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PREFACE. 

This volume was designed, rhnarilv, as n working manual for the 
tidal colnpoters of the U. S. &nrt and Geodetic Survey, and the aim 
has boon to produce a convenient work of reference on tho subject 
of the htinnonic analysis and prediction of the tides. 

It is based largely upon thc works of Sir Willinm Thornson, Prof. 
Geor c? I-I. Ilanvin, and Dr. l<ollin 'A. Harris. The tidal com onents g: 5 schc uled in t,his volume nrc those tvliicll have been in genera use in 
the harmonic prediction of tlic tides for many years, nnd they are 
sometimes cnlled the Dalvinian ,components. It rnny bo addod that 
Dr. A. T. Doodson, of tho Ticia1 Inst.ltute, ITniversity of Liver ool, 

P R a recent tlcvclo ~ n e n t  of the tide-pro'ducing force by n. metho differ- 
ing somewhat corn thrtt usctl by Professor llnrwin, hcls obtained e 
new schedulc of components 1vhic.11 includc sonla clemcnts which were 
not contuincd in thc I)nr-~vinitm schodulc. ~llthough the additional 
componcnts tlro ,nenel*nlly of s r~ in l l  t1icoret:icnl mngnitudo, i t  is possible 
that some may bc fount1 by further invcstigntion to bc of sufficient 
importuncc to bo t,nlcen into account in tho analysis tmd prediction 
of the tides. 

Thc volumc includcs a collcction of tnhles used in the llnalysis and 
reciiction of the tides, th(?sc? tnbles hcing PI-o tvcd with the aim of r !acilitotinp the work of tho computer. At t le ond of the volume 

there is glvcn n tnhlc of thc principal tidal hnrrnonic constants for 
man stations throughout t.lie world, thus providing the data required 
for t 7 lo harmonic prcdictjon of the tides a t  thcso st,ations. A table- 
of this kind is, of course, subject to growth and rorision, and i t  is 
ho ed that the present cornpiintion may servo as a basis for future 
pu ! lications in which the entiro maritime world is lnore comprohen- 
sivoly rcprc!scnt.c!d. 
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HARMONIC ANALYSIS AND PREDICTION OF TIDES. 

Part I.-DESCRIPTION. 
INTRODUCTION. 

1. HISTORICAL STATEMENT. 

Sir William Thomson (Lord Kelvin) devised the method of 
reduction of tides h harmonic anal sis about the year 1867. The 
principle upon whicE the system is Jased-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 havo boen discovered 

?ppointed a committee for the purpose of promoting tho .extension, 
mprovoment, and harmonic anal sis of tidal observations. The 
re ort on the sub'ect was reparod y Sir William Thomson and was 5 r, 
pu lished in the beport or the British Associntion for tho Advnnce- 
ment of Science in 1868. Supplementary re efts were made from $ time to time b the tidal committeo and pu lishcd in subsoquent 
reports of the 8ri;ritish association. A few years later a comm~ttee, 
consisting of Profs. G .  H. Darwin and J. C, Adams, drew up a very 
full report on the subjoct, which was published in tho lleport of the 
British Association for the Advancemont of Science in 1883. 

mathematicians who have had an im ortant 
of this subjoct ma be named Prof, hlliam 
Bnrris, both of w 1 om 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 anal sis by tho same author a peared from tirne to 
time in the annua p reports of the Superinten ! ent of the Coast and 
Geodetic Survey. The best known work of Doctor Harris is his 
Manual of Tides, which was published in several arts as appendices 
to the annual ro orts of the Superintendent of t h o Coast and Geo- 
detic Survey. 'fho subject of the harmonic analysis was treated 
principally in Part I1 of tho Manual which appeared in 1897. 

1 Nautlcel Bclence, p. 270, by Charles Lane Poor. , 
1 



2 U. S. COAST AND GEODETIC SURVEY. 

2. GENERAL EXPLANATION. 

A simple harmonic function is a quantit that varies as the cosine 
of an angle that  increrrses uniformily wi t i  time. I n  the equation 
y =  A cos ut, y is an harmonic function of the angle at, in which a 
1s a constnnt and t represents time as measured from any initial 
epoch. 

Harmonic analysis as applied to the tides is a process by which 
the actual observed tide a t  any place is separated into a number of 
partial or constituent tides of which it is composed, the rise and fall 
of each partial tide being a simple harmonic function of time. 

Harmonic prediction of the tides consists in reunitin 
tides in accordance with the relations which will prevai a t  the time 
for which the predictions are to be made. 

f the 

The partial tides are called components and are usual1 repre- 
sented by letters either with or without subscripts, as M,, K,, &m, and 
Sa. Theoretical1 , the tides consist of innumerable com onents of 
various ma nitu es, but  only a com aratively few are o sufficient k 2' R P 
size to be o practical im ortancc in t e prediction of the tides. The 
predicting machine usexby  the Coast and Geodetic Survey is de- 
signed to take uccount of a maximum of 37'components. 

Each component represents an elementary periodic cause produc- 
ing or affecting the tide. The principal component, designated as 
M,, represents the mean effect of the moon. Another component 
S,, represents the mean efl'ect of the sun. Other com onents talc& 
account of the various inequalities in the motions of t k' e moon and 
the sun, such ns chnnges in parnllax and declination, and also inequnli- 
ties resultin from shullow water and seasonal meteorological changes. 

The amp f itude of a component, commonly designated by the 
letter H, is the semirange between the maximum and minlmum 
heights of the tide due to that componcnt. The amplitudo of any 
component vuries with the locality, but for any particular place i t  ~s. 
practically constant for dl time. 

The epoch of a component, commonly designated by the Greek 
letter kap a ( K ) ,  is an angle whose value depends upon the interval 
between t 1 e time of the maximum of the com onent as d e t e ~ m k e d  
theoretically from the e uilibrium theory an the actual tlme as 9 S 
determined from the ana ysis of the observations. The o och of 
component varies with the 1oc.ality but, like the amplitu el is con- 
stant for any particular place. 

B 
The harmonic constants are the numerical values of tho amplitudes 

and epochs of the corn onents for any place. The determination of 
these constants from t % e records of tidal observations is the purpose 
of the harmonic anal sis. 

The rise and fall o f the tide may be graphically represented by a 
curve, with the ordinates re resenting the hei h t  of tho tide and the 
abscissas the time. The ti f a1 record as trace 8 by an automlatic tide 
gau e is such a curve. The general equation of this curve, giving % the eight of tho tide as a function of time, is usually written Ih t h ~  
form 

y - E o + A ~ ~ ~ ( a t + ~ ) + ~ ~ ~ ~ ( b t f ~ ) + C ~ ~ ~ ( c t $ ~ ) + ~ t ~ .  (1) 
in which y is the hei h t  of the tido a t  any time t, H, is a constant 
depending upon the &turn from which the heights are reckoned, and  
each kosine term represents the height of a component tide. 
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A single com orient tide reforred to its mean level as the datum is 
expressed by t H e equation 

y, = A cos (at -t a) a (2) 

in which y,, the hoight of tho component tide, is a function of t, the 
time reckoned from some initial epoch. 

The coefficient A is the amplitude or somirange of the component. 
The angle at -/-a changes a t  the rate of a units of angle por unit 
of time, and this rate of chnngo is called the speed of the component. 
The period of the component is the time required for the angle 

360" 
at + a to go through a cycle of 360" and is thbrefore equal to 7 
when n is expressed in degrees. The phase of the componellt at  
any time t is the value of tho angle &+a, with multiples of 300" 
rejected, or it may be defined as the angular chan e in the component 
since the time of the preceding maximum or hig ! water of the com- 
ponent. The initial phnso is the phase at  tho instnnt from which 
the time is reckoned; that is, when t = 0, and is equal to a in the 
abovo angle. 

A comp6nen6 tide is also exprossed i n  the  following Terms : 

y,= ~ R c o s - [ ( ~ + u ' ) - K ]  '" - 
(4) 

Y, =-f?i' cos [at+ (V,-t-u) - K ]  
- - ( 5 )  

In an analysis theoretidly perfect tho coefficient A of formula (2) 
must bo an absoluto constant; but in prhtice it hus beon found 
convenient, in order tlo take account of the oflects due to the chnnges 
in the longitude of tho moon's node, to consider this coefficient as 
subject to certain varintions. These ,varintions uro, however, so 
slow that for a snries of observ&.tions not exceeding a year in length 
tho coefficient may bo treated as a constant, but factors are applied 
for reducin the results from different years to a mean value. 

The coe 8 cient R of formula. (3) repwsents the unmodified ampli- 
tude applying to a particulw series. The m e w  valua of the am li- 
tude for all years ia represented by the H of formulas (4) snd &). 
The f is a factor, usuully near unity, which givos the thooretical rola- 
tion between the observed amplitude from an series of observations 
and the mean amplitude, this relation depcnd;ng upon the longitude 
of the moon's node. 

The angle c of formula (3) is the equivalent of -a of formula (2). 
Tho angle ( V + u) of formula (4) is the theoretical phase,of the com- 
ponent for any time t as derived from the e uilibrium theory, and 
the epoch K 1s the difFerenoe between the t 5 eoretical and actual 
phase as determined from the tidal observations. The complete 
an le ( V+u)  - K is the equivalent of the angle cr in formula (2). 

!he angle (V,  + u) of formula (6) is the value of the angle ( V +  3 
When t equals eero. The change in (V+u) being the s eed of the 
oomponent its valu8 )a t  any tlme t is equal to at,+ ( f b -1-4, and 
formula (5) is thereforo e ulvalent to fomda (4): , The d u e s  lof 
the mean amplitude H an 1 the epoch ti dfl%he above formulas are 
the  hahbonih constants which are to be determined by the canalpie. 
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Figure 1 is a graphic re resentation of a co.mponent tide and illus- P trates certain relations o quantities given In the above formulas. 
I n  this figure the full horizontal line represents the mean level of the 
corn onent, and distances along this line correspond to time as meas- 
ure 2 by an angle which increases uniformly with tlme. The height 
of the tide at  any time is represented b an ordinate to the curve 
per endiculnr to the mean level Line. ~ i e  height of the maximum 
or g g h  water of the component is the coefieient fH of the formulas. 

The point M in the figure indicates the instant of time at which 
high water would occur In upcorrected equilib- 
rium theory. The epoch K is the an expression for the interval 
between the time of the theoretical water and the actual high 
water of the component as observations. The in- 
terval between two consecutive high waters is the period of the com- 
ponent and is represented b the angular cycle of 360'. Tho interval 
measured backward from b; to the preceding high water may there- 
fore be expressed by 360" - K or - K. 

Fro. 1. 
I 

Let the vertical line throu h the oint T indicate any instant of 
time t under consideration. '!on t t' e interval between M and this 
instant will correspond to the angle ( V+ u) of formula (4). If this 
instant represents the initial epoch from which the time is to b e  
reckoned, the (V+ u) becomes ( Vo + u) of formula ( 5 ) ,  and the in- 
terval from T to the time of the following hi h water becomes the 

preceding high water is the a of formula (2). 
t c of formula (3). The interval measured bac ward from T to the 

The epoch K equals the sum of tho ( VO + u) and C. 
3. EQUILIBRIUM THEORY. 

The equilibrium theory of the tides is a hypothesis under which i t  
is assumed that tho waters covering tho face of the earth instantly 
respond to the tide-producing forces of tho moon and the sun and 
form a surface of equilibrium under the action of these forces. A 
surface of equilibrium, ,also known as an equipotential or level sur- 
face, ie a surface a t  every point of which the potential haa the same 
value; that is to say, the potential energy of a part~cle ~n such a sur- 
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fuce would be neither increased nor diminished by changing the osi- 
tion of that particle to any other point in the same surface. Bn a 
surface of e uilibrium the resultant of all the forces a t  each point 
must be in t 1 e direction of the normal to the surface a t  that point. 

The equilibrium theory assumes that the solid part of the earth is 
covorcd with water of considerable depth; that the water has neither 
inertia nor viscosity and may move without friction. These ideal 
conditions, differing so greatly from the actual conditions, i t  is not 
to be expected that the liquid surfaco of the earth will attain tho 
state of equilibrium nssumed under this thcory. The presence of the 
great contincntal barriers, together with the inortiu of the water, 
would make such a stato of equilibrium i~npossihle on the rotating 
earth. Nevertheless, the theory is of much service in the discussion 
of the harmonic unnlysis, because i t  affords a convenient and com- 
plete way of specifying the forces which act upon the ocean a t  onch 
instant. 

The attraction of either the moon or the sun will tend to druw the 
earth out in the sha e of a prolate cllipsoid of revolution with the 
longest axis in the b c t i o n  of the atlracting body. figures 2, 3, 
4, and 5 illustrate the forms of tides which may be expected undor 
the equilibrium theory when either the moon or tho sun is actin 
alone. In these figures the oblnteness of tho earth due to its contrif 
ugal force is ignored. Figures 2 and 4 may re resent any section P mado by a plane pnssing through the center o tho ourth and the 
centor of the moon, ijut here the are supposed to reprosont ospccially 
tho section containing thc cart TI 's nxis. In  Figure 2 the moon is 
assumed to be in thc plane of the earth's Equator, and in #'iguro 4 
the declination is taken a t  about 28.5' N., which is approxiruntely 
the maximum declination reached by the moon. The great circlos 
show the mean undisturbed surface of the earth and the ellipses the 
surfaces us modified by the att,raction of the moon. In  these fi ures 5 the ellipticity of the modified surfnce has been made about a mi lion 
times greater than the thooretical ellipticity duo to the attraction of 
the moon. If drawn to true scale, the disturbance due to tho moon 
could not have bean detected with the eye. This magnification of 
the ellipticity $11 introduce some discro ancies in tho figures when 

g e com nred with the true theoretical form ut which are unimportant 
at  t is timo. In Figures 3 and 5 are shown sections of tho undis- 
turbed and the modified surfaces made by planes perpendicular to 
.the enrth's axis in latitudes 0°, 30' N., and 60' N. 

Let us now consider what tides may be expected under the equi- 
librium theor . We will suppose that t.ho liquid surface of the earth r retains its el ipsoidal form with the major nxis always toward the 
center of the moon, and that the solid portion of the earth rotates on 
Its axis. I t  is evident that every point of tlia solid part of tho earth 
will describe a circle parallel to the Equator and with its contcr in the 
axis of the earth, and that in passing around this circle tho water 
suiface a t  the point will fluctuate in hei ht. Referring to Figure 3 
let us take a point P ,  of the undisturbe k surface on the Equator and 
d~rectly under the moon, the latter being in tho plane of the E uator. 
At P, i t  will be high water. As the earth rotates the oint %, will R move to P,, tho height of the water gradually diminis ing until a t  
P ,  i t  is a minimum or low water. In  passing on to P, the water will 
rise to a maximum and then fall to another minimum at P, and then 
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rise until the point is again directly under the moon. The time 
required for tho point P, to pass com letely around the circle and 
buck,to its original position directly un d' er the moon is ap roximately H one day. During this period there have been two hi waters of 
equal height and two low waters of e ual depression. 'fhe height of 9 the high waters above the mean leve , however, is greater than the 
depression of the low waters, indicating that the average olevation of 
the water a t  the Equator hns been raised above the normal b the 
presence of the moon. If we take a point PI1 in latitude 30' d, we 
again find two high waters of equal height and two low waters of 
equnl depression occurring durin the day, but the height of tho hi h R wutcrs is more nearly equnl to t e dcprcssion of the low waters. & 
latitude GO0 we again find two o ual maxiinum and two e ual mini- 
mum hci hts, but in this case t e equilibrium surfnce is elow the 5 K B 
mean un isturbed surface during the entire rotation of the carth. 
From the fore oing we may conclude that under the equilibrium 
theory, when t f e moon is on the Equator, there will usunlly be in all 
latitudes two ec uul high waters and two cqual low waters during 1, euch day, ant1 t a t  the presence of the moon will tend to raise the 
average level ncclr the Equator and to lower i t  near the poles. I t  will, 
also appear evident thnt thc txmount of th'esc v~rintions will depend 
upon the distance of the moon from tho carth; the nearer the moon 
is to the earth the greater will bc its effects. 

Let us now exarninc Figurc 5, which illustrates the tidal condition 
whcn the moon is near its gl-eatest north declination. If we take a 

oint P, in the E untor, as before, we find that in this case also we 1 Euvc two equal hig watele end two equal l o r  waters during tho day, 
but the increase in the average height of water on the Equator is not 
as grcnt as thnt shown in Figur? 3. If we take tho point P,' and 
follow i t  around the small circle in latitude 30" N., wo pass through 
a low water a t  P,', n hiqh wnter a t  P,', a low water a t  P,', and return 
to the high water a t  P ,  . We still have two hi h waters and two low % waters during the day, but i t  will be noted t a t  one high water is 
somewhat higher than the other, while the two low waters are of 
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the earth op osite the moon, tho tide then becoming diurnal and 
remaining suc 71 for all latitudes north of this. If we were to roceed 
soqthward from the Equator while the moon is still in north $oclina- 
tion; we should find similar conditions prevailink ercopt that the 
une ual high waters of the semidiurnal tide and t c single high and 
sing ? e low waters of the diurnnl tide wquld have their positions 
reversed; that is, the higher high water of tho semidiurnd and the 
sin lo high water of the dmrnnl tldo would occur on tho side of the earth , 
fart 5 est from tho moon instead of on tho side nearest to that body. 
If the moon is in south declination, the conditions in respect to the 
Northern and Southern Hemispheres will, of course, be exactly ro- 
versed. 

