 1.4360 7.8820
006 004 08 047 435 017 008 011 019 027 008
159 169 14 38 243 93 27 141 52 155 41
7.1819 7.9151 9.6387 8.7610 .3143 8.2746 7.7834 8.5650 8.4360 8.1118
.002 08 047 435 .058 021 019 006 037 027 013
4 14 38 243 118 52 166 76 205 65
2SM....... 5254 8.2746 7.9028 6.7753 7.6344 4622 79151 15206 7.6424 7.8820 .1118

034 019  .008 .001 004 .029 .008 033 004 08 013
299 333 358 202 232 346 280 191 319 295
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Table 29.—Elimination factors—Continued

SERIES 163 DAYS. DIURNAL CONSTITUENTS

8.1495
014
165
8.1341
150
7.9150
153
7.4365
.003
357
8.4234
145
7.9579
009
137
7.9582
.009
122
8. 6570
65
7.0948

175

8.1495
195

8.1341
210

8.1495
014
195

7.4365
003

7.9150
.008
207

7.6604
005
356

7.7528
006
168

7.9150
.008

153

8. 7629
058

276

8.0859

25

7.9150
207
7.7528
192

7.4365
003
357

7.7427
.006
204

7. 5513
004
353

8.1495
014
165

8.1341
014
150

8.4422
028
273

8.3724
.024
22

(0]0]

7.4365
003
3

7.7528
.006
168

7.9150
.008

153

7.7427

156

Pi

8.4234
215
9.0723
199
7.6604
.005

7.5513
.004

8.1140
212

Disturbing constituents (B, C, etc.)

Qi
7.9579
223

7. 9150
207
7.7528
192
8.1495
195
7.8343

007

220
7.4230

003
188

8.1495
014
165

8.2410
017
288

245
218

2Q

7.9582
238
7.9579
223
7.9150
008
207
8.1341
210
7.8631
235
7. 7409
006
203
8.1495

195

8.0589
011
57

8. 5769
.038
233

8.4422

8.3776
292
9.8470
703
80
8.2410
017
72
8.0589

57

8.2562
018
110

7.0948
001
185

7.5128
.003
350
8.0859
012
335
8.3724
024
338
6.6248
.000
182
7.9852
331
9.3888
142
8.5769
127
8.2562

018
250
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Table 29.—Elimination factors—Continued

SERIES 163 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought (A)
K2 L2 M2 N2 2N k2 $2 12 x
K2 7.4365 7.7528 7.9150 7.9579 9.8470 9.0723 9.3179 8.4234
003 .006 .008 009 .703 118 208 027
357 192 207 223 280 199 299 215
L2 7.4365 8.1495 8.1341 8.1078 8.7464 8.3724 8.7614 9.3888
003 014 014 013 056 .024 058 .245
3 195 210 226 103 22 122 218
M2 7.7528 8.1495 8.1495 8.1341 8.4422 7.5513 8.4590 8.3724
006 014 014 014 028 004 029 024
168 165 e 195 210 87 7 107 22
N2 7.9150 8.1341 8.1495 8.1495 8.2410 7.4230 8.2850 7.5513
008 014 014 014 017 003 019 004
153 150 165 195 72 172 92 7
2N 7.9579 8.1078 8.1341 8.1495 8.0588 7.7409 8.1397 7.4230
009 013 014 014 —— 011 006 014 003
137 134 150 165 57 157 76 172
R2 9.8470 8.7464 8.4422 8.2410 8.0588 9.8470 9.0725 8.6570
703 056 .028 017 011 e 703 118 045
80 257 273 288 303 280 199 295
82 9.0723 8.3724 7.5513 7.4230 7.7409 9.8470 9.8470 8.1495
118 024 004 003 006 703 703 014
161 338 353 188 203 80 280 195
T 2-mmmmmm e m 9.3179 8.7614 8.4590 8.2850 8.1397 9.0725 9.8470 8.7629
208 .058 .029 019 014 118 703 .058
61 238 253 268 284 161 80 276
8.4234 9.3888 8.3724 7.5513 7.4230 8.6570 8.1495 8.7629
027 245 024 004 .003 045 014 058
145 142 338 353 188 65 165 84 —_
7.0948 7.4230 7.5513 8.3724 9.3888 8.1488 7.5483 8.1668 7.9852
001 .003 004 024 245 014 004 015 010
175 172 7 22 218 95 14 114 29
7.5128 7.5513 8.3724 9.3888 8.5769 8.2563 7.9852 8.1966 8.3386
003 004 024 .245 038 018 010 016 .022
10 7 22 218 233 110 29 129 45
2SM 8.1450 7.9852 7.5483 6.3062 7.4186 8.4590 7.5513 8.4422 7.4230

014 010 004 000 003 029 004 028 003
334 331 346 181 196 253 353 273 188

m

7.0948
001
185

7.4230
.003
188

7.5513
004
353

8.3724
024
338

9.3888
245
142

8.1488
014
265

7.5483
004
346

8.1668
015
246

7.9852
010
331

8.1495
014
195

7.5426
003
339

7.5128
.003
350

7.5513
.004
353

8.3724
024
338

9.3888
245
142

8.5769
.038
127

8. 2563
.018
250

7.9852
.010
331

8.1966
016
231

8. 3386
022

315

8.1495

014
165

7.8424
324

249

2SM

8.1450
014
26
7.9852
010
29
7.5483
14
6.3062
000
179
7.4186
164
8.4590
.029
107
7.5513
004

8. 4422
.028
87
7.4230
172
7.5426
003
21
7.8424

007
36
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Table 29.—Elimination factors— Continued

SERIES 192 DAYS. DIUKNAL CONSTITUENTS

Ji

7.6613
174
7.6591
005
168
7.0355
.001

8.0828
012
344
7.3819
.002
3

6.6151
.000
178
7.0698
173
8.6281
89
7. 3308

u.002
10

7.5891
350
8.6868
049
9

7.0355
001

6. 5151
178
9.7807
604
95
7.6468

.004
16

7.6591
192
7.6613
186

8.0828

0,

7.0355
001
356

7.5891
004
350

8.0828
012
344

7.5826
004
340

6.4230
.000
359
7.6613
.005
174
7.6591
168
8. 3698
265
7.7679

.006
6

(o]0]

8.0828
012
16

7.5891
10
7.0355
.001
4

7. 5826
004
20

7.8388
19

7.3409
002
14

7.0344
001

8. 3250
021
104

7.6132
.004
26

Pi

7.3819
357
8.6868
351
8.1441
165
6.4230
.000

7.8388
.007
341

Disturbing constituents (B, C, etc.)

Qi

6.5151
182
7.0355
356
7.5891
350
7.6613
.005
186
7.3409
.002
346
7.1547

001
185

2Q

7.0698
187
6.5151
182
7.0355
356
7.6591
005
192
7.0344
352
7. 3491
002
191
7.6613

005
186

8.0615
012
276

8.0931
012
198

Si

8. 6281
42'
271

9.7807
.604
265

8.6866
80
8.3698
023
95
8.3250
021
256
9.7807
604
95
8.1911
016
89

8.0615
012

8. 2024
102

Pi
7.3308
002

350
7.6468
004

344
7.9586
009
338
7.7679
354
7.6132
334
7.3097
353
8. 8560
072
168
8.0931
012
162
8. 2024

016
258
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Table 29.—Elimination factors— Continued
SERIES 192 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (R, C, etc.)
U M3 Ns 2N Es Ss Ts Xa

0828 7.5891 7.0355 6.5151 9.7807 9.2922 7.3819
012 .004 001 000 .604 049 .196 002
344 350 356 182 265 351 256 357

7.6613 7.6591 7.6554 .6778 7.7679 8.7615 8.8560
.005 005 005 048 006 058 072

186 192 197 101 92 192
7.6613 7.6613 7.6591 .3698 6.4230 8.4057 7.7679
005 005 005 023 000 025 .006
174 186 192 95 1 86 6
7.6591 7.6613 7.6613 1911 7.1547 8.2077 6.4230
005 .005 .005 016 .001 016 .000
168 174 186 175 80 1
7.6554 17.6591 7.6613 0615 7.3491 8.0649 7.1547
005 005 005 012 002 012 001
163 168 174 169 74 175
8.6778 i.3698 8.1911 8.0615 9.7807 8.6863 8. 6281
.048 .023 016 012 .604 .049 .042
259 265 271 276 265 351 271
7.7679 6.4230 7.1547 7'3491 .7807 9.7807 7. 6613
006 .000 001 002 604 604 .005
354 359 185 191 95 265 186
8.7615 8.4057 8.2077 8.0649 .6863 9.7807 8.6866
.058 025 016 012 049 .604 049
268 274 280 286 95 _ 280

7.3819. 8.8560 7.7679 6.4230 7.1547 .6281 7.6613 8. 6866
.002 072 .006 .000 001 .042 005 049
3 168 354 359 185 89 174 80 —_—

7.1547 6.4230 7.7679 8.8560 .0768 6.4265 8.0959 7.3097
001 .000 .006 072 012 000 .012 .002
175 1 6 192 1 87 7

6.4230 7.7679 8.8560 8.0931 .2024 7.3097 8.2350 7.7656
000 .006 072 012 016 .002 017 006
1 192 198 102 7 92 13

7.6012 7.3097 .4265 6.8803 7.1525 .4057 6.4230 8.3698 7.1547
.004 002 .000 .001 001 025 000 023 001
189 353 359 185 190 274 359 265 185

7.3308
350

7.1547
001
185

6.4230
.000
359

7.7679
006
354

8.8560
168
8.0768
012
264
6.4265
.000
359
8.0959
012
273
7.3097

002
353

7.6613
005

186

6.4253

358

251

2SM

7.6012
004
171

7.3097
.002

6.4265
.000

6.8803
001
175
7.1525
.001
170
8.4057
.025
86
6.4230
.000

8.3698
.023

95

7.1547

175

6.4253
.000

2

7.1202
001
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Table 29.—Elimination factors— Continued

SERIES 221 DAYS. DIURNAL CONSTITUENTS

Ji K,
7. 4061
.003
— 356
7.4061
.003

7.4052  7.4061

.003 003
7 4
7.8848 8.0179

008 010
36 32
8.2672 8.0179

019 010
332 328
8.3590 9.2077

.023 161
42 38
7.7969 7.8848

.006 .008
39 36
7.7969

006
39

8.5324  9.6969

034 498
113 109
7.6535 7.7209

005 005
26 22

8.2672
019
28

7.8848
324
8.4189
214
8.0179
010
32
7.8848
008
36
8.6172
041
285
7.8313

007
19

Oi

7. 8848
324
8.0179
328
8.2672
332

7.9465
009
296
7.3352
186
7.4061
.003

7.4052
003
7
8.2991
257
7.8800
170

(o]0)

8.2672
019
28

8. 0179
010
32

7.8848
36

7. 9465
.009

8. 2351
017
70

7.8628
007
68

7.7946
006
71

8.0778
012
141

7.8188
007
54

Pi

8.3590
1023
318

9.2077
. 161
322

8.4189
026
146

7.3352
.002
174

8.2351
017
290

6.7176
001
178

6.4350
.000
2

9. 6969
498
251

7.5854
004
165

Qi

7. 7969
.006
321

7.8848
008
324

8.0179
.010
328

7. 4061
003
356

7.8628
007
292

6. 7176
.001
182

7.4061
003
4

8.1112
013
253

8.8310
.068
347

Disturbing constituents (B, C, etc.)

2Q

7.7322
317

7. 7969
006
321

7. 8848
324

7. 4052
003
353

7.7946
006
289

6.4350
.000
358

7.4061

003
356

7. 9748
250
8.0073

010
343

8.5324
247
9.6969
251
8. 6172
.041
75
8. 2991
.020
103
8.0778
219
9. 6969
498
109
8.1112
013
107
7.9748

110

8.1495
014
94

7.6535
334

7.7209
.005
338

7.8313
.007
341

7.8800
190
7.8188
007
306
7.5854
.004
195
8.8310
.068
13
8.0073
17
8.1495

014
266
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HARMONIC ANALYSIS AND PREDICTION OF TIDES

Table 29.— Elimination factors—Continued

SERIES 221 DAYS. SEMIDIURNAL CONSTITUENTS
Disturbing constituents (B, C, etc.)
Ka La Ma Na 2N Ra Sa Ta Xa

8.2872 8.0179 7.8848 7.7969 9.6969 9.2077 8.9831 8.3590
------ 019 010 .008 006 498 161 096 .023
332 328 324 321 251 322 213 318

8.2672 7.4061 7.4052 7.4037 8.6189 7.8800 8.6448 8.8310
019 003 .003 003 .042 .008 044 .068
28 356 353 349 99 170 62 347
8.0179 7.4061 7.4061 7.4052 8.2991 7.3352 8.3038 7.8800
010 003 003 .003 020 002 020 008
32 4 _ 356 353 103 174 65 170
7.8848 7.4052 7.4061 7.4061 8.1112 6.7176 8.1229 7.3352
008 .003 003 .003 013 001 013 .002
36 7 4 _ 356 107 178 69 174
7.7969 7.4037 7.4052 7.4061 7.9748 6.4350 7.9996 6.7176
.006 .003 003 003 009 000 010 .001
39 1 7 4 —_ 110 2 73 178
9.6969 8.6189 8.2991 8.1112 7.9748 9.6970 9.2076 8.5324
498 042 020 013 009 498 161 034
109 261 257 253 250 _ 251 322 247
9.2077 7.8800 7.3352 6.7176 6.4350 9.6970 9.6970 7. 4061
161 .008 002 001 .000 498 498 003
38 190 186 182 358 109 . 251 356
8.9831 8.6448 8.3038 8.1229 7.9996 9.2076 9.6970 8.6172
096 044 020 013 .010 161 498 ——— 041
147 298 295 291 287 38 109 285

8.3590 8.8310 7.8800 7.3352 6.7176 8.5324 7.4061 8.6172
.023 .068 008 002 001 034 003 041
42 13 190 186 182 113 4 75 Tt

7.6535 6.7176 7.3352 7.8800 8.8310 8.0145 7.3333 7.9704 7.5854
005 001 .002 .008 068 010 002 009 004
26 178 174 170 347 97 168 59 165

7.7209 7.3352 7.8800 8.8310 8.0073 8.1495 7.5854 8.0914 7.8738
005 002 .008 068 .010 014 004 012 007
22 174 170 347 343 94 165 56 161

8.2035 7.5854 7.3333 7.0677 6.7183 8.3038 7.3352 8.2991 6.7176
016 004 002 001 .001 .020 .002 020 001
224 195 192 188 184 295 186 257 182

M

7. 6535
005

6. 7176

7.8800
.008
190

8.8310
.008

8.0145
.010
263

7.3333
.002
192

7.9704
.009
301

7. 5854
.004
195

7. 4061
.003
356

7.3294
002
198

ta

7.7209

7.3352
.002

186

7.8800

8.8310
.068
13

8.0073

8.1495
014
266

7.5854
004
195

8.0914
012
304

7.8738
007
199

7.4061
.003
4

7.4945
.003
201

253
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Table 29.—Elimination factors— Continued

SERIES 250 DAYS. DIURNAL CONSTITUENTS

7.9011
13
7.8898

8.0302

7. 9011
.008
347

7.9011
008
13

8.1489
014
54

8.1489
014
306

9. 3286
213
66

8.0302
011
67

7. 9350
009
SO

9. 5900
.389
123

7. 7661
006
29

7.8898
.008
334

7. 9011
008
347

8. 3544
41

8.0302
011
293

8. 5201
233

8.1489
014
54

8. 0302
011
67

8. 5519
036
290

7. 6982
005

Disturbing constituents (B, C, etc.)

0,

8.0302
011
293

8.1489
014
306

8. 3544
319

79171
008
252

7. 6029
004
192

7.9011
.008

7. 8898
008
26

8.2274
017

249

8.2405

155

00

8.3544
.023
41

8.1489
014
54

8.0302
011
67

7.9171

.008
108

8.1443
014
121
7. 7748
121
7. 6181
004
134
6. 8959
177
7.8514

.007
83

Pi

8.4768
030
280

9. 3286
294

8. 5201
.033
127

7. 6029
004
168

8.1443
014
239

6. 2382
000

7.3397
002
14

9. 5900
389
237

7. 8955
.008
142

Ql

7.9350
009
280

8.0302
011
293

8.1489
014
306

7.9011
008
347

7. 7748
006
239

6. 2382
000
359

7.9011
008
13

7.9950
010
236

9. 2133
163
321

2Q

7.8438
267
7.9350
280
8.0302
011
293
7.8898
.008
334
7.6181
004
226
7. 3397
346
7.9011
008

a7

7. 7821

223

8. 3852
.0

308

8.3527
.023
224

9.5900
237

8. 5519
.036
70

8.2274
017
111

6.8959
001
183

9. 5900
389
123

7. 9950
010
124

7.7821
006
137

8.0954
012
85

Pi

7. 7796
.006
318
7. 7661
331
7. 6982
005
344
8 2405
205
7 8514
277
7.8955
.008
218
9.2133
163
39
8.3852
024
52
8.0954

275



HAJRMONIC ANALYSIS AND PREDICTION OF TIDES

Table 29.—Elimination factors—Continued
SERIES 250 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought (A)
Ka La Ma Na 2N Ra Ta Xa
Ka....... 3544 1489 .0302 7.9350 .5900 9.3286 .4129 8.4768
023 014 011 009 .389 213 026 030
319 306 293 280 237 294 350 280
D SRR 3544 7.9011 7.8703 5672 i.2405 .3634 9.2133
023 .008 .008 007  .037 017 .023 ,163
41 347 334 321 155 31 321
Ma...cueneen .1489 7.9011 7.9011 7.8898 8.2274 7.6029 .1376 8.2405
014 008 008 .008 017 004 014 017
54 13 347 334 lii 168 44 155
N 0302 7.9011 7.9011 7.9950 .2382 .0259 7.6029
011 .008 .008 .008 .010 .000 011 .004
67 26 13 347 124 1 58 168
2N 7.9350 7.8703 7.9011 7.7821 7.3397 7.9414 6.2382
009  .007 008 008 006 .002 009 .000
80 39 26 13 137 14 71 1
Ra 9.5900 8.5572 i.2274 7.9950 7.7821 15901 .3286 8.3528
339 037 017 010 @ 389 213 023
23 262 249 236 223 237 294 224
Sa-———— 3286 8.2405 7.6029 .2382 7.3397 .5901 15901 7.9011
213 .01 .004 K 002  .389 .389 008
205 192 359 346 123 237 347
Ta 4129 8.3634 .1376 .0259 7.9414 .3286 .5901 5519
026 023 0] 011 .009 213 .389 036
10 329 316 302 123 290
D, C: I 4768 9.2133 2405 7.6029 6.2382 .3528 7.9011 5519
030 163 017 < Uv  .023 .008 036
39 205 192 359 136 13 70
D, 7.7796 6.2382 7.6029 .2405 .2133 7.9596 7.5928 7.7084 7.8955
006 000 004 017 163 009 M 005 .008
42 1 168 155 321 155 32 42
va=m=————— 7.7661 7.6029 .2405 2133 .3852 8.0954 7.8955 7.6345 .1962
.004 017 163 024 012 .008 .004 016
29 168 155 321 308 85 142 19 129
2SM 8.3023 7.8955 7.5928 7.1697 .2381 11376 7.6029 .2274 6.2382
020  .008 00 .001 014  .004 017  .000

259 218 205 192 358 316 192 249 359

7.7796
006
318

i 2382
.000
359

7.6029
004
192

1.2405
017
105

i2133
.103
39

7.9596
009
261

004
205

7.7084
.005
328

7.8955
08
218

7.9011
008
347

7.5759
004
217

7.7661
006
331

7.6029
004
192

8.2405
017
205

9.2133
163
39

8.3852
024

8.0954
012
275

7.8955
.008
218

7.6345
.004
341

8.1962
016
231

7.9011
.008
13

7 7671
006
230

255

2SM

8.3023
020
101
7.8955
08
143
7.5928

.004
155

7.1697

7.6029
.004
168

8.2274
017

lii

6.2382
.000

7.5759
004
143
7.7671

130
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Table 29.—FElimination factors— Continued

SERIES 279 DAYS. DIURNAL CONSTITUENTS

Constituent sought

Ji

K]__

Oi

(o]0}

(4)

. 7.9987
010
160

7.8339
.007
57

8. 0816
012
337

9.3172
208
95

8. 0127
010
99

7.8250
007
121

9. 4495
.282
138

7. 7947
006
35

Mi

8.0469
011
315

8.0816
012
337

8. 3961
025
54

8.0127
010
261

8. 5477
035
252

8.1800
015
76

8.0127
010
99

8.4890
031
295

7. 5510
004
12

Oi

8. 0127
010
261
8.1800
015
284
8.3961

306

7. 5571
004
208
7.7343
199
8.0816
012
23
8.0469
011
45
8.1523
241
8.3798

139

00

8. 3961
025
54
8.1800
015
76
8.0127
99
7. 5571

152

7. 3456
.002
171
6.7358
001
175
7.1964
.002
18
7.9211
34
7.77M

111

Pi

8.3841
024

242

9.3172
208

265

8. 5477
035

108

7. 7343
.005

161

7. 3456

002
189

6. 8592
001
7. 5574
.004

26
9. 4495
222
7.9990
120

Disturbing constituents /B, C, etc.)

Qi

7.8250
007
239

8. 0127
010
261

8.1800
015
284

8.0816
012
337

6. 7358
001
185

6.8592
001
356

8.0816
012
23

7.8251
007

219

9.3242

296

2Q

7. 5672
.004
216

7. 8250
007
239
8.0127
261
8.0469
011
315
7.1964
.002
342
7. 5574
334
8.0816

012
337

7. 3460
002

196
8.4421

274

Si

7.9987
200

9.4495
282
222

8.4890
031
65

8.1523
014

119
7.9211

326

9. 4495
282

138
7.8251
141

7. 3460

002
164

8.0384
011
77

283



Constituent
sought (4)

Ks-

Ns_.

2N_

Ts.

2SM.

HARMONIC ANALYSIS AND PREDICTION OF TIDES

K2

7.8250
007
121

14494
281
138

9.3172
.208
95

9.0421
110
52

8.3841
024
118

7.8339
007
57

7.7947
006
35

2246
017
294

Table 29.—Elimination factors— Continued
SERIES 279 DAYS. SEMIDIURNAL CONSTITUENTS

Ls Ms
3961 .1800
025 015

306 284

.0816
012
337
8.0816
.012
23
8.0469 .0816
011 012
45 23
8.0469
.010 011
45
8.5211 8.1523
033 014
264 241
8.3798 7.7343
.024 .005
221 199
6.9057 7.8491
001 007
359 336
9.3242 8.3798
211 024
64 221
6.8592 7.7343
001 005
4 161
7.7343 8.3798
005 .024
161 139
7.9990 7.7105
010 .005
240 218

Disturbing constituents (P, C, etc.)

Ns

0127
010
261

0469
011
315

. 0816
012
337

8.0816
012
23

7.8251
007
219

6.8592
.001
356

7.9108
.008
314

7.7343
.005
199

8.3798
024
139

9.3242
211
296

7.2354
.002
195

2N

7.8350
.007
239

.010
292

8.0469
011
315

1.0816
012
337

7.3463
002
196

7.8721
007
294

.008
291

6.8592
.001
356

9.3242
211
296

8.4421
028
274

001
352

Rs

9.4494
222

is211
033
96

11523
014
119

7.8251
141

7.3463
.002
164

9.4496
.282
137

9.3172
.208
95

010
160

7.9102
008
100

1.0384
011
77

7.8491
007
336

3172
265
3798
.024
139
7.7343
005
161
6.8592
.001

7.8721
007
9.4496

223

9.4496
282
137

8.0816
012
123
7.7105
142
010
120
7.7343

005
199

T2

9.0421
110
308

6.9057
.001
1

7.8491
007
24

7.9108
.008
46

7.8885
.008

9.3172
208
265

9.4496
282
223

8.4891
031
65

6.8703
001
5

7.5541
.004
162

8.1523
014
241

8.3841
.024
242

9.3242
211
296

8.3798
024
139

7.7343
005
161

6.8592
.001
4

010
200

8.0816
012
237

8.4891

.031
295

7.9990
010
120
8.2553
018
6.8592

356

7.8339
007
303

6.8592
.001
356

7.7343
005
199

8.3798
.024
221

9.3242
211
64

7.9102
*008
260

7.7105
005
218

6.8703
.001
355

7.9990
010
240

8.0816
012
337

.005
236

7.7947
006
325

7.7343
005
199

8.3798
024
221

9.3242
211
64

8.4421
.028

8.0384
011

283

7.9990
010
240

7.5541
004
198

8.2553
018

263

8.0816

012
23

7.8266
.007
259

257

2SM

8.2246
017

.010
120

7.7105
005
142

7.2354
165

.001

7.8491
007
24

7.7343
005
161

8.1523
014
119

6.8592
.001

7.6697
005
124

7.8266
007
101



258 U. S. COAST AND GEODETIC SURVEY

Table 29.—Elimination factors—Continued

SERIES 297 DAYS. DIURNAL CONSTITUENTS

Constituent sought
-4

Ji

Ji

K, 8.2770
019

140

Mi 8.1622

100

oi 7.9899

94

[0 Yo Y 7.5338
.003

187

Piereseesess ersessens ssssnes 8.3896
025

73

[0 ) TS 7.7726

54

p.Xo SO 7.1486
001

14

8. 4204

026
107

7.5223
003
154

8.2770
220

8.2770
140
8.0269
133
8.0269
011
227
9.2565
181
113
7.9899
.010
94
7. 7726
006
9. 3360
217
146
7.3907

002
14

Mi

8.1622
015
260

8.2770

019
220

7.5338
173
7.9899
010
266
8.2044
016
333
8.0269
133
7.9899
9
7. 5392
.003
186
8.1019

013
54

Oi

7.9899
010
266
8.0269
227
7.5338

187

7.8638
007
273
7.7467
006
339
8. 2770
019
140
8.1622
100
7.5336
193
8.4724

60

00

7.5338
.003
173

8.0269
133
7.9899
94
7.8638
87

8.0954
012
66

7.6320
004
47

6. 7805
001
7

8.1433
014
100

7.5129
003
147

Pi

8.3896
025
287

9.2565
.181
247

8. 2044
016
27

7.7467
.006
21

8.0954
012
294

7.5300
.003
161

7.8163
007
121

9. 3360
217
214

8.0286
011
81

Disturbing constituent? (B, C, etc.)

Qi

7. 7726
.006
306

7.9899.

010
266

8.0269
011
227

8.2770
019
220

7.6320
004
313

7.5300
003
199

8.2770
019
140

7. 9031

008
233

9. 3366
217
280

2Q

7.1486
" 346
7. 7726
" 306
7.9899
" 266
8.1622
015

260
6. 7805
001

353
7.8163
007

239
8.2770

220

7. 8741
007
273

8.2220
017
320

8.4204
026
253
9. 3360
217
214
7.5392
174
7.5336
.003
167
8.1433
014
260
9. 3360
146
7.9031
127
7.8741

87

7.8897
.008
48

7.5223
.003
206
7. 3907
346
8.1019
306
8.4724
300
7.5129
003
213
8.0286
279
9.3366
80
8.2220
017
40
7.8897

312



Constituent
sought (4)

Kj

Nj

P\ [PT— -

Rs

2SM-

HARMONIC ANALYSIS AND PREDICTION

8.0269
011
133

7.9899
010
94

7.7726
006
54

9.3359

8.3896
025
73

7.5223
.003
154

7.3907
.002
14

8.2357
017
272

OF TIDES

Table 29.—FElimination factors—Continued

SERIES 297 DAYS.