In  this discussion only tho moon has been considered. Tho sun 
alone should have an oxuctly similar effect, except that, on 'account 
of tho greater distance, the magnitude of the tido would be only 
ttbout one-half as great as thnt due to the moon. Thcoreticully, the 
height of the tide at  any place duo to each body cnn bo computed 
sepnrutcly rind the sum takcn to represent the height due to the com- 
bined effect. 

As ulroady stated, the actunl conditions that exist on tho earth 
differ so reatly from the ideal conditions assumed for the cquilibrium 
theory t%nt the tides ns dorived fsom that theory are expeoted to 
differ greatly irom tides us actually observed. It will bo intoresting 
to note here some of the agrcements,and diiorenccs. 

1. Generally two high wnters and two low waters occur during each 
day, but tho hi h waters do not necessaril occur when the moon 

ei, Y, and sun are on t o meridian. The interval ctween a transit of the 
moon and the occurrencc of a high water varies i11 different parts of 
the earth without uny apparent ard for the equilibrium theory, 
and high water may occur a t  betwocn successive trunsits 
of the moon; but for any the interval between the 
time of transit and the remains approximntdy 
cons tan t . 

2. Usually the alternate high waters or the alternata low waters 
are nearly equal in height when the moon is near the E uator and 
have an increasing diurnal inequality as tho moon's 3 eclinntion 
increases north or south of the E untor. According to the equilibrium 9 theory there should be a diurnn incqunlity in the high wntcis only, 
and with any iven declination this inc uality should depend upon 
the latitude. 1 s  an actrlal fact we find % t at  at  mas  places tlicre is 
a much larger inequnlity in the low water heights tl Ian in thc hi h 
water heights, and that the rnngnitudo of $0 mcquality ~pparcu t  y 
has no direct relntion to the latltude of the place. 

f 
3. By tho equilibrium theory the diurnnl tides ~vould bc cxpected 

only in latitudes nenr tho poles, but ohsorvations show that stations 
near the E uutor ns well as those nenr tho poles h r , ~  tliurnnl tides. 91 I n  the fo losing chnpter n formula will tjo obtnincd which mill 
reprosent the npproximato height of tho tide at  cny time and lnce, 
based upon the e uilibrium ,theory. Although it is rerognizeRthnt 9 any cnlculiltions o the tide bnscd solely upon tlus theory mi\y give 
results entirely at  vnrinnce with the r ed  tide, becnuse the nctunl 
conditions on the enrth differ so much from tho nssumotl idenl con- 
ditions, yet such IL forniulu is very useful, inasmuch as we mny intro- 
duce into it certain factors and differences determined from actual 
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observations of the tide at  any place and obtain a corrected formula 
which will enerally represent very satisfactorily the true height of 
the tide at  t % at place for any desired time. 

4. ABTRONOMICAL DATA. 

The reader of this volume is presumed to have a knowledge of 
elementary nstronomy, but it may be well to emphasize hero some 
of the important details which ertain espocinll to the tides. Be- f K sides the earth tho only celestia bodies with w ich we are directly 
concerned in this discussion are tho sun and the moon. Because of 
the greater distance or smaller size of all the other heavenly bodies 
their direct effect u on the tides of the earth is negligible. The 
princi a1 motions to e considered are the rotation of the ehrth on its % E 
axis, t e revolution of the moon around the earth, nnd the revolution, 
of the earth around the sun (or the apparent revolution of the sun 
around the earth). 

The earth rotates on its axis once each day. There nre however 
several kinds of days-the sidereal day, the tropical day, the solar 
day, the lunar day and the component day-depending upon the 
object used as a reierence for the rotation., Since tho stars are the 
most nearly fixed objects we have for comparison, the.siderea.1 day, 
which is the time between two successiv? pnssa os of the sn~ne star t across any given meridian of the earth, is usunl y considered as the 
true period of the earth's rotation. Tho tro ical a day is the time 
between two successive passa es of the vernn equjnox over a given f P 
moridian, and the solar and unar days are the tlme between two 
successive transits of the sun und moon, respectively, ovor a given 
meridian. A component day is the time between two successive 
transits over a given meridian of a fictitious satellite which is assumed 
to re .resen% the cause of a tide. Each diurnal component 
will gave its own solar and lunar days vary a 
little in length motion of the earth and 
moon in their orbits, and for this reason the avera o or mean values 
of each is taken 4s a standard unit of menaure. ~ & e  maan solar day 
corresponds, of course, to the ordin~ry calendar day. Each da of 
whatever kind may be divided into 24 equal parts, called hours, w&ch 
are qualified by tho name of the day which was subdivided, aa sidereal 
hour, solar hour, lunar hour, or component hour. 

The moon revolves ~ round  the earth in an ellipticnl orbit. Al- 
though the average eccentricity of this orbit remains approximately 
constant for long periods of time, there are n number of perturbations 
in the moon's motion due, rimarily, to the attractive force of tho sun. 1 Besides the revolution of t e lino of apsidos nnd tho regression of the 
nodes which take place more or less slowly, tho principal inequalities 
in the moon's motion which affect the tides are tho evection and 
variation. The evection depends upon the alternate increase and 
decrease of the eccentricity of the moon's orbit, which is always a 
mftximum when the sun is passing the moon's line of npsides, and a 
rmpimum when the sun is s t  right angl'es to it, The variation ine- 

udity is due mainly to the tangentinl component of tho disturbin 
Forke. The period of the revolution of the moon around the eart ! 

Thetroplcal day is alsogenerally called s slderJl day, since It8 length dlflere from the true sidereal 
day wlthin e hundredth part of e aemnd. 
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is calle! a month. The month is designnted as sidereal, tropical, 
anomhstic, nodical, or synodical, according to whether the revolution 
!s relative to a fixed star, the vernnl equinox, the perigee, the nscend- 
ing node, or the sun. The cidendar month is a rough approximation 
to the synodical month. 

months and days being arbitrarily made by the priesthood and mag- 
istrates to bring tho calendar into nccord with the seasons and for other 
PU oses. 

%e Julian calendar received ita name from Julius Casar, who in- 
troduced it in the year 45 B. C. By this calendar the true year ie 
assumed to be exactly 365.25 days, and it was provided that the com- 
mon year should consist of 365 days and evory fourth year of 366 
days, each year to begin on January 1. ' As proposed by Julius Casar, 
the 12 months beginning with January were to be alternately 31 days 
and 30 da s in length, with the exception that February should have 
only 29 Jays in the common years. When Augustus succoeded 
Julius Csesar a few years later, he slightly modified this arrangement 
by transferring one day from Februsr to tho month of Sextilis, or 
August as it was then renamed, and g o  transferred the 31st day of 
September and November to October and December to avoid having 
three 31-day months in succession. 

The Gregorian calendar received its name from Pope Gregort, who 
introduced it in the year 1582, It was immediate1 ado fed y the B B htholic countries, but was not accepted by Englan unt 1762. Its 
use is becoming rnqre and more general, but it is not as yet univer- 

'7-24t-2 
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sally acce ted. By this calendar the true year is assumed to b e  
365.2425 2' ays in length. I t  differs from the Julian calendar in haring 
the century ears, which are not exactly divisible by 400, to consist 
of only 365 ~7 ays, while in the Julian calendar every cantury year as 
well as every other year divisible by 4 is taken as a leap year with 366 
days. For datcs before Christ the yeQr number must bo diminished 
by 1 before testing its divisibility b 4 or 400, since the year 1 B. C. 
corresponds to the year 0 A. D. '?he 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 
e uinox should fall upon March 21, as i t  had a t  the time of the Council 9. o Nice in 325 A. D., 10 days were dro ped, and it was ordered that., R the day following October 4, 1582, of t e Julian calendar, should bo 
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 ycar, according to the Julian calendar, 
and a common ear by the Gre orian calendar. The difference be- 
tween the two t X en became 11 f ays and in 1800 was increased to 12. 
days. Since 1900 the difference has been 13 days, which will remain 
the same until the year 2100. 

Dates of the Christian era prior to Octoher 4, 1582, will, in general, 
conform to the Julinn calendar. Since that  time both calendars have 
been used. The Gregorian calendar was adopted in England by an 
act of Parliament passed in 1751, which provided that the day fol- 
lowin Se tember 2, 1752, should bc called September 14, 1752, and 
also t i a t  t % e year 1752 and subsequent years should cornmonce on the 
1st day of January. Previous to this tho legal 
menccd on March 25. Except for this arbitrary 
the old English calendar was the same as the 
Russia the Julian calendar has continued in eneral use u to tho 5 R resent time, but for scientific and commercia purposes t o datea 
From both calendars are frequent1 written together. When 

g t Alnska w.as urchased from Russia by t e United States, its calendar 
*was altered y 11 days, one of these days being necessary because of 
the diflerence between the Asiatic and American dates when com- 
pared across the one hundred and eightieth meridian. Dates in ,4hq 
tables a t  the back of this volume refer to the Gregorian ca1endp.r. , 

There are threo celestial planes to be considered-one containing 
the earth's equator, nnother the earth's orbit, and a third the moon's 
orbit. The intersection of these planes with the celcstial s here gives B three great circles--the celestial equator, the ecli tic, an the inter- 
section of the plane of the moon's orbit (see fig. 6f: These three eir-' 
cles intersect in six points-the celcstial equator and tho ecliptic a t  the 
equinoxes, r and r, ; tho ecliptic and the plane of the moon's oi-bit a t  
the moon's nodes a and a ,  and the celestial equator ,and the plane of 
the moon's orbit a t  the intersections A and A,. I n  the following dis-' 
cussions references will usually be made to only three of these ~nter; 
sections, namely, the vernal equinox v , the moon's nscending node Q, 
and the ascending intewection of the plane of the moon's orbit with 
the celestial aquator. For brevity those intersections ma): be re- 
spectively referred to as " the equinox," " the node," and the in- 
tersection ." 

The three angles made by the intersections of these @eat circles 
represehting the angles betwren the corresponding planes, should' 
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be noted. The angls between the ecliptic and the cclostial equator 
w is known as the obliquity of the ecliptic. I t s  value is shout 23a6 
a t  the resent time but i t  j~ sllbjoct to a very slow,seculpr channe 
(see Ta \ les 1 and 2).  The anmle i, measuring the inclination of tgo 
moon's orbit to the ecliptic, gas a constant value of a little moro 
than 5'. The ,  angle I, measuring tho inclination of the moon's 
orbit to the plane of the Qarth's equator, varies in vnluc from o-i 
to o+i i  that  is, from about l 8 i  $0 283'. The completc cycle of 
this variation is ap roximatcly 19 years, so that if thetangle is 184' 
in any year i~ wil f ,gradually increase for about 93 years until it 
reaches its masimum value and thon diminish for nbout 93 years 
until it returns to itr minimum value. 

The vernal oquinox T although subject to a very slow wostwnrd 
motion, known as the procession of the equinoxes, which a~nounts 
to only about 50 inchos pcr ycnr, is frequontly taken as a fixed point 

cif reference for tho motion of thc other parts of the solar system. 
The moon's node A has a westwasd motion of about 19" a-yettr, 
which is sufficient to carry i t  ontiroly around a great circle in npprosi- 
rnately 19 years. I t  is upon this motion that the variations In tho 
value of the angle 1 clcpcnd, and it is of considornble importance in 
~/ ts  effocts upon tho tides. 

In  the celestinl sphore the terms "lhtitudo" 'and "lon itude" 
v p l y  especial1 to measurements rehrrcd to tho ecliptic an% vernal 
equinox, but  t Y 10 terms may with propriety nlso,bo applied to mens- 
urements rcferred to other great ckclus and ongins, provided they 
are sufficien'tly woll dofined to provont nny ambiguity. For exnmple, 
N e  may say "longitude in tho moon's orbit maasurod f r o b  the 
moon's node." Celestial longitude is always understood to be 
measured toward tho east entirely around tho circle. Longitude In 
the celestial equator reckoned from the vernal oquinox 1s cnlled 
n h t  ascension, nnd tho nngulnr distance north or  south of the 
FJestial equator is called declination. The trug lon 
Point referred to any great circlo in the celestial 
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defined as the arc of that circle intercepted between the accepted 
origin and the projection of the oint on the circlo, tho measurement 
being dways eastward from t E e origin to the pro ection of the 

R i point. The true longitude of any olnt will general y be different 
when referred to different circles, alt ough reckoned from a cummon 
origin; and the longitude of a body movin a t  a uniform rate of speed f in one great circle will not have a uni o m  rate of change when 
referred to another great circle. The mean longitude of abod moving 2' in an inclosed orbit and referred to any great circle may be efined as 
the longitude that would be attained by a poink moving uniformly 
in the circle of reference a t  the same average angular velocity as 
that of the body and with the initial position of the point so takon 
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 lon 'tude of a moving body F will be the same in whatevor circle it may e reckoned. Lon itudu f in tho ecliptic nnd in the celestial equator are usually.reckone from 
the vernal equinox r ,  which is common to both circles. In order 
to havc an equivalent origin in the moon's orbit, we may lay off 
an arc 0 r ' (see fig. 6) in the moon's qrbit e ual to 0; r in the P ecliptic and for convenience call the point r ' t e referred equinox. 
Thc mean longitude of anyhody, if reckoned-from either the equinox 
or the referred equinox, will be tho same in any of the three orbits 
represented. Thie will, of course, not be the case for the true longi- 
tude. 

h t  us now ~xamine  more closely the spherical triangle A r A 
in Figure 6. The angles w and i are very nearJy constant for long 
periods of time and have already b?en explained. Tho side .Q r, 
usually designated by N, is the.longtude of tho moon's node and is 
undergoing a constant and practically uniform change due to the 
regression of tho moon's nodes. This westward movement of the 
node, by which i t  is carried completely around the ecliptic in a 

eriod of approximately 19 yoars, causes a constant change in the 
Form of the triangle, the elements of which are of considerable im- 
portance in tho resent discussion. The value of tho angle I ,  the 
supplement of t g e angle A A Y ,  has an im ortant effect u cn 
both the ran e and time of the tide, which will % e noted lntar. ?he 
bide ;4 r, &signated by v, is the right aseenaicn cr  longitude in 
the celestial equator of the intemection A. The arc designated by 

is equal to the aide 6 r -sido A and is the longitude in the 
moc:nls orbit of the intersection A. Since the an les i and w are 
assumed to be ccnstant, the values of I,  v, and [ wil 8 depend directly 
u cn N, the lcngitude of the moon's ncde, and may be readil 
cttained by the ordinary soluticn of the spherical trian le A v 2 P Tablo 6 gives the values of I, v, and [ for each degree o N. In the 
computation of this table tho value of w for the be inning of the 
twentieth century was used. However, the secular c Ph ange in the 
obliquity of the ecli tic is so slow that a difference of a centu 

l'l B '7 in the epoch taken as t e basis of the cam utation would have resu ted 
in differences of less than 0.02 of a agree in the tabular values. 
Tho table may therefore be used without material error for reductions 
pertaining to any mcdern time. 

Looking again a t  Figure 6, it will be noted 'that when the longitude 
of the moon's node is zero the value of the inclination I will equal the 
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sum of w and i and will be a t  its,p.aximum. In this position the 
northern po rtion 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 w - angle i. The angle I wlll be alwa s positive and 
will vary from w - i to w + i. When the longitude of t I e moon's n p d ~  
equals zero or 180°, the values of v and [ will each be zero. For all 
positions of the moon's node north of tho Equator as its l~ngitude 
chan es from 180 to 0°, v and E will have positive values, as indi- 
cate d in the figure, these arcs being considered aa positive when 
reckoned eastward from r and r ', 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 A will 
then lay to the westward of r and rt. 

Tables 1 and 2 contain a collection of astronomical constants and 
formulas to which reference will froquently be made in this work. 

6 .  DEGREE OF APPROXIMATION. 

error to !ess than 
large posslble error 
the latter case tho 

approximation is sufficiently close to be useful when only rough 
results are necessary. The distance of the sun from the earth ~s 
po ularly expressed by two significant figures as 93,000,000 miles. 

k i t h  three or four significant figures fa~rly satisfactory approxi- 
mations may be represented and with a greater number vory precise 
result8 may bo, exp.ressessad. k'or theoretical purposes the highest at- 
tainable precis~on IS desirable, but for practical purposns, because 
)f the increase in the labor without a correspondin increase in util- 

f: 5 ity, it will be usually found advanta eous to limit t e tlegree of pre- 
clsion in accordance with the provai ing conditions. 