8.2770
019
140

8.1622
015
100

7.9326
.009
60

8.1514
014
333

8.4724
030
300

8. 5711
037
266

9.3366
217
80

7.5300
003
161
7.7467
21
8.0286

011
279

Ms

8.0269
011
227

8.2770
019
220

8.2770
019
140

8.1622
015
100

7.5339
.003
193

7.7467
006
339

8.1268
013
306

8.4724
030
300

7.7467
.006
21

8.4724
030
60

7.7179
.005
319

SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Ns

7.9899
010
266

8.1622
015
260

8. 2770
019
220

8.2770
019
140

7.9031
.008
233

7. 5300
003
199

7.4214
.003
346

7.7467
.006
339

8.4724
030
60

9.3366
217
280

6.2014
.000
359

2N

7.7726
.006
306

7.9326
.009
300

8.1622
260

8.2770
019
220

7.8741
007
273

7.8163
007
239

7.5240
.003
205

7. 5300
.003
199

9.3366
217
280

8.2220
017
320

7.5050
003
218

Rs

9.3359
217
214

8.1514
014
27

7.5339
003
167

7.9031
.008
127

7.8741
007
87

Ss

9.2565
181
247

8.4724
.030
60

7.7467
006
21

7.5300
.003
161

7.8163
007
121

9.3362
217
214

9.3362
217
146

8. 2770
019
140

7.7179
005
41

8.0286
011
81

7.7467
006
339

Ta

9.1076
128
281

8.5711
037
94

8.1268
013
54

7.4214
.003
14

7.5240
003
155

9.2566
181
247

9.3362
217
214

7. 5385
003
174

7.8920
.008
75

8.0039
010
115

7.5339
003
193

8.4724
030
60

7.7467
006
21

7.5300
003
161

8.4204
026
253
8.2770
019
220
7.5385

003
186

8.0286
011
81
8.1647
121
7.5300

199

M

7.5223
.003
206

7.5300
.003
199

7.7407
006
339

8.4724
030
300

9.3366
217
80

7.0150
001
352

7.7179
005
319

7.8920
.008
285

8.0286
011
279

8.2770
019
220

7.6680
005
298

259

Y 2.SM

7.3907
.002
346

7.7467
.006

8.4724
030

9.3366
217
80

8.2220
017
40

7.8897
.008
312

8.0286
011
279

8.0039
010
245

8.1647
015
239

8.2770
019
140

8.2357
017

88

8.0286

81

7.5050
.003
142

8.1268
013

167

7. 5300
003

161

7.6680

62

7.7984

006
102
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Constituent sought
(4)

Ki
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Table 29.—Elimination factors—Continued

SERIES 326 DAYS.

Ji

Ki

8.1340
210

8.1340
014
150
7.7427
156
7.7427
204
9.0470
11
141
7.8631
007
125
7.8244
007
95
9.0723
161
7.5061

20

Mi

8.0698
012

241

8.1340

014
210

7.4352
003
6
7.8631
235
7.6587
005
352
7.7427
.006
156
7.8631
125
7.7472
191
8.0423

50

Disturbing constituents (B, C. etc.)

Oi

7.8631
.007
235

7.7427
.006
204

7.4352
.003
354

7.7018
229

7.5483
004
346

8.1340
014
150

8.0698
012
119
7.0956
001
185
8.3386

45

00

7.4352
.003

7.7427
006
156
7.8631
007
125
7.7018

131

8.0443
011
117
7.7204
005
101
7.6227
004
70
7.9496
136
6.6245

176

Pi

8.3392
.022
249
9.0470
11
219
7.6587
005

7.5483
.004

14

8.0443

243

7.4186
164
7.7040
.005
133
9.0723
199
7.9254

59

DIURNAL CONSTITUENTS

Q.

7.8244
007
265

7.8631
007
235

7.7427
006
204

8.1340
014
210
7.7204
259
7.4186

003
196

8.1340
014
150

7. 7258
216
9.2882

194
255

2Q

7.6841
296
7.8244
007
265
7.8631
235
8.0698
241

7.6227

290.

7.7040
005
227
8.1340
014
210

7.7948
246
8.3594
285

8.2809
230
9.0723
118
199
7.7472
169
7.0956
175
7.9496
224
9.0723
118
161
7.7258
005
144
7.7948

114

7.0934
190
7.5061
340
8.0423
310
8.3386
022
315
6.6245
.000
184
7.9254
.008
301

9. 2882
.194
105
8.3594
023
75
7.7844

321
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Table 29.—Elimination factors— Continued
SERIES 326 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought (4)
Lj M2 Ns 2N Es Ts
Ks. 7.4352 7.7427 7.8631 7.8244 9.0720 9.0470 9.0037 8.3392
.003 006 .007 007 118 111 101 022
354 204 235 265 199 219 238 249
Lt~ 7.4352 8.1340 7.9526 8.3386 8.4852 9.2882
003 014 012 .009 012 022 031 194
210 241 27 25 45 64 255
Ms. 7.7427 8.1340 1340 7.0956 7.5483 7.9190 8.3386
006 014 014 012 001 004 .008 .022
156 150 210 241 175 14 34 45
Ns.. 7.8631 8.1340 8.1340 7.7259 7.4186 6.7213 7.5483
007 012 014 014 005 003 .001 004
125 119 150 210 144 164 3 14
2N- 7.8244 7.9526 8.1340 7.7948 7.7040 7.5123 7.4186
007 .009 012 014 .006 005 .003 003
119 150 114 133 153 164
Rs. 9.0720 8.0858 7.0956 7.7259 7.7948 9.0725 9.0472 8.2809
118 012 .001 005 .006 118 112 .019
161 335 185 216 246 199 219 230
Ss- 9.0470 8.3386 7.5483 7.4186 7.7040 9.0725 9.0725 8.1340
111 .022 004 003 005 118 118 014
141 315 346 196 227 161 199 210
Ts. 9.0037 8.4852 7.9190 6.7213 7.5123 9.0472 9.0725 7.7468
101 031 008 .001 003 112 118 .006
122 296 326 357 207 141 161 191
8.3392 9.2882 8.3386 7.5483 7.4186 8.1340 7.7568
022 194 022 004 .003 019 014 006
Ul 105 315 346 196 130 150 169
7.0934 7.4186 7.5483 8.3386 9.2882 7.0444 7.4347 7.7359 7.9254
001 003 004 022 194 001 003 .005 .008
170 164 14 45 255 28 48 59
7.5061 7.5483 8.3386 9.2882 8.3594 7.7843 7.9254 7.9960 8.1912
003 .004 022 194 023 006 008 010 016
20 14 45 255 285 39 59 78 89
2SM ureeenennnnene 8.0971 7.9254 7.5347 6.3062 7.4010 7.9190 7.5483 7.0956 7.4186

013 .008 003 .000 .003 .008 004 001 .003
307 301 332 182 212 326 346 185 196

7.0934
001
190

7.4186
003
196

7. 5483
004
346

8.3386
022
315

9.2882
194
105

7.0444
.001
351
7.5347
003
332
7.7359
005
312
7.9254

008
301

8.1340
210
7.5118
317

7.5061
003
340

7.5483
004
346

8.3386
022
315

9. 2882
194
105

8.3594
023
75

7. 7843
.006
321

7.9254
008
301

7.9960
010
282

8.1912
016

271

8.1340

014
150

7.7477
287

261

2SM

8.0971
013
53

7.9254
.008
59

7.5347
003
28

6.3062
.000
178

7.4010
.003
148

7.9190
34

7.5483
004
14

7.0956
.001
175

7.4186
.003
164

7.5118
003
43

7.7477
006
73



262

Constituent sought
(4)

Ki

Mi

Oi—
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Table 29.—Elimination factors— Continued

SERIES 355 DAYS. DIURNAL CONSTITUENTS

Ji

Ki

7.9464
009
201

7.9464
159
6.7064
001
178
6.7064
182
8.4581
029
170
7.5111
.003
157
7.6331
004
136
8. 4598
175
7.5794

004
26

Mi

7.9167
222
7.9464
201

0,

7.5111
203
6.7064
182
7.8888
341

6. 7060
001
185
7.2500
002
352
7.9464
159
7.9167
138
6.7729
357
8.1364

014
29

00

7.8888
19
6.7064
178
7.5111
157

6. 7060

001
175

7.3284
.002
154

7.4740
003
133

7.1838
002
173

7.3105
002
24

Pi

8.0444
211

8.4581
.029
190

7.7393
.005
169

7.2500
.002

7.3914
.002
192

7. 2957
002
167

7.5554
004

146

8. 4598
029

185

7. 7296

36

Disturbing constituents (B, C, etc.)

Q

7.6331
004
224

7.5111
203
6.7064
182
7.9464
.009
201
7.3284
.002
206
7. 2957

193

cesee

7.9464
009
159

7.4212
003
198

9.1482
141
230

2Q

7.6506
245
7. G331
224

7.5111
003
203

7.9167
.008
222

7.4740
.003
227

7. 5554
004
214

7.9464

009
201

7. 5984
004

219

8.3129

251

s,

8.0032
010
206
8.4598
185
7.8651
007
164
6.7729
001

7.1838
002

187

8. 4598

175

7.4212
003

162

7. 5984

004
141

7. 6607
31

6.7724
001
355

7.5794
.004
334

7.9839
010
313
8.1364
014
331
7.3105
336
7. 7296
005
324
9.1482
141
130
8.3129
021
109
7.6607

329

coee



HARMONIC ANALYSIS AND PREDICTION OF TIDES

Table 29.—Elimination factors— Continued
SERIES 355 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)

Constituent
sought (4)

Ka La Ma Na 2N Ra Sa Ta Xa

Ka ............ 7.8888 6.7064 7.5111 7.6331 8.4589 8.4581 8.4553 8.0444
008 001 003 004 029 029 029 011

341 182 203 224 185 190 195 211

La - 7.8888 7.9464 7.9167 7.8652 8.0217 8.1364 8.2393 9.1482
008 .009 .008 007 011 014 017 141

19 — 201 222 243 24 29 34 230

L PO 6.7064 7.9464 7.9464 7.9167 6.7712 7.2500 7.4842 8.1364
001 .009 .009 008 .001 .002 003 014

178 159 . 201 222 3 8 13 29

B\ S 7.5111 7.9167 7.9464 7.9464 7.4212 7.2957 7.1008 7.2500
.003 .008 009 009 003 002 .001 002

157 138 159 . 201 162 167 172 8

P\ [P - 7.6331 7.8652 7.9167 7.9464 7.5985 7.5554 7.5017 7.2957
004 007 008 .009 004 004 003 002

136 117 138 159 o 141 146 151 167

Ra 8.4589 8.0217 6.7712 7.4212 7.5985 8.4598 8.4586 8.0034
.029 011 .001 .003 .004 .029 .029 010

175 336 357 198 219 .. 185 190 206

8.1364 7.2500 7.2957 7.5554 8.4598 8.4598 7.9464
014 .002 002 .004 029 029 009

331 352 193 214 175 o 185 201

8.2393 7.4842 7.1008 7.5017 8.4586 8.4598 7.8648
017 .003 .001 .003 029 .029 007

326 347 188 209 170 175 o 196

9.1482 8.1364 7.2500 7.2957 8.0034 7.9464 7.8648
141 014 002 .002 010 009 007
130 331 352 193 154 159 164

fiL2--__ - ___ 6.7724 7.2957 17.2500 8.1364 9.1482 7.0678 7.2458 7.3738 7.7296
001 .002 002 014 141 001 002 002 .005

5 167 8 29 230 10 15 20 36

Vi _ 7.5794 7.2500 8.1364 9.1482 8.3129 7.6606 7.7296 7.7893 8.0795
004 002 014 141 021 005 005 006 012

26 8 29 230 251 31 36 41 57

2SM 7.6440 7.7296 7.2458 6.7017 7.2840 7.4842 7.2500 6.7712 7.2957

004 005 002 001 002 003 .002 001 .002
342 324 345 .186 206 347 352 357 193

M

6.7724
.001
355

7.2957
.002
193

7.2500
.002
352

8.1364
014
331

9.1482
141
130

7.0678
.001
350

7.2458
002
345

7.3738
002
340

7.7296
.005
324

7.9464
.009
201

7.2393
002
337

7.5794
.004
334

7.2500
.002
352

8.1364
014
331

9.1482
141
130

8.3129
021

7.6606
005

7.7296
005
324

7.7893
006
319

8.0795
012

303

7.9464

009
159

7.5728
316

263

2SM

7.6440
.004
18

7.7296
.005
36

7.2458
002
15
6.7017
001
174

7.2840

7.5728
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Table 29.—Elimination factors—Continued

SERIES 369 DAYS.

Ji

8.3503
022
70

7.8740
141

7.8760
008
73

8.3371
022
248

8.2982
.020
74

7. 5509
004
143

7.4182
.003
34

8.3235
021
72

5. 7099
000
0

8.3503
022
290

8. 3503
022
70

6. 6332
.000

6. 6332
.000
358

8.0072
010
7.8760
73
7.5509
004
143
8.0074

010
2

7.8892
008
110

7.8740
219

8.3503
.022
290

8. 3371
022
112

7.8760
.008
287

8.4104
.026
293

6.6332
.000

7.8760
.008
73

8.3792
024
291

7.9045
.008

DIURNAL CONSTITUENTS

Oi

7.8760
.008

287

6. 6332
.000

358
8.3371

.022
248

6. 6329
.000
356
6. 5537
182
8.3503
70
7.8740
141
5.7100
000
0

8.4169
026
108

(o] 0]

8.3371
.022
112

6.6332
.000

7.0438
001

7.6584

75

7.3523
002

145

6. 8924
.001

4

7.6527
004
112

Pi

8. 2982
.020
286

8.0072
010
356

8. 4104
67

6. 5537
178

7.0438
001
354

7.8885
.008
69

7.6024
004
139

8. 0074
010
358

7.9217
.008
106

Disturbing constituents (B, C, etc )

Qi

7.5509
.004

217

7.8760
287

6. 6332

358

8. 3503
022

290

7. 6584
005
285
7.8885

291

8. 3503
022
70

7. 8824
289
9.0329

108
217

2Q

7.4182
003
326

7. 5509
004
217

7.8760
008
287

7.8740
007
219
7.3523
002
215
7.6024
004
221
8. 3503
022
290

7.5772
219
8.0586

011
327

Si

8.3235
021
288

8.0074
010
358

8.3792
024
69

5. 7100
.000
0

6.8924
.001
356

8.0074
.010

7.8824
.008
71

7.5772
141

7. 9055
008
108

7.9055
252
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Table 29.—Elimination factors— Continued
SERIES 369 DAYS. SEMIDIURNAL CONSTITUENTS

Disturbing constituents (B, C, etc.)
Constituent

sought (A)
Ka La Ma Na 2N Ra Sa Ta Xa
Ks 8.3371 6.6332 7.8760 7.5509 8.0074 8.0072 8.0076 8.2982
022 000 008 004 010 010 010 020
_ 248 358 287 217 358 356 354 286
Li e . 83371 8.3503 7.8740 7.6166 8.3758 8.4169 8.4607 9.0329
022 022 .007 004 024 026 029 .108
112 . 290 219 329 110 108 106 217
Ma 6.6332 8.3503 8.3503 7.8740 5.7100 6.5537 6.9049 8.4169
.000 022 022 007 .000 000 001 026
2 70 _ 29 219 0 178 177 108
Na 7.8740 8.3503 8.3503 7.8824 7.8885 7.8944 6.5537
007 022 022 .008 008 008 000
141 70 o 290 71 69 67 178
2N 7.6166 7.8740 8.3503 7.5772 7.6024 7.6268 7.8885
004 .007 022 -=== .004 004 004 008
31 141 70 141 139 138 69
R2 8.0074 8.3758 5.7100 7.8824 7.5772 8.0074 8.0072 8.3235
010 .024 000 .008 .004 010 010 021
2 250 0 289 219 . 358 356 288
SJ 8.0072 8.4169 6.5537 7.8885 7.6024 8.0074 8.0074 8.3503
010 026 000 008 .004 010 010 022
4 252 182 291 221 2 _ 358 290
Ta 8.0076 8.4607 6.9049 7.8944 7.6268 8.0072 8.0074 8.3792
010 .029 001 008 004 010 010 024
6 254 183 293 222 4 2 . 291
X] 8.2982 9.0329 8.4164 6.5537 7.8885 8.3235 8.3503 8.3792
020 108 026 000 .008 021 022 024
74 143 252 182 291 72 70 69

5.7099 7.8885 6.5537 8.4169 9.0329 6.1771 6.5549 6.7601 7.9217
.000 008 .000 026 108 000 000 001 008
0 69 178 108 217 179 177 175 106

7.8892 6.5537 8.4169 9.0329 8.0586 7.9055 7.9217 7.9377 7.9044
008 .000 026 108 011 008 008 009 008
110 178 108 217 327 108 106 104 36

7.9217 6.5549 7.6658 7.4452 6.9049 6.5537 5.7100 7.8885
008 000 005 003 001 .000 000 008
254 183 293 222 183 182 0 291

M 12} 2SM

5.7099 7.8892 7.1088
000 008 001
0 250 175

7.8885 6.5537 7.9217
.008 .000 008
291 182 106

6.5537 8.4169 6.5549
000 026 .000
182 252 177

8.4169 9.0329 7.6658
026 .108 005
252 143 67

9.0329 8.0586 7.4452
.108 011 ..003
143 33 138

6.1771 7.9055 6.9049
000 008 001
181 252 177

6.5549 7.9217 6.5537
000 008 .000
183 254 178

6.7601 7.9377 5.7100
001 009 .000
185 256 0

7.9217 7.9044 7.8885
008 .008 008

254 324 69
8,3503 6.5542
-—-= .02 000
70 175
8.3503 -—---- 7.6990
022 005
290 105
6.5542 7. 6990
000 005
185 255
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Table 30.—Products of amplitudes and angular functions for Form 245

0

[RY RN

EXES

10
11

12
13
15
16
17
18
19
21

2
23
24
25
27
28
30
31

32
33
34
36
37
39
40
4
43

45

0.000

017
035
052

070
087
105

122
139
156

174
191
208

225
242
259

276
292
309

326
342
358

375
391
407

423
438
454

469
485
500

515
530
545

559
574
.588

602
.616
.629

.643
656
669

.682
695
0.707

1.000

1.000
0.999
999

998
996
995

993
990
988

985
982
978

974
970
966

961
956
951

946
940
.934

927
1920
914

906
.899
.891

.883
875
866

857
.848
.839

.829
819
809

799
.788
177

766
755
743

731
719
0.707

0.000

.035
070
105

140
174
209

244
278
313

347
382
416

450
484
518

551
585
618

651
.684
17

749
.781
813

.845
877
908

939
970
1.000

1.030
1.060
1.089

1.118
1.147
1.176

1.204
1.231
1.259

1.286
1.312
1.338

1.364
1.389
1.414

Cos

2.000

2.000
1.999
1.997

1.995
1.992
1.989

1.985
1.981
1.975

1.970
1.963
1.956

1.949
1.941
1.932

1.923
1.913
1.902

1.891
1.879
1.867

1.854
1.841
1.827

1.813
1.798
1.782

1.766
1.749
1.732

1.714
1.696
1.677

1.658
1.638
1.618

1.597
1.576
1.554

1.532
1.509
1.486

1.463
1.439
1.414

Sin

0.000

052
105
157

209
261
314

366
418
469

521

572
.624

776

3.000

3.000
2.998
2.996

2.993
2.989
2.984

2.978
2.971
2.963

2.954
2.945
2.934

2.923
2911
2.898

2.884
2.869
2.853

2.837
2.819
2.801

2.782
2.762
2.741

2.719
2.696
2.673

2.649
2.624
2.598

2.572
2.544
2.516

2.487
2.457
2.427

2.396
2.364
2.331

2.298
2.264
2.229

2.194
2.158
2.121

0.000

070
140
209

279
349
418

487
557
626

695
763
.832

900
968
1.035

1.103
1.169
1.236

1.302
1.368
1.433

1.498
1.563
1.627

1.690
1.753
1.816

1.878
1.939
2.000

2.060
2.120
2.179

2.237
2.294
2.351

2.407
2.463
2.517

2.571
2. 624
2.677

2.728
2.779
2.828

0.000
.087
174
262
349
436
523
609

782

5.000

4.999
4.997
4.993

4.988
4.981
4.973

4.963
4.951
4.938

4.924
4.908
4.891

4.872
4.852
4.830

4.806
4.782
4.755

4.728
4.698
4.668

4.636
4.602
4.568

4.532
4.494
4.455

4.415
4.373
4.330

4.286
4.240
4.193

4.145
4.096
4.045

3.993
3.940
3.886

3.830
3.774
3.716

3.657
3.597
3.536
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HARMONIC ANALYSIS AND PREDICTION OF TIDES

Table 30.—Products of amplitudes and angular functions for

0.000

105
209
314

419
523
627

731
.835
939

1.042
1.145
1.247

1.350
1.452
1. 553

1.654
1.754
1.854

1.953
2.052
2.150

2.248
2.344
2.440

2.536
2.630
2.724

2.817
2.909
3.000

3.090
3.180
3.268

3.355
3.441
3.527

3.611
3.694
3.776

3.857
3.936
4.015

4.092
4.168
4.243

Form 245— Continued

0.000

122
244
366

.488
610
732

.853
974
1.095

1.216
1.336
1.455

1.575
1.693
1.812

1.929
2.047
2.163

2.279
2.394
2. 509

2.622
2.735
2.847

2.958
3.069
3.178

3.286
3.394
3.500

605
.709
812

[REREN

3.914
4.015
4.115

4.213
4.310
4.405

4. 500
4.592
4.684

4.774

4.863
4.950

Cos

7.000

6.999
6.996
6.990

6.983
6.973
6.962

6.948
6.932
6.914

6.894
6.871
6.847

6.821
6.792
6.762

6. 729
6.694
6.657

6.619
6.578
6. 535

6.490
6. 444
6.395

6. 344
6.292
6.237

6.181
6.122
6.062

6.000
5.936
5.871

5.803
5.734
5.663

5.590
5.516
5.440

5.362
5.283
5.202

5.119
5.035
4.950

8.000

7.999
7.995
7.989

7.980
7.970
7.956

7.940
7.922
7.902

7.878
7.853
7.825

7.795
7.762
7.727

7.690
7.650
7.608

7.564
7.518
7.469

7.417
7.364
7.308

7.250
7.190
7.128

7.064
6.997
6.928

6.857
6.784
6.709

6. 632
6. 553
6.472

6.389
6.304
6.217

6.128
6.038
5.945

5. 851
5.755
5.657

0.000
157
314
471
.628

941

9.000

8.999
8.995
8.988

8.978
8.966
8.951

8.933
8.912
8.889

8.863
8.835
8.803

8.769
8.733
8.693

8.651
8.607
8.560

8.510
8.457
8.402

8.345
8. 284
8.222

8.157
8.089
8.019

7.947
7.872
7.794

7.715
7.632
7.548

7.461
7.372
7.281

7.188
7.092
6.994

6.894
6.792
6.688

6.582
6.474
6. 364

267

90
89
88
87
86
85
84
83
81
80
78
77
75
74
73
72
71
70
69
68
66
65
64

62
61
60
59
57
56
54
53
51
50
49
48
47

45



U. S. COAST AND GEODETIC SURVEY

Table 31.—For construction of primary stencils

ce Constituent 2Q

d. h. d. h. d. h. d. h. d. h d. h. d. h. d. h.

10 7 21 14 21 21 20* 28 20* 35 20 42 20 49 19*
-1 4 8 4 15 4 22 3* 29 3% 36 3 43 3 50 2%
-2 11 11 1 10* 10* 10 10 9%
-3 18 18 18 17* 17* 17 17 16*
-4 2 1 9 1 16 1 23 0% 30 0+ 37 0 44 0 23*
-5 8 8 8 7* T 7 7 51 6%
-6 15 15 15 14* 14* 14 14 13*
-7 22 22 21* 21* 21* 21 21 20%
-8 3 5 10 5 17 4% 24 4% 31 4+ 38 4 45 4 52 3%
-9 12 12 11* 11* 11* 11 11 10*
10 19 19 18* 18* 18* 18 18 17*
11 4 2 1 2 18 1* 25 1% 32 1% 39 1 46 1 53 0%
12 9 9 8* 8* 8 8 8 7*
13 16 16 15* 15* 15 15 15 14*
14 23 23 22% 22% 22 22 22 21*
15 5 6 12 6 19 5% 26 5% 3 5 40 5 47 5 54 4%
16 13 13 12* 12* 12 12 12 11*
17 20 20 19* 19* 19 19 19 18*
18 6 3 13 3 20 2% 27 2% 34 2 41 2 48 1* 55 1*
19 10 10 9= 9% 9 9 8* 8=
20 17 17 16* 16* 16 16 15% 15%
21 70 14 0 23* 23* 23 23 22% 22%
22 7 7 21 6* 28 6* 35 6 42 6 49 5% 56 5*
23 14 14 13* 13* 13 13 12% 12*
ce Constituent 2Q

d. h. d. h. d. h. d. h. d. h. d. h. d. h. d. h

7019 7719 84 18+ 9 18 98 18 105 18 112 17* 119 17*
1 712 78 2 85 1+ 92 1* 99 1 106 1 113 0¢ 120 0*

-2 9 9 8* 8* 8 8 7* T*
-3 16 16 15% 15* 15 15 14 14*
-4 23 23 22% 22% 22 22 21* 21*
-5 72 6 79 5% 86 5* 93 5% 100 5 107 5 114 4% 121 4*
-6 13 12* 12* 12% 12 12 11* 11*
-7 20 19* 19* 19* 19 19 18* 18*
-8 73 3 80 2% 87 2% 94 2* 101 2 108 2 115 1+ 122 1*
-9 10 9% 9% 9% 9 9 8* 8=
-10 17 16* 16* 16* 16 16 15* 15*
-11 74 0 23* 23* 23 23 23 22% 22%
-12 7 81 6* 88 6% 95 6 102 6 109 6 116 5% 123 5*
-13 14 13* 13* 13 13 13 12* 12*
-14 21 20* 20* 20 20 20 19* 19*
ul5 75 4 82 3% 89 3% 9% 3 103 3 110 3 117 2% 124 2%
-16 1 10* 10* 10 10 10 9% 9%
-17 18 17* 17 17 17 16* 16* 16*
ul8 76 1 83 0* 90 0% 97 0 104 0 23* 23* 23*
19 8 7* T 7 7 lii 6% 118 6* 125 6*
-20 15 14* 14* 14 14 13* 13* 13*

21 22 21* 21* 21 21 20" 20* 20"

-22 77 5 84 4 91 4* 98 4 105 4 12 3* 119 3* 126 3
-23 12 11* 11* 1 1 10* 10* 10



HARMONIC ANALYSIS AND PREDICTION OF TIDES 269

TasLe 31.— For construction ofprimary stencils— Continued

Difference Constituent 2Q
Hour d. h d. h. d. h d. h d. h. d. h. d. h. d. h. d. h d h.
0 140 17 147 16* 154 16* 161 16 168 16 175 15 182 15* 189 15 196 15 203 15
+23 -1 141 0 23* 23* 23 23 22% 22% 22 22 22
+22 -2 7 148 6* 155 6* 162 6 169 6 176 5* 183 5% 190 5 197 5 204 4%
+21 -3 14 13* 13* 13 13 12* 12% 12 12 11*
+ 20 -4 20% 20% 20% 20 20 19* 19 19 19 18*
+19 -5 142 3* 149 3* 156 3* 163 3 170 3 177 2* 184 2% 191 2 198 2 205 1%
+18 -6 10* 10* 10* 10 10 9% 9% 9 9 8+
+17 -7 17* 17* 17* 17 17 16% 16* 16 16 15%
+16 -8 143 0% 150 0* 157 0* 164 0 171 0 23* 23* 23 23 22%
+ 15 -9 7* 7* 7* 7 7 178 6* 185 6* 192 6 199 6 206 5%
+14 -10 14% 14% 14 14 14 13* 13* 13 13 12%
+13  -11 21* 21* 21 21 21 20% 20% 20 20 19*
+12 -12 144 4% 151 4* 158 4 165 4 172 4 179 3* 186 3* 193 3 200 3 207 2*
+11 -13 11* 11* 1 1 1 10* 10* 10 10 9%
+10 -14 18* 18* 18 18 18 17* 17* 17 17 16*
+9 -15 145 1* 152 1* 159 1 166 1 173 0* 180 0* 187 0* 194 0 200 0 23*
+8 -16 8* 8* 8 8 7* 7* 7* 7 7 208 6*
+7 -17 15* 15*% 15 15 14* 14* 14* 14 14 13*
+6 -18 22% 22% 22 22 21 21* 21* 21 21 20*
+5 -19 146 5% 153 5% 160 5 167 5 174 4% 181 4* 188 4% 195 4 202 4 209 3*
+4 =20 12* 12* 12 12 11* 11* 11* 11 11 10*
+3 -21 19* 19* 19 19 18* 18* 18 18 18 17*
+2 -22 147 2% 154 2% 161 2 168 2 175 1* 182 1* 189 1 196 1 203 1 210 0%
+1 -23 9% 9% 9 9 8= 8= 8 8 8 7*
Difference Constituent 2Q
Hour d. h d. h. d. h. d. h. d. h. d h d. h d. h. d. h. d h
0 210 14% 217 14* 224 14 231 14 238 13* 245 13* 252 13 259 13 266 13 273 12*
+23 -1 21* 21* 21 21 20% 20%* 20 20 19* 19+
+22 -2 211 4% 218 4¢ 225 4 232 4 239 3* 246 3* 253 3 260 3 267 2% 274 2%
+21 -3 11* 11* 11 11 10* ul0* 10 10 9% 9%
+20 -4 18* 18+ 18 18 17* 17* 17 17 16* 16*
+19 -5 212 1% 219 1% 226 1 233 1 240 0% 247 0% 254 0 261 0 23* 23*%
+18 -6 8* 8* 8 8 7* 7* 7 7 268 6* 275 6%
+17 -7 15* 15% 15 15 14* 14* 14 14 13* 13*
+ 16 -8 22% 22 22 22 21% 21* 21 21 20% 20
+ 15 -9 213 5% 220 5 227 5 234 5 241 4% 248 4% 255 4 262 4 269 3% 276 3*
+14 -10 12% 12 12 12 11* 11* 11 11 10* 10*
+13 -11 19* 19 19 19 18* 18+ 18 18 17* 17*
+12 -12 214 2% 221 2 228 2 235 2 242 1% 249 1% 256 1 263 1 270 0% 277 0%
+11 -13 9% 9 9 9 8* 8* 8 8 T* 7*
+10 -14 16* 16 16 15% 15* 15* 15 15 14* 14*
+9 -15 23* 23 23 22% 22*% 22*% 22 22 21% 21%
+8 -16 215 6% 222 6 229 6 236 5% 243 5% 250 5% 257 5 264 5 271 4% 278 4*
+7 -17 13* 13 13 12* 12* 12* 12 12 11* 11*
+6 -18 20% 20 20 19* 19* 19* 19 19 18* 18*
+5 -19 216 3* 223 3 230 3 237 2% 244 2% 251 2 258 2 265 2 272 1* 279 1*
+4 -20 10* 10 10 9= 9* 9 9 9 8* 8*
+3 -21 17* 17 17 16* 16* 16 16 16 15* 15*
+2 -22 217 0% 224 0 231 0 23* 23* 23 23 23 22*% 22%

+1 ~-23 7* 7 7 238 6% 245 6* 252 6 259 6 266 6 273 5% 280 S5*
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Table 31.— For construction ofprimary stencils— Continued

Difference Constituent 2Q
Hour da . a4 A da A dA daAa dft 4 ft a4 a a4 a a4 f
0 280 12* 287 12 294 12 301 11+ 308 11* 315 11 322 11 329 10% 336 10* 343 10*
+23 -1 19% 19 19 18* 18+ 18 18 17% 17* 17*
+22 -2 281 2% 288 2 295 2 302 1% 309 1* 316 1 323 1 330 0% 337 0% 344 0%
+21 -3 9% 9 9 8* 8* 8 8 T 7 7
+20 -4 16* 16 16 15% 15* 15 15 14* 14* 14*
+19 -5 23% 23 23 22% 22% 22 22 22% 21* 21
+18 -G 282 6% 289 6 296 6 303 5% ' 303 5* 317 5 324 5 331 4% 338 4% 345 4
+17 —7 13 13 13 12* 12* 12 12 11* 11* 11
+16 -8 20 20 20 19* 19* 19 19 18* 18* 18
+15 -9 283 3 290 3 297 3 304 2+ 311 2% 318 2 325 2 332 1% 339 1% 346 1
+14  -10 10 10 10 9% 9% 9 9 8% 8% 8
+13  -11 17 17 17 16* 16* 16 16 15% 15% 15
+12  -12 284 0 291 O 23* 23% 23% 23 23 22’ 22% 22
+ 11 -13 7 7 298 6% 305 6* 312 6* 319 6 326 6 333 5% 340 5% 347 5
+10 -14 14 14 13* 13* 13* 13 13 12* 12% 12
+9 -15 21 21 20% 20% 20% 20 20 19* 19% 19
+8 -16 285 4 292 4 299 3* 306 3* 313 3* 320 3 327 3 334 2% 341 2* 318 2
+7  -17 11 1 10* 10% 10* 10 10 9% 9% 9
+6 -18 18 18 17* 17* 17 17 17 16* 16* 16
+5 -19 286 1 293 1 300 0* 307 0% 314 0 321 0 328 0 23* 23% 23
+4 =20 8 8 7 7 7 7 7 335 6% 342 6’ 349 6
+8 -21 15 15 14* 14* 14 14 14 13* 13* 13
+2 =22 22 22 21*% 21* 21 21 21 20% 20% 20

+1 -23 287 5 294 5 301 4 308 4% 315 4 322 4 329 4 336 3* 343 3* 350 3

Difference Constituent 2Q Constituent Q
Hour d . 4 ft da A dft daA a4 A dAa aft 4 a d4f
0 350 10 357 10 364 9* 10 10 5 19 13* 28 22% 38 7* 47 16 57 1
+23 -1 17 17 16* 5% 14 23 29 8 16* 48 1* 10*
+22 -2 351 0 358 0 23* 15 23* 20 8* 17 39 2 11 19*
+21 -3 7 7 365 6% 20 m 9 18 30 2% 11* 20 58 5
+2(1 -4 14 14 13* 9% 18* 21 3 12 21 49 5% 14*
+ 19 -5 21 21 20% 19 12 3* 12% 21* 40 6 15 59 0
+18 -6 352 4 359 4 366 3* 3 4F 13 22 31 6 15% 50 0* 9
+17 -7 11 11 10* 13* 22% 22 7 16 41 1 9* 18*
+16 -8 18 18 17* 23 13 8 16* 32 q1x 10* 19 60 4
+ 15 -9 353 1 360 1 367 0% 4 8 17 23 2 11 19* 51 4% 13
+ 14 -10 8 8 T* 17* 14 2% 11* 20 42 5 14 22%
+13  -11 15 14* 14* 53 12 20* 33 5% 14* 23 61 8
+12 -12 22 21* 21* 12* 21* 24 6 15 23* 52 8* 17*
+11 -13 354 5 361 4% 368 4% 22 15 6* 15% 34 0% 43 9 18 62 2*
+10 ~-14 12 11* 11* 6 7 16 25 1 9% 18* 53 3% 12
+9 -15 19 18* 18* 16* 16 1* 10 19 4 4 12° 21*
+8 -16 355 2 362 1* 369 1* 7 2 1 19* 35 4% 13 22 63 7
+7 -17 9 8= 8% 11* 20 26 5 13* 22% 54 7% 16
+6 -18 16 15* 15% 20% 17 5* 14* 23 45 8 16* 64 1%
+5 -19 23 22% 22% 8 6 15 23* 36 8* 17* 5 2 1
+4 -20 356 6 363 5% 370 5* 15° 18 0 27 9 18 46 2* 11* 20%
+3 -21 13 12% 9 1 9% 18 37 3 12 21 65 5%
+2  -22 20 19 10 19 28 4 12* 21 56 6 15

41 -23 357 3 364 2% 19* 19 4% 13 22 47 7 15* 66 0%
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Table 31.—For construction ofprimary stencils—Continued

Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -fj
+17 -7
+16 -8
+ 15 -9
+14  -10
+13 -11
+12 -12
+11 -13
+10 -14
+9  -15
+8 -16
+7  -17
+6 -18
+5 -19
+4 -20
+3 -21
+2 -22
<1 =23

Difference

Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+ 18 -6
+17 -7
+ 16 -8
+15 -9
+14 -10
+13  -11
+12  -12
+11 -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4  -20
+3 -21
+2 -22

+1 -23

67
68
69
70
U\
72

73

74

75

160
161
162
163
164
165
166
167

168

169

A.
9%
19
4%
14
23
8%

18
3%
12%
22
7%
17

2
11*
21

6%
15%

1

10*
19*

14*

18*
3%
13
22%
T*
17

2%
12
21
6*
16
1%

d.
75
76

77
78
79

80

81
82
83

84

169
170
171
172
173
174
175

176

177

178

A
18*
4
13*
22%
8
17*

3
12
21*

7
16

1%

1
20*
5%
15
0*
10
19
4%
14
23*
8%
18

10*

5%
15

o
19
13*
8+
17+
12*
22
7
16*
11*
20%*
15*

10

d.

87

88
89

90
91
92

93

94

178
179
180
181
182

183

184

185

180

187

A
3%
12%
22
7%
17
2

11*
21
6*
15*
1
10*
20
5
14*
0

9
18+

13*
22%

17+

d.
94

95
96

97

98

99

100

101

102

103

191

192

193

194

195

196

197

A
12
21*
7
16*
1*
11

4%
13*

8*
18
12*%
22
16*
11*
20%
15%
10
19*
5
14*
23*

18*
3%

Constituent Q

d A d.
103 21 113
104 6*

15 114
105 1

10*

20 115
106 5

14*
107 0 116

9%

18 117
108 4

13*

23 118
109 8

17 119
110 3

12

21 120
11 7

16% 121
112 1*

11

20 122

Constituent

d ft d.
197 13 206
22% 207
198 8
17 208
199 2%

21 209
200 6%

16 210
201 1%

20 211

202 5%

19 213

23 214

18 215
206 3

A,
6
15
0*
10
19*
4%

14
23*
g%
18
3%
13

22
7%
17
2%
11*
21

6*
16
1
10*
20
5%

22
7
16*
11*
21
15%
10
19
14*
23*
18*
13
22%
17+
2%

12
21*

d.
122

ft.
14%

123 0

124

125

126
127
128
129
130

131

216
217
218
219
220

221

222

223

224

225

9%
18*
4
13*

23
8
17*
3
12%
21*

16*

11

20%

15
0*

10

19*

14

7
16*

11*
21

d.
131
132

133
134
135
136
137
138
139

140

225
226
227

228

229

231
232
233

234

fi.
23*
9
18
3%
13
2%

7
17
2%
11*
21
6%

16
1
10*

20
5%
14*

15*

10*
19*

14

18*

13
22%

17*
2%

12

21*

16
1*
11
20*
5%
15

d.

141

142

143

144

145

146

147

237

238

239

240

241

242

243

244

ft.
8
17+
3
12+
21*
7

16*
2
1
20%
6
15*

0%
10
19*
5
14
23*

3%

13

22%
7%

15*

10*
19*

14*

271

d.
150
151

152
153
154
155
156
157
158

159

d.
244
245
246
247
248
249
250
251
252

253

f.
17
s
12
21
p.
16
1
10
20

14*

13*

23
8%

17*

12*
22

16*

18*

13*
22%

17%
2%

12

21*

16
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T asve 31.—For construction of primary stencils—Continued

Difference

Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+ 19 -5
+18 -6
+ 17 -7
+ 16 -8
+ 15 -9
+ 14 -10
+13  -11
+12  -12
+11  -13
+10 -14
+9 -15
+8 -16
+7  -17
+6 -18
+5 -19
+4  -20
+3  -21
+2 -22
+1 -23
Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
17 -7
+16 -8
+ 15 -9
+ 14 -10
+ 13  -11
+12 -12
+11 -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5  -19
+4  -20
+3  -21
+2 -22

+1 -23

253

254

256

257

259
260
261

262

347
348
349
350
351

352

353

354

ft.
18

12%

22
7%

17

11*

21
6*

15*

10*
20

18*

13*
22%

8
17*

d.
263

264

265

266

267

268

269

ft.
3

21*

d.
272

273

274

275

277

278

279

280
281

Constituent Q

d.
356
357

359

360

361

364

365

ft.
19
4%
13*
23
8*
18
3
12*
22
7
16*
2

11*
20%

15*%

10

19*

14*
23*

18*

d.
366

367
368

17*

12

21*

16*

1

ft.
3

22%

2%

12

21*
6*

1*

d.
281
282

283

284

285

287

288

289

290

19*

Constituent Q

d.
291
292
293

294

295

296

297

298
299

300

10
1

19

20

ft.

13*
23

17*
12*
21*
7
16*
1%

11
20*

0%

10

19*
4%

15*

11
21

16*
2%
12
22
7
17*
3%

13
23

18+
14
10
19*

15*%

d.
300

302

303

304

305

306

307

21

22

23

24

25
26
27

28

29

ft d. ft.
14 309 23
23* 310 8
9 17*
18 311 3
3= 12*
13 21*
22 312 7
7* 16*
17 313 2
2% 11
11* 20%
21 314 6
6* 15%
16 315 0*
1 10
10* 19*
20 316 4%
5% 14
14* 23*%
0 317 9
9 18
19* 318 3*
4 13
13* 22%

Constituent

ft. d. ft
11 30 6*
20% 16
6* 31 2
10* 12
2 21%*
12 32 7
22 17*
7* 33 3
17* 13
3 22%
13 34 8*
23 18*
8* 35 4
18* 14
4% 36 0
14 9%
0 19*
9% 37 5%
19* 15
5* 38 1
15 10*
1 20%
1 39 6*
20% 16

d.

319

320

321

322

323

324

325

326

327

328

41

42

43

44

46

47

48

49

22*
21*

21%

d.
328
329

330

331

335

336

337

51

52

53

54

55

56

57

58

59

ft.
16*

20*

15%

22%

8

14
23%
9%

21*

d.
338

339

340

341

342

343

344

345

346

347

59
60

61

62

63
64

65

66

67

68

69

10*

13*

17*

12*
22

16*

11*

20%

15%
0%

1*
11*
21*

17
2%
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Table 31.—For construction of primary stencils—Continued

D iffarence Constituent p
Hour d. h. d. h. d. h. d. h. d. ft d. A. d. A d. A d. A d A
0 69 12 79 8 89 3= 98 23 108 18* 118 14 128 9% 138 5 148 1 157 20*
+23 -1 22% IS 13* 99 9 109 4* 19 0 19* 15 10* 158 6
+22 -2 70 8 80 3% 23 18* 14* 10 129 5% 139 1 20* 16
+21 -3 18 13* 9 9 100 4* 110 0 19* 15 10* 149 6 159 1%
+20 -4 71 4 23* 19 14* 10 120 5* 130 1 20* 16 11*
+19 -5 13« 81 9 91 4* 101 0 19* 15 1 140 6% 150 2 21*
+18 -6 23* 19 14* 10 111 5* 121 1 20* 16 11* 160 7
+17 -7 72 9 82 5 92 0% 20 15% 1 131 6% 141 2 21* 17
+16 -8 19 14* 10 102 5% 112 1 20% 16 1m* 151 7 161 3
+15 -9 73 5 83 0% 20 15% 11 122 6* 132 2 21* 17 12'
+14  -10 14* 10 93 5% 103 1* 21 16* 12 142 7% 152 3 224
+13  -11 74 0% 20 15% 1 113 6 123 2 21* 17 12 102 8
+12 -12 10 84 6 94 1% 21 16* 12 133 7% 143 3 22* 18
+11  -13 20 15% 11 104 6 114 2 21% 17* 13 153 8% 163 4
+10 -14 75 6 85 1* 21 16* 12 124 7% 134 3 22*% 18 13*
+9 -15 15* 11* 95 7 105 2% 22 17 13 144 8¢ 154 4 23*
+8 -16 76 1* 21 16* 12 115 7¢ 125 3 22% 18 14 164 9*
+7 -17 11* 86 7 96 2% 22 17* 13 135 8* 145 4 23* 19
+6 -18 21 16* 12 106 8 116 3* 23 18* 14 155 9% 165 5
+5 -19 77 17 87 2% 22 17* 13 126 8* 136 4 23*% 19 14*
+4 20 17 12* 97 8 107 3% 23 18+ 14 146 9* 156 5 166 0%
+3  -21 78 2% 22 17* 13 117 8¢ 127 4* 137 0 19* 15 10%
+2 -22 12 88 8 98 3% 23 18* 14 9* 147 5 157 0% 20
+1 ~-23 22 18 13* 108 9 18 4% 128 0 19* 15 10% 167 6
Difference Constituent p
Hour d h dh dh dft df dA dA dA dA df
0 167 16 177 11* 187 7 197 2% 206 22 216 17* 226 13 236 8% 246 4 255 23*
+23 -1 168 1* 21 16* 12 207 7 217 3% 23 18* 14 256 9*
+22 -2 1* 178 7 188 2* 22 17* 13 227 8% 237 4 23* 19
+21 -3 21 17 12 198 8 208 3% 23 18* 14 247 9* 257 5
+20 -4 169 7 179 2* 22 17* 13 218 8% 228 4 238 0 19* 15
+19 -5 17 12 189 8 199 3* 23 18* 14 9% 248 5 258 0*
+18 -6 170 2% 22 17* 13* 209 9 219 4* 229 0 19* 15 10*
+17 -7 12* 180 8 190 3* 23 18* 14 9% 239 5 249 0% 20
+16 -8 22* 18 13* 200 9 210 4% 220 0 19* 15 10% 259 6
+15 -9 171 8 181 3% 23 18* 14 10 230 5% 240 1 20% 16
+14  -10 18 13* 191 9 201 4% 211 0 19* 15 10 250 6 260 1*
+13 -11 172 4 23* 19 14* 10 221 5* 231 1 20% 16 11*
+12  -12 13* 182 9 192 4% 202 0 19* 15 10 241 6* 251 2 21*
+11 -13 23* 19 14* 10 212 5% 222 1 20% 16 11* 261 7
+10 -14 173 9 183 4* 193 0* 20 15* 11 232 6% 242 2 21* 17
+9  -15 19 14* 10 203 5¢ 213 1 20% 16 11* 252 7 262 3
+8 -16 174 5 184 0* 20 15% 11 223 6% 233 2 21* 17 12*
+7 -17 14* 10 194 5¢ 204 1 20* 16* 12 243 7* 253 3 22%
+6 -18 175 0% 20 15% 1 214 6% 224 2 21% 17 12 263 8
+5 -19 10 185 6 195 1% 21 16* 12 234 7% 244 3 22% 18
+4 =20 20 15% 11 205 6% 215 2 21* 17 13 254 8% 264 4
+3 -21 176 6 186 1% 21 16* 12 225 7* 235 3 22% 18 13*
+2 -22 15% 11 19 7 206 2% 22 17* 13 245 8% 255 4 23*

+1 -23 177 1% 21 16* 12 216 7 226 3 22* 18 13* 265 9*
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Table

Difference
Hour
"0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14  -10
+13 -11
+12 -12
+11  -13
+10 -14
+9 -15
+8 -16
+7  -17
+6 -18
+5  -19
+4 -20
+3 =21
+2  -22
+1 -23
Difference
Hour
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14  -10
+13  -11
+12 -12
+11  -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4  -20
+3  -21
+2  -22

+1 -23

d ft
265 19
266 5
14*
267 0%
10*
20

268 6

269 1*

270 7

17
271 2%
12*%
22*
272 8
18

273 3*
13*
23*
274 9

275 5

d. ft
363 22*
364 8

365 4

366 9

368 0%
10*

20
369 6
15*
370 1*

U. S. COAST

d.
275
276

277

278

279

280

281

282

283
284

285

ft.
14*
0%
10
20
'6
15*

1%
11*
21
7
16*
2%
12%
22
8
18
3%
13*

ft.

22

12
2%

16*

10 4*

12
13

14

13*
3%

8

d.
285

286

287

288

290

291

292

293

294

14
15
16

18
19

20

21

22

23

24

25

26

27

28

ft
10
20
6
15%
1*
11

21
7
16*

2%

12*
22

8
17*

3%
13*
23

9

19
4%
14*
0
10
20

d.

295

296

297

298

299

300

301

302

303

304

30

31
32

37

38

39

40

41
4

ft.
5%
15%
1%
11
21
6*

16*
2%
12
22
8
17*
3%
13
23
9
18*%
4%

ft.

21*
11*
16

20*
10*

15

19%
23%
14

18+

22%
13

17*

Constituent p

d ft
305 1

313 5

314 1
11

d.
314
315

316

317

318

320

321

322

323

324

*Constituent

d. ft
43 7*
21*
44 12
45 2
16
46 6’

20%
47 11
48 1

15
49 5%

19*

d.
57
58

66

67

68

69

70
71

ft.
20%
6%
16*
2
12
22

7

5%
15

11
20%
6*

d.
324
325

326

327

328

329

330

71
72

73

75

76
77

78

79

80

81

82

83
84

85

AND GEODETIC SURVEY

19

23*
13*

18

22’

12*
2%

17

d.
334

355

336

337

338

339

340

341

342

343

85

87

88

89

90

91

92

93
94

96
97

98

99

i
21%
7%
13
22%
18*

14
23*

21*

31.—For construction of primary stencils—Continued

344

345

346

347

348

349

350

351

352

100

101

102

103

104

105

106

107

108

109

110

111

112
113

11*
21*

17

ft.

20*

10*

15

19*
9%

14

18*

22%

13

17*

21*
12

16

d

354

355

356

357

358

359

360

361

362

363

114

115
116

117

118

119

120

121

122
123

124

125

126

127

ft.
12%

22%
8%

13*

ft.

20*
11
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Table 31.—For construction of primary stencils— Continued

Difference

Hours
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13 -11
+12 -12
+11 -13
+10 -14

+9 -15
+8 -16

+7 -17
+6 -18
+5 -19
+4 -20

+3 -21

+2  -22

+1 -23

Difference

Hour
0

+23 -1
+22 -2

-3
+20 -4
+19 -5
+18 -6
+17 -7
+10 -8
+15 -9
+14 -10
+13  -11
+12 -12
+11 -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4 -20
+3 -21
+2 -22

+1 -23

d.
128
129
130
131
132
133
134
135
136
137
138
139
140

141
142

270

271
272

273
274
275
276

277
278

280
281
282

283

ft
1

13+

17+

12*

2%
16*

21
11+
1%

12*

9
23*

d.
142
143
144
145
146
147
148
149
150
151
152
153

154
155

150

284
285

286
287
288
289
290
291
292
293
294
295
296

297
298

ft
15%

6
20
10

0%
14%

18
8
22*
12%
2%
17

21*
11*
1*

13*
18
22%
12*
17
21%
11*
1%
16

20%
10*

15

19+
9%

23*

14

d. A

156
157
158

159

160

161
162

163
164
165
166
167
168
169

170

d.

298
299
300
301
302

303
304

306
307

308
309
310
311

312

20

10*
0%

15

5
19
9%

23*
14

d A
171 1
15
172 5
19*
173 9%
174 0
14
175 4
18*
176 8*
22*
177 13

178 3
17*
179 7%
21*
180 12
181 2

16*
182 6*
20%
183 11
184 1
15

Constituent O

d A
312 23
313 13
314 3
17*
315 7*

22

310 12
317 2
10*
318 0%
20*
319 11

320 1
15*%
321 5%
19*
322 10
323 0

14*
324 4%
18*
325 9
23
326 13

Constituent 0

d.
185

186
187

188

189
190
191
192

193
194

195
196
197

198

d.

327
328
329
330
331
332
333
334

335
336

337

338

339
340

ff.
P
19+
10
0
14
4

18*
9

23

13

ft.

15*
5

10
0%
14*
4%
19
23
13*
3%
18

d.

199
200
201
202
203
204
205
206
207
208
209
210
211

212
213

341
342
343
344
345
340
347
348
349
350
351
352
353
354

fi.

10

13*
3%
22
12*
2%
16*

21
11*

1*
15*

20

0%

ft.

22
12*

23*
13*

18

22%

d.

213
214
215
216
217
218
219
220
221
222
223
224

225
226

227

355
356
357
358
359
360

361
362

364
365
366
367

368
369

ff.
14
5
19
9
23%
13+

4
18

8
22%
12*

2%

17
7
21*
11*
1*
16

12%
17
21%
1*
10
20%
10%
o
15
19%
23+
14
18

22%
13

d.