Frequently a quantity that is to be used ns a factor in an e:pree- 
sion ma be expanded into a series of terms. If the approximate 
value ofYsuch a series is near unity, terms which would afloct the 
third decimal place, if expressed numerically, should usually be re- 
tained. The retention of the smaller terms will depend to some cx- 
tent upon the labor involved, since their rejection would not seri- 
ousl affect the final results. 

~ i e  fofonnas for the moon's true lo itude and distanoe in Table f 1. are said to be given to the second or er of approximation, a frac- 
tlon of the first ordor bein considered as one havin an approximate f i value of 1/20 or 0.06, a raction of the second or er having an ap- 



proximate value of (0.05)2 or 0.0025, and a fraction of the third 
order having an approximate value of (0.05)3 or 0.000125, ,etc. These 
formulas of the second order should, therefore, give the results cor- 
rect to the third decimal lace. 

In  Table 2 are given t I! e numerical values of a number of astro- 
nomical relations which will appeal. in the foll~wing development of 
the sub'ect. A knowledge of these values will enable us to deter- 
mine w h a t  terms may be safely neglected in the development. 

TIDAL COMPONENTS. 

0. 'TIDE-PRODUCING .FORCE. 

& the sun and moon are similar in their action in the reduction 
of the tide, the force of either may be considered by itso e , and the 
resulting forms of expression may then be re~di ly crdnptod to the 
other. 

The tido-producing force of tho moon is thnb portion of its gravita- 
tional force which is effective in changing the water love1 on tho 
earth's surface. This effective force is the difference between the 
attraction for the earth as a whole and th,e attraction for the differ-, 
ent particles which constitute the yieldin part of tho earth's sur- 
face; or, if the entire oarth were considerec f to be a plastic mass, the 
tide-producing forco at any point within the muss would bo tho force 
that tended to change the position of a article at thnt point relntive 
to a pnrticle nt the center of tho onrt R . That part of the earth's 
surfnco which is tlirectly under the moon is nenrer to that body than 
is the center of the earth tlnd is therefore moro strongly nttracted 
since the force of gravity varies inversely as tho square of the dis- 
tance. For the same reason the contor of the enrth is more strong1 
attracted by the moon than is that part of the earth's surface whicK 
is turned away from the moon. 

Tho tide-producing force, being tho difference between the attrac- 
tion for particles situated relativoly nenr together, is smtill comparod 
with the attraction itself. I t  may bo interesting to noto that, tll- 
though the sun's attraction on the earth is nea~ly 200 times as grettt 
as that of the moon, its tide-producing forco is loss than one-half 
that of the moon. If the forces acting upon each particlo of the 
earth were equal and arnllel, no matter how great those forces 
might be, there would f, e no tendency to change the relntive posi- 
tions of thoso pnrticles, and consequently there would bo no tido- 
producing force. 

The tide-producing force may bo grnphically reprosented as in 
Figure 7. 

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

Then OC will represent the direction of the attractive force of the 
moon upon n pnrticlc ut the center of tho enrth and P C  will represent 
the direction of the attractive force of the moon upon a partlcle 
at  P. 

Let tho mngnitude of the moon's attraction at P he represented by 
the line PC. Now, since the attraction of gravitation vnries in- 
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versely as tho square of tho distance, i t  is necessary, in order to rep- - 
resont the attraction a t  0 on the same scalo, to take a line CQ of 
such a length that CQ:CP =,CP2:t%a. 

The line PQ, joining P and , will then represent the direction 
nnd ma nitude of tho resultant 'f orce that tends to disturb t.110 posi- 
tion of 5 relative to 0, for it reprosonts the differonce betwoon the 
forco P C  and a forco through P equtll t~nd  purnllol to tho forco QC 
which ncts u on 0. This last statement may be a little clearor to 
tho rerzder if 7 lo will consider tho force P C  ns boing resolved into a 
forco PI) equal and parallel to QC, and tho forco PQ. The forco 
PI), ncting upon the pnrticle a t  P ,  bein o q u ~ l  and purnllol to the 
force QC, ucting upon a pnrticle tit 0, will 8 lnve no tondoncy to change 
the osition of P relative to 0. The romninulg force PQ will tend 
to a I' ler the position of P relativo to 0 and is the tide-producin 
force of the moon a t  P. Thc force PQ nlny be resolved into a rertica 7 
comppnent PR,  which tonds to rnise tho water nt P, nnd the hori- 
zontal component P T ,  which tends to move tho water horizontc~lly. 

Fro. 7. 

If the point P' is taken so that tho distnnce CP' is greater thnn 
the distnnce CO, the tido-producing force P'Q' will bo directed awn 
from the moon. Whilo nt f i s t  sight this mny np enr pumdoxica[ 
i t  will be notod that the moon tonds to sepur~ to  8 from P ' ,  but ns 
0 is tnken as tlie point of ~.eferonce, this rosult~ng force that tonds to 
.se nrnto the points is considerod ns boing nppliod a t  the point P' 
.on Y y. 

w e  will now seek analytical expressions to represent the tide-pro- 
ducing forco of the moon tit any point P within or on tho surface of 
the earth. Referring to Figuro 7, 

let r = OP = distancc of P from center of o u t h ,  
7, = P C  =distance of Y from center of moon, 
d = OC = distanco from centor of onrth to conter of moon, 
O =  COP= nngle nt center of onrth betweon OP nnd OC, 

M=mtlss of moon, 
p=nttraction of grnvitation hetweon unit masses 

a t  unit tlistunco upurt. 

Sinco tho force of grn~it~ntion varies directly ns tho mass and in- 
versoly*ns tho square of the distance, 

kttraction of moon for unit mnss nt point 0 in cliroction OC=$ (6) 

p .a4 Attrnction of moon for unit mnss a t  point P in direction PC=- (7) 
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Let each of these forces bo resolved in directions tirnllel and per- 
pendicular to the radius through P, and let the Qrection from 0 
toward P be taken as positive and the reverse as negative, and also 
the direction of the erpendicular to OP that most nearly conforms 
with the direction f rom 0 toward C as positive, and the reverse 
direction as negative. We then have from (6) and (7). 

PM Attraction a t  0 in direction 0 to P= cos e (8) 

Attraction a t  0 perpendicular to OP = 9 sin B (9) 

Attraction a t  P in direction 0 to P = cos CPR (10) 

Attraction a t  P perpendicular to OP = sin CPR (1 1) 

As the tide-producing force of the moon a t  the point P is measured 
b y  the difference between the nttraction of the moon at  P and a t  0, 
the following may be obtained from (8), (9), (lo), and (1 1). 

Tide-producing force at  P in direction 0 to P 

= M [i2 COB CPR - - cos 19 d2 I 
Tide-producing force a t  P perpendicular to OP 

By a solution of the plane triangle COP the following relations are 
obtained : 

T 
b2-rz-1-d~-2rdcose=d~ 1-2; tcose+dz "I (14) 

d sin CPR - sin CPO = .t; sin e = 
sin B 

7' rZ 3 
[I-2 a cos e+8] (15) 

cos CPR = J1- sin2 CPR = ---------------- a 
r 

[I -2  ;t cos (16) 

In Figure 7 i t  will be noted that the value of 8, being reckoned 
from the line OC in any plane may vnly from zero to 180 , and also 
that the angle CPR increases as B increases within the same limits. 
Sin e and sin CPR will therefore nlwa s be ositive. As the angle 
OCP is alwnys very small, the an le &R wit  differ by only a ve 
small amount from the angle 0 an f will usually be in the same q u a x  
rant. In obtaining the squnrc root for the numerator of (16) i t  was 
therefore necessary to use only that sign which would preserve thia 
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relationship. The denominators of (15) and (16) are to be con- 
sidered as positive. 

Substitutin (14), (15)) ahd (16) in (12) and (13)' and designating 
the forces in t % e direction O P  and perpendicular to the same as the 
vertical and horizontal components, respectively, we have 

Vertical component of tide-producing force at P . 

Horizontal component of tideproducing force at  P 

By Maclaurin's theorem the fraction .. 

may be developed into a series arranged according to the ascending 
r powers of ;2, which has a value of approximately 0.017 when r is 

taken as the mean radius of the earth and d as tho mean distance of 
the moon from the earth. When d is taken as the menn distance 

of the sun from the earth, the value of 2 is considerably smallor. In 

equation (19)' which follows, the terms involving the higher powers of 
r 

are relatively unimportant and may be negleoted. 

1 
\ 

r r 
S/ j=1f3  cos ez+3/2 (5 cosZ 0-1) 

6 r + - (7 cosa e - 3 cos 8) ;t, + etc. 2 (19) 

Substituting (19) in (17) and (18) and neglecting d l  terms contain- 
1 

ing powers of 3 above the fourth we obtain 

Vertical component 

Horizontal component 

1 it€?. 9 Mrz -312 Tsin 2 0+3/2 - (5 cosa 0-1) sine a' (21) 
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As the moon's parallax varies inversely as its distance d, the,tcrms 
containing the reciprocal of d8 are said to dcpend upon the cube of the 
moon's parallax and those containing tho reciprodal of d4 upon the 
fourth power of the moon's parallax. Assuming the approximate 

- 
numerical value of 2 as before, it isevident that the above terms in- 

volving the fourth power of the arallax will general1 be only about 
2 er cent of the entire tide-pro ucing force an4 are t erefore of little P B K 
re ative importance. They will, however, be giten further attention. 

For conveniebcc, the force de ending u on t40 fourth power of the 
moon's parallax will he treatof separatefy from the principal tide- 
producing force, which depends u on the cube of the parallax. They P ma be expressed separately, ns ollows : 

&de-producing force depending upon the e*e of moon's parallax 
I 

/I M r  Vertical component = -- ,-- (3 cos2 8 - 1) d (22) 

Horizontal component = 312 'g sin 2 8 (23) 

Tide-producing force depending upon the fourth power of moon's 
parallax 

/I Mr2 Vertical component = 3/2 --, (5 cosS 8 - 3 cos 8) d (24) 

Horizontal component = 312 (5 cas29 - 1) sin0 (25) a' 
Similar expressions for the tide-producing force of the sun may be 

obtained by substituting the mass of the sun for M and tho distance 
of the sun tor d. Because of tho greater distance of the sun the terms 
de endin upon the fourth power of its parallax will be negligible. 

$he refation of the tide-producing fomo of the sun to that of the 
moon will be approximately 

Mass of sun x--- (mean distance of moon) =0.46 
Mass of moon (mean distance of sun) (26) 

Examinin formulas (22) and (23) for tho principal tide-producing 
force it will f o noted that the vertical component becomes zoro when 
cos e = 44-, and the horizontal component bocomos zero whon 8 = 0, 
90, or 180". Tho vertical component has a maximum positive value 
when 8- 0 or 180° and a maximum negative value when O =  90"' the 
latter force being on1 one-half as great a8 the maximum positive 
value. The horizonta I' component is at  a maximum in tho 
direction when e=45" and a maximum m tho negative dPoSitiVe iroction 
when 8= 135". These forces all become zero-at the center of the earth 
where T is zero. 

To express those forces in terms of gravity, 

lot g=mem force of ravity on earth's surface F a =mean radius o earth 
E = mass of earth 

, '  

a 2 2  
: : 

then g=g and P = - ~  
a2 ' 



The substitution of this value of p in equdtions (22) to (25) will give 
the forces in terms of uravit . If we assume T to be equal to the mean 
radius of the earth an8 d to % e the mean distance'of the moon, we may 
obtain numerical values from Table 2, which, when substitutod in (22) 
and (23), will give the following expressions for tho approximato tide- 
producing forco of tho moon: 

Vertical component = 0.000,000,056 (3 cos ' 8 - 1) y (28) 
Horizontal component = 0.000,000,084 sin 2 e g (29) 

The tido-producing forco of tho sun mill bo 0.46 times as large. 

7 .  TTDE-PRODUOINQ POTENTIAL. 

a t  any point due to a force is the amount of work that 
to move a unit of matter from that point, against 

force, to a position where the force i s  zero. This 
amount of work will be independent of the path along which the unit 
of matter is moved. If the force being considered 1s the gravity of 
the earth, the potentjnl nt nny point will be the m o u n t  of work 
required to move n unit mnss, against tho forco of gravity, from that 
point to an infinite di~tnnco from tho earth's centor where the force 
of gravity bucomc.s zoro. With the sy~nbols ns in the preceding 
section, rve have according to tho law of attraction 

Forco of gravity on or above earth's surface- ' - (30) r" 

The nmount of work roc uirod to move a unit mass agninst this force 
through an infinitesimal ( 1 ,  istanco dr 

The total amount of work necessary to move this particle from a 
point r dhtanco from the earth's center to infinity is the ravitational 
potential a t  that point, and r i l l  ba hore designated by f,. Thon, 

The tide-producing potential at  any point in tho earth is tho amount 
of work ro uirod to move a unit mass, against the tide- roduculg 
force, i r o m k a t  point to tho centor of the earth where the ti d' e-produc- 
mg force becomes zero. If we assume the particle to be moved alon 
tho radius of the earth dircctly to the center, we will be concerned wit R 
only the vertical component of the tide-proctucing force, since tho 
horizontal component would not affect the amount of work required 
along this path. 

Considormg, first,, the forco depending upon the cube of tho moon's 
parallax, tho amount of work necessary to move a unit mass n ainst 
the vertical component, formula (22), through an infinitasha dis- 
tance - dr toward tho center of the earth equah 

5 
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Then, designating the tide-producin potential due to this force b J f Vt, we have as the total amount of wor necessary to move the particle 
to the centor of the earth- 

The same result will be obtained by assuming the particle to bo 
moved again against the horizontal component of the t~de-producing 

1 

force until it reaches a position where cos 6 = and the vertical com- 

ponent becomes zero. From this oint it can be moved directly to 
the center of the earth without adJitiona1 work. 

For that art of the tide-producing force deponding upon the fourth 
ower of t R e moon's pardlax let the potential be designated b 

. Then, assuming n unit mass to be moved against the vertica T 
component, formula (24), directly to the center of the earth, we-have 

This potential may also be obtained bj. assumin that the particle 
is first moved against the horizontal component, formula (251, to a 
position where e = x / 2  and the vertical componont becomes zero. 

Similar expressions for the tide-producing potential of the aun 
may be obtained by substituting in the above formuloe the mass and 
distance of the sun for M and dl respective1 The tide-producing 
potential of the sun which involves the fourt power of its parallax 
is negligible. 

t 
8. SURFACE OF EQUILIBRIUM. 

A surface of equilibrium is a surfaco 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 a t  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 sphoro. 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 tho 
forces acting separately. In the followin investigation we need not F be especially concerned with the more or ess permanent deformation 
due to the centrifugal force of the enrth's rotation, since we may 
assume that the disturbances of this spheroidal surface due to the 
tidal forces will not differ materially from tho disturbances in a true 
spherical surface due to the same cause. 

Let us first consider the surface of oquilibrium due to gravity and 
the princi a1 tide-producing force of the moon. Designating the 
potential fue to these two forces by V, we have as the condition of a 
surface of equilibrium, 

V =  V g +  Vt=a constant (36) 

Substituting the values of V, and Vt from (32) and (34), 

pE pMra  
V=- ++ , ~ ( 3  COP 8-1) =a constant 

T 
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Equation* (37) must be true for all points in the surface of equi- 
librium, so if a point be taken in the surface where the tide-producing 
potential is zero-that is, where cos 8 5 -J1/3--and let a represent the 
value of r at this point we have 

v=@= the constant a (38) 

Substituting this in (37) 

from which, by transposing and dividing, 

Let 

so that u will re resent the equilibrium height of the tide due to the 

radius a. 
P principal lunar orce, referred to an undisturbed spherical surface of 

Substituting (41) in (40)) we obtain 

Ma? 3- (3 c0s2 rnB 
The fraction is approximately the ratio of the semirange of tide - 

to the mean radius of the earth, and if we assume a range of 40 feet, 
the numerical value of this fraction would be about 0.000001. It is 
evident, therefore, that we may neglect the powers above the first, 
and write 

ae the equilibrium height of the tide due to the principal lunar force. 
In  the preceding formulas a was taken as the radius of the earth 

$ong whlch the tide-producing potential of the force under con- 
slderatios was zero. Let us now see whether this is the mean radius 
o'£ the earth: that is to say, the radiuq of a erfect sphere having i the same volume as the earth. It is evidont t a t  t h ~ s  volume must 
remain constant without regard to any deformation to which the 
surface ma be subjected. Referring to Figure 7, consider the 
volume of t I e earth to be divided into ~nfiniteslmal solids by a series 
of planes with their common intersection in the line OC, the angle 
between two consecutive planes being designated by d $; a series 
of right conical surfaces m t h  their c,ommon apex at 0 and common 
axis in line 00, the angle between the generating line and the axts 
being designated by 6; and a series of spherical surfaces with their 
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common center at,O and the radius designated by r ;  then the volume 
of one of these infmitesimal solids will be , , 

clr . ? d o .  r sin Od @ = r Z  sin 8  d4 do dr (4 5 )  

and the entire volume of thc earth as included in the surface repre- 
sented by equation (44)  will bc 

volume = rl[a"l' ? sin 8  d+ d8 dr 

= i / 3 r L i a  i u)' sin B d 4  do 

From (44)  we may obtain 

Ma" ( a + u ) 3 = a 3 [ 1 + + ~  215(3 cos2 8 - I ) ] '  

M as 
=as  [ 1  + 312 ,<- 2 (3  cos2 8  - 1) + etc. I 

the terms containing the powers of above the third being neglected. a 
Substituting (48)  in ( 4 7 ) ,  

Volume = 113 as M a8 rlT1+ 312 $(3  cos2 0  - 1) sin 8 a4 do I 
As equntion (49)  represents the volumc of a sphere with radius a, 

i t  is evident that a is the mean radius of the surface represented 
by ( 4 4 ) ,  and thut u is the amount of the disturbance in the moan 
surface due to the force uncler consideration. In  othcr words, u is 
the equilibrium height of the tide as referred to mcan sea level. 

One of the conditions of an equilibrium surface is that the resultant 
of all the forces a t  each point must be in the direction of the normal 
to the surface a t  that oint. Let us see if this condition is fulfilled 
as to equation ( 4 4 ) .  fn  Figure 8 let P represent any point on the 
surface defined by equation (44) ,  and let ir, be the nngle between 
the radius vector and the norrhal 'at this, point. If we imagine the 
surface to be cut by a plane passing throu h the point P and thb Z centers of the earth and moon, i t  is evident t a t  the trace of the,+* 
face will intersect the arc of a concentric circle drawn through the 
point P with radius r a t  an'angle equal to  the nngle $I, and that 

, (60) 

From (41) and (441, I , 



Then 

I 

HARMONIC AXAJJYSIS AND PREDICTION OF TIDES. * ,  
2 5 

s ,  

,Substituting (51) nnd (52) in (501, 
' 

\ 

. 3 lWa8 sin 28 
tan $=- Jd a9 2Ed3 I + &  - - ( 3  c0s2 8-1) 

E dS 

- M d  
1 - 4 (3 cod 8 - 1) + etc. - 3--ax , 

as 
Since - 'is very smnll compared with unity, we rnny neglect the a 

higher powers in (53) and m i t e  

tan # - >gi sin 28 

as the tan' ent of the angle between the radius vector and the normnl 
to the su d nce a t  the point P. 

I If we lot #, represent the angle between the radius vector and the 
resultant of the forces undor consideration a t  the same polnt P, we 
have from (22), (23), nnd (30), 

. . 
3 &r - 
2 d8 sin 28 

tan +, - 
$ - 9 ( 3  73 COS. e- 1) 
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Substituting the value of r from (41), 

M a8 tan #, = 312 c sin 28 
+ ds 

(3 COS' 8 - 1) 

u (a + u ) ~  
The values of and -- are each very small compared with d8 

unity, and the value of the bracketed portion of. (56) is therefore a 
very close approximation to unity. We may therefore write 

3 Maa tan $, = sin 28 
2 dS (57) 

as the tangent of the angle between the radius vector and the result- 
ant of the forces a t  the point P. Comparing this with (54), we find 
it to be tho same as the angle made by the normal with the radius 
vector, indicating that the resultant force is normal to the surface 
a t  any point P. 

If we let d represent the moan distance of the moon and substitute 
the numerical values from Table 2 for the coefficient in (54) we 
obtain 

tan $ = 0.000,000,084 sin 2 8 (58) 

in which $ as a maximum value of about 0.017" when 8 = 45". The 
maximum deflection of the normal due to the tide-producing force of 
the sun is about 0.46 times as great, or 0.008") approximately. 

Let us now consider the disturbance in a spherical surface due to 
the ~tential-~dkg u '  on the fourth power of the moon's parallax -2 (35Ifl' p'ot,ntiiI w~ -become zero when 6-90', and also when 
cos 8- J 3 x  Letting a repfesent the radius vector at  either of these 
points, wo have aR the equation for the equilibrium surface due to 
the potentials (32) and (35) 

from which may be obtained 

+$$ aa 
(5 cosa 8-3 cos 8) -;;i (T-a) (60) 

Letting 
T=-a+ut, 

we have 
(61) 

Ma' aau '  u' 
3 F. (5 cod 8-3 cos 8) 5 4 - +10 - -etc. (62) a [ E)i 

u' 
Neglecting powers of a above the first, 
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or 
M a '  

~ ' - 3 ~ ~ ( 5  cosae-3 cose)a (64) 

as the equilibrium hei ht of the tide due to that part of the lunar 
force depending upon t 71 e fourth power of the moon's parallax. 

In forming equation (59), a was taken at the radius vector along 
which the potential due to tho. fourth power of the moon's parallax 
was zero. To determine whether this is the mean radius, we find 
the volume included in the surface represented by (64). 

- 1/3J:$?a + sl)a sin e dQdB 
0 

From (84) 
M a4 

1 +3/2 (5 C O S ~  8-3 cos 8) +etc. 

the  term^ containing the powers of $ above the fourth being nbglected. 

Volume aaJF J': [I 
I 

J 0 , 7 -,",' 

As (67) is the volume' of' a sphork kith radius a, if is ovdent &.at 
this is the mean radius of the volume included in the surface repre- 
sented by (64), hqd that u' is the amount of the disturbance in the 
mean' surface 'due to' the force depending 'upon the, f~urth\'power of 
the moon's arallax. P , Letting rC, equal the anglo betwoen the radius m W r ,  and normal 
.tb ah9 poirib P m LhiJ'stfrfrtce, :' ' ' ' . - ' I 

':$ 
1 dr 

I . .  tan $'== -T2 (68) 
3 

!; .. ,$,  r;i , ' .  a@f~0~p. l (0 l I :a~d(63) ;~ ' )  , . . . . . . . . . .4 .. -1- 
M a' 

. . 
r = a + +  F 3  (5 cos8 0-3 cos 8) a 

. . . .. . (69) 
; i ' t . ~ h ~ ~ , .  -: : ; * , . #  . ,  .:,!> ! ;. ' . 0 : ,4  e,. > !; *, 6 ; 7 t . y  , .  ' f . i .  

. ,.'". . \ ' , . . I  .. ,!I , \  

. " .  ,.:l::dull. Ma6 
i.1 : -- -4- (15 cosl e-3) sin 8 , de ~d (70) 

:- : i,$dbstitutilig; (as);x&sd!, no)'. in '@gg .:&&~;~~gld,&g' +d+&y.bf a . . , . : I . , ..'.! . ' , : ,  ,, , , ,J{. .  ' 1 . .  , :,iJ:,L.'$, - < ' ~ : l - J  , ,\ . . ' f *  , . ;! , . 3 . .  . . . . 
i.3 

.c:&c)v9;.&ei\foud. :q. . :.,:. .lipt.,. ; .* . .  I;#N.:.',.I . . - .  . ,. 
1 , I  . - ; , . , , , r 4 . , , I ; . ,  : - . 

. . 1 j71) 
, , ,  .. , 

. t&&'-3/2 , ~ 9 ~ ( 4 ' ~ ~ , ; l ) ,  '1" 8 .  . . , : . ;, 
, ,  !:7mp5&- , , r,!., 1 .;J,, : i , !:]~:!i;,b.i );i 1.1..  :,: . I&, . . 
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For the tangent of the angle between the radius vector and .the 
resultant of the forces under consideration we h v e  from (24), (25), 
(30), and (61) 

ccMP 
:, 1 , < , 1  

312 -d4- (6 C O S ~  8- 1) sin 8 . I ,  

----- M a' - 312 (5 cosZ e - 1) sin B '(72) 
@- 312 - (5 cos3 8 - 3 cos 8) . r' d4 b 

u ' since and are each very small compared with ;nity. 

Comparing (72) with (71), it is found that the angle made by the 
resultant force with the radius vector is the same as the angle made 
by the normal at  the same point. 

Taking d as the mean-distance of the lhoon and substituting nu- 
merical values from Table 2 for the coefficient in (71) we obtain 

. '  
tan #' = 0.00~~000,001,4 (5 cos2 8 - 1) sin 0 

* *, : , o  , . )  (73) 
1 

in which $' has a.  maximum value of about 0.0004" when e = 31.1". 
The maximum deflection of the normal due to the fourth power of 
the sun's parallrut i$ oidy albbu't ~0:000,bOO,5''. 

Ex ressions similar to (44) and (64) may be formed for the equilib- 
rium !, eight of the tide due to the sun, letting 

3s = masslof sun, 
dl *distance from center of earth to center of sun, 
8, =angle at  center of earth between line to sun and to point 

of observation on earth. 

Then for the height (y) of equilibrium tide due to combined action of 
moon and sun we have . : , .; 

M a4 + + 2 3 (5 cog8 8 - 3 COB 8) a . . (tide depending upon 4th 
wer, of moon s paral- (b! 

S a4 + f (5 maB 8, - 3 cos 8,) a . (tide depending upon 4th 
1 power of sun s parallax). 

(74) 

In (74) it will be noted that M, E, S, and a are constants. The dis- 
tance d and d, vary within certain limits because of the eccentricity of 
the orbits of the moon and earth. The an les 0 and 8, ,  which are 
practically the same as the zenith distancea o 8 the moon and sun, re- 
'spectively, vary with the declinations and hour anglea of these bodies 
and also depend upon the latitude of the place of observations. 
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If u70 ascribe the mean values to the distance d and di and substi- 
tute tho numerical values of the constants from Tablo 2, we obta~n 
from (74) the following, tho unit of height being the foot: . , 

y = 0.584 (3 cos2 I9 - 1) . . . . . . (approximate lunar tide). + 0.010 (5 cos2 8- 3 cos 8) . . . (de endin upon 4th power P ?  o moon s pnrdlnx) . + 0.270 (3 cos2 8, - 1) . . . . . . (approximate solar tido). 
+.0.00O101 (5 cos3 8,-3 cos 8,) . (dopanding upon 4th power 

of sun's pnrallax). (75) 
From (75) it ap oars that the extreme ranges of the equilibrium 

lunar and solar tl i' es are approximatelyl 1.75 and  0.81 feet,. respec- 
tivoly, and that the tides depending upon the fourth power of the par- 
allax of the moon and of the sun are of little or no nportance. 

In  equation (74) an expression was. obtained fo r  tba equilibrium 
height of the tide in torms of the linear distdnces and the zenith dis- 
tances of the tide-producing.bodias. I t  is now proposed to develo 
this equation in torms of variables which change' uniform1 wit T g 
time. Let us consider, first, tho torm representing the prinaipa ,luner 
tide, which may be written . . 

(00s' I9 - 113) ~ = 3 / 2  E d3 -- (76) 

In Figure 9 let 0 represent the center of the earth and let projec- 
tions on the celestial sphere be as follows: 

IAB, the earth's equator; 
ZM, the moon's orbit. 
CPA, the meridan of piace of observation; 
CMM', the hour circle of the moon; 

the intersection of moon's orbit with the Equator; 
, the place of observation; 
M, the position of the moon. 
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Then the L MOP will equal the L 0 of equation (76). 

Now, let X = A P  =latitude of place of observation, 
6 = M' M= declination of moon, 
C= L A 0  M' = arc A M' =hour angle of moon, 
I= L MIA=inclination of moon's orbit to the Equator, 
71 = IM=longitude of moon in its orbit reckoned from .the 

intcrscction I, 
x = IA = right asconsion of meridian of place of observations 

reckoned from the intersection I. 

I n  this discussion the rudian is considered ns the angular unit. 
I n  the spherical triangle CMP 

Cos P M= cos 0 = cos CP cos CM+ sin CP sin CM cos C 
=sin X sin 6 + COR X cos 6 cos AM' (77) 

In the right spherical triangle MJI'I, 

sin 6 = sin I sin 71 (75) 

and in the right spherical triangle MM'A, 

cos 6 cos A M' = cos A M. (79) 

I n  the spherical triangle MAI 

cos AM=cos 1 cos x+sin 1 sin x cos I (80) 

Substituting (781, (791, and (80) in (77) 

cos O=sin X sin I sin l+cos X [cos 1 cos x+cos I sin 1 sin 
=sin X sin I sin 1+3 cos A [cos (1-x) +cos (l+x) 

+cos I {cos (Z-X)-cos 
=sin X sin I sin l+cos X [cosa 4 I cos (1-x) 

+ sin1 3 I cos ( 1  + x)] (81) 
Then 

cosa 0 = sinZ X sinZ I sina 1 
+ 2  sin X cos X sin I sin 1 [cosz 3 I cos 
+ sinz f I cos (71 + x)] + cosZ x [cos4 4 I cosZ ( E  - X) 
+ 2 sjnZ $ I cosz 3 I cos (1 - x) cos (1 + x) + sin4 3 1 cos2 (1 + x)] 
= 3 cos2 X cos4 3 I cos (21 - 2 ~ )  
+ 3 cos2 X sin4 I cos (21 + 2 ~ )  
a 4 cosz X sina I cos 2x 
+ 3 sin 2 X  sin I cosZ 3 I sin (21 - x) 
+ 3  sin2X.4n Isin2 3 I s i n  (21fx) 
+ 3 sin 2 X  sin I cos I sin x 
+ (a cosZ X sina I- 3 sinz X sinZ I) cos 21 
+ 3 (cosz X cos4 3 I+ cosZ X sin4 3 I+ sinZ X sinz I) (82) 

The last two lines of (82) may bo writton 

(3- 312 sinz X) (3 sina I cos 21) 
+ (3 - 312 sinZ A) (113 - 4 sin2 I )  +'I13 (83) 
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I n  equation (84)  the functions invol+ing I und x may be expressed 
in the general form cos ( 2  Z + a )  or cos a ,  in which a = & 2x, ( + x - ~ / 2 ) ,  
or zero. 

I n  equation (85) let 

k  = 2e sin (w - p) + 514 e2 sin 2 ( s  - p)  
+ 1514 me sin (8  - 2h + p) -t- 1118 m2 sin 2 ( s  - h )  (89) 

Then 
l=u+k  (90) 

The maximum value of k  is small. If numerical values for e  nnd 
m be substituted in ( 89 ) )  i t  is found that the maximum value of 2k 
is 0.273 of u rtldian, the sine of which is 0.270. It may therefore be 
assumed without material error that tho sine of any tingle not greater 
thnn 2k is equal to tho angle itself. 

Then 4 

sin 2k = 2k = 4e sin (s - p) + 512 e2 sin 2 ( s  - p) 
+15/2 me sin (s-2h+p)-t-1114 m2 sin 2 ( s - 7 ~ )  

and 
(91) 

cos 2 k = 1 - 2  sin2 k=1-2k2  
= 1 - 8  e2 sin2 (s-p)=l-4e2+,4e2 cos 2 ( s - p )  (92) 

if terms smaller than those of the second order are neglected. 
From ( g o ) ,  ( 91 ) )  and (92)  we may now obtain 

cos (21 + a )  = cos (2a + 2k + a )  
-- cos 2k cos (20 -F a) - sin 2k sin (2a 4 a )  
= [ I -  4e2 + 4e2 cos 2 ( s  - p ) ]  cos (2a + a )  
- [4e sin ( s  p) + 512 e2 sin 2 ( s  - p) 
+I512 me sin ( s - 2 h + p )  + 1114 m2 sin 2 ( s - h ) ]  sin (2u+a)  

= (1, - 4e2) cos (2a + a )  
+2e cos ( 2a+a+s -p ) -2e  cos ( 2u+a- - s+p)  
+13/4 e2 cos (2a+a+2s-2  )+3 /4  e2 cos ( 2 a f a - 2 s + 2 p )  
+ l 5 / 4  me cos ( 2a+a+s -2  g +p)-1514 me cos ( 2a+a- s+21~-p )  
$,11/8 ma cos (2u + a + 2s - 27~) - 1118 m2 cos (2u + a - 2s + 27~) (93)  

The general coefficient of (84)  may be writtan 

aod the &able part of each of the terms in (84)  may then be ex- 
pressed by one of the following general forms : 

The value of the first is given in equation (88) .  For the second 
we have from (88)  