227
228
229
230
231

232
233

234
235
236
237
238
239
240

241

369
370

A

ft.
17
7%

d. A
242 0
14
243 4
18*
244 8%
23

245 13
246 3
17*
247 7
21*
248 12

249 2
16*
250 6+
20%
251 11
252 1

15*
253 5%
19*
254 10
255 0
14

275

A
256

257
258
259
260
261
262
263

264
265

266
267
268

269

ff.
e
18+
9
23
13
g

17*
8

Component 2N

14
15
10

18
19

20
21
22
23
24
25
26

27
28

16*
6*
2

1*
15%
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Table

Difference

Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14  -10
+13  -11
+12 -12
+11  -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 —I8
+5 -19
+4 -20
+3  -21
+2 -22
+1  -23
Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13  -11
+12 -12
+11 -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4 -20
+3 -21
+2 -22
+1 -23

30
31

32
33
34

35

36

37
38

39
40
41

42

171
172
173
174
175

176
177

179
180

181
182
183
184
185

U. S. COAST

AND GEODETIC SURVEY

31.—For construction ofprimary stencils—Continued

45
46
47
48
49
50
51
52
53
54
55

56
57

186
187
188
189

190

194
195
196
197

198
199

1*
15*
20
10*
0%
15

19*
9

14

4%
19

23*
13*

57
58

59
60
61

62
63

64
65
66
67
68
69
70

7

200
201
202

204
205

206
207
208
209
210
211
212

213

16*

21
11*
1*
16
20*
10*
15

19*
10

21*
11*

16
6*

20%
11

15*

20

10

14*

9%

23*
14

18*

23

75
76

77
78
79
80
81

82
83

84
85

214
215
216
217
218
219
220
221
222
223
224
225

226
227

228

16*

21
11*

16

11*

Constituent 2N

86

87
88

89

90

91

92

93

94
95

96

97

98

9

d ft

6
20*
10*

d. ft

100
101

102

103

104

105

106

107

108

109

110

111

112

113
114

12%
2%
17

21*
11*

Constituent 2N

d.
228
229
230
231
232

233
234

235

236
237

239
240

241
242

d.
243

244
245
246
247
248
249
250
251
252
253
254

255
256

ft.
1*
15*
6
20
10*
0%

15
5

19*
9%
0

14

4%
18*
9
23
13*
3%

18
8
22
12*
3

17

d. ft.
114
115
116
117
118

119
120

121
122
123
124
125
126
127

128

257
258
259
260
261
262
263
264
265
266

267

269

270

18*
8*
23
13
3%
17*

22

12*
2%

17

21*
11*
16
20*
11
1%
15%

20
10*

12

130

131

132

133

134

136

137

138

139

140

141
142

277

278

279

280

281

282

283
284

285

13*

3%

22%
12%

17
T*

21%

12

16*

10*

15
5%

144
145

146
147
148
149
150
151
152
153
154
155

156

285
286
287

288

289

290
291

292
293
294
295

296
297

299

ft.
19*
10
14*
4%
19

23*

13*

18
8+

22%
13

17*

22

12

16*

2
11*

158

163
164
165
166
167
168

169
170

171

300
301
302
303
304
205
306
307
308
309
310
311

312
313

11*

16

20*
10*

15

5%
19*
10

14*
4%

ft.
1%
16

20*
10*

15*
5%

20

10

14*



HARMONIC ANALYSIS AND PREDICTION OF TIDES 277

Table 31.—For construction of primary stencils—Continued

Difference Constituent 2N Constituent ji
Hour d. ft d. ft d ft d. ft d. ft. d. ft. d ft. d. ft d. ft. d. ft
0 314 8 328 14 342 20 357 2 10 15 11* 30 6 45 0% 59 19 74 13
+23 -1 22 329 4 343 10* 16* 8 16 2% 21 15 60 9% 75 4
+22 -2 315 12% 18* 344 0* 358 6* 23 17* 31 11* 46 6 61 0% 18*
+21 -3 316 2* 330 8* 15 21 2 13*% 17 8 32 2% 21 15 76 9%
+20 -4 17 23 345 5 359 11 3 4 23 17 47 11* 62 6 77 0%
+19 -5 317 7 331 13 19* 360 1* 19 18 13* 33 8 48 2% 20* 15
+18 -6 21*% 332 3% 346 9* 15 410 19 4% 22% 17 63 11* 78 6
+17 -7 318 11* 17% 347 0 361 6 5 0 19 34 13* 49 8 64 2 20*
+16 -8 319 2 333 8 14 20 15% 20 10 35 4 22% 17 79 11*
+15 -9 16 22 348 4% 362 10* 6 6% 21 0% 19 50 13* 65 7% 80 2*
+14  -10 320 6* 334 12* 18% 363 0% 21 15% 36 10 51 4 22% 17
+13  -11 20% 335 2% 349 9 15 712 22 6 37 0% 19 66 13* 81 T7*
+12 -12 321 11 17 23 364 5 8 2% 21 15% 52 9% 67 4 22%
+11  -13 322 1 336 7 350 13* 19* 17* 23 11* 38 6 53 0% 19 82 13
+10 -14 15* 21* 351 3% 365 9* 9 8 24 2% 21 15 68 9% 83 4
+9 -15 323 5% 337 11* 18 366 0 23 17 39 11* 54 6 69 0% 18*
+8 -16 20 338 2 352 8 14 10 13* 25 8 40 2% 20% 15 84 9
+7 -17 324 10 16* 22% 367 4* 11 4* 22* 17 55 11* 70 6 85 0
+6 -18 325 0% 339 6* 353 12* 18* 19 26 13* 41 8 56 2 20% 15
+5 -19 14* 21 354 3 368 9 12 10 27 4 22% 17 71 11* 86 5*
+4 -20 326 5 340 11 17 23 13 0% 19 42 13* 57 8 72 2 20%
+3  -21 19 341 1* 355 7¢ 369 13* 15* 28 10 43 4 22% 17 87 11*
+2 =22 327 9% 15% 21 370 3% 14 6 29 0% 19 58 13* 73 7% 88 2
+1 -23 23* 342 6 356 12 21 15% 4 9% 59 4 22% 17
Difference Constituent p
Hour d ft. d. ft. d ft. d. ft. d. ft d. ft. d. ft. d. ft. d. ft. d ft.
0 89 7+ 104 2 118 20* 133 14* 148 9 163 3* 177 22 192 16 207 10* 222 5
+23 -1 22% 16* 119 11 134 5 149 0 18 178 12 193 7 208 1% 19*
+22 -2 90 13 105 7¢ 120 2 20 14* 164 9 179 3% 21% 16 223 10*
+21 -3 91 4 22 16 135 11 150 5% 23% 18 194 12 209 7 224 1
+20 -4 18% 106 13 121 7% 136 1% 20 165 14* 180 9 195 3 21% 16
+19 -5 92 9% 107 4 22 16+ 151 11 166 5 23* 18 210 12* 225 6*
+18 -6 93 0 18* 122 13 137 7% 152 1% 20 181 14* 196 8% 211 3 21%
+17 -7 15 108 9* 123 3* 22 16 167 11 182 5 23* 18 226 12
+16 -8 94 5% 109 0 18% 138 13 153 7 168 1* 20 197 14 212 8+ 227 3
+15 -9 20* 15 124 9 139 3* 22 16* 183 10* 198 5 23* 18
+14  -10 95 11 110 5% 125 0 18* 154 12* 169 7 184 1% 20 213 14 228 8*
+13 -11 9% 2 20% 14* 140 9 155 3* 22 16 199 10 214 5 23*%
+12 -12 17 111 11 126 5% 141 0 18 170 12* 185 7 200 1% 19% 229 14
+11 -13 97 7 112 2 20% 14* 156 9 171 3* 21* 16 215 10 230 5
+10 -14 22% 16 127 11 142 5% 157 0 18 186 12* 201 7 216 1 19*
+9 -15 98 13 113 7¢ 128 2 20 “* 172 9 187 3 21* 16 231 10*
+8 -16 99 4 22 16* 143 11 158 5% 23* 18 202 12% 217 7 232 1
+7 -17 18* 114 13 129 7% 144 1% 20 173 14* 188 9 203 3 21* 16
+6 -18 100 9* 115 3* 22 16 159 11 174 5 23% 18 218 12* 233 6%
+5 -19 101 0 18+ 130 13 145 7 160 1* 20 189 14* 204 8% 219 3 21*
+4 -20 15 116 9 131 3* 22 16* 175 10* 190 5 23% 18 234 12
+3 -21 102 5* 117 0 18*% 146 12* 161 7 176 1* 20 205 14 220 8* 235 3
+2 =22 20% 15 132 9% 147 3* 22 16 191 10 206 5 23* 17*

+1 -23 103 11 118 5% 133 0 18« 162 12 177 7 192 1* 19* 221 14 236 8*
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Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13  -11
+12  -12
+11 -13
+10 -14
+9 -15
+8 -16
+7  -17
+6 -18
+5 -19
+4 -20
+3  -21
+2  -22
+1  -23
Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13 -11
+ 12 -12
+1 -13
+10 -14
+9 -15
+8 -16
+7  -17
+6 -18
+5 -19
+4  -20
+3 -21
+2 -22

+1  -23

u.

S. COAST

AND GEODETIC SURVEY

Table 31.—For construction ofprimary stencils—Continued

d.
236
237
238
239
240
241
242
243
244

245
246

247
248
249

250
251

10
1

12
13
14

h.
23
14
5
19*
10*
1

16
6*

21*

12

17*

15*

10*
5%

20
15*
10*

20%
15*
1

20*
15*

1*

d.
251
252
253
254
255
256
257
258
259
260
261
262
263
264

265

24
25
26
27

28

29
30
31

32
33

34
35

36
37
38

h.
17*
8%
23
14
4%
19

10
1
15*

6%
21*
12

3
17*

8%
23
14

4%

19*
10
1
15*
6*
21

11*
6*
21

16*
11*

d.
266
267
268
269
270

271
272

273

274
275

277
278

279
280

44
45
46
47

57

h.
12
2%
17*
8%
23
14

4%
19*
10
1
15*
6*

21

12
2%

17*

8
23

13*
4%
19*
10
1
15*

21*
16*
11*

21*
16*
12

2%
21*

17
12

2%
21*
17

12

2%
22
17
12%

d.
281

282
283

284
285
286
287
288
289
290
291
292

293
294

295

58
59

60
61
62

63

64
65
66
67

72
73
74
75

76

h.
6*
21
12
2%
17*
8

23
13*
4%
19
10
1

15*
6*
21
12
2%
17*

23
13*
4%
19
10

75
2%
22
17
12%
TH

22
17*
12%

22
17*
12%

22+

17
13

22%
17*

Constituent )/

d.
296

297
298
299
300
301
302
303
304
305
306
307
308

309
310

h.
0%
15*
6
21
12
2%

17*
8
23
13*
4%
19

10
0%
15*
6
21
11*

2%
17

13*
4%

d.
310
311
312
313
314
315
316
317
318

319
320

321
322
323

324

Constituent

d.

77
78
79

80
81

82
83

84
85
86

87

88
89
90
91

92
93
94
95

h.
13

3
23
18
13*
g
4

23
18+
13*
g%
4
23

100

101
102
103

104
105

106
107

108
109
110

11

112
113
114
115

h.
19
10
0%
15*
6
21

11*
2%
17
8
22%
13*

4%
19
10
0%
15*
6

21
11*
2%
17
8
22%

18*
13*

23*
18*
14
9
23*

18*
14

23*

d.
325
326

327
328

329

330
331

332

333
334

335
336

337

338
339

116
17
118

119
120

121
122
123
124

125
126
127
128

129
130
131
132

133
134

h.
13*

4

19
0%
0%

15*

15

20%

11*
2%

17

19*
14*
9%

19*
14*
10
19*
15
10
5
0*
19*

15
10

d.
340

341
342

343
344
345
346
347
348
349
350

351
352

354

135
136

137
138
139

140

141
142
143
144

145
146
147
148

149
150
151
152

153

h.
8
22%
13*
4

19
9%

0*
15
6
20*
11*
2

17
8
22*
13*
4

19

'
0%
15
6
20*
11*

10*

15*
10*
6%

20*
15*

d.
355

356
357
358
359
360
361
362
363
364
365
366

367
368

369

154
155
156

157
158

159
160

161
162
163

164

165
166
167
168

169
170
171
172

h.
2
17
7%
22+
13

d. h.
369 20*
370 11*

d.  h
173 16*
174 11*
175 6*
176 2
21
177 16*

178 11*
179 7
180 2

181 16
182 12

183 7
184 2

185 16*
186 12
187 7

188 2%

189 17
190 12
91 7
192 2%
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Table 31.—For construction of primary stencils— Continued

Difference Constituent N

Hour d.ft. d. ft d.ft d. ft d. ft d. ft d. ft d. ft d. ft. d. ft

0 192 21* 212 3 231 8+ 250 14 269 19* 289 1 308 6% 327 12 346 17* 365 23

+23 -1 193 17 22% 232 4 251 9% 270 15 20 309 1* 328 7 347 12*% 366 18
+22 -2 194 12 213 17* 23 252 4% 271 10 290 15* 21 329 2% 348 8 367 13*
+21 -3 195 7+ 214 13 233 18* 253 0 272 5 291 10* 310 16 21* 349 3 368 8*
+20 -4 196 2% 215 § 234 13* 19 273 0% 292 6 311 11* 330 17 22% 369 4
+19 -5 22 216 3% 235 9 254 14 19 293 1 312 6% 331 12 350 17* 23
+18 -6 197 17 22% 236 4 255 9% 274 15 20 313 2 332 7% 351 13 370 18
+17 -7 198 12% 217 18 23 256 4% 275 10 294 15% 21 333 2¢ 352 8
+16 -8 199 7+ 218 13 237 18 257 0 276 5* 295 11 314 16* 21% 353 3
+ 15 -9 200 3 219 8 238 13* 19 277 0% 296 6 315 11* 334 17 22%
+14  -10 22 220 3* 239 9 258 14* 20 297 1* 316 6* 335 12 354 17*
+13  -11 201 17 2% 240 4 259 9* 278 15 20¢ 317 2 336 7+ 355 13
+12 -12 202 12* 221 18 23* 260 5 279 10 298 15* 21 337 2* 356 8
+11  -13 203 7¢ 222 13 241 18* 261 0 280 5* 299 11 318 16* 22 357 3%
+10 -14 204 3 223 8¢ 242 14 19% 281 0% 300 6 319 11* 338 17 22%
+9 -15 22 224 3% 243 9 262 14* 20 301 1* 320 7 339 12* 358 18
+8 -16 205 17* 23 244 4% 263 9* 282 15 20¢ 321 2 340 7+ 359 13
+7 -17 206 12* 225 18 23* 264 5 283 10* 302 16 21* 341 3 360 8*
+6 -18 207 8 226 13* 245 18* 265 0 284 5% 303 11 322 16* 22 361 3*
+5 -19 208 3 227 8% 246 14 19* 285 1 304 6% 323 12 342 17* 22*%
+4 -20 22% 228 3* 247 9 266 14 20 305 1* 324 7 343 12 362 18
+3 -21 209 17* 23 248 4% 267 10 286 15 21 325 2* 344 7* 363 13
+2 -22 210 12*% 229 18 23* 268 5 287 10* 306 16 21% 345 3 364 8%

+1 -23 211 8 230 13* 249 19 269 0+ 288 6 307 11 326 16* 22 365 3*
Difference Constituent »

Hour d. ft. d. ft d. ft d. ft. d f. d ft. d. ft. d. ft d. ft.  d. ft

0 1.0 20 18 40 23 61 3 81 7 101 11 121 15 141 19 161 23 182 3

+23 -1 11 21 15 41 19 23 82 3 102 7 122 11 142 15 162 19% 23*
+22 -2 27 21 42 15 62 19 23 103 3* 123 7+ 143 11* 163 15* 183 19*
+21 -3 33 237 43 11* 63 15 83 19* 23* 124 3% 144 T 164 11* 184 15*
+20 -4 23% 24 3% 44 7+ 64 11* 84 15* 104 19* 23% 145 4 165 8 185 12
+19 -5 4 19* 23%* 45 3* 65 T* 85 12 105 16 125 20 146 0 166 4 186 8
+18 -6 5 15% 25 19* 46 0 66 4 86 8 106 12 126 16 20 167 0 187 4
+17 -7 6 12 26 16 20 67 0 87 4 107 s 127 12 147 16* 20% 188 0%
+16 -8 78 2712 47 16 20 88 0% 108 4* 128 8 148 12* 168 16* 20%
+15 -9 8 4 28 8 48 12% 68 16* 20% 109 0* 129 4% 149 8* 169 12* 189 16*
+14 -10 9 0% 29 4% 49 8* 69 12% 89 16* 204 130 0% 150 5 170 9 190 13
+13 -11 204 30 0* 50 4% 70 8% 90 13 110 17 21 151 1 171 5 191 9
+12 -12 10 16* 21 51 1 71 5 91 9 111 13 131 17 21 172 1 192 5
+11  -13 1m13 3117 21 72 1 92 5 112 9 13213 152 17* 21% 193 1*
+10 ~-14 12 9 32 13 52 17 21 93 1* 113 5% 133 9* 153 13* 173 17* 21%
+9  -15 13 5 33 9% 53 13 73 17* 21* 114 1% 134 5% 154 9% 174 13* 194 17*
+8  -16 14 1* 34 5% 54 9% 74 13* 94 17* 21 135 1* 155 6 175 10 195 14
+7  -17 21 35 1% 55 5% 75 9% 95 14 115 18 22 156 2 176 6 196 10
+6 -18 15 17% 22 56 2 7 6 96 10 116 14 136 18 22 177 2 197 6*
+5  -19 16 14 36 18 22 77 2 97 6 117 10 137 14 157 18* 22*% 198 2%
+4 =20 17 10 37 14 57 18 22 98 2* 118 6* 138 10* 158 14* 178 18* 22%
+3  -21 18 6 38 10 58 14 78 18 22% 119 2% 139 6% 159 10* 179 14* 199 19
+2 -22 19 2* 39 6* 59 10* 79 14* 99 18* 22% 140 3 160 7 180 11 200 15

+1 -23 22% 40 2% 60 6 80 10 100 15 120 19 23 161 3 181 7 201 11
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Table 31.—For construction ofprimary stencils—Continued

Difference
Hour
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13 -11
+12 -12
+11 -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4 -20
+3 -21
+2 -22
+1 -23

Difference

Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 =17
+16 -8
+15 -9
+14 -10
+13 -11
+12  -12
+11  -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4 -20
+3  -21
+2 =22

+1 -23

d.
202
203

204
205
206

207
208
209

210
211

212
213
214

215
216

217
218
219

220
221

12%

10*

3%
23

20*
18*
16
14
1*
9

h

18
14

10*

2%
23
19
15

d.
222
223
224
225

226

227
228
229
230

231

232
233
234
235

237
238
239
240

241

10*

3%

23
20%
18*
16

13*
11*

h.

14*
10*
6%

19

d. f.
4 0
21*
45 19%
46 17

48 12*

64 19

d.
242
243
244
245
246

247
248
249
250
251

252
253
254
255
256

257
258
259
260
261

h.

16*

d ft
65 17
66 14+
67 12%
68 10
69 8
70 5%

71 3
72 1

22%
73 20%
74 18
75 16

76 13*
77 11
78 9
79 6%
80 4*
81 2

23*
82 21*

83 19
84 17

85 14*

86 12*

Constituent v

d.
262
263
264
265
266
267

268
269
270
271
272

273
274
275
276
277

278
279
280
281
282

h.
19*
15*
12
8
4
0%

20*

16*

13
9
5
1%

21*
17*
14
10

2%

22%
18*
15
1

d.
282
283
284
285
286
287

288

289
290
291
292

293

294
295
296
297

298

299
300
301
302

ft.
23*
19*
16
12
8
4%

0*
20*
17
13
9
5%

1*
21*
18
14
10
6*

2%
22%
19
15
11
7%

Constituent 2 M K

d.

103
104
105
106
107
108

ft.

10
7%
5%
3
1

22%

20
18
15*
13*
1
9

6"
4
2

23*

21*

19

16*
14*
12
10

5%

d.
109
110

111
112
113

114
115
116
117
118
119

120
121
122
123
124

125
126
127
128
129

ff.
3
0+
22%
20
18
15*

23*
21

16*
14*
12

d. ft

303 3

23

304 20

305 16
306 12%
307 8*

308 4%
309 1
21
310 17
311 13*
312 9*

313 5%
314 2

22
315 18
316 14*
317 10*

318 6%
319 3

23
320 19
321 15*
322 11*

d ft
130 20
131 17
132 15%
133 13
134 11
135 8

136 6*
137 4
138 1*

139 21
140 19

141 16*
142 14
143 12
144 9%
145 7*
146 5

147 3
148 0%

149 20
150 17*
151 15*

d.
323
324
325

326
327

328
329
330

331
332

333
334
335

336
337

338
339
340

341
342

d.
152
153
154
155
156
157

158
159
160
161
162

163
164
165
166
167

168
169
170
171
172
173

ft.

12*

8+

21
17*
13*

14*

10*

23
19*
15%

ft.

10%
8%

1*

23*
21

18*
16*

12

9%

2%
0*
22

20
17*
15
13
10*
8*

d.
343
344
345
346

347

348
349
350
351

352

353
354
355
356

357

358
359
360
361

362

d.
174
175
176

177
178

179
180
181
182
183
184

185
186

187
188
189

190
191
192
193
194
195

ft.
11*

20%
16*

12*%

21*
17*

13*
10

22%
18*

14*
11

23*
19*

ft.

1%
23
21
18*

16*
14
11*

d.
363
364
365
366
367

368
369
370

ft.

12
4%
0*

20*

17
13

d ft

195
196
197
198
199
200

201
202
203
204
205

206
207
208
209
210
211

212
213
214

215
216

23
21
18*

14
11*

'

4%
2%

22

19*
17*
15

12*
10*

3%

23
20%
18*



HARMONIC ANALYSIS AND PREDICTION OF TIDES

Table 31.—For construction ofprimary stencils—Continued

Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+10 -8
+13 -9
+14 -10
+13  -11
+12 -12
+11 -13
+10 -14

+9  -15
+8 -16
+7 -17
+0 -18
+5  -19
+4 -20
+3 -21
+2 -22
+1  -23
Difference
Hour
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13  -11
+12 -12
+ 11 -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4  -20
+3 -21
+2 -22

+1 -23

(L

217
218
219
220
221
222

223
224

225
226
227

228
229
230
231
232
233

234
235
236
237
238

ft.

14
11*

4%

2%

22
19+
17
15

12%
10*

23
20*
18*

13*
11*

23*

23
22
21*
20%
20
19

18*
18
17
16*
15*
15

14*
13*

12
11*
10*

d.

239
240
241
242
243

244
245
246
247
248
249

250
251
252

253
254

255
256
257
258
259
260

19*
17

12%
10

5%
3%

22%
20%
18

16
13*
11*

4%

22%
22

21
20*
20
19
18*
17

d.
261
262

263
264
265

266
267
268
269
270
271

272
273
274
275
276

277
278
279
280

281

105

109
110

111
112
113
114
115
116

A
2
0

21*

19*

17

14*

12*
10
8
5%
3
1

22%
20%
18
16
13*
1

9
6*
4%
2
23*
21*

Constituent 2M K

d.
282
283
284
285
286
287

288
289
290

291
292

293
294
295
296
297
298

299

300
301
302
303

117
18
119

120
121

122
123
124
125
126
127

128
129
130
131
132
133

134
135
136
137
138
139

A
19
17
14*
12*
10
7

5%
3
1

22%

20

18

15%
13*
11

6*

23*
21*

16*
14

20*

19*

18*
17*
17
16

15*
14*
14
13*
12%
12

1
10*
10

8*
7%

d.
304
305
306
307
308
309

310
311
312
313
314

315
316
317
318

319

320
321
322
323
324
325

ft.

12

10
T*
5%
3
0*

22%
20
18
15*
13*
11

g+
P
4
2

23*%

21

19
16*
14*
12
10

d.

326
327
328

329
330

331
332
333
334
335
330

337

338
339
340
341

342
343
344
345
346
347

ft.

0*
22%
20

17*

15*

1
8+
6%

1%
23*
21
19
16*
14

12

Constituent M N

140
141
142
143
144
145

146
147
148
149
150

151
152
153
154
155
156

157
158
159
160
161
162

ft
7
6
5%
5
4
3

2%
2
1
0*
0

23

22%
21*
21
20%
19*
19

18
17*
16*
16
15*
14*

d.
163
164
165
166
167
168

169
170
171
172
173
174

175
176
177
178
179
180

181
182

183
184
185

ft.
14
13
12%
12
1
10%

22*
21*

347
348
349
350
351
352

353
354
355
356

357

358
359
360
361
362
363

364
365
366

367
368

186
187
188
189
190
191

192

197

198
199
200
201
202
203

204
205
206
207
208
209

ft.
22
20
17*
15*
13
10*

g+
6
4
1*

23*

21

18*
16*
14
12
9%
7

5

2%

0%
22
20
17*

21
20
19*
18*
18
17*

16>
16
15
14*
14
13

12*
11*

10
9%

7
6*

5%
4%

d.

ft.

369 15
370 13

d.
210
211
212
213
214
215

216
217
218
219
220

221
222
223
224
225
226

227
228
229
230
231
232

ft.

13

11*

281

Constituent M N

d.

ft.

18 0*

233
234
235
236
237
238

239
240
241
242
243
244

245
246
247
248

249

250
251
252
253
254
255

23*
23
22
21*
21

1

27
1%

23*
22%

22
21*
20*
20
19
18*

256
257
258
259
260
261

262
263
264
265
266
267

268
269
270
271
272
273

274
275
276
277
278
279

f
20
19*
18*
18
17
16*

16
15
14*
13*
13
12*

11*

18
17
16*
15*
15
14

13*
13
12
11*
10*
10
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Table 31.—For construction of primary stencils—Continued

Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+ 10 -8
+-15 -9
+14 -10
+13  -11
+12 -12
+11 .3
+10 -14
+0 —I5
+8 -16
17 -17
+0 -18
+5 -19
+4  -20
+3  -21
+2 -22
+1 23
Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13 -11
+12 -12
+11 -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4 =20
+3 =21
+2  -22

+1 -23

280 0%
281 0
282 22%

233 22
284 21

285 20*
286 20
287 19
288 18*
289 17*
290 17

291 16
292 15*
293 15
294 14
295 13*
296 12*

297 12
298 11*
299 10*
300 10
301 9
302 8*

177 14*
178 20
180 1*
181 7
182 12%
183 18

184 23*
186 5
187 10%
188 16
189 21*
191 3

192 9
193 14*
194 20
196 1%
197 7
198 12*

199. 18
200 23*
202 5
203 10*
204 16
205 21*

Constituent M N

d.
303
304
305
306
307
308

309
310
311
312
313
314

315
316
317
318
319

320
321
322
323
324
325

207
208
209
210
212
213

214
215
216
218
219
220

221
223
224
225
226
228

229
230

232
234
235

ft
7%
7
6
5%
5
4

3%
2%
2
1*
0%
0

23
22*
22
21
20%
19*

19

17*
17
16
15*

19*

12*
18
23*

10*
16

21*

8*
14
19*

6*
12

17*
23*

10*

d.
326
327
328
329
330
331

. 332

333
334
335
336
337

338
339
340
341
342
343

344
345
346
347

348

236
237
239
240
241
242

244
245
246
247
248
250

251
252
253
255
256
257

258
260
261
262
263
264

ft
14%
14
13%
12%
12
1

10*
9%
9
8%
7
7

6
5%
5
4
3%
2%

d ft.
349 21*
350 21
351 20
352 19%
353 19
354 18

355 17*
356 16*
357 16
358 15*
359 14*
360 14

361 13
36? 12*
363 11*
364 11
365 10*
366 9*

367 9
368 8
369 7
370 7

d.
1

EN I NI

Constituent M

16
21*

8+
14
19*

6*
12
17*
23
4%

10
16
21*

d f
266 4*
267 10
268 15*
269 21
271 2%
272 8

273 14
274 19*
276 1
277 6%
278 12
279 17*

280 23
282 4%
283 10
284 15*
285 21
287 2%

288 8
289 13*
290 19
292 0%
293 6*
294 12

d.
295
296
298
299
300
301

303
304
305
306
308
309

310
311
312
314
315
316

317
319
320
321
322
324

ft.
0

15%

21
2%

8
13*

19
0%
6
12
17*
23

4+
10
15*
21
2%
8

13*
19
0%
6
11*
17

17*
23
4%
10
15%
21

2%
13*

0%

11*
17
23
4%
10
15%

21
2%

13*
19
0*

d.

29
31
32
33
34
36

37
38
39
41
42
43

44
45
47
48
49
50

52
53
54
55
57
58

325
326
327
328
330
331

332
333
335
336
337
338

340
341
342
343
344
346

347
348
349
351
352
353

ft.
22%
4
10
15*
21
2%

8
13*
19

0*

6
11*

17
22%
4
o
15
20*

2%

11*
17
22*%

9

15
21
2%

13*
19

0%
6
11*
17
22%

9%
15
20*

7%
13*

Constituent M

d.

362

367
368

369
370

ft.
11*
17
22*%
4
9%
15

20*
2
T

13

19
0%

6
11*
17
22%

4

9%

15
20*
2
T*
13
18+

20%
7

13
18*

'
15
20*

13

18*

1
16*
22

3%

15
20*

7

20*
18*

16*
14*
13
11
9
7%

d.
118
119
121
122
123
124

125
127
128
129
130
132

133
134
135
137
138
139

140
141
143
144
145
146

ft.
13

is*

1

16*

22
3%

14*
20

11*

d.
148
149
150
151
153
154

155
156
157
159
160
161

162
164
165
166
,167
168

170
171
172
173
175
*76

Constituent MK

92

96
98
100
102

103
105
107
109
lii

113

115
117
119
121
123
125

127
128
130
132
134
136

ft.
1%

12%
18

5%
11
16*
22
3%
14*

20
1*

7
12%
23*
10*
16*

22
3%

9%
7%

0*
22%
20*
18*
17
13

11*



HARMONIC ANALYSIS AND PREDICTION OF TIDES

Table 31.—For construction of primary stencils—Continued

Difference
Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14 -10
+13 -11
+12 -12
+11  -13
+10 -14
+9 -15
+8 -16
+7 -17
+6 -18
+5 -19
+4  -20
+3 =21
+2 -22
+1  -23

Difference

Hour
0
+23 -1
+22 -2
+21 -3
+20 -4
+19 -5
+18 -6
+17 -7
+16 -8
+15 -9
+14  -10
+13 -11
+12  -12
+11 -13
+10 -14
+9 -15
+8 -16
+7 17
+6 -18
+5 -19
+4 -20
+3 -21
+2 -22

+1 -23

d.

138
140
142
144
146
148

150
152
153
155
157
159

161
163
165
167
169
171

173
175
177
178
180
182

220
222
224
227
229
231

234
236
238
240
243
245

247
250
252
254
257
259

261
263
266
268
270
273

ft.

13*

11*
9%
8
6
4

2%
0*
22%
21
19
17

15*
13*
11*
10
8
6

4%
2%
0*

22*

21

19

d. A
184 17
186 15*
188 13*
190 11*
192 10
194 8

196 6
198 4*
200 2+
202 0%
203 23
205 21

207 19
209 17*
211 15*
213 13*
215 12
217 10

219 8
221 6*
223 4*
225 2%
227 1
228 23

Constituent MK

d.