(2y cos a= (1  +3/2 el) cos a 
, , 

+3/2  e  cos ( a i - 8 - p )  +3/2  e  cos ( a - 6 + p )  + 914 e2 cos (a + 2s - 2p)  + 914 e2 cos ( a  - 25 + 2p)  
+45/16 me cos ( a + s  - 2h+p)  + 45/16 me cos ( a -  5 + 2h-  p) + 312 mz cos ( a  + 2s - 2h) + 312 m2 cos ( a  - 2s + 2h) (95)  
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+1/4 sin 2 X sin 2 1 ( ( 1  +3/2 e2) cos ( x  - r /2 )  - - - - - - -  - (0.3164) 
+3/2 e cos ( x  4-8 - p - r / 2 )  - - - - - - - - __- - - - - - - - - - - - - - - (0.0259) 
+3/2 e cos ( x  -8 +p -1r/2) - -__- - - - - - - - - -  - - - - - - -  (0.0259) 
+9/4 ea cos ( x  +28 - 2p - 712) - - - - - - - - - - - - - - - - - - - - - .. (0.0021) 
+9/4 ea cos ( X  - 2s +2p - n/2) - L - - - - - - - - .. - - - - - - -, -, , (0.0021) 
+45/16 me cos ( X  +a -2h +p -1r/2)--- - - __- - - - - - - - - - - - (0.0036) 
+45/16 me cos (x-s+2h- -x /2 )  - - - - - - - - - - - - - -_ -_  (0.0036) 
+3/2 m%os ( X  +2s - 2h - a h )  - - - . - - - - - - - - - - - - - - - - - (0.0026) 
+3/2 m%os ( x  -28 +2h - r / 2 ) }  - - - - - - - - - - - - - - -  ----, (0.0026) 
+1/2 (112 -312 sin") sin2 I { ( I  -512 e2) cos 2 - - - - - - - -  (0.1356) 
+7/2 e COB (%+8 -p)  ----  - - - - - -  - -  - - - - - - - - - - - -  -----  (0.0263) - 112 e cos (2u -8 +p) - - - -  - - - -  - -  - - - - - - - - - - - - - - (0.0037) 
+17/2 ea cos (2u+28 -2p) - - - - - - - - -__- - - - - - - - -  - - - -  (0.0035) 
+105/16 me cos (%+8-2h+ ) . . . . . . . . . . . . . . . . . . . .  (0.0037) 
-15116 me cos ( a - 8 4 - 2 b - 8  .........------------ (0.0005 
+23/8 m2 cos ( k + 2 8  -2h). . . .....-.. ..---.... . . .. (0.00221 + 118 m%os (2u - 28 +2h) } - - - - - - - - _- - - - - - - _- - - - - - - - - (0.0001) 
+(1/2 -312 sin2 A) (113-112 sina I )  ( ( 1  +3/2 ea)----  - - (0.4404) 
+3 e cos (8 - p)  - - - - - - - - - - - - - - - - __- - - - - - - - - - - - - - - - - - (0.0722) 
+9/2 ea cos (28 -2p) -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - (0.0058) 
+45/8 me cos ( 8  -2h+p) - . . . . . . . . . . . . . . . . . . . . . . . .  (0.0101) 
+3 ma COB (28 -2h) }I-- - - - - - - - - - - - - - - - - - - - - - - - - - - - (0.0074) 

Referring to section 4 and Figure 6, it will be noted that the lon- 
gitude measured in the moon's orbit from the intersection A equals 
the longitude measured from the referred e uinox r ' less fh? disl 
tance t, and that longitude measured in the 8 quatorefrom the inter- 
section A equals the longitude measured from the equinox Y less the 
distance v. 

In Figure 10, let Sf and P f  be the points where the hour ciicles of 
the mean sun and of the place of observations intereect the celestial 

equator, and let T- the hour angle of the mean sun measured west- 
ward from the meridian of the place of observations. I t  is evident 
that the difference between the mean lon 'tudo of the sun and the P right ascension of the meridian of the p ace of observation when 
reckoned from the same origin will be equal to the hour angle of the 
mean sun. 
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With other notations at3 before, we then have 

u = s - I  (98) 

X =  T + h - v  (99) 

Substituting (98) and (99) in (97), making all coefficients 
by adding or substracting a from the an le, since - cps x = + qos (x f a), 
and neglecting all the smaller terms w % ose numerical maximum vala 
ues as Indicated are 1- than 0.003, we obtain the following: 

[(1/2 -614 el) cos4 f I coe (2T +2h -28 +2[ -24  - - - - - - - . . - - - -Ma 
+7/4 e cos4 3 I cos (2T +2h -3e+p+2[ -2v)_- --------,---- NI 
+1/4 e cos4 3 I coe (2T+2h-s-p+2[-2v+n) ---- -*- - - - ---  [LsJ 
+17/4 e' cos4 3 I cos ( 2 T + 2 h - 4 ~ + 2 ~ + 2 [ - 2 ~ )  - - - - - - - - - - - -  2N 
+106/32 me cos' f I cos (2T+4h.-3s-p+2[-2v)----------vr 
+I6132 me cod 3 I cos (2T -s+p+2[-2v+r) - - - -  - - - - - - -  ha. 
+23/16 ma cod ) I cos (2T+4h -4e+2[ -2v) - - -  --, .------- r r  

+(1/4+3/8 el) sin' I coe (2T+2h-2v) ----,----. ..- - - - - - - -  [Ksl 
+3/8 e sin1 Z cos (2T+2h+s - p  -2v) 
+3/8 e sin1 I cos (2T+2h-s+p-2v)l ----------  - ..------ [La],, 

A )  [(1/2-6/4~)sinZcos~)Iooe(T+h-2e+2E-v+r/2)-----0~ 
(A),, +7/4 e sin I ooea 3 I cos (T+h-3s+p+2t-v+*/2)--------Qt 

+1/4e sin I coaa f I cos (T+h-8-p+2[-v-rfl) .....-- [MI]' 
Q +17/4 el sin I coal 3 1 coe (T+h-48+2p+2[-v+rpt)..---2Q 
o + 1 0 6 / 3 2 m e s i n Z c o s ~ ~ I c o e ( T + 3 h - 3 8 - p + 2 ~ - ~ + r / 2 ) ~ ~ ~ p ~  
(A)aa +23/16 ms sin I cod 3 I coe (T+3h-48+2E-v+r/2) 
(A)', +(1/2-6/4e~)sinIsin~fIcos(T+h+2e-2[-v-=/2)---0~ 
(4414s +(1/4+3/8 ea) sin 2 I cos (T+h-v-*/2) - - - - - - - - - - - -  ----[&I 
( 4  + 3 / 8 e s i n 2 I c o s ( T + h + a - p - v - r / 2 )  --------------,---- JI 
4 +3/8 e sin 2 I cos (T+h-s+p-v-r/2) -,--------,----- [MI] 

47 +46/64 me sin 2 I coe ( T  - h +a + p  - v - r/2) 
(414' +46/64 me sin 2 I ooe (T+3h -8 - p  -v -r/2)] 

+3/2 (%)' a (112 -312 sins A) X 

(A) s [(I12 - 614 el) sins I cos (28 -2t) - - - - - - - - -, , - - - -- - - - - - - - - - Mf 
( 1  s +7/4 e sin' I cos (3s - p -2[) 
A S  + 1 / 4 e s i n a I c o s ( 8 + p - 2 [ + ~ )  
A S  + 1714 es sins I cos (48 -2p -2[) 
( 4 )  +106/32 me sina I coe (38-2h+p -'I[) 
A s  +(1/3 +1/2 el) (1 -312 sina I) 
o + ~ ( 1 - 3 / 2 e i n l I ) c o s ( 8 - ~ )  ---,--------------- --------Mrn 
a +3/2 e2 (1 -312 sin' I )  ooe (2s-2p) 
( A )  +16/8 me (1 -312 sins I )  008 (a-2h+p) 
a +ms (1 -312 sins I )  cos (28-2h) . . . . . . . . . . . . . . . . . . . . . . .  [Msf] (100) 
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If we disre ard for the present the slow variations in the value of 
I, [, and v, w % ich for a series of observations of a year or less may be 
considered as practically constant, each term in the above formula, 
excepting (A),,,  is an harmonic function of an angle which changes 
uniformly with time. Each term re resents an harmonic com onent f of the lunar tide, and, if the idea conditions assumed un 8 or the 
equilibrium theory (section 3) actually existed, each term including 
the general coefficient would represent the approximate true height 
of that component referred to mean sea level and the sum of all the 
terms the approximate height of the entire lunar tide. 

The notation followin each term in the formula is the generally 
ized symbol for t f e component represented. The bracketed 

sym 01s indicate that the terms only partially represent the compo- "Of? 
nents designated. These will later be given s ecial consideration. 

generally ne lected. 
f The terms without symbols are of little practica importance and are 

Terms wit % coefficients e and e2 represent the elliptic components, 
since they depend directly upon the eccentricity of the moon's orbit. 
Terms with coefficients me, and mZ represent the evectional and 
variational components, respectively, since they are derived from the 
corresponding inequalities in the motion 0.f the moon. (See formulas 
for the true longitude and distance of the moon in Table 1.) 

10. EQUILIBRIUM ARGUMENT. 

Although the actual height of the tide and tho time of occurrence 
of the maxima and minima are 
the ear'th's 

stant coefficient and the cosine of a varying angle. This angle is 
called the equilibrium argument of the component represented. The 
numerical value of the ar ment is constantly changing. The menn 

Ph T rate of chan e is called t e speed of the component, and the time 
required for t e argument to complete one cycle of 360' is tho poriod 
of the component. 

Examinin equation (100) it will bo noted that each argument is 
composed o ?' a combination of some of the following elements: 

T, hour angle of the moan sun at the place of observation; 
h, longitude of the menn sun ; 
s, longitude of the mean moon; 
p, longitude of the moon's peri ee; P: p,, longitude of sun's perigee ( or solar tides only) ; 
4, long~tude in moon's orbit of intersection (fig. 6) ; 

, v, right ascension of intersection (fig. 6). 

The hour angle T is zero a t  mean local noon at the placo of obser- 
vation and increases uniformly a t  the rate of 15" per solar hour. At 
any p e n  instant of time the value of T will bu different for encll 
meri ian of the earth, but will be identical for all places on the snme 
( 
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moridinn . Formulns for 7r., s ,  p,  nnd p, are given in Table 1. 
the r~t(!s of c h ~ ~ n g o  in tllo.;o elomonts aro not absolutely uniform, A1tl'Ou~ll t e 
vnricitions from uniformity arc? negligible in this work. Tho vnlucs 
for tho beginning of tho present century nnd tho hourly rates of change 
will he ,found in Tnblc 2. Tho vnlues of ,$ and v for each degree of 
N nro givcn in l't~l>lc (5. They vary slowly betweon srnnll positive 
and negntivo limits, but do not uflect tho moan spoed of an nrgu- 
mcnt, sincc nil t~c-.cclcrution in the spood a t  ono time duo to the posi- 
tive vnlucs o-l tliosc elemsnts will be compensated for a t  another 
time by tho retnrtfnt.ion duo to corresponding negative values. 

Tho nr umont of IL component is divitlad into two pnrts dosi nated 
by v ant T IL, rcsp(:(:tiv01y, so that the ontire argument mny % e ex- 
pro:~scd by ( I / + u ) .  'I'he principnl art  V is composod of n combina- 
tion of tlie elcmonts 7: h, s an $ p,, togothor 111th any constant, 
such as u mlllriplo of !No. 'k& 17 changes uniformly throughout tho 
ontire cyc:lc of 360' r~nd determines the speed and period of tho corn- 
ponc!nt. Thc 71, includes the elements [ and v, and altornutely in- 
crctLws t~nd dccreuscs through small limits with a menn value of zoro. 
The c:hungc? in tho ?L is vcry slow, nnd for the reduction of nny series 
of obsorvat.ions not oxcceding 369 days in Ion th i t  is assumed 
to ho corist,ur~t wit11 its vnluo as of the nii d dle of tho sorios, 
but  for t.1~9 comparison of results from different yoars of observations 
tlie change in this qunntity must ba ,tnken into account. Tho u ,  
bein a function of N ,  has u period of npproximate1.i. 19 yenrs. B O tho olemcnts that may enter into the V i t  will be noted tlint T 
has n speed of 15' pcr hour, ivin ? n period of one solar day for this 
elemc?nt, wl~ilo tho spoeds of t F lo ot  k lor clemonts (Tnble 2) arc each less 
than 1' per hour. J'lir? y~proximato period of the elomerits s, h, p, 
and p, arc 1 month, 1 year, 9 years, and 20,000 .years, respectivoly. 
In n comtiriution of oloments of which the spoeds differ so reatlvit is 

(i y)l)arunt that the nl)proximato pariod of the component w 1 be deter- 
mined I)y the elomont of greatest speed .and shortest .period. Thus. 
ull the compouunts which contain tho element. T in their ar uments 
must have poriods tllnt will not groat,ly oxceod the length o f a solar 
day, but if the element of grontest s ood in the argument is s the 
period will be npproximately one mont 1 . 

Tidal components are considerod under t,wo, clnssos, short- oriod 
components with poriods of ap roximately one day or less an long- B B 

orird components with porio s extending over a lon er time. The 
formor conttlin tllc olomont T in their arguments, w lile the latter 
aro indo ondont of tllis olomont. 

S 
P 'rhe s lort-pcricd components may be subdivided nnd classed as 

diurnal, somnidiurntd, terdiurnnl, quartor-diurndl, etc. The.  diurnal 
components have )c!riods npproximntely equal to a ~ o l a r  day, and 
)hey are distinguis h ed by tho prosonce of a sin la T i n  tho nrgumont. 
rho nctunl poriod of such (1 component is cal 7 ed tt com onent day. 
The somidiurnnl components have periods a proximate y equal to 

YI 
f 

!)no-hnlf of tl solnr day and aro distinguished y the presence of 2 T 
In the argument. For t,hosc components the componont day be 
exactly twice the longth of the period of the componont. Tordiurnal 
and quartor-diurnnl components will have three and four poriods 
mcll componerlt dny nud will 110 distinguished by tllc multiples 3 T 
and 4 1' in their arguments. In  lorrnulu (100) tho only short-period 
componon ts reprcsen tcd uro the diu,rnnl nnd semidiurnnl components. 
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The long-period components are of much less practical im ortance 
and only five are usually considered in tho analysis. TL lunar 
monthly Mm, with a period of ap roximately one month indicated 
by the single s in its arpmont,  ancfthe lunar fortnightly Mf, and the 
lunisolar-s ncdic fortnightly MSf, with periods of approximately T one-half o a month, tlu ~ndicatcd by the 2s in their arguments, mny 
be found represented in formula (100). Tho unnuul and sominnnual 
components will be rcferred to later. 

In  order to visualize the e uilibrium arguments of the short-period 
com onents, the periods of w ich depend primarily upon the rotation lf a 
of t e earth, i t  may be found convenient to conceive of a system of 
fictitious stars, or "astres fictifs," as they are frequently called, 
which move in the celestial equator. Each diurnal com onent may 
be represented by such a star movin a t  a rate which wil cause it to B I 
transit the meridian of the place o observation a t  the instant the 
argument of the component is zoro, the intervd between successive 
transits corresponding to the period of the component. We might 
conceive the motion of the star relative to the earth's meridian to 
be strictly uniform corresponding to the rate of change in the V 
of the argument. In this case the intervals between successive 
transits m11 be equal and will determine tho length of the mean 
corn onent day, 'ust as successive transits of the mean sun determined 
the i' ength of t h e mean solar day. I t  may be more convenient, 
however, to assume that the motion is subject to the inequalities of 
the u of the argument. In  this case the hour angle of the fictitious 
star will a t  each instant of time correspond exactly with the argument 
of the diurnal component that is represented. 

For the semidiurnal components the conception is a little less 
simple. Perhaps the best assumption is a system of two fictitious 
stars a t  180' apart for each com onent, moving so that the argument 
of the component will alwa s Be equal to twice the hour angle of 
either star. Similarly, for t % e terdiurnal and quarter-diurnal com- 
ponents, s stems of 3 and 4 fictitious stars movlng so that the argu- 
ment of t i e component is always three or four times, as 'the case 
may be, the hour angle of the component star. The conception 
of the astres fictifs is not adapted to the long- eriod tides, as these 
do not de end upon the rotation of the earth or their periods. \ P 

Under t e e uilibrium theor the time of a component high water 
will corrpspon~ to the zero v J ue of its argument, but under actual 
conditions the occurrence of a component high water will, in general, 
be delayed by an amount which is constant for 8 given place. The 
lag, expressed in angular measure, is called the epoch of the com- 

onent and is usually designated by the Greek letter K .  The epochs 
for any place are determined from actual observations of the tide, 
and if a plied to the equilibrium arguments will give corrected a! - R r ments w ich will correspond to the true phases of the component tl es 
a t  that place. The general expression for the corrected arguments la 
V+ u - K ,  which will equal zero a t  the time of the high water of the 
corresponding component. 

If we adopt some initial instant from which to reckon time, such 
as the beginning of any series of observations or predictions, and let 

t -number of time units from the initial instant, 
VO = value of V when t - o, I 

a -rate of change in V per unit of time, 
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then we may write 

( V + u - u ) = ( a t +  Vo+u-K) (101) 

In  (101) u will be assi ned a vdue corresponding to the middle 
of the series under consi 8 oration and will bo assumed to hold that 
value as a constant for tho entire series. 

Table 3 contains the formulas for the ar uments of the principal 

5 5 com onents and also the hourly rates of c ange in the argument, 
and able 15 gives tho values of Vo + u for the meridian of Greenwich 
for the be inning of each year from 1850 to 2000 as computed from 
the formu f as. 