230
232
234
236
238
240

242
244
246
248
250
252

253
255
257
259
261
263

265
267
269
271
273
275

Constituent X

A
75
15
22
5
12
19

2%
9%
16*
23*
14
21
4
11
18*
g+

15*
22%

d. A

275 10*
277 17*
280 0%
282 7%
284 14*
286 22

289 5
291 12
293 19
296 2%
298 9%
300 16*

302 23*
305 6%
307 14
309 21
312 4
314 11

316 18*
319 1%
321 8*
323 15%
325 22%
328 6

330
332
335
337
339
342

344
346
348
351
353
355

358
360
362
364
367
369

371

A.
21
19*
17*
15*
14
12

10
8
6%
4%
2%
1

23
21
19*
17*
15*
14

20

d.

277
278
280
282
284
286

288
290
292
294
296
298

300
302
303
305
307
309

311
313
315
317
319
321

A

1
23
21*
19*
17+
16

14

12

10*
8%
6*
6

3

1
23*
21*
19*
18

16
14
12
10*
8
6*

11*
22%
9%

d.

323
325
327
328
330
332

334
336
338
340
342
344

346
348
350
352
353
355

357
359
361
363
365
367

113
115

21*

20
18
16
14*
12*
10*

15
13
0
11*
22%

9%
20%

18*
5%
16*

Constituent X

d A d. A d.
369 9 10 55
371 7 2 4% 57
4 11* 59

6 18* 61

9 1% 64

11 8* 66

13 16 68

15 23 7

18 6 73

20 13 75

22 20% 77

25 3% 80

27 10 82

28 17* 84

32 0% 87

34 8 89

36 15 91

38 22 94

41 5 96

43 12* 98

45 19* 100

48 2% 103

50 9% 105

52 16* 107

Constituent M S

d. A d. A d.
117 22 176 23* 236
120 9 179 10% 238
122 20* 181 21* 240
125 7% 184 9 243
127 18* 186 20 245
130 5% 189 7 248
132 16* 191 18 250
135 3* 194 5 253
\137 14 196 16 255
140- 1% '199 3 258
142 13 201 14 260
145 0 204 1 263
147 11 206 12* 265
149 22 208 23* 268
152 9 211 10* 270
154 20 213 21% 272
157 17 216 8+ 275
159 18 218 19* 277
162 5% 321 6* 280
164 16* 223 18 282
167 3* 226 5 285
169 14* 228 16 287
172 1+ 231 3 290
174 12* 233 14 292

21

11*

18*

12
19*

23
21
19*
6*
17*

15*

d.

110
112
114
117
119
121

123
126
128
130
133
135

137
139
142
144
146
149

151
153
156
158
160
162

295
297
300
302
304
307

309
312
314
317
319
322

324
327
329
332
334
336

339
341
344
346
349
351

ft,
N
o

16*

14
21
11*
18*
1*
8%
15*
23
13
3%

10*
17*
0%
7
15
22

19

17

283

d

165
167
169
172
174
176

178
181
183
185
188
190

192
195
197
199
201
204

206
208
211
213
215
218

354
356
359
361
364
366

368
37

A



284 U. S. COAST AND GEODETIC SURVEY

Table 31.—For construction ofprimary stencils—Continued

Difference Constituent L Constituent P COnSstit-
uent T
Hour d. A d. A d. ft d. A d A d. ft d. A d. A d. A
0 10 63 8 126 23 190 14 254 5 317 20 10 358 16 10
+23 -1 2 8 65 23* 129 14* 193 5% 256 20 320 11* 8 15* 373 21 16 6
+22 -2 50 68 15 132 6 195 21 259 12 323 3 23 20* 46 16*
+21 -3 7 16 77 134 22 198 12*% 262 3* 325 18* 39 2 77 3
+20 -4 10 7% 73 22% 137 13* 201 4% 264 19* 328 10* 54 7 107 13*
+19 -5 12 23 76 14 140 5 203 20 267 11 331 2 1) 12% 138 0
+18 -6 15 14* 79 5% 142 20* 206 11* 270 2* 333 17* 84 17+ 168 10*
+17 -7 18 6 81 21* 145 12% 209 3 272 18 336 9 99 23 198 21
+16 -8 20 22 84 13 148 4 211 19 275 10 339 1 115 4 229 7%
+15 -9 23 13* 87 4* 150 19* 214 10 278 1* 341 16* 130 9% 259 18
+14 -10 26 i 89 20 153 11 217 2 280 17 344 8 145 14* 290 4%
+13 -11 28 21 92 12 156 2* 219 17 283 8* 346 23* 160 20 320 15
+12 -12 31 12% 95 3% 158 18* 222 9% 286 0* 349 15+ 176 1 351 1%
+11 -13 34 4 97 19 161 10 225 1 288 16 352 7 191 6% 381 12
+10 -14 3« 19* 100 10* 164 1% 227 16* 291 7% 354 22% 206 11*
+9 —15 39 11* 103 2% 166 17 230 8 293 23 357 14 221 17
+8 -16 42 3 105 18 169 9 233 0 296 15 360 6 236 22
+7 -17 44 18* 108 9% 172 0* 235 15% 299 6* 362 21* 252 3*
+6 -18 47 10 1 1 174 16 238 7 301 22 365 13 267 8*
+5 -19 in 2 113 17 177 7* 240 22* 304 13* 368 4* 282 13*
+4 -20 fi? 17* 116 8* 179 23* 243 14* 307 5% 370 20 297 19
+3 -21 9 19 0 182 15 246 6 309 21 313 0
+2 -22 i8 n* 121 15% 185 6% 248 21* 312 12* 328 5%
+1 -23 60 16* 124 7% 187 22 251 13 315 4 343 10*
Con-
Difference stituent Constituent K Constituent 2SM
R
Hour d. A d. A d. A 4. A A A d. A A. A d. A. A A A A
I 10 10 358 16 10 29 22% 59 11* 89 0 118 13 148 1* 177 14*
+1 -23 16 6 8 15* 373 21 15% 31 4 60 17 90 5% 119 18 149 7 178 20
+2  -22 46 16 23 20* 221 32 10 61 22% 91 11 121 0 150 12* 180 1*
+3 -21 77 3 39 2 4 2% 33 15% 63 4 92 17 122 5% 151 18 181 7
+4 -20 107 13* 54 7 5 8 34 21 64 9% 93 22* 123 11 153 0 182 12*
+5 -19 138 0 69 12* 6 13* 36 2% 65 15 95 4 124 16* 154 5* 183 18
+6 -18 168 10* 84 17* 719 37 8 66 20* 96 9% 125 22 155 11 184 23+
+7 =17 198 21 99 23 9 0% 38 13 68 2 97 15 127 3* 156 16* 186 5
+8 -16 229 7 115 4 10 6 39 19 69 7* 98 20 128 9 157 22 187 10*
+9 -15 259 18 130 9* m 12 41 0% 70 13 100 2 129 14* 159 3* 188 16
+10 -14 290 4% 145 14* 12 17* 42 6 71 19 101 7% 130 20 160 9 189 21*
+11 -13 320 15 160 20 13 23 43 11* 73 0% 102 13 132 2 161 14* 191 3
+12 -12 351 1 176 1 15 4* 44 17 74 6 103 18* 133 7 162 20 192 9
+13  -11 381 12 191 6% 16 10 45 22% 75 11* 105 0 134 13 164 1* 193 14*
+14  —10 von 11* 17 5% 47 4 76 17 106 5% 135 18* 165 7 ft 20
+15 -9 221 17 18 21 48 9* 77 22¢ 107 11 137 0 166 12* 196 1*
+16 -8 236 22 20 2% 49 15 79 4 108 16* 138 5* 167 18 197 7
+17 -7 252 3% 21 8 50 20% 80 9% 109 22 139 11 168 23* 198 12*
+18 -6 267 8* 22 13* 52 2% 81 15 111 3* 140 16* 170 5 199 18
+19 -5 282 13* 23 19 53 8 82 20¢ 112 9% 141 22 171 10 200 23*
+20 -4 297 19 25 0% 54 13* 84 2 113 15 143 3* 172 16* 202 5
+21 -3 313 0 26 6 55 19 85 7 114 20* 144 9 173 22 203 10*
+22 -2 328 5% 27 11* 57 0 86 13 116 2 145 14* 175 3* 204 16
+23 -1 343 10* 28 17 58 6 87 18* 117 7% 146 20 176 9 205 21*
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Table 31.—For construction of primary stencils— Continued

Difference Constituent 2SM Constituent J

Hour aft,afft aoft «ff o f o f af aa af fi

0 207 3 236 16 266 4% 295 17 325 6 354 19 10 26 3 51 18 77 8»
+1 -23 208 8+ 237 21% 267 10 296 23 326 11* 356 0* 13* 27 4% 52 19* 78 10*
+2 -22 209 14 239 3 268 15% 298 4% 327 17 357 6 15 28 6 53 21 79 12
+3 -21 210 19* 240 8* 269 21 299 10 328 22* 358 11* 17 29 7% 54 22% 80 13*
+4 -20 212 1 241 14 271 2% 300 15 330 4 359 17 18* 30 9% 56 0% 81 15
+5 -19 213 7 242 19% 272 8 301 21 331 9% 360 22* 20 31 11 57 2 82 17

L NERNY

21* 32 12% 58 3% 83 18

+6 -18 214 12% 244 1 273 14 303 2 332 15 362 4 6

+7 -17 215 18 245 6* 274 19 304 8 333 21 363 9% 7 23* 33 14 59 5 84 20
+8 -16 216 23* 246 12 276 1 305 13* 335 2% 364 15 9 1 34 16 60 6% 85 21*
+9 -15 218 5 247 17% 277 6* 306 19 336 8 365 20* 10 2% 35 17* 61 8 86 23*
+10 -14 219 10* 248 23 278 12 308 0% 337 13* 367 2 1 4 36 19 62 10 88 1
+11 -13 220 16 250 4* 279 17* 309 6 338 19 368 7* 12 6 37 20* 63 11* 89 2%

+12  -12 221 21% 251 10 280 23 310 11* 340 0* 369 13 13 7% 38 22% 64 13 90 4
+13 -11 223 3 252 16 282 4% 311 17 341 6 370 18* 14 9 40 0 65 15 91 6

+14 -10 224 8% 253 21* 283 10 312 23 342 11* 15 10* 41 1* 66 16 92 7%
+ 15 -9 225 14 255 3 284 15% 314 4% 343 17 16 12* 42 3 67 18 93 9
+16 -8 226 19% 256 8* 285 21 315 10 344 22% 17 14 43 5 68 19* 94 10*
+17 -7 228 1 257 14 287 2% 316 15% 346 4 18 15* 44 6* 69 21* 95 12»
+18 -6 229 6% 258 19* 288 8 317 21 347 9% 19 17 45 8 70 23 % 14
+19 -5 230 12 260 1 289 13* 319 2* 348 15 20 18 46 9* 72 0% 97 15*
+20 -4 231 17¢ 261 6* 290 19 320 8 349 20* 21 20% 47 11* 73 2 98 17
+21 -3 232 23* 262 12 292 0% 321 13* 351 2 22 22 48 13 74 4 99 18*
+22 -2 234 5 263 17 293 6* 322 19 352 7% 23 23* 49 14* 75 5% 100 20*
+23 -1 235 10* 264 23 294 12 324 0% 353 13* 25 1 50 16 76 7 101 22
Difference Constituent J
Hour d A dft aaA d4aAa daAa dA dA daaA df a4 a
0 102 23* 128 14* 154 5% 179 20* 205 11* 231 2 256 17 282 8 307 23 333 14
+1 -23 104 1 129 16 155 7 180 22 206 13 232 4 257 18* 283 9* 399 0% 334 15*
+2 -22 105 3 130 18 156 8* 181 23* 207 14* 233 5% 258 20* 284 11* 310 2 935 17
+3 -21 106 4% 131 19* 157 10 183 1 208 16 234 7 259 22 285 13 311 4 336 18*

+4 -20 107 6 132 21 158 12 184 3 209 18 235 8* 260 23* 286 14* 312 5* 337 20*
+5 -19 108 7% 133 22* 159 13* 185 4* 210 19* 236 10* 262 1 287 16 313 7 338 22

+6 -18 109 9* 135 0* 160 15 186 6 211 21 237 12 263 3 288 18 314 8% 339 23*
+7 -17 110 11 136 2 161 17 187 7% 212 22*% 238 13* 264 4% 289 19* 315 10* 341 1
+8 -16 111 12* 137 3* 162 18* 188 9* 214 0* 239 15 265 6 290 21 316 12 342 3
+9 -15 112 14 138 5 163 20 189 11 215 2 240 17 266 7* 291 22% 317 13* 343 4%
+10 -14 113 16 139 6* 164 21* 190 12* 216 3* 241 18* 267 9* 293 0* 318 15 344 6
+11 -13 114 17 140 8* 165 23* 191 14 217 5 242 20 268 11 294 2 319 17 345 7%

+12 -12 115 19 141 10 167 1 192 16 218 6% 243 21* 269 12* 295 3* 320 18* 346 9*
+13  -11 116 20* 142 11* 168 2* 193 17* 219 8* 244 23* 270 14 296 5 321 20 347 11
+14 -10 117 22* 143 13 169 4 194 19 220 10 246 1 271 16 297 6% 322 21* 348 12*
+ 15 -9 119 0 144 15 170 6 195 20% 221 11* 247 2% 272 17%* 298 8* 323 23* 349 14

+16 -8 120 1* 145 16* 171 7¢ 196 22* 222 13 248 4 273 19 299 10 325 1 350 16
+17 -7 121 3 146 18 172 9 198 0 223 15 249 6 274 20% 3'9 11* 320 2* 351 17*
+18 -6 122 5 147 19* 173 10+ 199 1* 224 16* 250 7* 275 22* 301 13 327 4 352 19
+19 -5 123 6% 148 21* 174 12* 200 3 225 18 251 9 277 0 302 15 328 6 353 20*
+20 -4 124 8 149 23 175 14 201 5 226 19* 252 10% 278 1* 303 16* 329 7* 354 22%
+21 -3 125 9% 151 0* 176 15% 202 6* 227 21* 253 12* 279 3 304 18 330 9 35 0
+22 -2 126 11* 152 2 177 17 203 8 228 23 254 14 280 5 305 19* 331 10* 357 1*

+23 -1 127 13 153 4 178 18% 204 9% 230 n* 255 15% 281 6* 306 21* 332 12* 358 3
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Table 31.—or construction ofprimary stencils—Continued

Difference

Hour
0
+1 -23
+2 -22
+3 -21
+4 -20
+5  -19
+6 -18
+7 -17
+8 -16
+9 -15
+10 -14
+11  -13
+12  -12
+13 -11
+14 -10
+15 -9
+16 -8
+17 -7
+18 -6
+19 -5
+20 -4
+21 -3
+22 -2
+23 -1
Difference
Hour
0
+1 -23
+2 -22
+3 -21
+4 =20
+5 -19
+6 -18
+7 -17
+8 -16
+9 -15
+10 -14
+11  -13
+12 -12
+13 -11
+14 -10
+ 15 -9
+16 -8
+17 -7
+18 -6
+19 -5
+20 -4
+21 -3
+22 -2

+23

-1

Con. J

d.
359
360
361
362
363
364
365
366
367
368
369
370

d.
119

120
121
122
123
124

126
127
128
129
130

131

ft.
5
6*
8
9%

11*

13

f.

20*
9%
23
12
14*

3
16*

19

21*

d.
1

132
133
134

137
138
139
140

141

142
143

144
145

A,
0
7%

20%
9%

23

12

1
14*

3
16*

6
19

8
21*
10*
23*
13

2

15
4%

d.

14
15

19
20
21
22

23

24

25
26

145
146
147
148
149
150

151

152
153
154
'155
156
157

158

ft.

11*

19

21*
10*

13

21*

16*

d.
27

28
29

30

31
32

33

34

36
37
38

39

158
159

160
161
162
163

164

166
167

168

169
170

171

ft.
15*
17+
20
9%
22%
11*

14

16*

d.
40

41
42
43
44
45
46

47
48
49
50
51

52

Constituent OO0

ft. d.

6* 53
19*

8% 54
22 55
11

0 56
13*

2% 57
15%

5 58
18

7 59
20 60

o
2% 61
12

1 62
14

3* 63
16*

5% 64
19

8 65
21 66

ft.

10*
23*
12%

7%
20*
9%
23
12

Constituent 00

d.
171
172
173

174

175
176
177
178
179
180

181

182

183
184

A d.
22% 185
12

1 186
14

3% 187
16*

5% 188
19

8 189
21 190
10*

23 191
12%

2 192
15

4 193
17*

6% 194
19*

9 195
22 196
11

0 197
13*

d.

66
67
68

69

70
71
72
73
74

75

76

77 .

78

79

198
199
200
201
202
203

204

205

206
207

209

210

ft.

14*
3%

16*

d.

79
80
81
82
83
84

85

86

87
88

89

90
91

92

211
212

213

214

215
216
217
218
219

220

221
222

223
224

93
94

95

96
97
98
99
100
101

102

103

104
105

224
225

226
227
228
229

230

231

232

234
235

236

237

19*
8*

22

1

13*

d.
106

113
114
115
116
117
118

237
238

239
240
241
242
243

244

245
246

247

248
249

250

19

21

10*
23*
12%

19*

22

0*
13*
2%



Table 31.—For construction ofprimary stencils—Continued

Difference
Hour
0

+1 -23
+2 =22
+3 -21
+4 =20
+5 -19

-18

-17
+8 -16

-15
+10 —14
+ 11 -13
+12 -12
+13 -11
+14 -10
+15 -9
+16 -8
+17 -7
+18 -6
+19 -5
+20 -4
+21 -3
+22 -2
+23 -1

HARMONIC ANALYSIS

@ ft
250 23
251 12
252 1

253 3%

254 6
255 8
256 10%
257 13
258 2
259 4%

260 7

201 9

262 11*
263 0%

d.
264

267

268
269

270

27
272
273
274
275

276

19*

279

280

281

282

284

285

286

287

288

289

23*

293

294

295

296

297

298

299

300

301

302
303

12

10*
23*
12%

AND PREDICTION OF TIDES

Constituent 00

d.
303
304

310
311
312

313
314

316

d.
316
317
318
319
320
321

322

323

324
325

326

327
328
329

15*

17*

20

22%

11*
0%

14

16

18+
7

21

10

329
330
331

332

333

334

335
336

340

341
342

21*
1

13
2%
15*

18

20

22%
11*

14

d.
343

346

347
348

349

350
351
352
353
354

355

ft.

17
6*
19*
8*
22
11

13*

15*

18

d.
356

357
358
359
360
361

362

363
364
365
366
367

368

21

10*
23*
12*

15

17*

19*

22

287

d.
369
370

ft.
1
0%
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Table 32.—Divisors for primary stencil sums

58

58

87

87

106
106
104
106
104
105

106
104
106
105
104
107

104
104
106
105
105
105

104
106
104
104
106
104

105

106
106
106
106
105
105

106
105
105
105
104
105

105
105
105
104
104
105

105
105
105
104
104
105

134

134
135
134
135
135
134

134
134
134
134
134
134

134
133
134
135
133
134

134
133
134
133
134
134

CONSTITUENT J

163

164
164
162
165
163
163

165
163
164
163
162
164

162
162
164
162
163
163

162
163
162
162
164
161

192

192
193
192
192
193
193

192
193
193
192
193
193

191
191
192
192
191
192

192
191
191
191
192
191

C ONSTITUENT

134

135
135
135
135
134
134

135
135
135
134
133
133

134
134
134
133

133

163

164
164
164
164
163
163

163

162

163
163
163
162
162
162

192

193
193
193
193
192
192

192
193
193
193
192
192

192
192
192
191
191
191

191
192
192
191
191
191

221

221
222
220
222
222
221

222
221
222
222
220
223

221
220
223
220
220
221

220
221
220
219
222
219

221

221
222
222
222
221
221

221
221
222
222
221
221

221
222
222
220
220
220

220
221
221
220
220
220

250

250
250
250
251
250
251

250
250
251
250
250
251

250
250
250
251
250
250

250
249
249
249
249
249

250

250

250

250
250
251
250
249
249

249
250
250
249
249
249

279

279
280
278
280
280
278

280
279
279
280
278
280

279
278
280
279
279
250

278
280
279
277
279
271

279
279
280
280
279
279

279
279
280
280
279
279

279
279
280
279
279
279

278
278
279
278
278
278

297

298
298
296
299
297
297

298
297
298
297
297
299

296
297
297
296
297
296

296
297
296
296
298
295

297

297
297
298
298
297
297

297
296
298
298
297
297

297
297
297
297
297
297

297
297
297
296
296
296

326
327
326
326
327
326

326
327
326
326
326
327

326

326

325

326

326

326

326
326
326
326
326
326

326
326
326
325
325
325

355

355
356
354
356
355
355

356
354
356
355
354
357

354
354
356
355
355
355

355
356
354
354
356
353

355

355
355
355
356
355
355

355
354
355
356
355
355

355
355
355
355
355
355

355
355
355
355
355
354

369

370
369
369
370
369
370

369
369
371
369
368
370

368
368
369
369
369
368

369
369
368
369
369
368

369

369
369
369
370
369
369

369

369

369
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Table 32.—Divisors for primary stencil sums— Continued

CONSTITUENT L

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

Hour

29 59 87 105 133 163 191 221 250 279 297 326 355 369
29 59 87 106 134 164 192 222 251 279 297 326 355 369
29 58 87 106 134 163 192 221 250 280 298 326 356 370
30 58 87 105 134 163 192 221 250 279 298 326 356 370
30 58 88 106 135 164 192 222 250 279 297 326 355 370
29 58 88 106 134 164 192 222 250 280 298 327 356 369

29 57 86 105 133 163 191 221 249 279 297 325 355 368
30 59 88 106 135 164 193 222 250 279 298 326 356 369
30 58 88 105 135 164 193 222 251 280 298 327 357 370
29 57 87 104 133 163 191 221 250 279 296 326 355 369
30 58 87 105 134 164 192 221 249 279 296 326 354 368
29 58 87 105 134 162 192 222 250 280 297 326 355 369

29 58 87 104 134 162 192 221 250 279 297 326 355 369
29 58 88 105 135 163 192 220 250 279 296 326 354 368
29 58 88 105 134 163 193 221 250 280 297 327 355 370
28 58 86 105 134 163 192 221 250 279 297 327 355 369

16 28 58 86 104 134 162 191 220 249 278 296 325 353 367
17 28 57 86 104 134 162 192 220 250 278 297 326 355 369
18 29 58 87 105 134 162 192 220 250 278 296 326 355 369
19 29 58 87 105 135 163 192 221 250 279 297 326 354 369
20 28 58 86 105 134 163 192 221 250 279 297 327 355 369
21 28 58 86 104 132 162 191 219 249 277 296 324 354 368
22 29 58 87 105 134 163 193 221 251 279 297 325 355 369
23 29 58 87 105 134 163 193 221 251 279 298 326 355 370

CONSTITUENT M

Series 15 29 58 87 105 134 163 192 221 250 279 297 326 355 369
Hour

0 15 29 59 87 105 135 164 192 222 250 279 297 325 355 369
11— 15 29 57 87 105 134 163 192 221 250 279 296 326 354 369
2T 15 28 58 8 105 134 162 192 221 250 279 296 325 354 369
37 16 29 59 88 107 135 165 193 222 251 281 299 328 357 37
4 16 30 58 87 106 135 164 193 222 251 280 297 320 355 370
5 15 28 57 86 104 134 163 192 221 250 278 296 325 354 368
6 15 29 58 87 106 134 163 192 222 250 280 297 326 355 369
7 16 29 58 87 105 134 163 192 221 250 279 296 326 354 369
8 16 29 59 87 106 135 164 193 221 251 280 298 326 355 370
9 15 29 58 87 106 135 165 193 223 251 280 298 327 357 371
10 15 29 57 87 105 134 163 192 221 250 279 296 326 354 368
n_ 15 28 57 86 104 133 162 192 221 250 278 296 325 354 369
12. 15 29 58 87 105 133 162 191 220 250 280 297 326 355 368
13 15 30 59 88 105 134 163 192 221 250 279 298 327 355 369
14___ 15 29 58 87 105 134 163 192 220 250 278 297 326 356 369
15 14 29 58 87 104 134 163 192 222 250 279 298 326 356 369
16 15 29 57 87 104 133 162 191 220 249 278 296 326 354 368
17 15 29 59 87 105 134 162 192 220 250 279 298 326 355 369

14 29 58 87 105 133 163 191 220 249 278 297 326 355 368
15 30 58 88 105 135 163 192 221 250 279 297 326 356 369
14 28 57 86 103 133 162 191 220 249 277 296 325 354 368
14 29 58 87 105 133 162 192 221 250 280 298 327 356 369
15 30 59 88 105 134 163 192 221 249 279 298 327 355 369
15 29 58 87 105 134 163 192 220 250 278 296 325 355 369
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Table 32.—Divisors for primary stencil sums—Continued

Constituent N

Series 15 29 58 87 105 134 163 192 221 250 279 297 326 355 369

16 29 58 87 105 134 163 191 220 250 279 297 327 356 370
16 29 58 88 106 135 165 194 223 252 281 299 327 357 370
15 29 57 87 105 133 162 191 220 248 278 296 324 354 367
16 30 58 88 106 134 163 192 221 249 279 297 326 355 370
16 30 58 87 105 135 164 193 223 252 282 299 328 357 371
15 30 59 88 106 134 164 192 222 250 279 297 326 355 369

15 29 58 87 105 133 163 191 221 249 278 296 324 354 367
15 29 58 87 105 133 163 191 220 250 279 298 326 357 370
14 29 58 88 107 135 164 194 223 251 281 299 327 356 370
15 30 58 88 105 134 163 192 221 249 279 297 325 354 368
15 30 58 88 105 134 163 191 221 249 279 297 326 356 370
15 30 58 86 106 135 165 193 224 252 281 299 328 357 371

12_ 15 28 59 87 106 134 164 192 220 250 278 297 325 355 368
13.__. 15 28 58 86 104 133 161 191 219 249 277 295 324 354 368
14- 14 28 57 86 104 133 161 191 220 250 279 297 326 354 369
15-. 14 29 58 88 105 135 164 194 222 251 280 298 327 355 370
16— 15 29 58 86 104 134 162 191 220 249 277 295 325 353 368
17___ 15 28 58 86 104 134 162 191 220 249 278 296 327 355 370

15 28 58 87 105 134 164 193 222 252 280 298 327 356 371
15 29 59 87 105 134 163 192 220 250 278 296 325 354 367
14 28 57 86 104 133 161 191 219 249 277 295 325 353 367
14 28 57 86 103 133 161 192 220 249 279 297 326 354 368
16 30 59 88 106 137 165 194 223 252 281 298 328 356 370
15 29 58 86 104 133 162 191 220 249 277 295 325 353 367

Constituent 2N

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 ' 369

28 58 86 105 135 163 193 222 251 280 299 327 357 371
30 58 88 106 135 165 194 223 252 281 299 329 357 371
28 58 87 105 134 164 193 222 250 279 297 325 353 368
30 59 88 106 136 164 193 221 251 280 298 326 356 370
29 57 86 104 132 161 190 220 249 278 295 325 353 368
28 58 86 105 134 163 192 222 251 280 298 326 356 369

30 58 88 106 135 164 194 222 252 281 298 328 356 370
29 59 88 106 135 165 193 223 251 280 297 325 354 368
29 59 88 106 135 163 192 220 249 279 296 325 365 368
29 57 86 104 133 162 191 220 250 278 296 326 354 369
29 58 87 106 135 164 193 223 251 280 298 327 357 370
29 58 87 106 135 164 194 222 251 280 298 326 355 369

29 58 88 106 135 165 193 221 249 277 295 325 354 368
29 59 87 105 134 162 190 219 248 278 296 325 354 368
29 57 86 104 133 161 191 220 250 278 297 326 355 370
29 58 87 105 133 163 192 222 250 280 298 327 356 370
29 58 87 104 134 163 192 221 251 279 297 325 354 368
29 58 88 105 134 163 192 220 249 278 296 326 355 369

29 59 87 104 132 161 189 219 248 278 296 325 354 368
29 57 86 103 133 161 191 220 249 278 297 326 355 369
30 59 88 106 134 164 193 222 251 280 299 328 357 371
28 58 87 104 134 163 192 221 250 279 297 325 354 367
30 58 87 106 135 163 192 220 249 278 296 326 355 369
28 56 85 103 131 161 189 219 248 277 295 325 354 368




Series

Hours
0
1

2.....

4

5
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Table 32.—Divisors for primary stencil sums—Continued

CONSTITUENT 0

29

58

87

105

106
105
105
105
106
105

105
105
106
106
105
107

105
104
105
105
104
104

104
104
105
105
105
104

105

104
107
103
107
104
106

104
105
105
105
105
104

106
104
107
104
106
104

106
104
106
104
105
105

134

135
134
133
134
135
135

134
135
134
134
135
136

135
132
133
133
134
133

134
133
134
133
134
134

134

134
136
133
137
132
135

132
135
134
134
133
134

135
133
135
132
135
133

135
132
135
133
135
134

163

164
164
162
164
163
163

164
164
164
163
164
164

163
161
163
162
163
161

163
163
163
163
162
162

ONSTITUENT 00

163

163
164
162
166
162
166

161
165
163
163
162
162

163
162
164
162
164
161

165
161
164
161
163
163

192

192
192
192
193
193
192

193
192
193

193
192

192
189
192
192
192
191

191
192
192
192
191
192

192

192
193
192
194
191
194

190
194
191
193
191
193

193
192
192
191
193
190

193
189
193
190
193
191

221

222
221
221
221
222
222

222
222
221
221
221
222

221
219
220
221
221
220

221
221
220
220
221
221

221

221
221
220
223
220
223

219
223
220
223
219
222

221
221
222
220
222
220

224
218
222
218
222
220

250

250
248
250
250
250
248

250
250
250
249
250
249

250

249

248
251

250
250
250
250
251
249

252
248
252
248
251
249

OF TIDES

279

279
280
279
280
280
280

279
280
278
279
279
280

279
276
279
280
279
277

279
278
279
279
279
279

279

280
279
280
281
278
280

277
280
278
280
277
280

278
280
278
279
279
278

281
277
280
277
281
278

297

298
298
296
297
297
297

297
297
296
297
297
299

297
295
297
297
298
296

297
297
296
297
298
297

297

298
297
297
298
297
298

297
298
297
298
296
299

296
297
296
297
297
296

298
295
298
295
298
295

326

327
327
325
326
325
326

326
327
325
326
326
327

327
324
327
326
325
325

327
326
326
326
326
326

326

326

325
327
326
326
325
327

326
328
325
327
326
326

327
323
326
324
327
325

355

355
355
354
356
354
355

355
355
355
355
356
356

355
353
356
355
355
354

355
355
355
356
355
355

355

355
355
355

355
355

355
355
355
355
355
355

355
356
354
356
354
355

356
354
356
354
356
354

291

369

369
369
368
370
369
369

309
369
368
369
370
370

369
367
369
370
369
369

369
368
369
370
369
369

369

369
369
369
370
369
369

368
369
369
369
368
369

369
370
369
369
369
369

370
368
369
368
370
369
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Table 32.—Divisors for primary stencil sums—Continued

CONSTITUENT P

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

0 29 58 87 105 135 164 193 222 251 280 298 327 356 369
1 29 58 87 105 134 163 192 221 250 279 297 297 354 368
2 29 58 87 105 134 165 192 222 251 280 298 327 355 369
3 29 59 88 106 135 164 193 222 251 280 298 327 356 370
4 29 58 87 105 134 164 193 222 251 280 297 326 355 369
5 29 58 87 105 134 163 192 221 250 279 296 325 354 368

6 29 58 87 105 134 163 192 221 251 279 297 326 355 369

7 29 58 88 106 135 164 193 222 251 279 297 326 356 370
8 29 58 87 105 134 163 192 221 249 278 296 325 354 368
9 29 58 87 105 134 164 193 221 250 279 297 326 355 369
10 29 58 87 105 134 163 192 220 249 279 297 326 355 369
11 29 58 88 106 135 164 192 221 250 279 297 326 356 370
12 29 58 87 105 134 163 191 220 249 278 296 325 354 368
13 29 58 87 105 134 162 192 221 250 279 297 326 355 369
14 30 59 88 106 135 163 192 221 250 280 298 327 356 370
15 29 58 87 105 133 162 191 220 249 278 296 325 354 368
16 29 58 87 106 134 163 192 221 250 279 297 326 355 370
17 29 58 87 104 133 162 192 221 250 279 297 326 355 369
18 30 59 87 105 134 163 192 221 250 279 298 327 356 370
19 29 58 86 104 133 162 191 220 249 278 296 325 354 368
20 29 57 86 104 134 163 192 221 250 279 297 326 355 369
21 29 57 86 104 133 162 191 221 250 279 297 326 355 369
22 28 57 86 104 133 162 191 220 249 278 296 325 354 368
23 28 58 87 105 134 163 192 221 250 279 298 327 356 370

CONSTITUENT Q

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

Hour
0 29 59 88 106 136 164 194 222 250 280 297 326 355 368
1 29 58 86 104 133 162 191 221 250 280 298 327 357 370
2 29 59 88 106 135 165 193 222 251 280 298 326 354 368
3 28 56 86 103 132 161 190 220 249 278 297 326 354 369
4 30 59 89 107 136 166 195 225 253 282 299 328 356 370
5 29 58 87 105 133 162 191 219 249 277 296 325 354 369

6 30 59 88 107 136 165 195 224 254 281 300 328 356 371
7 30 58 87 104 133 162 191 219 248 277 295 324 354 369
8 28 58 87 105 135 164 194 223 251 280 298 326 356 369
9 29 59 88 106 135 163 192 221 248 278 296 325 355 369
0
1

1 28 58 86 104 134 163 192 221 250 280 298 327 355 370
1 29 58 88 106 134 164 192 220 249 277 295 324 353 368
12 29 57 86 104 133 163 191 220 250 279 297 327 356 370
13 30 59 89 107 136 165 192 221 250 278 296 325 354 369
14 29 58 87 104 133 161 191 220 250 279 297 327 356 371
15 30 59 88 107 136 164 194 222 251 280 297 326 355 368
16 29 58 86 104 133 161 190 219 248 278 296 325 355 368
17 29 59 87 106 135 164 193 223 251 280 298 326 355 368
18 28 57 85 103 131 160 188 218 247 271 295 324 354 367
19 29 58 87 105 134 164 193 223 252 281 299 328 356 370
20 29 57 86 104 132 161 190 218 247 276 294 324 353 367
21 30 57 87 105 134 164 193 222 252 281 299 328 356 370
22 29 58 87 105 134 162 191 220 249 277 295 325 354 368

23 27 56 85 103 133 162 192 221 251 280 298 327 357 370
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Table 32.— Divisors for primary stencil sums—Continued

CONSTITUENT 2Q

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

Hour

25 50 83 113 142 167 192 217 242 279 309 334 359 371
25 59 101 116 141 166 191 216 255 293 308 333 358 370
36 77 102 117 142 167 192 233 269 293 309 334 359 371
39 64 89 104 129 154 196 230 255 279 295 320 345 366
25 50 75 90 115 159 192 217 242 266 282 307 355 370
25 50 75 90 136 167 192 217 242 266 282 332 358 370

25 50 83 113 142 167 192 217 241 277 309 334 358 370
25 60 102 117 142 167 192 217 254 293 309 334 358 370
36 76 101 116 141 166 191 232 267 292 308 333 357 369
39 64 89 104 129 154 197 230 255 280 296 320 345 365
25 50 75 90 115 159 191 215 240 265 281 305 353 369
25 50 75 90 136 167 192 216 241 266 283 331 358 370

25 50 83 113 142 167 192 216 241 277 307 332 357 369
25 60 101 117 142 167 191 216 254 293 308 333 358 370
37 77 101 117 142 167 191 231 268 293 308 333 358 370
38 63 87 103 128 153 194 229 254 279 294 319 344 364
25 50 74 92 115 159 191 216 241 266 281 306 354 370
25 49 74 92 136 165 190 215. 240 265 280 330 357 369

25 49 81 113 142 166 191 216 241 278 308 333 358 370
25 58 101 117 142 166 191 216 254 292 307 332 357 369
36 76 101 117 141 166 191 231 268 293 308 333 358 370
37 62 87 103 127 152 194 229 254 279 294 319 344 364
24 49 74 90 114 158 191 216 241 266 281 306 354 370
24 49 74 90 135 166 191 216 241 266 281 331 358 370

CONSTITUENT R
Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

Hour
30 59 88 106 135 164 193 222 251 280 298 327 356 370
29 59 88 106 135 164 193 222 251 280 298 326 355 369
29 58 88 106 135 164 193 222 251 279 297 326 355 369
29 58 87 105 135 164 193 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 86 104 133 162 192 221 250 279 297 326 355 369

28 57 86 104 133 162 191 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 251 280 298 327 356 370
29 58 87 105 134 163 192 221 250 280 298 327 356 370
29 58 87 105 134 163 192 221 250 279 298 327 356 370
29 58 87 105 134 163 192 221 250 279 297 327 356 370
29 58 87 105 134 163 192 221 250 279 297 326 356 370

29 58 87 105 134 163 192 221 250 279 297 326 354 368
29 58 87 105 134 163 192 221 250 279 296 325 354 368
29 58 87 105 134 163 192 221 249 278 296 325 354 368
29 58 87 105 134 163 191 220 249 278 296 325 354 368
29 58 87 105 133 162 191 220 249 278 296 325 354 368
29 57 86 104 133 162 191 220 249 278 296 325 354 368

29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
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Table 32.— Divisors for primary stencil sums—Continued

CONSTITUENT T

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

Hour

29 58 88 106 135 164 193 222 251 280 298 327 356 370
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 192 221 250 279 297 326 355 369
29 58 87 105 134 163 193 222 251 280 298 328 357 371
30 59 88 106 135 164 193 222 251 280 298 327 356 370

6 29 58 87 105 134 163 192 221 250 279 297 326 355 369
7 29 58 87 105 134 163 192 221 250 279 297 326 355 369
8 29 58 87 105 134 163 192 221 250 279 297 326 355 369
9 . 29 58 87 105 135 164 193 222 251 281 299 328 357 371
0
1

1 29 58 87 105 134 163 192 221 250 279 297 326 355 369
11. 29 58 87 105 134 163 192 221 250 279 297 326 355 369
12 29 58 87 105 134 163 192 221 250 279 297 326 354 368
13 29 58 87 105 134 163 192 221 250 279 297 325 355 369
14 29 59 88 106 135 164 193 223 252 281 298 327 356 370
15 29 58 87 105 134 163 192 221 250 278 296 325 354 368
16 29 58 87 105 134 163 192 221 249 278 296 325 354 368
17 29 58 87 105 134 163 192 220 249 278 296 325 354 368
18 29 58 87 105 134 163 191 220 249 278 297 326 355 369
19 29 58 87 105 134 163 192 221 250 279 297 326 355 369
20 29 58 87 105 133 162 191 220 249 278 296 325 354 368
21 29 58 86 104 133 162 191 220 249 278 296 325 354 368
22 29 57 86 104 133 162 191 220 249 278 296 325 354 368
23 28 57 86 104 133 162 191 220 250 279 297 326 355 369

CONSTITUENT X

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

29 58 89 107 135 164 194 223 252 280 298 330 358 372
29 57 87 106 134 162 191 221 250 278 296 325 355 369
29 57 86 104 134 162 191 219 250 278 296 324 354 369
31 59 88 105 136 165 194 222 252 282 300 328 357 371
31 59 88 105 134 164 193 221 250 279 298 326 355 369
29 59 88 105 134 162 193 221 250 278 297 326 355 369

6 29 58 88 105 134 162 193 221 250 278 296 326 355 369

7 29 57 88 106 135 163 192 223 252 280 298 326 358 371

8 . 29 57 86 104 134 162 191 219 250 278 296 324 354 368

9 . 30 58 87 104 135 163 192 220 250 279 297 325 354 367
10... 31 60 88 106 135 106 195 223 252 282 301 329 358 371
n 28 59 87 105 134 162 193 221 249 278 297 326 355 368
12 28 57 87 105 134 162 191 221 249 278 296 326 355 368
13 28 57 87 105 134 162 190 221 249 278 296 324 354 368
14 28 57 85 105 134 163 191 220 251 280 298 326 355 371
15 29 58 86 104 134 163 191 220 249 279 296 325 353 367
16 30 59 87 105 133 164 192 221 249 280 297 326 354 368
17 .- 28 60 88 106 134 164 194 223 251 280 299 329 357 371
18 28 57 87 105 133 162 191 221 249 278 295 326 354 368
19 28 57 86 105 133 162 190 221 249 278 295 324 354 368
20 28 57 85 104 133 162 190 219 249 278 295 324 353 368
21 29 58 86 104 134 164 192 221 250 281 298 327 355 370
22 30 59 87 105 133 164 192 221 249 279 297 326 354 368

23 28 58 87 105 133 163 192 221 249 277 296 326 354 368
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Table 32.— Divisors for primary stencil sums—Continued

Constituent fr
Series 29 58 87 105 134 163 192 221 250 279 297 326
Hour
29 59 89 105 135 163 192 223 252 280 299 326
30 61 88 107 135 164 194 223 252 282 298 327
30 57 88 105 134 164 193 221 250 280 296 326
27 57 87 104 134 163 190 219 249 276 296 325
30 60 87 106 135 162 192 222 249 279 298 326
30 57 86 106 133 163 193 220 250 280 297 327
27 56 86 103 133 163 190 220 250 278 297 326
29 59 88 106 136 163 193 223 251 280 299 326
30 59 87 107 134 164 194 222 250 279 296 326
29 57 87 104 134 163 191 219 249 279 296 326
28 58 88 105 134 163 191 221 251 278 298 326
30 59 86 105 134 162 192 222 219 279 297 326
29 57 86 105 133 163 193 220 250 280 297 327
28 57 87 104 134 164 191 221 251 279 297 326
29 59 88 106 136 163 193 222 250 278 298 325
30 59 87 107 134 164 193 222 250 280 297 327
29 57 87 104 133 162 191 219 249 278 296 326
28 57 86 103 133 162 190 220 249 277 297 325
29 59 86 106 135 163 193 222 250 280 298 327
30 57 87 106 134 164 193 221 251 281 298 327
27 57 87 104 134 163 191 221 250 271 296 325
30 60 88 106 136 164 193 222 250 279 297 326
30 58 87 105 132 162 192 220 249 279 295 325
28 56 85 101 131 161 190 219 249 278 295 325
Constituent ¥

29 58 87 105 134 163 192 221 250 279 297 326
31 59 86 103 135 165 193 221 249 283 300 327
28 56 83 103 134 161 189 216 250 278 295 322
28 56 89 107 135 162 190 224 252 280 297 324
28 60 89 106 134 161 195 222 250 278 295 329
33 62 90 107 135 167 196 223 251 280 302 329
30 57 85 102 135 164 192 219 249 281 299 326
28 55 83 104 134 161 189 217 250 277 295 322
28 55 90 107 135 162 191 224 252 279 296 325
28 61 89 106 134 161 195 222 250 277 295 329
34 62 90 107 134 169 197 224 252 282 302 330
29 56 84 101 134 162 190 217 248 279 296 324
28 55 85 107 134 162 190 219 251 278 295 323
28 56 89 106 133 161 190 223 251 278 295 326
29 62 90 107 134 164 195 223 251 278 298 330
32 60 88 105 134 167 194 222 250 281 300 328
27 55 83 101 133 161 188 216 247 278 295 323
27 55 86 107 134 162 189 221 250 278 295 323
27 58 88 106 133 161 192 223 250 278 295 327
30 62 89 107 134 165 195 223 250 278 299 330
31 59 86 103 134 166 193 221 248 282 299 327
27 55 82 101 133 161 188 216 249 278 295 322
27 55 87 106 134 162 189 222 250 278 295 322
27 59 88 105 133 160 193 223 250 278 295 328
31 62 89 106 134 165 195 223 250 279 300 328
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Table 32.—Divisors for primary stencil sums—Continued

Constituent P

29 58 87 105 134 163 192 221 250 279 297 326 355 369

30 59 89 107 135 164 193 222 251 279 297 326 355 369
29 59 88 105 134 164 193 222 251 280 299 328 356 372
28 57 87 105 134 162 191 220 249 278 295 324 353 367
29 58 87 106 135 165 194 224 252 281 299 328 357 371
30 58 87 106 135 163 192 221 250 279 297 326 355 370
29 58 87 106 134 163 192 220 250 278 296 325 354 368

28 58 87 106 136 165 193 223 252 282 299 328 357 371
29 58 87 104 134 163 192 221 249 278 296 325 354 369
29 58 87 105 135 165 194 222 251 280 298 326 355 370
29 58 87 105 133 162 192 222 251 280 298 327 357 37
29 57 86 104 133 162 191 220 249 278 296 325 353 366
28 58 87 105 134 163 193 223 252 280 298 327 356 369

29 58 86 104 133 162 190 219 249 279 297 326 355 369
30 59 88 106 135 163 192 221 250 280 297 326 355 368
29 58 87 104 134 163 193 221 250 280 299 328 357 370
28 57 86 104 132 162 190 219 248 276 295 324 354 367
30 59 88 106 135 164 193 222 250 279 298 327 355 369
28 57 86 104 133 161 191 220 250 279 298 327 356 370

29 58 87 104 133 162 191 220 248 271 295 325 354 367
30 58 87 106 135 164 193 222 251 280 297 326 356 369
28 57 86 104 132 161 190 219 249 277 295 325 354 368
30 59 87 105 134 163 191 220 249 278 296 324 353 368
.« 29 58 88 105 135 164 193 222 251 281 298 328 357 371
29 58 86 104 133 162 191 219 248 277 295 323 352 367

e}

onstituent MK

29 58 87 105 134 163 192 221 250 279 297 326 355 369

30 59 88 105 135 164 192 222 251 279 297 325 355 368
29 58 88 106 135 163 192 222 251 280 298 327 356 369
29 58 88 105 134 164 192 221 249 278 297 326 355 369
30 58 86 104 133 163 191 221 250 278 296 325 355 368
29 58 87 106 134 163 192 222 251 280 298 326 356 369
29 58 87 105 134 164 192 220 250 279 298 327 356 369

30 58 86 105 134 164 193 221 250 279 297 326 356 369
30 58 87 105 133 163 192 221 251 279 297 326 355 369
30 59 88 106 135 164 193 221 251 280 299 327 355 369
28 57 86 105 134 164 192 220 249 278 296 325 354 369
29 58 86 104 133 163 192 221 251 279 297 326 355 369
29 59 88 106 134 162 192 221 250 279 298 326 354 369

28 58 86 105 134 163 192 220 250 279 297 326 355 369
29 58 86 105 133 162 192 221 250 278 297 326 355 369
29 59 88 106 134 163 193 222 250 280 297 326 355 370
29 59 87 106 135 163 192 221 250 280 297 327 355 369
28 57 86 105 133 162 192 220 249 278 296 326 355 369
29 59 87 104 134 163 193 222 250 279 296 325 354 369

29 58 88 105 134 162 191 220 249 279 296 326 354 368
28 57 87 105 135 163 193 221 250 279 297 327 356 370
29 57 86 103 133 162 191 221 249 278 296 325 354 369
29 58 88 105 134 162 191 221 250 280 297 326 355 369
28 57 87 105 135 163 191 221 250 280 297 327 355 369
29 57 87 104 134 163 192 221 249 278 297 325 355 370
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Table 32.— Divisors for primary stencil sums—Continued

CONSTITUENT I M K

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

Hour

30 59 87 106 134 164 193 221 251 280 298 326 355 369
29 59 87 106 134 164 193 221 250 280 298 327 356 370
29 59 87 106 134 163 192 221 250 279 297 325 355 368
29 58 86 105 133 163 193 222 251 280 298 326 355 369
30 59 87 105 134 164 192 221 250 279 297 326 355 369
29 59 88 106 135 164 192 222 251 279 298 327 357 370

29 58 86 104 134 163 191 221 250 278 297 325 354 368
30 59 87 105 135 164 192 221 251 280 299 327 356 370
30 58 87 105 134 163 192 221 250 279 296 326 355 368
29 57 87 104 134 164 192 222 251 279 297 326 356 369
30 58 88 105 135 164 192 221 251 279 297 326 355 369
30 59 88 106 135 164 193 222 251 280 297 327 356 370

12 29 57 87 105 134 162 192 221 249 278 296 326 356 369
13 29 57 87 104 134 162 191 221 249 278 296 325 354. 368
14. . 29 57 86 104 133 162 191 220 249 279 297 326 355 369
15 29 58 87 105 134 162 192 221 249 279 296 326 355 369
16 28 57 87 105 135 163 192 222 250 279 297 326 354 369
17 28 57 86 104 133 162 191 220 249 278 296 325 353 368
18 29 59 88 106 135 163 193 222 250 280 298 328 356 371

28 58 87 105 134 162 192 221 249 278 296 325 354 368
28 57 87 104 133 162 191 220 250 279 297 326 355 369
. 29 58 87 105 133 163 192 220 250 279 297 326 354 369
22 28 58 87 106 134 163 193 221 250 279 297 326 355 370
23 28 57 87 104 133 162 191 219 249 278 296 325 354 368

Constituent MN

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 269

Hour

0 28 56 85 104 134 163 193 223 253 283 301 328 356 370
1 30 60 90 109 139 166 194 222 250 277 296 325 355 370
2 28 56 84 101 129 158 188 218 248 278 297 326 355 369
3 30 60 91 109 139 168 198 226 254 281 299 326 355 370
4 30 59 87 104 132 159 187 217 248 277 296 325 355 369
5 28 57 88 106 136 165 195 225 256 283 301 328 356 369
6 30 61 90 109 136 164 192 220 247 277 295 325 355 369
7 28 56 83 101 130 160 190 221 250 280 298 327 355 368
8 30 61 90 109 138 168 196 224 251 279 296 325 355 369
9 29 57 84 102 129 157 187 218 247 277 295 325 355 369
10 30 60 89 108 137 167 198 228 255 283 300 328 356 369
1 31 61 89 107 134 162 190 218 247 277 295 325 356 370
12 28 55 84 102 132 162 193 222 252 282 299 327 355 368
13 30 59 89 107 137 165 193 220 248 276 294 324 355 369
14 28 55 83 100 128 159 189 218 248 278 296 327 355 368
15 30 59 89 107 137 168 198 225 253 281 298 326 356 370
16__ 30 58 86 103 131 159 187 216 246 276 294 325 355 369
17 28 56 86 104 135 165 195 224 254 282 299 327 355 368

29 59 89 107 135 163 190 218 246 276 295 325 354 369
27 55 83 100 131 161 190 220 250 280 299 328 355 369
29 59 89 108 138 168 195 223 251 279 296 325 354 369
28 56 84 101 129 157 186 216 246 276 295 325 354 369
28 58 88 107 137 167 196 226 254 282 299 327 354 368
29 59 88 105 133 161 188 216 246 276 295 325 354 369
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Table 32.— Divisors for primary stencil sums—Continued

Constituent MS
Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

Hour
0 30 59 88 106 135 164 192 222 250 279 297 326 354 369
1 30 58 88 106 134 164 192 221 250 279 296 326 355 369
2 29 58 87 105 134 163 192 222 250 280 298 327 355 369
3 30 58 88 107 135 165 194 223 252 281 298 328 356 370
4 29 58 87 105 134 163 191 221 249 279 296 325 354 368
5 30 58 88 105 134 164 192 221 250 280 297 327 256 370

6 29 58 88 105 135 164 194 223 252 281 299 328 356 371
7 30 58 87 105 134 162 192 220 250 278 296 326 354 368
8 29 58 87 104 134 162 191 220 249 278 296 326 355 369
9 29 57 87 104 133 162 192 220 250 279 297 326 355 369
0
1

1 30 59 88 106 136 164 193 222 251 279 298 327 355 370
1 30 58 88 105 134 163 192 220 250 278 296 326 354 368
12 28 58 87 104 134 162 192 221 250 279 298 326 356 370
13 28 57 86 105 134 163 193 221 251 279 297 325 355 369
14 29 59 87 105 135 163 192 221 250 278 297 325 354 369
15 29 58 87 105 134 163 192 220 250 278 296 325 355 369
16 28 58 86 104 134 163 193 222 251 280 299 327 356 371
17_. .. . 29 58 87 106 135 163 193 221 251 279 297 326 355 369

28 58 86 104 133 162 190 220 248 278 296 324 354 367
28 57 86 104 132 162 191 220 249 279 297 326 356 369
29 59 87 106 134 1£4 192 222 250 279 298 326 355 369
29 58 86 105 133 162 191 220 249 278 296 325 354 367
28 58 86 104 133 162 190 220 248 278 296 325 355 368
23 28 57 86 105 133 163 192 221 250 280 297 326 356 369

Constituent 2SM

Series 29 58 87 105 134 163 192 221 250 279 297 326 355 369

0 28 57 87 106 136 164 192 220 250 280 299 329 356 369
1 30 60 88 106 133 163 193 223 252 280 297 325 355 370
2 28 56 86 105 135 165 193 220 249 279 297 327 356 370
3 30 60 89 107 135 163 193 223 253 281 298 326 355 370
4 28 55 84 103 133 163 191 219 247 276 294 324 353 367
5 30 60 92 107 135 163 193 223 253 282 299 326 355 370

6 28 56 84 103 133 163 192 220 248 277 295 325 355 370
7 30 60 90 109 137 164 193 223 253 283 300 328 356 370
8 29 57 85 103 133 163 193 221 249 277 295 325 355 370
9 29 59 89 108 137 165 193 222 252 282 300 328 356 370
0
1

1 30 59 86 104 133 163 193 223 251 279 295 325 355 370
1 28 57 87 106 136 164 192 220 249 279 298 327 355 369
12 30 59 87 104 132 161 191 221 249 277 295 323 353 367
13 28 57 87 105 135 164 191 219 249 279 298 328 356 369
14 30 60 88 105 133 162 192 222 251 279 297 325 355 369
15 27 55 85 103 133 163 191 219 247 277 296 326 355 368
16 30 60 89 106 134 162 192 222 252 281 298 326 355 369
17 28 56 84 102 132 162 191 219 247 276 295 325 3#55 368
18.... . 30 60 90 108 135 163 192 222 252 282 300 328 355 369
19 29 57 85 102 132 162 192 220 248 276 295 325 355 369
20.... . 29 59 89 107 135 163 190 220 250 280 298 326 354 367
21 29 57 85 102 132 162 192 221 249 276 295 325 355 369
22 28 58 88 106 135 163 191 220 250 280 299 327 355 368

23 30 58 86 103 132 162 192 222 250 278 295 325 355 369
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Table 33.— For construction of secondary stencils