A raphical representation of the relations between Vo +u, c, and 
K is &own in Fi ure 11. The heavy horizontal line represents the 
time ar ument a vancing to the right, the distance bein expressed 8 a % in angu ar measurement that increases uniformly with t e advance 
of time. The figure t a k a  account of a single t p i ca l  short-period 
component with an hourly speed of a, the ratio o this speed to that 

of the mean sun being ro resented by c. In  the figure the horizontal 
distance that correspon 1 s to one hour in time 1s equivalent to a 
units of the angular measurement. 

The oint indicated as "Oh of time used for observations" is 
assume 8 to represent the exact beginning of the series of observations 
analyzed; that is, the time of the first hourly height of the tabulations. 
The interval between the beginning of the observations and*the 
time of the first following component high water is indicated b [. 
The interval between the next receding transit of the astre ctif 

% 
I 

over the local meridian and the e inning of the series is 'designated 
as the local Vo + u. The true epoc or K is the interval between the 
transit of tho astre fictif over the local meridian and the time of the 
followin component high water, and therefore equals the sum $of 
t he locay Vo + u and the 1: 

The Greenwich V, + u ,as 'ven in Table 15 i s  . t h ~  interval between 
the transit of the a s t ~ e  ficti p over the meridinn bf Gi-eenwich and the 
O hour of the following Greenwioh day. Thq intdrvsl between the 
transit over the meridian of Greenwich and t%eltr&hsit lover any other 
meridian is equal to the product of 'the subscript 61 the component 
and the differenoe in longitude, the eubscript indicatin the number 
of component periods in aacom onent day. For east angitude the ! 'i 
tfansit would occur earlier an for west longitude later than the 
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transit over the meridian of Greenwich. For the long-period com- 
ponents an initial epoch of the Vo+u is reclroned from certain astro- 
nomical .relations independent of the rotation of the earth urld is 
consequently independent of longitude on the earth. Therefore, to 
adapt Figure 11 to the long-period component, the subscript p must 
be assumed to be zero. 

The chan e in the V, + u from the 0 hour of a Greenwich day to tho % 0 hour of t e same calender day defined b mother time meridian 
e uals the product of the speed ratio c and t e diflerence in longitude 
o ? the time meridians. 

K 
From the figure i t  is evident that a correction of ( - pL + cS) must 

be ap lied to the Greenwich Vo + u to ob tain the locd Vo + u. 
If %e epochs or ~ ' s  are referred to some standard time meridian 

instead of the local meridian at the place of observations, u, correction 
equal to the roduct of the component subscript and the diii'erence f between the ongitude of the local and standard meridians must be 
applied to reduce such e ochs to the local meridian, the subscript 
bemg taken as zero for a6 the long-period components. 

11. COEFFICIENTS. 

common factor 312 differs from the othersin the factor 

J cos (V+u) (102) 

in which the coefficient J is a function of I,  and u is a function of v 
and €. Since I, v, and € are all functions of the longitude of the 
moon's node which is usually represented by N, the values of J 
and u will &o.be functions of N. If we assume a succession of a 
great many short seriee of tidal observations to be anal zed, the mean 
of the resulting amplitudes for an component might I, e represented 
by the mean value of J in (102) ; gut if a single very long continuous 
series is to be analyzed the resulti amplitude will be more accurately 
represented by the mean value of ? t e product J cos u. The differonce 
may be explained as follows: The inequalities due to the u in the 
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argument cause tGe intervals between successive maxima and minima 
to vary slight1 in length. In  the analysis of a succession of short 
series the amp itudc obtained from each has the maximum value of' 
the function which occurs when ( V f u )  is 0 or a multiple of 2a; 
but in tlia cmalysis of a single long series covering n great many 
years the resulting arnplitudo represents the average of the values of 
the function when V equals 0 or a multiple of 27r. It will be readily 
seen that the value of (102) is J when . ( T 7 - k ~ )  = 0 or a multiple of 
2n, and .J cos u when V =  0 or a inulti le of 2n. 

Thc cxpsession "mcan valuq of coe f R  cient," as applied to the terms 
in tho foi.mulc~ for the oquiIibrlum hei h t  of the lunar tide, is usually 
t~tken to represent the mean value of t 5 e product J cos u. With the 
vulue of u smt~11, cos u has a vdue noar unity and the,moan value of 
J cos u differs but little from the mean value of J. In  the racticd 

4 P application of the e uilibrium thoory to the harmonic ana ysis and 
prediction of the ti es i t  is of no conse uence.whether the mean R value J alone or of the product J cos u bo ta on as the mean coefficient, 
but for tho sake of uniformit in representing the results the practice r hercatofore adopted will be fo lowed. 

With tho factor cos u always near unity, the mean value of the 
product J cos u can bo shown to be up roximately equivalenb t o  the 
product of the mean value of each, an i' is so taken in the computa- 
tions that follow. 

ltcfarring to ( l oo ) ,  the mean value of tho following variables will 
be required: 

cos4 3 I cos (26 - 2 v )  for terms ( A ) ,  to ( A ) ,  
sina I cos 2v for terms (A)  ,, to (A) ,, 
sin I cosa 3 1 cos (2€ - v )  for terms (A) , ,  to (A), ,  
sin I sinz 3 I cos (2€  + v)  for term (A) ,, 
sin 2 I cos v for terms ( A )  ,, to (A)  ,, . 
sinZ I cos 2E for terms ( A ) ,  to (A), ,  
( 1  - 312 sinz Z) for terms (A),, to (A)  ,, 

Tho first step will be to exprees the functions of I,  v, and E in terms 
of N, the longitude of the moon's node. The latter changes uni- 
formly with t h o ,  and i t  is in reference to time that the mean values 
ore dosired. 

lteferring to Figure 6, the following formulas may be readil 
derived from the spherical triangle A Y A .  Noting that  the si d e 
6b Y = N, the longitude of the moon's node; side A A = V' -'E bb LT - € = N- 6 ; and side r A - v; and that the opposite 'angles lare (n - I), 
u, and i, respectively; we have 

cos I-cosi  cos w-sinisin w cos N (103) 

sin i sin N 
tan v- cos i sin w +sin i cos w cos 2P 

ein N 
tan (N-"'cot w sin i + c o i i  
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tan N-tan E 
(N-E)- l+tan N tan E 

we have from (107) and (108) 

sin i cot w tan N+ (cos i - 1) sin N 
tanE'sini cot wfcos i  cos N+sin N tan 

- sin i cot w'sin N-sin2 +i sin 2 N 
sin i cot w cos N - 2 sin2 +i cos2 N + 1 

(109) 

For the computations of tables of the values of I,  v, and E ,  with N 
ss the argument, formulas (103), (104), and (105) will be found 
especially convenient. Formulas (106) and (109) provide for the 
direct computations of v and E independent of each other. For the 
computations of the mean values now sought it will be found desirable 
f o modif formulas (103), (106), and (109) and represent the values of 
I v ,  anB E in s roximate forms that are more easily develo ed. P i' dy Table 2 it ul be noted that i is small, being equal to 5.146 , or 
0.090 of a radian; therefore, using the radian as the unit angle, the 
sine of i, or of any fraction thereof, may be taken as approxunately 
equal to the angle itself. 

Then 
sin i-i (110) 

cos i= l -2  sin2+i=1-+i2 (111) 

Substituting (110) and (1 11) in (103), (106), and (log), and develop- 
ing to the second power of i, we may obtain the following: 

Cos I=cos w-isin w cos N-&i%os w (112) 
i sin N 

tan v -  (I-+?! ein w+icos w cos N - i cosec o sin N- +i2 cos w cosec2 w ein 2 N (113) 
i c o t  w sin N-)i2sin 2 N 

tan cot w cos N-+i2 eos2 N +  1 

, -i cot w sin N-+i2 [cot2 w++]  sin 2N (114) 
From (1 12) 

cog I -  ws2 o - i sin 2w cos N+ i2 (sin2 w ws2 N - cosh )  (1 15) 
a .  

COS' w - ~08 '  N ' 

, s.4 I- (1 -cos2 1) i  =sin w + i  . cos . q CO?.N+ ti',. sin . I !  (1 16) 
e i n I c o s I  

1 ~ q s i n  2w+i cos 2w c o e ' ~ + +  P'cot I . I  w[&s'2w~cosaN (1 + 2  siuau)] (117) 

From (1 13) 
1 ' 

COB v a  (i_+_rt__j--f,= 1 - f j a  OOmc~ Y i S i d " ~  . A * I  

an v) 
" (118) 

. .  . 

( ' . I sin v = tan v cos v - i gosec o sin rCfk 4 iiicos ocosec?:wain 2 N (1 19) 
. ; . .  - I  I . : i  . \ v ,  . I . $ I  

cos 2v - 2 cos2 v - 1 = 1 - 2ia cosec? w sin2 N (120) 

I sin 2v - 2 sin v cos v = 2i C P B ~ C  w sin N- i2 cos w cos6ca'b sin 2 N (1 2 1) 
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cos [= 
1 

(1 + tan2 €1 3=1-+ iZ  cota a sina N (122) 

sin [-tan [ cos E = i  cot o sin N -  3 i2 [cota w + 41 sin 2N  (123) 

cos2[=2 cosaE-1-1-2iZ cotZ o sina N (124) 

sin2[=2sih[cos[-2icotosinN-iz[cotaw+3]sin2N (125) 

From (118) to (125) 

cos 2[ cos 2v = 1 - 2iZ [coseca w + cot2 w] sinZ N (126) 

sin 2[ sin 2v = 4ia cosec w cot w sina AT (127) 

COB 2t cos v = 1 - iZ [+ cosoca w + 2 cota w] sina N (128) 

sin 2[ sin v = 2i2 cosec o cot w sin" (129) 

Since N is an angle that changes uniform1 throughout the entire 
circumference, i t  may readily be shown that t TI e mean value of sin N, 
cos N, sin 2 N, and cos 2 N is zero for each, since for each positive valuo 
there will be a 'corresponding. negative v+l.ue, in tho s ap0  period. 
Indicating tho mean value of a variable by the subscript o, we may 
now write 

[sin N ] ,  = [cos N ] ,  = [sin 2 N ] ,  = [COS 2 N ] ,  F 0 (130) 
and 

[ s i n W O = [ f - 3  cos 2N],=3 (131) 

since the mean valueof th; sum of several teims Bqupls the'sum of the 
moan vduo of each term. 

Substituting (130) and (131). in formulas (112), (115) to (118), 
(120), (124), arid (126) to (129), and indicating the resulting moan 
values by subscript o, tho following may be obtained: 

[COS I], = (1 - &i2) cos w (132) 

[cosa I], = cosa w + iZ (3 sina w - cosZ a) - cosa + i2 (3 - + cos2 o) (133) 

eos2 w - 3  
[sin I], - sin w + +ia sin 

[siq L cos I], = sin o cos w + +iz cot w [cosa cu - sin" - 3 - sinz w] 
\ \ 

= sin w cos w + &?cot w [+ - 3 sina w] (135) 
[COS v], = 1 - f ia cosec2 w (136) 

[cos 2[], = 1 - iZ cotZ w 

[COB 2t cos 2v], = 1 - i2 [coseca w + cot2 w] 

[sin 2E sin 2v], = 2i2 cosec w cot w (140) 

[COS 2[ cos v ] ,  = 1 - ) ia [cosec" + 4 cot3 w ]  (14'1) 

[sin 2[ sin v], =ia cosec w cot o (142) 



44 U. S. COAST A N D  GEODETIC SURVEY. 

Then, for the functions of 1 in the coefficients of (loo), we may 
obtain from (132) to (135) the following: 

[cos4 3 I ] ,  = 4 [I  + 2 cos I + cosa I ] ,  

= I  [1+2 cos w+cosZ w + + i l  (1-2 cos w-3 cosz w)] 

= f [(I +cos w ) 2 + 3 i a  (1 +cos w) (1 -3  cos w)] 

(1 +coso) (1 +4cosw-6cos2w 
=+[sino+sin w cos o - t i 2  - sin w I 

[sin I sin2 3 r ] ,  = 3 [sin I- sin I cos r] ,  

cosZw-3 - + cosw +3coswsin2w =+[sin w-sinwcos w ++ia sin w I 
1 - 5 cosc~ -2 cos2w + 6 cosa& =+[& o-sin u cos W-t i2 sin w I 
(1 -cosw) (1 -4cosw-6coe20) 

= +[sin o - sin w cos w - t i2 sin w I 
1-4 cos 0-6 cos2 w 

=sin w sina + o[l-+ d sina w 1 (146) 

[sin 2 I ] ,  = 2 [sin I cos Z],q 
= 2 sin w cos w + z2 

sin2 v (147) 



From (136) to (142) we mtry obtain the following: 

[COS (2[ - 2v)], = [cos 2[ cos 2v +sin 2[ sin 2v3, 
= 1 - i2 [cosecZ w -I- cot2 w - 2 cosoc w cot W ]  

= 1 - i2 [cosec w - cot wIa 

sin w 1 -I- cos w 

[cos (2[ - v)], = [COS 2[ cos Y -k sin 2[ sin v], 
= 1 - 4 iZ [cosecz w + 4 cota w - 4 cosec w cot a] 
= 1 - f ia [cosec w - 2 cot wIa 

1-2  cos w 
= 1 - f is[ sin 1 

[COS (2[ + v)], = [ C O ~  2f cos v - sin 2f sin v], 
= 1 - f iz [cosec2 w + 4 cot2 w + 4 cosec w cot] 

s1n w 

By taking the products indicated on p e 41 tho mean values for 
!he variable factors of the coeEcients ofyl00) me be obtained as z Indicated below, B$ substituting cos4 3 i as t e equivalent of 
1-4 iZ, and 1 - 312 slna i as the equivalent of 1-312 ia, the results 
are obtained in tho forms adopted by Professor Darwin. The 
Qu~nerical e uivalents of the formulas are obtained by substituting 
the values 01 w and i from Table 2. 

par terms (A), to (A), 
[cos4 3 I], [cos (2 - 2 v)], = (143) X (149) = c0s4 3  o [I - 3 ia] 

= c0s4 4 w c0s4 +,i=0.9154 (155) 

For terms (A) ,, to (A) ,, 
[sina 4, [cos 2 v], = (144) x (150) = sinZ w [ I -  312 i2] 

= sina o [ I -  312 sinZ i] = 0.1565 (156) 

For terms (A)  . to (A) , ,  
[sin I cosa 4 I] ,  [cos (2 [- v)].= (145) X (151) 

=sin w cosa 3 w [l  - 4 iZ] = sin w cosa 3 w cos4 3 i - 0.3800 (157) 

Por terms (A)  
[sin I sina 3 !lo [cos (2 [ + v)], = (146) X (152) 

=sin w sina 3 w [I - 3  ia]=sin w sina 3 w cos4 3  i=0.0164 (1 58) 
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For terms (A) ,, to (A) ,, 
[sin 2 I], [coq v], = (147) x (153) =sin 2 w [ I -  312 iZ] 

= s ~ n  2 w  [I-312 sin2 z] =0.7214 (159) 

For terms (A) ,, to (A) ,, 
[sin", [cos 2 [lo = (144) X (154) = sina w [ I -  3 i2] 

= sinZ w cos4 3 i = 0.1578 (160) 

For terms (A),, to (A) 
[I -  312 sin2 $ = (148) = (1 - 312 sina w )  (1 - 312 iZ) 

= (1 - 312 sin2 w )  (1 - 312 sina i) = 0.7532 (161) 

The mean value of the coefficient of each torm of (100) may now 
bo readily obtained h substituting for the variable factor the corre- 
spondin mean value rom formulas (155) to (161). Table 3 contains f H 
a compi ation of such mean values. 

12. FACTORS OF REDUCTION. 

For the analysis of a series of observatibns not exceeding 369 
da s, tho coefficient may be considered as practically constant, with 
I saving a value corres onding to the middle of the series, but 
in order that the results !' rom several years of observations may be 
comparable i t  is necessary to take account of the changes in I nnd 
apply a factor of reduction to the nin litude .as obtained from any 
particular series of observations. For tRese factors it is assumed that 
the variations in the actual tidal components due to the changes in 
the longitude of the moon's node will be roportional to the corre- 
sponding variations in the coefficients of t fe  terms of (100). 

fie resenting the mean value of any component amplitude by H 
and t 1 e amplitude for nny particula~ tune by R let ' 

and 
R - f=p  or R=fH " (1 63) 

Then Fwill be the factor for reducing an am litude for a articular 
series to its moan value and f the rociproca P of F, the actor for 
ada ting a mean amplitude to a particular timo. 

f 
d i n g  the notation of the preceding section, this factor may be 

expressed 

(164) 

The constant factors of the coefficients of (100) boing common to 
both the numerator and denominator of (164) need not hore be 
considered. Making the substitutions of the mean values re resente? 
by I ,  [cos TL], from formulas (155) to (161) the following l? actors of 
reduction for the com onents represented by the terms of (100) 
ma be readily obtainel  

&or terms ( A ) ,  to (A) ,, including&mponentsM,,Nz, 2N, u,, A, ,  andp,, 
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F for terms (A) ,, to (A) ,,, including component lunar (K,) , 

F for terms (A),, to (A) ,,, including components O,, Q,, 2Q, and PI, 

sin w cosZ 3 k COS, 3 i- 0.3800 = ---- 
s i n ~ a 3 1 ,  s i n I c o s 2 + I  (167) 

F for term (A) , ,  for component 00 

sin w siw + w cos4 3.i 0.0164 = --.. - - -.-- - 
sin I sin2 3 I sin 1 sin2 3 1 (168) 

F for terms (A) ,, to (A) ,,, including components lunar (K,) and J , ,  

- sin 2 w [1 - 312 sin2 i] 0.7214 
sin 2 1 "Gm2 (169) 

F for terms (A) ,, to (A) ,,, including component Mf, 

- sin2 u cos4 + i- 0.1578 
sin2 I sina I (170) . 