Con-
stituent J S L
A.
Con-
stituent 00 2SM K and P R and T MS
B
J Differ- J Differ- s Differ- s Differ- L Differ-
Page ence, ence, ence, ence, ence,
& hours hours hours hours hours hours hours hours hours hours
+ + +
0-23 3 0-23 0 0-23 0 0-23 0 0-23 0
10- 3 9 0-23 1 0-23 1 0-23 0 0-23 0
16- 4 15 0-23 2 0-23 1 0-23 1 17-21 0
23-5 21 0-23 3 0-23 2 0-23 1 0-23 1
5-6 3 0-23 4 0-23 2 0-23 1 0-23 1
10 0-23 5 0-1 2 0-23 1 0-23 1
16 0-23 6 0-23 3 0-15 1 0-23 1
22 1-11 6 0-23 3 0-23 2 0-23 2
4 0-23 7 0-23 4 0-23 2 0-23 2
10 0-23 8 0-23 4 0-23 2 0-23 2
17 0-23 9 0-23 5 0-23 2 0-23 2
23 0-23 10 0-23 5 0-23 3 0-23 2
5 0-23 11 0-23 6 0-23 3 0-23 3
11 0-23 12 0-23 6 0-23 3 0-23 3
17 0-23 13 0-23 7 0-23 3 0-23 3
0 6-3 13 0-23 7 0-23 4 0-23 3
6 0-23 14 0-23 8 0-23 4 0-23 3
12 0-23 15 0-23 8 0-23 4 0-23 4
18 0-23 16 0-8 8 0-23 4 0-23 4
0 0-23 17 0-23 9 0-23 4 0-23 4
0-23 7 0-23 18 0-23 9 0-23 5 0-23 4
21-14 3 0-23 19 0-23 10 0-23 5 0-23 4
4-14 19 4-9 19 0-23 10 0-23 5 0-23 5
10-15 1 0-23 20 0-23 11 0-23 5 0-23 5
0-23 8 0-23 21 0-23 1 0-23 6 0-23 5
23-21 14 0-23 22 0-23 12 0-23 6 0-23 5
6-22 20 0-23 23 0-23 12 0-23 6 0-23 5
12-23 2 0-23 0 0-23 13 0-23 6 0-23 6
19- 0 8 0-23 1 0-23 13 0-23 7 0-23 6
1 14 0-23 2 0-23 14 0-23 7 0-23 6
31 8- 6 21 8- 1 2 0-23 14 0-23 7 0-23 6
32 15- 7 3 0-23 3 0-15 14 0-23 7 0-23 6
33 21- 8 9 0-23 4 0-23 15 0-23 7 0-23 7
34 4-9 15 0-23 5 0-23 15 0-23 8 0-23 7
35 0-23 22 0-23 6 0-23 16 0-23 8 0-23 7
17-15 4 0-23 7 0-23 16 0-23 8 0-23 7
23-15 10 0-23 8 0-23 17 0-23 8 0-23 7
6-16 16 6- 8 8 0-23 17 0-23 9 0-23 8
12-17 22 0-23 9 0-23 18 0-23 9 0-23 8
0-23 5 0-23 10 0-23 18 0-23 9 0-23 8
2-23 1 0-23 11 0-23 19 0-23 9 0-23 8
8-0 17 0-23 12 0-23 19 0-23 10 0-23 8
15-1 23 0-23 13 0-23 20 0-23 10 0-23 9
21- 2 5 0-23 14 0-23 20 0-23 10 ' 0-23 9
0-23 12 0-23 15 0-23 20 0-23 10 0-23 9
46__ 10- 8 18 10-23 15 0-23 21 0-23 10 0-23 9
47 17- 9 0 0-23 16 0-23 21 0-23 1 0-23 9
48- 23-10 6 0-23 17 0-23 22 0-23 11 0-23 10
49 6-11 12 0-23 18 0-23 22 0-23 1 0-23 10
50-_ 0-23 19 0-23 19 0-23 23 0-23 1 0-23 10
51... 19-16 1 0-23 20 0-23 23 0-23 12 0-23 10
52— 2-17 7 0-23 21 0-23 0 0-23 12 8-16 10
(53)-—-—- 7-14 12 0-23 21 0-23 0 0-23 12 0-23 1

L
hours

299

Differ-
ence,
hours
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Table 33.—For construction of secondary stencils—Continued

Constit-
uent L M N (o]
A
Constit-
uent MK MN 2MK 4 P 2N
B
page L e M ORI N R N RMET o R o DiSer
hours hours hours hours hours hours hours hours hours hours POUrs hour;
+ + + +
23-10 0 0-23 1 20-7 0 0-23 0 0-23 0 0-23 0
20- 8 1 0-23 2 11-23 1 0-23 1 0-23 1 0-23 0
17- 5 2 0-23 4 2-14 2 0-23 1 0-23 1 0-23 0
15- 3 3 0-23 5 17- 6 3 0-23 1 0-23 2 0-23 0
12- 1 4 0-23 7 9-21 4 0-23 2 0-23 2 0-23 0
9-22 5 0-23 8 0-13 5 0-23 2 7- 8 2 0-23 0
7-20 6 0-23 10 15- 4 6 0-23 3 0-23 3 0-23 0
4-17 7 5-0 11 6-19 7 0-23 3 0-23 3 0-23 0
2-15 8 0-23 13 22-11 8 0-23 3 0-23 4 0-23 0
23-12 9 18- 8 14 13- 2 9 0-23 4 0-23 4 0-23 0
11 20-10 10 0-23 16 4-18 10 0-23 4 0-23 5 0-23 1
127 .. 187 1 7-15 17 20-9 1 0-23 5 0-23 5 0-23 1
13 15- 5 12 0-23 19 11- 1 12 0-23 5 0-23 6 0-23 1
14 12- 2 13 19-22 20 2-16 13 2-10 5 0-23 6 0-23 1
15 . 10- 0 14 0-23 22 17- 2 14 0-23 6 0-23 7 0-23 1
16 - . 7-21 15 0-23 0 9-23 15 0-23 6 0-23 7 0-23 1
17 ... 4-19 16 0-23 1 0-15 16 0-23 7 0-23 8 0-23 1
18 2-17 17 0-23 3 15- 6 17 0-23 7 0-23 8 0-23 1
19 23-14 18 0-23 4 6-21 18 0-23 8 21- 5 8 0-23 1
20, 21-12 19 0-23 6 22-13 19 0-23 8 0-23 9 0-23 1
18- 9 20 0-23 7 13- 4 20 0-23 8 0-23 9 0-23 1
15- 7 21 0-23 9 4-20 21 0-23 9 6-23 10 0-23 1
13- 5 22 0-23 10 19-11 22 0-23 9 0-23 10 0-23 1
10- 2 23 0-23 12 11- 3 23 0-23 10 0-23 11 0-23 1
7-0 0 0-23 13 2-18 0 0-23 10 0-23 11 0-23 1
26 5-21 1 0-23 15 17-10 1 0-23 10 0-23 12 0-23 1
27 2-19 2 0-23 16 8- 1 2 0-23 1 0-23 12 0-23 1
28 23-16 3 0-23 18 0-16 3 0-23 1 0-23 13 0-23 1
29. 21-14 4 6-0 19 15- 8 4 0-23 12 0-23 13 0-23 1
30 18-11 5 0-23 21 6-23 5 0-23 12 0-23 14 0-23 2
K5 [ 15- 9 6 19- 7 22 22-15 6 0-23 12 0-23 14 0-23 2
32 13- 6 7 0-23 0 13- 6 7 0-23 13 11- 4 14 0-23 2
33 10- 4 8 7-15 1 4-22 8 0-23 13 0-23 15 0-23 2
34.. 8- 1 9 0-23 3 19-13 9 0-23 14 0-23 15 0-23 2
35 5-23 10 20-22 4 11- 5 10 0-23 14 0-23 16 0-23 2
36 2-21 11 0-23 6 2-20 11 2-20 14 0-23 16 0-23 2
37 - - 0-18 12 0-23 8 17-12 12 0-23 15 0-23 17 0-23 2
38 21-16 13 0-23 9 8-3 13 0-23 15 0-23 17 0-23 2
39 18-13 14 0-23 11 0-18 14 0-23 16 0-23 18 0-23 2
40 16-11 15 0-23 12 15-10 15 0-23 16 0-23 18 0-23 2
41 13- 8 16 0-23 14 6-1 16 6-9 16 0-23 19 0-23 2
42 10- 6 17 0-23 15 21-17 17 0-23 17 0-23 19 0-23 2
43 8- 4 18 0-23 17 13- 8 18 0-23 17 0-23 20 0-23 2
44 5-1 19 0-23 18 4-0 19 0-23 18 0-23 20 0-23 2
45 3-23 20 0-23 20 19-15 20 0-23 18 1-23 20 0-23 2
0-20 21 0-23 21 10- 6 21 0-23 19 0-23 21 0-23 2
21-18 22 0-23 23 2-22 22 0-23 19 0-23 21 0-23 2
19-15 23 18-16 0 17-13 23 0-23 19 0-23 22 0-23 2
16-13 0 0-23 2 0 0-23 20 0-23 22 0-23 3
13-10 1 6-23 3 0-2 1 0-23 20 0-23 23 0-23 3
11- 8 2 0-23 5 15-12 2 0-23 21 0-23 23 0-23 3
8-5 3 19- 7 6 6-3 3 0-23 21 0-23 0 0-23 3
0-23 4 0-23 8 0-23 4 0-23 21 0-23 0 0-23 3
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Table 33.—For construction of secondary stencils—Continued

Constituent A.

Constituent B ... P Q 2Q
Differ- i - Differ- i - i -
Page O e 4O, ‘e 0. lemee O lwe 0 e
hours h hours : hours > hours " hours >
ours hours hours hours hours
18- 1 0 0-23 3 18-22 5 23-11 6 12-17 7
0-23 8 6- 3 9 6- 8 17 9-20 18 21- 5 19
18-15 13 18-12 15 18- 6 6 7-17 7
7-19 18 7-22 21 7-16 18 17- 5 19 6 20
19-22 23 19- 8 3 19- 1 6 2-14 7 15-18 8
6 0-23 5 7-18 9 7-11 18 12- 0 19 1- 6 20
7 19-12 10 19- 3 15 19-21 6 22-10 i 11-18 8
8 7-16 15 7-13 21 7-19 19 20- 6 20
9 - 19 20 19-23 3 19- 5 7 6-18 8
10 8-5 2 8 9 8-15 19 16- 3 20 4-7 21
11 20- 9 7 0-23 16 20- 0 7 1-13 8 14-19 9
12 8-13 12 8-5 22 8-10 19 11-23 20 0-7 21
0-23 18 20-15 4 20 7 21- 8 8 9-19 9
8- 2 23 8- 1 10 8-18 20 19- 7 21
15 20- 6 4 20-10 16 20- 4 8 5-17 9 18-19 10
16 9 9 9-20 22 9-14 20 15- 2 21 3-8 22
17 21-19 15 21- 6 4 21-23 8 0-12 9 13-20 10
18 9-23 20 9-15 10 9 20 10-22 21 23- 8 22
19 21- 3 1 21- 1 16 21- 7 9 8-20 10
20 0-23 7 9-11 22 9-17 21 18- 6 22 7- 8 23
21 21-16 12 0-23 5 21- 3 9 4-16 10 17-20 11
22 10-20 17 10- S 11 10-12 21 13- 1 22 2-9 23
23 22- 0 22 22-17 17 22 9 23-11 10 12-21 1
24 0-23 4 10- 3 23 10-21 22 22-9 23
25 22-13 9 22-13 5 22- 6 10 7-19 11 20-21 12
10-17 14 10-22 1 10-16 22 17- 5 23 6-9 0
22- 6 19 22- 8 17 22-2 10 3-14 11 15-21 12
10- 6 1 10-18 23 10-11 22 12- 0 23 1-9 0
23-10 6 23-3 5 23-10 1 11-22 12
11-14 11 11-13 11 11-19 23 20- 8 0 9-10 1
31 0-23 17 23 17 23-5 11 6-18 12 19-22 13
32 - 11- 3 22 0-23 0 11-15 23 16- 4 0 5-10 10
33 23-17 3 23-20 6 23-0 11 1-13 12 14-22 13
34 11 8 11- 5 12 11-23 0 0-10 1
35 0-20 14 0-15 18 0-9 12 10-21 13 22-23 14
36 12- 0 19 12- 1 0 12-18 0 19- 7 1 8-11 2
37 0- 4 0 0-10 6 0- 4 12 5-17 13 18-23 14
38 0-23 6 12-20 12 12-14 0 15- 2 1 3-11 9
39 0-17 11 0-6 18 0-12 13 13-23 14
40 12-21 16 12-15 0 12-22 1 23-11 2
41 1 21 1 6 1-7 13 8-20 14 21- 0 15
42 13-10 3 0-23 13 13-17 1 18- 6 2 7-12 3
43 1-14 8 1-22 19 1- 3 13 4-16 14 17- 0 15
44 13-16 13 13- 8 1 13 1 14- 1 2 2-12 3
45 0-23 19 1-17 1-11 14 12- 0 15
46 - 13- 7 0 13- 3 13 13-21 9 22-9 3 10-12 4
47 2-11 5 2-13 19 2-6 14 7-19 15 20- 1 16
48 14-15 10 14-22 1 14-16 2 17- 5 3 6-13 4
49 — 2-0 16 2-8 7 2 14 3-15 15 16- 1 16
50 14- 4 21 14-18 3 14- 0 3 1-13 4
51 2-8 2 2-3 19 2-10 15 11-23 16 0- 1 17
52 0-23 8 0-23 2 14-20 3 21- 8 4 9-13 5
(53)—— ————— 4-16 12 4-23 7 4 13 5-16 14 17- 3 15



302 U. S. COAST

Table 34— For summation of long-period constituents

ASSIGNMENT OF

Constituent division

0 1
1 2
2 3
3 4
4 5
5 6
6 7
7 I
8 10
9 11
10 12
11 13
12 14
13 15
14 16%
15 18
16 T
17 2
18- .. ... 21
19 22
20 23
21 24
22 26*
23 27

ASSIGNMENT OF

Constituent division

AND GEODETIC SURVEY

DAILY SUMS FOR CONSTITUENT M f

28 55 82* 110
29 56 84 111
30 57 85 112
31 59 86 113
32 60 87 114

34* 61 88 115*
35 62 89 117
36 63 90* 118
37 64 92 119
38 65 93 120

39 67 94 121
40 68 95 122
42% 69 96  123*
43 70 97 125
4 71 98 126

45 72 100* 127
46 73 101 128
47 75% 102 129
48 76 103 130
49* 77 104 131*

51 78 105 133
52 79 106 134
53 80  108* 135
54 81 109 136

DAILY SUMS FOR

1 30 60* 89
2 31 61 90
3 33* 62 92*
4 34 63 93
5% 35 65* 94
7 36 66 95
8 37* 67 96*
9 39 68 98
10 40 69* 99

12* 41 71 100

13 42 72 101*
14 44* 73 103
15 45 74 104
17% 46 76* 105
18 47 77 106

19 49* 78  108*
20 50 79 109
21*% 51 80* 110
23 52 82 111
24 53* 83  112*

25 55 84 114
26 56 85% 115
28% 57 87 116
29 58 88 117+

Days of series

137
138
139
141*
142

143
144
145
146
147

149*
150
151
152
153

154
155
156*
158
159

160
161
162
163

164* 192
166 193
167 194
168 195
169 196

170 197*
171 199
172 200
174* 201
175 202

176 203
177 204
178 205*
179 207
180 208

182* 209
183 210
184 211
185 212
186 213

187 215*
188 216
189* 217
191 218

219 246

229
221
223*
224

225
226
227
228
229

230*
232
233
234
235

236
237
238*
240
241

242
243
244
245

CONSTITUENT M Sf

119
120
121
122
124%

125
126
127
128*
130

143
144*
146
147

Days of series

148 178
149* 179
151 180
152 181*
153 183

154 184
156* 185
157 186
158 188*
159 189

160* 190
162 191
163 192*
164 194
165* 195

167 196
168 197*
169 199
170 200
172% 201

173 202
174 204*
175 205
176* 206

207
208*
210
211
212

213*
215
216
217
218

220*
221
222
223
224*

226
227
223
229
231%

232
233
234
236*

248*
249
250
251

252
253
254
256*
257

258
259
260
261
262

263*
265
266
267
268

269
270
271%
273

237
238
239
240*
242

243
244
245
247
248

249
250
252%
253
254

255
256*
253
259
260

261
263*
264
265

274
275
276
277
278

279
281*
282
283
284

285
286
287
289*
290

291
292
293
294
295

297*
298
299
300

266
268*
269
270
271

272%
274
275
276
277

279*
280
281
282
281*

285
286
287
288*
290

291
292
293
295*

301
302
303
304*
306

307
308
309
310
311

312*
314
315
316
317

318
319
320
322%
323

324
325
326
327

296
297
298
300*
301

302
303
304*
306
307

303
309
311*
312
313

314
316*
317
318
319

320*
322
323
324

328
330%
331
332
333

334
335
336
337*
339

340
341
342
343
344

345%
347
348
349
350

351
352
353
355%

325
327*
328
329
330

332%
333
334
335
336*

338
339
340
341
343*

344
345

348*
349

350
351
352%
354

356
357
358
359
360

361
363*
364
365
366

367
368
369

355
356
357
359*
360

361
362
364*
365
366

367
368*



wo- o

BENIES

~
Sweo

11.

HARMONIC ANALYSIS AND PREDICTION

OF TIDES

303

Table 34.— For summation of long-period constituents—Continued

Assignment of

Constituent division

Assignment of daily

Constituent division

daily sums foe

40* 67
41 68
42 69
43 71*
44 72

45 73
46* 74
48 75
-19 76
50 77*

51 79
52 80
53 81
54* 82

Days of
series

85- 99
100-114

115-129
130-145
146-160
161-175

83
84
85*
87
88

100
102*
103
104
105

106
107
108*
110

111
112
113
114
115

116*
118
119
120
121

122
123
125*
126
127

128
129
130
131
133*

134
135
136
137

sums foe

constituent Mm

138
139*
141
142
143

144
145
146
147*
149

150
151
152
153
154

156*
157
158
159
160

161
162
164*
165

Days of series

166
167
168
169
170*

172
173
174
175
176

177
178*
180
181
182

183
184
185
187*
188

189
190
191
192

193
195*
196
197
198

199
200
201*
203
204

205
206
207
208
209*

211
212
213
214
215

216
218*
219
220

221
222
223
224
226*

227
228
229
230
231

232*
234
235
236
237

238
239
240*
242
243

244
245
246
247

constituent Sa

249*
250
251
252
253

254
255
257*
258
259

260
261
262
263*
265

266
267
268
269
270

271*
273
274
275

Constituent division

276
277
278
280*
281

282
283
284
285
286

288*
289
290
291
292

293
294*
296
297
298

299
300
301
302*

304
305
306
307
308

309
311*
312
313
314

315
316
317
319*
320

321
322
323
324
325%

327
328
329
330

331
332
333*
335
336

337
338
339
340
342%

343
344
345
346
347

348
350*
351
352
353

354
355
356*
358

359
360
361
362
363

364"
366
367
368
369

Days of
series

176-190
191-205
206-221
222-236

237-251
252-266
267-282
283-297

298-312
313-327
328-342
343-358
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AND GEODETIC SURVEY

Table 35.— Products (a”=) for Form 444

Constituent 1.000

28.98
30.00
28.44

15.04
57.97
13.94

86.95
44.03
60.00
57.42

28. 51
90.00
27.97
27.90

16.14
29.46
15.00
14.50

15.59
0.54
0.08

0.04
1.02
1.10
13.47

13.40
29.96
30.04
12.85

14.96
31.02
43.48
29.53

42.93
30.08
115.94
58.98

2.000

Time meridian in hours= 34-15

3.000

86.95
90.00
85.32

45.12
173.90
41.83

260.86
132.08
180.00
172.27

85.54
270.00
83.90
83.69

48.42
88.37
45.00
43.49

46. 76
1.63
0.25

0.12
3.05
3.29
40.41

40.20
89.88
90.12
38. 56

44.88
93.05
130.43
88.59

128. 78

90. 25
347.81
176.95

Pr

4.000
oducts, in

115.94
120.00
113.76

60.16
231.87
55.77

347.81

176.10
240.00
229.70

114.05

0.00
111.87
111.58

64.56
117.82
60.00
57.99

62.34
2.18
0.33

0.16
4.06
4.39
53.89

53. 59
119.84
120.16
51.42

59. 84
124.06
173.90
118.11

171.71
120.33
103.75
235.94

5.000

degrees

144.92
150.00
142.20

75.21
289.84
69.72

74.76
220.13
300.00
287.12

142.56

90.00
139.84
139.48

80.70
147.28
75.00
72. 48

77.93
2.72
0.41

0.21
5.08
5.49
67.36

66.99
149.79
150. 21
64.27

74.80
155. 08
217. 38
147. 64

214.64
150.41
219.68
294.92

5.500

159.41
165.00
156.42

82.73
318.83
76.69

118.24
242.14
330.00
315.83

156.82
135.00
153.83
153.42

88.77
162.01
82.50
79.73

85.72
2.99
0.45

0.23
5.59
6.04
74.09

73.69
164. 77
165.23

70.70

82.27
170. 59
239.12
162.41

236.10
165.45
277.65
324.41

6.000

173.90
180.00
170.64

90.25
347.81
83.66

161.71
264.15

0. 00
344.54

171.08
180.00
167.81
167.37

96.83
176. 73
90.00
86.98

93.51
3.27
0.49

0.25
6.10
6.59
80. 83

80.39
179.75
180. 25
77.13

89.75
186.10
260. 86
177.17

257. 56
180.49
335.62
353.90

6.500

0.27

87.56

87.09
194.73
195.27

83.55

97.23
201.60
282. 60
191.94

279.03
195. 53
33.59
23.40
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Table 35.—Products ( a™~=1J for Form 444—Continued

Constituent

7.000

202.89
210.00
199.08

105.29
45.78
97.60

248.67
308.18
60.00
41.97

199.59
270.00
195.78
195. 27

112.97
206.19
105.00
101.48

109.10
3.81
0.57

0.29
7.11
7.69
94.30

93.79
209.71
210. 29

89.98

104. 71
217.11
304.33
206.70

300.49
210. 57
91.55
52.89

8.000

231.87
240.00
227.52

120.33
103.75
111.54

335.62
352.20
120.00

99.39

228.10

0.00
223.75
223.16

129.11
235.65
120.00
115.97

124.68
4.35
0.66

0.33
8.13
8.78
107.77

107.19
239.67
240.33
102.83

119.67
248.13
347.81
236.23

343.42
240. 66
207.49
111.87

Time meridian in hours= S-j-15

9.000

260.86
270.00
255.96

135.37
161.71
125.49

62.57
36.23
180.00
156.81

256.61

90.00
251.71
251.06

145.25
265.10
135.00
130.47

140. 27
4.90
0.74

0.37
9.14
9.88
121.24

120. 59
269.63
270.37
115.69

134.63
279.14

31.29
265.76

26.34
270.74
323.43
170.86

10.000

Products in

289.84
300.00
284.40

150.41
219.68
139.43

149.52

80. 25
240.00
214.24

285.13
180.00
279.68
278.95

161.39
294.56
150.00
144.97

155.85
5.44
0.82

0.41
10.16
10.98

134. 72

133.99
299. 59
300.41
128. 54

149.59
310.16
74. 76
295.28

69.27
300.82
79.36
229.84

10.500

degrees

304.33
315.00
298. 62

157.93
248.67
146.40

193.00
102 26
270.00
242.95

299.38
225.00
293.67
292.90

169.46
309. 28
157.50
152.22

163. 65
5.72
0.86

0.43
10.67
11.53

141.45

140.69
314.57
315. 43
134.97

157.07
325.67
96. 50
310.05

90. 73
315.86
137.33
259.33

11.000

318.83
330.00
312.84

165 45
277.65
153.37

236.48
124.28
300.00
271.66

313.64
270.00
307.65
306.85

177.53
324.01
165.00
159.46

171.44
5.99
0.90

0.45
11.17
12.08

148.19

147.39
329.55
330. 45
141.40

164.55
341.17
118. 24
324.81

112.20
330.90
195.30
288.83

11.500

333.32
345.00
327.06

172.97
306. 63
160.34

279.95
146.29
330.00
300.37

327.89
315.00
321.63
320.80

185.60
338.74
172.50
166.71

179.23
6. 26
0.94

0.47
11.68
12.63

154.92

154.08
344.53
345.47
147.82

172.03
356.68
139.98
339.58

133.66
345.94
253.27
318.32

305

12.000

347.81
341.28

180.49
335.62
167.32

323.43
168. 30

329:09

342.15

0.00
335.62
334.74

193.67
353.47
180.00
173.96

187.03
6.53
0.99

0.49
12.19
13.18

161.66

160.78
359.51

0.49
154. 25

179. 51
12.19
161.71
354.34

155.13

0.99
311.24
347.81
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Table 36.—Angle differences for Form 445

Feb. 1,0h, to Dec. 31 24h Jan. 1, 0h, to Dec. 31, 24h
c tit ¢ Jan. 1, Oh, to
onstituen Feb. 1
Common year Leap year Common year Leap year
o o] o o o (o] o] o o 0
M2 +324.2 -35.8 +136.6 -223.4 +112.2 -247.8 +100.8 -259.2 +76.4 -283.
S2 0 0 0 0 0 0 0 0 0 0
N2 +279 -81 +93 -267 +56 -304 +12 -348 +335 -25
+31 -329 +329 -31 +330 -30 0 0 +1 -359
+288 -72 +274 -86 +225 -135 +202 -158 +153 =207
+294 -66 +167 -193 +142 -218 +101 -259 +76 -284
+253 -107 +49 -311 +336 -24 +302 -58 +229 -131
+355 -5 +106 -254 +82 —278 +101 -259 +77 -283
0 0 0 0 0 0 0 0 0 0
+243 -117 +230 -130 +168 -192 +113 -247 +51 =309
+333 -27 +317 -43 +281 -79 +290 -70 +254 -106
0 0 0 0 0 0 0 0 0 0
+288 -72 +274 -86 +225 -135 +202 -158 +153 =207
+234 -126 +49 -311 +359 -1 +283 -77 +233 -127
+127 -233 +131 -229 +159 -201 +258 -102 +286 -74
+315 -45 +316 -44 +303 -57 +271 -89 +258 -102
0 0 0 0 0 0 0 0 0 0
+342 -18 +248 -112 +236 -124 +230 -130 +218 -142
+76 -284 +12 -348 +27 -333 +88 -272 +103 -257
+45 -315 +44 -316 +57 -303 +89 -271 +102 -258
+61 -299 +299 -61 +300 -60 0 0 1 -359
+31 -329 +329 -31 +330 -30 0 0 +1 -359
+36 -324 +223 -137 +248 -112 +259 -101 +284 -76
+97 -263 +162 -198 +188 -172 +259 -101 +285 -75
. +303 -57 +348 -12 +311 -49 +291 -69 +254 -106
+249 -111 +123 -237 +85 -275 +12 -348 +334 -26
+329 - 31 +31 -329 +30 -330 0 0 4-259 -1
+31 -329 +329 -31 +33(1 -30 0 0 + 1 -359
+204 -156 +80 -280 +28 -332 +284 -76 +232 -128
Pi _ +329 -31 +31 -329 +30 -330 0 0 +359 -1
(2SM)2__ +36 -324 +223 -137 +248 -112 +259 -101 +284 -76
Ms +306 -54 +25 -335 +348 -12 +331 -29 +294 -66
L2 . +9 -351 +180 -ISO +169 -191 +189 -171 +178 -182
(2MK)s +258 -102 +304 -56 +254 -106 +202 -158 +152 -208
K2====mm= mmmmme— +61 -299 +299 -61 +300 -60 0 0 +1 -359
Mg +217 -143 +186 -174 +89 =271 +43 -317 +306 -54

(M S)4 +324 -36 +137 -223 +112 -248 +101 -259 +76 -284
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Table 37.— U. S. Coast and Geodetic Survey tide-predicting machine No. 2

GENERAL GEARS AND CONNECTING SHAFTS

Face
Gears and Shafts or
diameter

Inches

0. 50

cocece
w

cococoeo
=

Number
of
teeth

40
120
120

60
120

180
60

240
60
60

120

366

72

110
110
110

Period
Pitch of
rotation

Dial
hours

4
12
12
12

24X366
24X366

Remarks

Hand crank shaft for operating machine.
Spur gear on shaft 1.

Spur-stud gear.

Spur gear on shaft 2.

Short horizontal shaft.

Revel gear on shaft 2.
Bevel gear on shaft 3.
Diagonal shaft connecting with middle section.
Bevel gear on shaft 3.
Bevel gear on shaft 4.

Short vertical shaft through de”k top.
Bevel gear on shaft 4.
Bevel gear on shaft 5.
Short horizontal shaft.
Bevel gear on shaft 5.

Bevel gear on shaft 6.

Main vertical shaft of dial case.
Releasable bevel gear on shaft 6.
Bevel gear on shaft 7.
Intermediate shaft to hour hand.

Bevel gear on shaft 7.

Bevel gear on shaft 8.
Hour-hand shaft.

Releasable bevel gear on shaft 6.
Bevel gear on shaft 9.

Intermediate shaft to minute hand.
Bevel gear on shaft 9.

Bevel gear on shaft 10.
Minute-hand shaft.

Releasable bevel gear on shaft 6.

Bevel gear on shaft 11.

Intermediate shaft to day dial.

Worm screw, 0.56 inch diameter, 18 threads to
inch on shaft 11.

Worm wheel, 6.47 inch diameter, on shaft 12.

Day dial shaft.

Spur gear at top of shaft 6.

Spur-stud gear.

Spur-stud gear connected with gear 25 by
ratchet wheel and pawl.

Spur gear at lower end of feeding roller.

Bevel gear on shaft 3.

Bevel gear on shaft 13.

M ain vertical shaft of middle section.
Spur gear on shaft 13.

Spur stud gear.

Spur stud gear on shaft 14.

Front vertical shaft of rear section.

Bevel gear on shaft 14.

Bevel gear on shaft 15.

M ain connecting horizontal shaft of rear sec-

tion.

Bevel gear on shaft 15,

Bevel gear on shaft 16.

Rear vertical shaft of rear section.
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Table 38.— U. S. Coast and Geodetic Survey tide-predicting machine No. 2

CONSTITUENT GEARS AND MAXIMUM AMPLITUDE SETTINGS

Teeth in gear wheels

Maximum

Constit- Thigzz:;cal Vertical Intermediate shafts Crank G;z: fj‘::led Error per ampl.itude

uents shafts shafts year settings

per hour hour of cranks

I 11 111 v
° ° 0 Units
15.5854433 107 90 52 119 15. 5854342 -0.08 1.4
15.0410686 61 73 51 85 15.0410959 + .24 11.0
30.0821372 122 80 96 146 30.0821918 -1- .48 3.9
29.5284788 104 61 56 97 29.5284773 - .01 2.4
14.4920521 103 85 59 148 14.4920509 - .01 1.0
28.9841042 103 74 59 85 28.9841017 -.02 20.0
43.4761563 86 62 70 67 43.4761675 +. 10 1.4
57.9682084 118 74 103 85 57.9682035 -.04 4.0
86.9523126 140 62 86 67 86.9523351 +.20 1.0
115.9364168 118 37 103 85 115.9364070 +.09 0.4
N2 28.4397296 65 46 53 79 28.4397358 +.05 6.0
2N 27.8953548 68 58 46 58 27.8953627 +.07 1.0
0, 13.9430356 92 89 58 129 13.9430363 +.01 9.0
00 16.1391016 134 131 71 135 16.1391009 -.01 0.8
Pi 14.9589314 91 3 50 125 14.9589041 -.24 4.8
13.3986609 84 88 51 109 13.3986656 +.04 3.0
12.8542862 127 114 50 130 12.8542510 -.31 0.6
K2 30. 0410667 85 50 43 73 30.0410959 +.24 0.4
Si 15.0000000 63 75 50 84 15.0000000 .00 2.0
S2 30.0000000 70 70 70 70 30.0000000 .00 9.8
60.0000000 75 45 60 50 60.0000000 .00 1.0
90.0000000 90 48 80 50 90.0000000 .00 0.4
29.9589333 81 50 45 73 29.9589041 -.24 1.0
29.4556254 131 65 57 117 29.4556213 -.04 0.4
27.9682084 125 82 74 121 27.9681516 -.50 1.2
28.5125830 89 69 70 95 28.5125858 +.02 2.0
13.4715144 69 70 41 90 13.4714286 -.75 0.8
44.0251728 120 81 105 106 44. 0251572 -.14 1.9
42.9271398 81 52 79 86 42.9271020 -.33 1.4
57.4238338 135 42 53 89 57.4237560 -.68 0.7
58.9841042 118 61 62 61 58.9841440 -.35 2.0
31.0158958 69 47 50 71 31.0158825 -.12 1.4
1.0980330 84 45 1 51 1.0980392 +.05 4.0
1.0158958 149 80 1 55 1.0159091 +.12 2.0
0. 5443747 93 41 1 125 0.5443902 +.14 3.0
f 149 1

0.0410686 51 125 60 120 3} 0.0410738 +.05 8.0
0.0821372 51 149 1 125 0.0821477 +.09 3.0

>Designed for one-half of speed of M i.
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Table 39.—Synodic periods of constituents

DIURNA!. CONSTITUENTS

Ji K! Mi Oi 0o Pi Q[ 2Q Si
Days. Days. Days. Days. Days. Days. Days. Days. Days.
Ki. 27. 555
Mi 13. 777 27.555
o0, . ... 9.133 13.661 27. 555
oco. . 27.093 13. 661 9.133 6. 830
Pi 23.942 182.621 32.451 14.765 12.710
Qi 6.859 9.133 13.661 27. 555 5.474 9. 614
2Q.. .. 5.492 6.859 9.133 13. 777 4.566 7.127 27. 555
Si... 25. 622 365.243 29.803 14.192 13.168 365.243 9.367 6.991
7.096 9.557 14.632 31.812 5.623 10.085 205.892 24.302 9.814

SEMIDIURNAL CONSTITUENTS

K2 L2 M2 N2 2N R2 S2 T2 x2 M vi

Days. Days. Days. Days. Days. Days. Days. Days. Days. Days. Days.
Lu 27.093
M2 13. 661 27. 555

N2 9.133 13.777  27.555
2N.._. 6.859 9.185 13.777 27. 555
R2 . 365.225 29.263 14.192 9.367 6.991
S2 182.621 31.812  14.765 9.614 7.127  365. 259
T2 _. 121.748 34.847 15.387 9.874 7.269 182.630 365.259
X2— . 23.942 205.892 31.812 14.765 9.614 25.622 27.555  29.803
7.096 9.614  14.765 31.812 205.892 7.236 7.383 7.535 10.085
Vi e 9. 557 14.765 31.812 205.892 24.302 9.814 10.085 10.371 15.906 27.555
2SM ... 16.064 10.085 7.383 5.823 4.807 15.387 14.765 14.192 9.614 4.922 5.992

Table 40.—Day of the common year corresponding to day of month

[For leap year increase all numbers after February 29 by 1day]

Day of month. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
1 1 32 60 91 121 152 182 213 244 274 305 335
2 2 33 61 92 122 153 183 214 245 275 306 336
3 3 34 62 93 123 154 184 215 246 276 307 337
4 4 35 63 94 124 155 185 216 247 277 308 338
5 5 36 64 95 125 156 186 217 248 278 309 339
6 6 37 65 96 126 157 187 218 249 279 310 340
7 7 38 66 97 127 158 188 219 250 280 311 341
8 8 39 67 98 128 159 189 220 251 281 312 342
9 9 40 68 99 129 160 190 221 252 282 313 343
10 10 41 69 100 130 161 191 222 253 283 314 344
11 . 1 42 70 101 131 162 192 223 254 284 315 345
12 12 43 7N 102 132 163 193 224 255 285 316 346
13 13 4 N2 103 133 164 194 225 256 286 317 347
14 14 45 73 104 134 165 195 226 257 287 318 348
15 15, 46 74 105 135 166 196 227 258 288 319 349
16 16 47 75 106 136 167 197 228 259 289 320 350
17 48 76 107 137 168 198 229 260 290 321 351
18 49 11 108 138 169 199 230 261 291 322 352
19 50 78 109 139 170 200 231 262 292 323 353
20 51 79 110 140 171 201 232 263 293 324 354
21 52 80 1 141 172 202 233 2064 294 325 355
. 22 53 81 12 142 173 203 234 265 295 326 356
23 23 54 82 113 143 174 204 235 266 296 327 357
24 24 55 83 114 144 175 205 236 267 297 328 358
25 25 56 84 115 145 176 206 237 208 298 329 359
26 26 57 85 116 146 177 207 238 269 299 330 360
27 27 58 86 17 147 178 208 239 270 300 331 301
28 . 28 59 87 18 148 179 209 240 271 301 332 362
29 29 88 119 149 180 210 241 272 302 333 363
o 30 89 120 150 181 211 242 273 303 334 364

31 31 92 151 212 243 304 365
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Table 41.— Values of h in formula h=(2 + r2+ 2r eos x)i

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0 1.000 1.100 1.200 1.300 1.400 1. 500
10 1.000 1.099 1.197 1.296 1.396 1. 495
20 1.000 1.095 1.190 1.286 1.383 1. 480

.600 1.700 1.800 1.900 2.000 360
594 1.694 1.793 1.893 1.992 350
577 1. 675 1.773 1.871 1.970 340

30 1.000 1.088 1.177 1.269 1.361 1. 455
40 1.000 1.079 1. 160 1.245 1.331 1.420
50 1.000 1.067 1.139 1.215 1.294 1.376

—_

549 1.644 1. 739 1.835 1.932 330
510 1.601 1.693 1.786 1.879 320
. 460 1.546 1.634 1.723 1.813 310

—_-—

60 1.000 1.054 1.114 1.179 1.249 1.323
70 1.000 1.038 1.085 1.138 1.197 1.262
80 1.000 1.022 1.053 1.093 1.140 1.193

—

400 1.480 1. 562 1.646 1.732 300
.331 1.403 1.479 1. 557 1. 638 290
252 1.316 1.385 1.457 1.532 280

90 1.000 1.005 1.020 1.044 1.077 1. US 1.166 1.221 1. 281 1.345 1.414 270
100 1.000 0.988 0. 985 0. 993 1.010 1.037 1.073 1.117 1.167 1.224 1.286 260
110 1.000 0.970 0. 950 0.941 0.941 0.953 0.974 1.006 1.045 1.093 1.147 250

120 1.000 0.951 0.917 0.889 0. 872 0.866 0. S72 0.889 0.917 0.954 1.000 240
130 1.000 0.939 0.885 0.839 0. 804 0. 779 0.767 0. 768 0. 782 0. 808 0.845 230
140 1.000 0.920 0. 856 0. 794 0.740 0.696 0.664 0. 646 0.644 0. 657 0.684 220
150 1.000 0.915 0. 833 0.755 0. 684 0. 620 0.566 0. 527 0.504 0.501 0. 518 210
160 1.000 0.907 0.815 0.725 0. 639 0. 557 0. 482 0.418 0.369 0.344 0. 347 200
170 1.000 0.902 0.804 0. 706 0.610 0.515 0.422 0.334 0.254 0. 193 0. 174 190

180 1.000 0.900 0.800 0. 700 0.600 0. 500 0.400 0.300 0.200 0.100 0.000 180

Table 42.— Values of k in formula k=tan~]§1——,—f—;e—b—§;—)(

[When X is between ISO0 and 360°, tabular values are negative]

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 o.s 0.9 1.0

o 0 o o 0 o 0 o o o o

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 360
10 0.00 0.90 1.06 2.30 2.85 3.33 3.75 4.12 4.45 4.73 5.00 350
20 0.00 1.78 3.30 4.58 5. 68 6.63 7. 47 22 8.88 9. 47 10.00 340
30 0.00 2. 63 4. 87 6.78 8.45 9.90 11.17 12.30 13.30 14. 20 15.00 330
40 0.00 3.42 6.36 8.92 11.13 13.08 14.80 16.32 17.08 18.90 20. 00 320
50 0.00 4.12 7.73 10.90 13. 70 16. 17 18.35 20. 30 22.03 23.60 25.00 310
60 0.00 8.95 12. 73 16.10 19.10 21.78 24.18 26. 33 28.27 .00 300

4.72 30
70 0.00 5.20 9.98 14.33 18. 30 21.87 25.07 27.95 30. 55 32.88 35.00 290
5.53 10. 78 15. 68 20.22 24.37 28.15 31.58 34. 07 37.47 10.00 280

90 0.00 5.71 11.31 16. 70 21.80 26. 57 30.96 34.99 38.66 41.99 45.00 270
100 0.00 5.72 11. 53 17.32 22.95 28.33 33.42 38.12 42.45 46.42 50. 00 260
110 0.00 5.55 11.41 17. 43 23.53 29.55 35.35 40.85 45.98 50.70 55. 00 250

120 0.00 5.22 10. 89 17.00 23.42 30.00 36.58 43.00 49.10 54.78 60.00 240
130 0.00 4.68 9.97 15.90 22. 42 29.45 36. 80 44. 27 51.60 58. 57 65.00 230
140 0.00 3.98 8. 63 14.05 20. 33 27.52 35.52 44.13 53.02 61.77 70.00 220

150 0.00 3.13 1.45 17. 02 23.80 31.98 41.63 52.48 63.83 75.00 210
160 0.00 2.17 4.81 8.13 12.37 17.88 25.20 34.98 47.82 63.38 80.00 200
170 0.00 1.10 4.23 6.53 9.70 14.28 21.37 33.22 53.98 85.00 190

180 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00 0.00 0.00 1SO



EXPLANATION OF SYMBOLS USED IN THIS BOOK

Although the following list is fairly comprehensive, some of the
symbols given may at times be used in the text to represent other
quantities not listed below, but such application will be made clear
by the context.

A

(1) General symbol for a tidal constituent or its amplitude. It is some-
times written with a subscript to indicate the species of the constituent
(par. 52).

(2) General symbol with an identifying subscript for a constituent term
in the development of the lunar tide-producing force (par. 66).

(3) The particular tidal constituent being cleared by the elimination
process (par. 245).

(4) Azimuth of tide-producing body reckoned from the south through
the west (par. 80).

(5) Azimuth of horizontal component of force in any given direction
(par. 85).

(1) Speed or rate of change in argument of constituent A4.

(2) Mean radius of earth.

(1) Tidal constituent following constituent A in a series.

(2) General symbol with an identifying subscript for a constituent term
in the development of the solar tidé-producing force (par. 117).

(3) General symbol for disturbing constituents in elimination process
(par. 245).

Speed or rate of change in argument of constituent B.

(1) Mean constituent coefficient (par. 74).

(2) General symbol for coefficients of cosine terms in Fourier series (par.

87).

Reciprocal of mean value of I/d

Reciprocal of mean value of 1/d].

Declination of moon or sun.

Distance from center of earth to center of moon.

Distance from center of earth to center of sun.

(1) Mass of earth.

(2) Argument of tidal constituent (same as F+u).

Eccentricity of moon’s orbit.

Eccentricity of earth’s orbit.

Reduction factor, reciprocal of node factor f (par. 78).

Horizontal component of tide-producing force in azimuth 4. When
numerals are annexed, the first digit (3 or 4) signifies the power of the
parallax of the moon or sun involved in the development and the second
digit (0, 1, 2, or 3) indicates the species of the terms included in the
group. Thus Fa¥)represents that part of the horizontal component in
azimuth 4 that comprises the long-period terms depending upon the
cube of the parallax.

South horizontal component of tide-producing force. (See Fa for explana-
tion of annexed numerals.)

Vertical component of tide-producing force. (See Fa for explanation of
annexed numerals.)

West horizontal component of tide-producing force. (See Fafor explana-
tion of annexed numerals.)

Node factor (par. 77).

(1) Greenwich epoch or phase lag of a tidal constituent (par. 226).

(2) Gear ratio of predicting machine (par. 396).

(1) Mean acceleration of gravity on earth's surface.

(2) Modified epoch of tidal constituent, same as k' (par. 225).

Mean amplitude of a tidal constituent (par. 143).

311
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HO Mean water level above datum used for tabulation.
h (1) Mean longitude of sun; also rate of change in same.
(2) Height of tide at any time.
hz Height of equilibrium tide involving cube of moon’s parallax. A second

digit in the subscript limits the height to that due to terms of the single
species indicated by this digit (pars. 97 and 101).

hi Height of equilibrium tide involving 4th power of moon's parallax. A sec-
ond digit in the subscript has the same significance as in the case of /z

I Obliquity of lunar orbit with respect to earth’s equator.

i Inclination of lunar orbit to the ecliptic.

Ji Tidal constituent.

J Longitude of moon in its orbit reckoned from lunar intersection.

Kb K2Tidal constituents.
Iv]J2 KP-, KQi Tidal constituents.

k Difference between mean and truelongitude of moon (par. 59).

L Longitude of place; positive for westlongitude, negative for east longitude.
L2, LP1 Tidal constituents.

M Mass of moon.

Mj, M2, M?, Mi, M6 Mg Tidal constituents.

Mf Tidal constituent.

MK3 2MK;l, MEB Tidal constituents.

Mm Tidal constituent.

MN4 2MN&@ MNSo Tidal constituents.

MP] Tidal constituent.

2MS2, MS4 2MSe, 3MSs, 2(MS)s Tidal constituents.

MSf Tidal constituent.

MSNe, 2MSNg Tidal constituents.

m Patio of mean motion of sun to that of moon (par. 62).
N Longitude of moon’s node; also rate of change in same.
N2 2N2 NJ] Tidal constituents.

Oi, 00] Tidal constituents.

P Mean longitude of lunar perigee reckoned from lunar intersection (par. 122).
Pi Tidal constituent.
P (1) Mean longitude of lunar perigee; also rate of change in same.

(2) Numeral indicating species of constituent, frequently written as the
subscript of the constituent symbol. In special case used with long-
period constituents to show number of periods in month or year.

Pi Mean longitude of solar perigee; also rate of change in same.

(0] Term in argument of constituent Mj (par. 123).

Q& Factor in amplitude of constituent Mj (par. 122).

Qu  Term in argument of constituent Mi (par. 122).

Qi, 2Q! Tidal constituents.

R (1) Amplitude of constituent pertaining to a particular time (par. 143).
(2) Term in argument of constituent L2 (par. 129).

Ra  Factor in amplitude of constituent L2 (par. 129).

R2 RPJ Tidal constituents.

r Distance of any point from center of earth.

S (1) Mass of sun.
(2) Longitude of time meridian; positive for west longitude, negative for

east longitude.

(3) General symbol for coefficients of sine terms in Fourier series (par. 187).
(4) Working scale factor of predicting machine.

S’ Solar factor Ui/U (par. 118).

Si, S-, Ss, S4 SB, Sg Tidal constituents.
Sa Tidal constituent.

SK3 Tidal constituent.

2SM6 Tidal constituent.
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SOi, SOs Tidal constituents.
Ssa Tidal constituent.

s Mean longitude of moon: also rate of change in same.
s’ True longitude of moon in orbit referred to equinox (par. 59).
T (1) Number of Julian centuries reckoned from Greenwich mean noon,

December 31, 1899.

(2) Hour angle of mean sun.

(3) Time expressed in degrees of constituent reckoned from phase zero of
Greenwich argument (par. 439).

T2 Tidal constituent.

t (1) Hour angle of tide-producing body.
(2) Time reckoned from beginning of tidal series.

U Basic factor (M/E) (a/c)3.

Ui 'Factor (S/E) (a/c\)z.

xi Part of constituent argument depending upon variations in obliquity of
lunar orbit (par. 71).

14 (1) Principal portion of constituent argument (par. 71).

(2) Velocity of current (par. 330).
(F+w) Constituent argument at any time.
(F,,+M) Constituent argument at beginning of a tidal series.

Ve Potential due to gravity at earth’s surface (par. 96).

V3 Tide-producing potential involving cube of moon’s parallax (par. 94).

Vi Tide-producing potential involving 4th power of moon’s parallax (par. 94.)

X Longitude of observer reckoned in celestial equator from lunar inter-
section.

Y Latitude of observer. When combined with a subscript consisting of a

letter and numerals, it represents the latitude factor to be used with
the tidal force component similarly marked (par. 79).

z Geocentric zenith distance of tide-producing body.
a (Alpha)  General symbol for the initial phase of tidal constituent 4.
f3 (Beta) Initial phase of constituent B.

y (Gamma) Initial phase of constituent C

0 (Delta) Initial phase of constituent D.

e (Epsilon) Initial phase of constituent E.

? (Zeta) The explement of the initial phase of a constituent (par. 221).
di (Theta) Tidal constituent, same as AOL

K (Kappa) Local phase lag or epoch of tidal constituent (par. 144).

K’ Modified epoch of tidal constituent (par. 225).
(Lambda) Tidal constituent.
n (Ma) Attraction of gravitation between unit masses at unit distance.
M Tidal constituent, same as 2MS2
V (Nu) Right ascension of lunar intersection (par. 24).
v’ 'Term in argument of lunisolar constituent Ki (par. 133).
2v" Term in argument of lunisolar constituent K2 (par. 135).
V2 Tidal constituent.
€ (Xi) Longitude in moon’s orbit of lunar intersection (par. 24).
n (PI) An angle of 3.14159 radians or 180°.
*] Tidal constituent, same as TKj.
Pi (Rho) Tidal constituent, same as vKi.
ai (Sigma) Tidal constituent, same as vJi.
T (Tau) Length of series in mean solar hours (par. 248).
pi (Phi) Tidal constituent, same as KP"
xi (Chi) Tidal constituent, same as LPi.
ti (Pst) Tidal constituent, same as RPi.
a (Omega)  Obliquity of ecliptic.
T Vernal equinox.

ft Moon’s ascending node.
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Argument. (See Equilibrium argu-
ment.)

Astres fictifs 23
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Astronomical day 3
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Astronomical tide 30
Augmenting factors 71, 91, 157, 228

B
Basic factor 24
C
Calendars 4
Civil day 3
Coefficients 24
Component. (See Constituent
tides.)
Component of force, horizontal 26
Component of force, vertical 15
Compound tides i 47, 167
Constituent day 3
Constituent hour 4
Constituent tides 2, 16, 87
Formulas 21, 35, 39
Tables B 153,164,167
Currents, analysis 118
Currents, prediction 147
D
Darwin, G. H ---------memmemeee- 1
Datum for prediction 124, 144
Day, several kinds 3
Day of year, table 309
Declinational factor 17
Degree of approximation 8
Development of tide-producing
force 10
Diurnal constituents 16
E
Eccentricity of orbit 4

Eclipse year
Elimination
Elliptic factor
Epoch of constituent

Equations of moon’s motion

4
84,116, 158, 236
24

49, 75
19

Page
Equilibrium argument 22,
50, 75, 108, 124, 157, 204

Equilibrium theory 28
Equilibrium tide 28, 38
Equinox 6
Eudoxas 1
Evection 4
Explanation of tables 153
Explanation of tidal movement 2
Extreme equilibrium tide 33
Extreme tide-producing force 13
Factor F. (See Reduction factor.)
Factor f. (See Node factor.)
Ferrel, William 1,127
Forms for analysis of tides 104
Forms for predicting machine 143
Fourier series 62
Fourth power of moon’s parallax-_ 34
Fundamental astronomical data__ 153,
162
Fundamental formulas 10
G
General coefficient 24

General explanation, tidal move-
ment 2
Gravitational tide 30
Greatest equilibrium tide
Greatest tide-producing force 13

Greenwich argument 76
Greenwich epoch 77
Gregorian calendar 4
H

Harmonic analysis--------------- 3,49, 112
Harmonic constants--------------—- 3, 49, 143
Harmonic prediction 3,123
Harris, Rollin A 1
High and low water analysis 100
Historical statem ent----------m-ememmmuev 1

Horizontal component, tide-pro-
ducing force , 37
Hour, several kinds 4
Hourly heights 104
Hydraulic current 148
Hydrographic datum -------------=-=---- 144

I

Inclination of moon’s orbit-----------
155, 173
Inference of constants 78, 114
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J Page
Page Predicting machine. (See Tide-
Julian calendar 4 predicting machine.)
Prediction of tidal currents 147
K Prediction of tides 123
Ki and K2tides 44 Principal lunar constituents 21
Kelvin, Lord 1, 126 Principal solar constituents 39
L R
Laplace 1 .
Latitude ¢ Record of observations 50
Latitude factors 17, 24, 154, 168 Reduction factor 25, 111, 156, 186
Length of series 51
Lesser lunar constituents 35 S
Lesser solar constituents 40 ;

. . Secondary stencils 57, 159, 299
Iizsnseirtltll(;i:-producmg force 34, 42 Semidiurnal constituents 16
Longitude lunar andsolar ele- Settings for tide-predicting ma-

ments ’ 162. 170 chine ) 145, 306
Long-period constituents 16. 87, 302 Shallow-water constituents 46, 167
L2tide 43,156,177, 192 $hOY: b P >3
%Egz; gzgstltuentsiﬂ, 32 Sidereal hour, month, year 4
Lunar hour 4 gg}:; tqaacytor 4(3)
Lunar intersection 6 Solar hour 4
Iiungr ?Od‘?d 6’4§ Solar tides 39

unisolar tides South component, tide-producing
M force 26, 37
Species of constituent 16
Mean constituent coefficient 24 Speed of constituent 3,23
Mean longitude 7 Stationary wave 2
Meteorological tides 46 Stencﬂ sums 107
Month, several kinds 4 Stencils__~ 53,106, 158, 268
Monthly sea-level analysis 98, 114 Summarized formulas:
Moon’s motion, equations------------ 19 Eqmllbr}“m tlde,‘ 33
Moon’s node 6. 8 Lesser tide-producing force 36
Moon’s parallax, 4th power 34 Prinoipal tide-producing force. 26
M rtide 41, 156, 179, 192 Summation for analysis 52
Surface of equilibrium 30, 32
N Symbols used in book 311
Node, lunar 6, 8 Synodical month 4
Node factor 25 Svnodic periods of constituents 161,
Compound tides 47 309
Constituent Ki 45 T
Constituent K2 46 Tables ; 162
Constituent L2---------m-mmemmeemme 44 Explanation_ 153
Constituent Mi 43 Terdiurnal constituents------------—---- 34
Lesser tide-producing force 36 Lhomson, Sir William 1, 126
Predictions 124 Tidal currents 118, 147
Table 199 Tidal movement 2
Nodical month 4 Tide-predicting machine 126
Adjustments 139
0 Automatic stopping device 135
iqui Base 127
Obliuity of eclip Te %6 Consiituent cranks——— 130
Obliquity of moon’s orbit 6 Constituent dials 131
Observational data. 50 Constituent pulleys 132
Overtides 47 Constituent sliding frames 131
Datum of heights 141
P Day dial 128
Dial hour 128
Period of consiituent 3 Dimensions--------=-=-==mmmmmmmemmem 127
Periods, astronomical 163 Doubling gears 132
Phase lag 49, 75 Forms used 143
Phase of constituent 2 Gear speeds--—---------m-mmmemeemee 129
Poor, Charles Lane 1 Gearing 128,160,307
Potential ; 30 Graph scale 137




INDEX 317
Tide-predicting machine—Con.  Pase Tide-predicting machine—Con. p
Height formula-----------m-mmeemmv Summation wheels 133
Height predictions- Tide curve D 136
Height scale---------------——- Time dials 128
Height side Time formula 126, 132
High and low water marking Time prediction 135
device 139 Time side 128
Hour marking device------—----—--- 139 Verification of settings 142
Marigram gears 137, 141 Tide-producing force__ 10
Marigram scale-------m--mmnmmmmmmn- 137 Tide-producing potential 31
Nonreversing ratchet 136 Tropical month, year 4
Operation of machine------------ 142
Paper 136, 142 \
Pens 138, 142 .. . .
Plane of reference 14] Variation inequality 4
Positive and negative direc- Vernal equinox - 6
tions 131 Vertical component, tide-produc-
Predicting 142  ing force 15, 34
Releasable gears 130 W
Scale, amplitude settings. 132, 140
Scale, height dial 134, 141 el ;
Scale, marigram 137 W;:s;cecomponent, tide producm%6 37
Scale, table 138 ’
Scale, working 135 Y
Setting machine 140
Stopping device 135 Year, several kinds 4
Summation chains 133 Young, Thomas 1
0

*U. S. GOVERNMENT PRINTING OFFICE :

1971 O - 446-906