F for terms (A),,  to (A),,, including component Mm, 

The lnst is also the factor of reduction for the equilibrium com- 
ponent MSf; but as there is nlso a compound component having th'e 
same ar ument and generally a reater nmplitude, which unites with 
the e umbrium component, the actor of reduction is usually deter- 2 8 
mine from the compound part, which will be discussed in a later 
section. The factor of reduction for a n.umber of other special cases 
Will be treated separately in the text. 

The factor .f ma of courso, be readily obtained by taking the 
reci rocals of the a i? ove expressions for the fa.ctor F. 

'Pable 12 gives the logarithm of the factor F for the princi a1 ! components corresponding to every tenth of a degree of I ,  and Ta  lo 
14 gives the natural factor f for the principal components for the 
rniddle of each year from 1850 to 1999. 

13. TIIE L, TIDE. 

The separation of the components from each other by the rocesses 
of the analysis depends upon the differences in the spee d s of the 
components. If two components have speeds that are very nearly 
eq!al, the analysis of a serios of observations, unless of a very lon 
Period, will not separate such components from each other but wi fi 
give a sin lo component that is a resultant of tho two. Referring to 
equation boo), we note that the speeds of the terms (A), and (A),, 

ver nearly e unl, the difference boing twice the rate of chan e K 4 
about 41' in an entire year. 

f '0 p, t e longitu o of tho moon's perigee, and this changes on y 
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Because of this fact it is customary .to treat these two terms as a 
single component known as the L, tide and having the speed of 
(A).,, sincc this has the larger theoretical ,m litude. 

Omitting for the present the general cbe cient applying alike to 
both terms, wc have 

2 
term (A),=1/4 e cos4 3 I cos (2T+2h-8-p+2€-2u+n) (172) 

and term (A) ,, = 318 e sin2 I cos (2 T +  2h - 8 + p - 2u) (173) 

Let B = 2 T + 2 h - s - p + 2 i - 2 ~ + ~  (174) 

and P-p-E (175) 

Substituting (174) and (175) in (172) and (173) and combining the 
latter we have . . 

114 e cos4 3 I cos fl+3/8 e sin1 I cos (8+2 -2€-z) 3 =1/4 e cos4 3 I [cosfl-6 tana 3 I cos (8+2 )] 
=1/4 e cos431[cos8-6 t a n 2 + I c o s 8 c o s 2 P + 6  tana+ Isinflsin2P] 
= 114 e cos4 + I [(I - 6 tan2 3 I cos 2P) cos 8 + 6 tana 4 I sin 2 P    in 81 
= l / 4  e cos4 3 I [l-12 tanZ 3 Zcos 2P+36..tan4 3 I ]  * 

6 tan2 3 1 sin 2 P  CO~(B- tan-ll - 6 ten2 + I cos 2 P  

c0s4 ' Icos  (2T+2h-s-p+n+2[-2"- R) -114 e --- 
B. (176) 

1 n which - -[I - 12 tan2 3 I cos 2 P  + 36 tan4 3 I] 
Ra - (177) 

and 
6 tana 3I sin 2 P  R tan-' sin 2 P  

1 - 6 tanZ 31 cos 2 P  a tan-' 116 cot2 42-cos 2 P  (178) 

The values of lo R, and R corresponding to different values of I 
and P will be foun f in Tables 7 and 8, respective1 . B Formula (176) represents the composite Lt ti 0 The V of the 
argument is 2 Ti- 2h -8 - p  + r, with a speed ldentlcal with that of 
(172). The inequality u of the ar ument is 2€ - 2v - R. Y For the mean valuo of the variab e factors of the coefficient we have 

From (177) and (178) 
cos R 

Ra 
--1-6 tana 3 1 ~ 0 s  2 P  

sin R 
R. -6 tana 41 sin 2 P  

substituting (180) and (181) to (179). 
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Mean value of variable factors of coefficient 

= [cos4 $1 { ( 1  - 6 tana $1 cos 2 P )  cos (2E - 2v) 
+ 6 tanZ $1 sin 2 P  sin (2E - 2v)] ,  (182)  
== [cos4 31 cos (2E - 2v) - 6 sina 31 cosZ 31 cos ( 2 P  + 2E - 2v)] ,  

Substituting the equivalent of P from (175) ,  the last term of (182)  
becomes 

312 sinZ I cos ( 2 p  - 2v) (183)  

Now p increases uniformly throughout the entire circumference, 
while I and v are functions of N, the poriod of which is incommen- 
aurate with that of p. I t  is evident, therefore, that in a series of 
infinite length, the sum of the ositive values of (183)  will equal the 
sum of the negative values, an S the mean value of the term becomes 
zero. The mean value of the first term is ivon by formula (155) .  8 For the mean value of the variable coe cient of the composite L, 
tide, we may now write 

For the factor of reduction, 

A comparison 'of (185)  with (165)  shows that 

Fof  L ,=(Fof  Ma) x R ,  (186)  

14. THE M I  TIDE. 

In equation (100)  we also have the terms (A), ,  and (A) , ,  with a 
difference in s eed equal to twice the rate of change in . P P Neglecting or the present the general coefficient app ying to both 
terms, we have 

term (9 ) , ,=3 /8  e sin 2 1  cos ( T + 7 ~ - s + p - v - r / 2 )  (188)  

A reforonci to (99 )  indicates that tho coefficient of the tcrm (A) , ,  
is only about one-third that of term ( A )  ,,. The latter will therofore 
~ d o m i n a t c  and dotermine thc mean period of the compogite tide 
ormed by tho combination of the two, while the former wlll intro- 

duce certain inoqualitius in the resultnnt amplitudes and opochs. 

Let e= T + h - s + p - ~ / 2 - v  (189: 
and P - p - € as in (176) 
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The sum of the terms (187) and (188) may thon be written 

cos I 114 e sin I cos2 $1 (8 - 2P) + 3 cm cos 81 

=1/4 e sin cos B cos 2P+sin B sin 2 P + 3  -- OoS I cos S] cos' 31 

cosZ I cos I cos 2P+ 114 =1/4 c sin I oos2+I[9 cxz + B  
(190) 

sin 2P 
X cos , ,., * , I "  > . " .'>' ,'. . 

> . , ' ,  . 
' 1 .  

, e sin I cos2 31 
E 

, ; ) ' .  
QB 

cos (T+h-s+p-r/2-v-Q,) 

where 

1 eosZ I . cos I 
+ 6 ' e - I ~ ~ ~  2 P + 1  I" 

9 9 
= [5/2- tan2 + I  + tan4 f I +  312 (1 - tana $1) cos 2P  I" 

and 

Q, = tan-' 
sin 2P  

= tan-' 
sin 2P 

cos I 
3- 4 1 + 00s 2P 

3 (1 -tan2 .+I) + cos 2 P (192) 

Formula (190) represents the composite MI tide, the mean speed and 
efiod of which nre determined by the V of the argument, which is !"+ h - a + - ./ . The u, which equals - v - Q,, may be shown to 

vary between t i e  limits of ap roximately -t 70°, and will therefore 
not affect the mean period as a etermined by the V of the ar ument. 

The period of this component is very nearly an exact multip f e of the 
period of the rincipal lunar component M,, and for this reagon the 
burnmations w !l 'ch are necessary'in the anal* for the latter lft&~' be 
conveniently adapted to the analysis for component MI. 

Let 
8 -  T+h-a-r/2+t-v 

and P as before. 
(193) 

The sum of terms (187) and (188) may then be written 

cos I 114 rs inIcos2+I  cos (B-P)+3,wf cos (B+P)] 

- 114 e sin I COS' 31 [(I + 3  cos B cos P 

cos I + ( 1 - 3 -) cos*I  sin B sin P] 
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cos' 1 3 =1/4 c sin 1cos1+1[1+6 s I c o s  2 ~ + 9  ==-I 
/ cos I 

1 - 3 m  

\ tius 1 
1 + 3  - cos" 

tius- x cos ( 8 - tan-' --- tan P 

, 

in which Q, = same as in (191) 

and 
cos I 

Q = tan-' 3c&337tl- l 3 - 3  tan3 +I 
tan P- tan- '4 -3 tana+l tanp  6195) 

The values of log Q, and Q corres ondin to different values of P 
and the mean value of I will be founcfin ~ o f i e a  9 and 10, respectively. 

In formulu (194) tho Vof tho ar umont is taken as T+ h - s -.I2 and 
the u as [ - v + Q, Formulas (1907 and (194) both represent the com- 
posite M, tide and are equal to each other, since each is the sum of the 
terms (187) and (188). I t  may also be shown from (192) and (195) 
that 

Q u + Q - P = p - €  (196) 
and therefore 

p-Qu=E+Q (197) 

The corn lote argument of (190) is therefore equivalent to the 
argument o f (194), the distinction bein that the uniformly varying 
element p in the V of the first nr ument as been transferred to the u in % % 
the latter, where it is assumed to e constant in the analysis of any given 
series of observations. The speed of the component &a determined 
by the remainin part of the Vis then exactly one-half the speed of the 
component M, fterm ( A ) ,  of (loo)]; and with this assumption the 
 summations for component M, will be adapted to tbe analysis for (the 
com onent M,. I t  will be hoted, however, that the u in this case, 
unli ! e the u's of any of the other components discussed, has a pro- 
gressive f o m r d  change that takes it entirely around the circumfer- 
ence (see Table 10 for values of Q). The true average speed of thia 
component is therefore determined by tho V of the argument of '(190), 
the approximate average spoed determined by the Vof formula (194) 
bein assumed when the summations for component M, are to be used 
for 8.. 

1n-;b taining an ex ression for the mean value of the variable factors 
of the coefficient of t t is  component the u from fonnula (190) must be 
used. For this coefficient we have 

sin sin "11 . (198) - [sin I cos2 + I  r3!y cos v - 
0 
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From (191) and (192) 

E;+=*[~ & 
cos2 31 + cos 2 p ]  

I sin Q ,  -- 
Q a 

- 3  sin 2 P  (200) 
4 

Substituting (199) and (200) in (198) ,  the mean value of variable 
-factors of the coefficient is as follows: 

'Os I cos v + cos 2 P  cos v  - sin 2 P  sin v  I1 I + sin I cosa 31 (3 a 
i f 

= [3/4 sin 2 1  cos v +  4 sin 1 cos2 + I  cos ( 2 P  + v ) ] ,  
(201) 

For reasons similar to those iven on age 49 the mean vrtlue of the f l llast term in the above is zero or an in nite series. The mean value 
s f  sin 21  cos v  is given by formula (159), ,  which when substituted 
M the above gives the following: 

[sin 41 00s ( V + Q " ) ]  . 

314 sin 2w [ I  - 312 sin3 i] = 0.5410 

Por thq factor of reduction we have 

F of MI- 3/4 sin 2w [ I  - 3/2  sin2 i ]  0.5410 
n-- 

sin I cosZ +I sin I cos2 +I Qa (203) 
&. 

The factor F for reduction of M,, originally ado ted and now in 
eneral use for analysis mado in accordance with t e system of Sir 

%eorge H. Darwin, is as follows: 
t 

sin Y cos2 + w c0s4 3 i ---- 0.38005 
sin 1 cos2 4 11512 + 312 cos 2P]% sin I cost 3 1[5 /2  + 312 cos 2P]* (204) 

1 
In the above the factor 812+3,2 cos 2Plx is the approximate 

equivalent of the factor Qa in (203) .  The ratio of (203) to (204) is 

0.5410 
therefore approximately 0~ = 1.42 (205) 

' 
This discrepancy appears to be due principally to tho accidental 

amission of the factor 42.5, or 1.58, from the original formula. (See 
.Scientific Papers by Sir George H. Darwin, vol. 1 ,  p. 39.) 

The effect of this error has been that all the mean amplitudes for 
.corn onent MI obtained by the formula of Darwin are too small and 3 sho d be increased by nearly 50 per cent in order to be theoretically 
.correct. 

Since the primary urpose of reducin the amplitudes to their mean 
.values is bo render t g e results from di 5 erent series comparable with 
sach other, this'purpose has not been frustrated by the introduction 
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of a factor error which has been applied alike to all mplitudes for 
this component. Neither has the use of these components in the 
prediction of the tides led to any error in that work, sincse the error in 
the factor for reduction to the mean value has been exactly compon- 
sated by a corresponding error in the reci rocd factor used for reduc- P ing the mean value to the amplitude or the year of prediction. 
Therefore no practical difficulties have resulted from this error. To 
chan e now to the corrected formula, unless the change were uni- 7 versu ly adopted, would lead to considerable confusion in the com- 
parison of the amplitudes as determined and published by different 
authorities. I t  seems wisest, therefore, for the time being to adhere 
to the present practice of using formula (204) or its approximate 
equivalent 

sin o cosa 3 w cos4 3 i 
sin I cosa 3 I xQ.= (Fo f  0,) XQ. 

for the reduction of the component M,. 
The resulting amplitudes may at any time be readily converted into 

the corrected means by the application of the factor 1.42 from (205). 

15. TIDES DEPENDINQ UPON THE FOURTH POWER OF MOON'S PARALLAX. 

A referonce to equations (74) and (75), pages 28-29, shows that the 
tide depending upon the fourth power of the moon's parallax is very 
smu11, the muximum value being only about 2 per cent of the total 
lunar tide. In  developing the term representing this tide we need, 
therefore seek only a rough u proximation to its true value, neglect- f ing the eiements which are re ativcly small compared with the entire 
term. As the angle I is never very large, the sine will always be 
smaller than the cosine, and for our sp roximation the powers of sin 
I and sin 3 I above the first may be no ? ected in this development. 

Substituting the value of cos 0 from 781) in the second term of (74) 
and neglecting powers of sin I and sin 3 I above the first, we obtain 
the following : 

Ma" 
312 8 [5/3 cos8 e - cos e] . , 

M a6 
= 312 -E z4 [5/3 { 3  sin X COP h sin I cos4 f I sin 1 cosa (1 - 

+cos8 X cos83 I cos3 (I-x)) -sin X sin I s in  1 
- cos X cos2 3 I cos ( I  - x)] * 

M a6 =3/2 za[5 sin X cos2 Xsin Icos4 3 I{+ sin 1-114 sin (1-2x) 

+ 114 sin (31 - 2%) ) + 513 c0s3 X cose + 1{3/4 cos (1 - X) 
$114 cos 3 (1-x)} -sin X sin I s in  1 
- cos X cosa + I cos (1 - x) J 

M a" 
-3/23;13[5/12 cos3 X cosO 3 1 ~ 0 ~ 3  ( l - x ) b  

- - + 514 sin X cosa X sin I cos4 3. I cos (31 - 2x - nl,) + 514 sin X cos2 X sin I cos4 3 I c6s (1 - 2x + n/,) + 514 cosS X cosO 3 I- cos X cod 3 I } cos (I - X) 
+ 1 6/12 sin X cos" sin I cod 3 I 
- sin X sin I) cos (1 - n/,)] (207) 
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Neglecting the eccentricity of the moon's orbit as being unim- 
portant for this tide, we mny take the mean distance c of the moon as 
the equivalent of the actual distance d, and the mean longitude ,u 
measured from the interSection as the equivnlent of the actual longi- 
tude Z from tho same origin. Subdtituting these equivalents and (98) 
and (99) in (207) we obtain: 

I 

312 ;$ [5/12 cos8 X cos8 f I cos (3 T+37&- 38 + 36- 3v) 
M, (0.0107) . 

+5/4sinXcdsaXsin Icos4$ I c o $ ( 2 T + 2 h - 3 s + 3 ~ - 2 v + ~ / , )  
(0.0051) 

$514 sin X cos2 > sin I cos4 3 I cos (2T+2h-s+f -2v-a12) 
(0.005 1) 

+{5/4 cosS cose 3 I - c o s ' ~  cos' 3 I }  cos (T+h-s+[-v) 
[M,] (0.0100) 

+ (512 sin X cos2 X sin I cos4 3 1 -sin X sin 1 } cos ( 8  - f - T/,)] 
(0.0116) (208) 

The maximum theoretical value in feet of the amplitude of each 
term, when I has its mean value, is given after the term. For the first 
term the maximurr iimplitude will apply to the Equator, where cos 
X = 1 ; for the second and third terms to latitude X = cos-I where 
ein X cosz X will have the maximum value of 2/3J1/3; for the fourth 

0 
I, 

term to latitude A- cos-I .\lE cos2 t I ; and for the last tcrm to lat- 

itude 90°, where sin X = 1. ' 
I t  will be noted that the first term containin 3 Tin its argument is n 

terdiurnal component with a spced exact1 tiree halves that of the 
is component is usually semidiurnal M term ( A ) ,  of (100). d' 

designated as &,. The fourth term is a diurnal component with a 
speed exactly one half that of M,. This com onent might be appro- R priately designated as MI but a distinction s ould be made between 
this and the composite M, described in the preceding section. The 
MI depending upou the fourth power of the moon's parallax is usually 
ignored in the anal sis as its effects are negligible. All of the terms 
of (208) are so sm% that they are of no practical importance in the 
analysis and predictions of the tide. The componant M,, however, 
b e i v  obtained with very little additional labor when analyzing for 
M is usually ev luated. 

h e  mean valu 3 of the variable coefficient of M, is 

[cos6 3 11, [cos (3E - 3v)], (209) 

Developing .in a manner similar to that described in section 11, 
we find 

1-2 cos 0 
[COB' f I I o - ~ ~ '  4 u l+3/2  iZ -i +cos 

[co~"I]~ [cos (3E- 3v)J,, - cos6 $ 0  [ 1 - 314 i2 ] = cosa 3 w cos8 3 i  - 0.8758 (212) 
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; The factor F of M, is therefore 

Comparing (213) with (165) we find 

F of M, = [F of M,lSl3 

16. ROLAR TIDEB. , 

The dcvelo mont of the t o m  in (74) that represents the approxi- 
mate solar ti 2' e will be similar to that for the lunar tide. By making 
the propor substitutions of the solar elements for the lunar elements 
in (100) a corrospondin oxpression for the solar tide may be obtained. 

For .mass of moon ( h ) substitute mass of sun (8). 
For moan distance of moon (c) substitute mean distance of sun ( c , ) .  
For eccontricity of moon's orbit (e) substitute eccentricit-y of earth's 

orbit ( e , ) .  
For inclination of moon's orbit to Equator (I) subvtituto obliquity 

of ecliptic ( w )  . 
For moan longitude of moon (8 )  substitute mean l~ngifude of sun (h) ,  
For moan lon itudo of moon's* perigee (p) substitute longitude of 

sun's porigeo ( 5 B For longitu o o f  intersection of moon's orbit with & ;ator, in the 
Equator and in tho moon's orbit, v and E,  respe~t,ively,su stitute zero, 
the longitude of vernal equinox. 

B 
A11 terms in (100) representing the evection and variational ine- 

qualities in the moon's motion , of courso, be omittod, and also 
because of the s m d  occentricit solar orbit all elliptical terms 
of the second power of e, and terms of tho f i ~ t  power of e, 
whon combined ns a factor function of the angle iu are 
negligible. In terms such as ( A ) ,  turd (A),e! where tho second power 
of e l  IS a part of a lerger coofficient, ,the ontwe coefficient is retained. 

With tho above-nnmod substitutions and omissi ns, the following 
formula is obtained for the equilibrium height of %e solar tide: 

Tho subscript of tho notation at tho loft of each torm refers to the 
corresponding term in tho dovelopment of tho lunar tide. The nota- 
tion at tho right givos tho usual dqsi nation of tho corn onent repre- 
sented, the brnckcts indicating that t R e term only parti 3' ly reprosents 

[(1/2-514 el') cos4 112 w cos (2T)- - - -  - - - - - - - - -  Sa (0. 3716). 
+7/4c1cos'1/2wco8(211'-h+p~)-  - - - - - - -  - - -  Ta(0.0218) 
+1/4 el cos4 112 w cos (ZT+h-  14- r )  -------. R2 (0. 0031) 
+(1/4+3/8 cia) sin2 w coa ( 2 ~ + 5 h )  - - . - . - --. -- [KIJ1 (0. 0321) 
+3/2 (t)' a sin 2hX 
[(l/2 -5/4cli) sin w coaa 112 h oos T-h+n-12). . P I  0. 1642) 
+(I12 -514 ela) sin u sina 112 woos {T+3h -r/2). b 0066 + (114 +3/8 e311) sin 2 w cos (T +h -r/2) - - - -, - - [KI]l (0. 14781 
+3/2 (') a (112 -312 sins x 
[(I  2 -514 ell) sina w cos (2h)- - - - - -  ---,------- Ssa (0. 0640) 
+(1/3+1,2 ela) (1 -312 sin1 u) ..............- (0. 2057) 
+el (1 -312 sina U )  cos (h - p i ) ]  - - - - - - - - - - - -  - -  (0. 0103) 

(215) 
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that component. The numerical value at  the right of each term 
'ves its maximum value in the foot unit. Term (B),, ,  although 

raving a larger theoretical value than some of the lunar terms which 
were retained in ( loo) ,  is usually neglected in the solar tide. perm 
(B),, is a constant and therefore does not affect the risi 
of the tide but does cause a permanent deformation o ? tho earth's 
surface. Term (13) ,, has a penod df an anomalistic year which differs 
very little from a tropical year, the latter being the period of the 
meteorological component Sa, to which later reference will be made. 

The coefficients and arguments of the terms of (215) are free from 
the quantities depending upon the lon itude of the moon's node. 
The u's of the arguments of the 'solar ti f es inay therefore be consid- 
ered as zero, and as all the coefficients are constant the factor F of 
reduction will be unity for each. 

I t  will be noted that the general coefficient of each group of terms of 
(215) differs ,-. from , .  the corresponding general coefficients of (100) by  

the factor - " (ey* In order that the coefficients of the individual 
M C l  

terms of the solar and lunar tides mav be more convenientlv compared 

with each other, this factor & (:;)I is psually transferred from the 
eneral coefficient of the solar tido id'each of the individual terms, thus 

feaving the eneral coefficients the same for both formulas. For 
brevity this f actor is ~~epresented by G in Table 3. 

17. LUNISO+AR K l  AND K2 TIDEB. 

Com aring (100) and (215), we find that the terms (A) , ,  and ( A ) , ,  
have t % e same speeds ns ( B )  , ,  and (B) , , ,  respectively, the small ine- 

ualities represented by 2v and vqnot affect~ng the moan speeds of 
Ihe terms in which they occur. Id the analysis and firedictions of 
the tides the components of equal speeds are combined into sin le 

% fi corn onents, known as the lunisolar tides, and designated as a 
for t e diurnal component nnd K, for the semidiurd component. 

For brevity in the following discussion let 

Cl = C sin 2X 

Cz - C cosl X 

A = (1/4 + 318 eZ)  
A, = A sin 21 

A, = A  sina 1 
B = (114 + 318 e,2) Q 

Bl = B sin 2 0  

B, = B sin2 w 
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The lunar K, term (A) ,, of (100) may then be written 

CIA1 cos ( T+ h - v - r /2 )  (226) 

and the solar K ,  torm (B) , ,  of (215) 

C,B, COS ( T + h - r / 2 )  (227) 

Taking the sum of (226) and (227) we have 

Lunisolar K, - C,[A, cos ( T +  h - v - r / 2 )  + B ,  cos ( T+ h - r / 2 ) ]  4 

= C, [A, cos v cos ( T + h - ~ / 2 )  +A,  sin v sin ( T + h - ~ / 2 )  + B, cos (T+ h - r / 2 ) ]  

=C,  [(A,  cos v + B )  cos ( T + h - r / 2 )  
+A, sin v sin (T - I -k - r /2 ) ]  

- C sin 2X [Ahina 2 1 + P  sina 2o + 2 A B  sin 21 sin 20 cos v]l cos ( T +  h - r / 2  - v f )  

in which 

v f  =tan-' A, sin v 
A, cos v + B ,  

sin v 
8 = tan-' 

2+3e,l sin 20 cosv+- 2 + 3ea sin 21 

sin v sin 21 
= tan" cos v sin 21f0.3357 

the values for the constants in (229) bein obtained from Table 2. f Similarly, for the semidurnal component rom A,, of (100) and B,, 
of (215), using the abbreviations of (216) to (225), we have 

Lunisolar Ka - Ca (A: + B,' + 2A,B, cos 2v)a cos (2 T'+ 2h - 2v' ') 

- C cosa X [Aa sin4 I +  Ba sin4 o (230) 
+ 2 A B  sina I sin2 w cos 2v]* cos (2T+2h-2v") 

in which 

2v" = tan" A sin 2v 
A - $ i - G m ,  

sin 2v =tan-' 2 + 3e,2 (3 sina w cos 2v+- 
2+3e, siniT 

sin 2v sina I 
cos 2v sina 1+0.0728 

Values of v' and 2v" for each degree of N are given in Table 6. 
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For the mean value of the variable part the coefficient of (228) we 
have 

[(A," + B,2 + 2A1B1 cos v)! cos v f ] ,  
From (229) , . 

cos v' = 
A, cos v + B, 

(A: + B," + 2A1B1  cos v))  
"l'hnrnfnm ---- ---- - 

[(A: +B: + 2A1B1  cos v))  cos v f ] ,  

= [A sin 2 I cos -1 + B sin 2w], (234) 

;Substituting (159) in (234),  
mean value of variable part of coefficient of K, 

=A sin 2w [ I  - 312 sin2 i] + B sin 2w = 0.2066 (235) 

Referring to (228) and ('4351, 

A sin 2w [ I -  312 sin2 i] + B sin 20 - Fof [Aa sinz 2 1 + 8  sina 20 + 2 A B  sin 2 I  sin 2w cos v]* (236) 

From the spherical triangle A Y A  in Figure 6 it may be shown 
that 

cos i - cos w cos I 
cos v - 

Erom which it follows that 

2 (cos .i - cos w cos I )2  - sinZ w sirP I cos 2v= - . . - - -. - - - - - -. : sinZ w sinz I (238) 

Qubstituting (237) and tho numerical values of the constants from 
Table 2 in ,(236) we obtain 

Fof K, = [0.1009 + 3.0073 cos I +  0.8093 cos2 I -  3.5793 cos4 I]-)  (239) . 
For the mean value of the variable part of the coefficient of (230) ,  

&erring to (231) and (156),  we have 

[(A: + B,'+2A2 B, cos 2u)t cos 2uf t ] ,  
= [A, cosZ u + B,], 
=[A sinZ I cos 2u + B sinZ w], 
= A sinZ w ( 1  - 312 sin2 i) + B sinZ w = 0.0576 (240)  

Referring to (230), (239),  and (240),  and to Table 2, 

= [51.0453 - 63.9167 cos I -  5.8300 COB" + 19.0186 c0s4 I]-, (241) 
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I n  tho development of the ecluilibriuxn thoor tho absence of 
ffiction and sufEcicncy of depth wore assumed. &der those condi- 
tions each term of the result represented a simplo harmonic wave. 
When a wavo runs into shallow water, the trough is retarded inore 
than its crost, so that the duration of rise of the tide becomes some- 
what less than the durt~tion of fall and tho wave 1osq.s its simple 
hurmonic form. We may, however, represent this modified form of 
the wave by the introductio~i of u series of components whose speeds 
are sim lc multiples of the speed of the fundamental astronoinicnl 
tides. those are called ovortides because of t h a r  analogy to over- 
tones in musical sounds. The only ovortidos usual1 considered in I' the analysis are thoso for tho principal lunar and so ar components 
M, and 5, [Terms ( A )  and (B), of formulas (100) and (215)) and nrc 
desi nated by M,, M,,,k8, and S, and So, the subscript indicating the 
num 'b er of periods in a component day. 

Tho arguments of the overtides are taken as exact multiples of tho 
argument of the fundamentnl tidc. Thore is no theoretical expres- 
slon for tho coeficicnts of tllrso tides, bu t  i t  is probable that the 
amplitudes as dotermined from observations wlll be subject to 
variations duo to chnn os in tho longitude of the moon's node analogous 
to tho vnriations in t 5 o fundaiilental tido. I t  is assumed thut tho 
Variability of tho overtides may bo represented by the square, cube, 
fourth powcr, otc., of the fundamental tides, and the factors of 
reduction -. nre tnken uccordingly. 

If' of M, = ( F  of M,)= 

'Tho F of S, and F of So arc taken as unity. 

I 

Coinpound tides are componer~ts whoso speeds arc thc sums or 
differences of tho s eeds of tho elementary~components. They wero 
a u  gosted by Helln g oltz's theory of sound wavos, and, liko tho ovor- 
t+s, am duo to s ~ l o w  water. 

I'he angumonts of tho compound tides aro taken ns tho sums and 
differences of tho elcmontury tidos. 

Tlttls, t 8  r f i  

I I ,  Arg. (MS) , - Arg. M, + Arg. S, (245) 

I J A%. (MN), =A%. dl t ,Arg.  N2 (246) 
h g .  (MK.), -Arg. M, i Arg. K,  

I ,  

a (247) 

Arg. (2MI0, = Arg. M, -- Arg, li, (248) 

' Arg. (2SM), =Arg. S, -- Are. M, ' (249) 
Also, , 

Arg. (2MS),  AT^. M; - Lrg. S, a Equilibriuin Arg. p, + (26 - 2u) (250) 

b g -  MSf =A& S, - Arg. M, = Eqgilibrium Arg. MSf - ( 2 ~  - 2u) (261) 
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The mean period of the compound tide 2MS is identical with that  
of thc equilibrium tide p, of (100) and thc criod of the com- 
pound tido MSf is the same as that of the rium tide MSf of 
(100). The arguments, however, differ by which are 
functions of the lon itude of the moon's node and do not affect the 
mean periods. In  t f~ e analysis the compound and equilibrium tides 
of cqunl eriod can not be separated from each other, and there is no 
known t l! eoreticul relation in their magnitudes. For convenience in 
retluction such tides are considered as arisin from a single source. 
Following tho past ractice of the Const an Geodetic Surve 
eo~nponent it, or 21& 

% 
will be treated as thou h i t  were cntire y the i 7' the 

variational equilibrium tide represented by t e term (A) ,  of (100) 
and the component MSf will be considered only as a compound tide. 
According to the system of Sir George H. Darwin, both of these com- 
ponents a pear to be considered as compound tidcs. The differences 
resulting ! rom the two mcthods of treatment are negligible compared 
with the probable errors in the final results. 

For the factor F for tho reduction of the compoand tides the 
products of the corresponding facthrs for the olementnry tides are 
taken. 

Thus, 
F of ( M S )  , = % of M ,  (252) 

F of (MN), = ( F  of M , )  x ( F  of N , )  = ( F  of M a ) ,  (253) 

F of ( M K ) ,  - ( F  of M , )  x (F of K,) 

F of (2MK),-- ( F  of M,) x ( F  of K,) 

F of (2SM), = F o f  M, (256) 

FofMSf = F o f M ,  (267) 

The corn onent p, or 2MS being treated as an equilibrium tide, the 
factor F o ? this component is given by formula (165). 

20. METEOROLOOICAL TIDEB.! 

Meteorological conditions have a considerable influence upon the 
tides, but, in general, the effects are very irregular and do not admit 
of being represented by harmonic terms. There are, however, some 
conditions that  occur with a rough periodicity which may be so 
represented. The land and sea breezes and the daily variation in 
the atmospheric pressure may give riso to a tide whose period is a 
solar day and the changes in the seasons to a tide with a period of a 
tropical year. The former is desi nated ns the S, component and 
has a s eed 'ust one-half that of t % e principal solar com onents S, 

o (215 1. The latter is tho Sa com onent, and, a though i t  [ (B) ,  P 1 B P 
may be accompanied by a number of overti es, the only one gonerally 
sought in the analysis is the semiannual component Ssa, which 1s 
also a component of the equilibrium tide [ ( B ) ,  of (215)J. Although 
the d e t e r n a t i o n  of meteorological tides from \ong series of observa- 
tions is valuable for some purposes, their recurrence is not generally 
certain enough to make them of much value in the tidal predictions. 
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Thc argument of component S, is talron as one-hnlf that of the 
corn oncnt S,, and the a1 mont of component Sa is ono-hdf that  
of t f le component Ssn. 7!r r factor F for tlle roduclion of each of 
tho meteorological components is takon as unity, since tho mngni- 
tudes of thcso components ap enr to be unnffocted by changes in K the longitude of the moon's no e. 

ANALYSIS AND PREDICTION. 

. 21. HAILMOSIC COPFSTAKTS. 

In tho prcccding chnptor thoro woro found from a considoration 
of the tidal forcos tho ~rincipal  compqnonts that may be expected 
to exist in the tide. Each component 1s represented by tho product 
of a coeflicicnt, which may includo a variable function of I, depending 
u on tho longitudc of the moon's node nnd the cosino of an argument P w iich clcfines tho colnponcnt and doterminos its period. Tho period, 
being independent of conditions upon the custh's surfsce, is the slime 
for every loct~lity and ives to each component its identity. 

Tho coetRcients and s a s c s  of the compononts of tho true tido do not, 
howover, agreo with t E o corresponding coefficients and pl~ases of the 
equilibrium tide, but vary in dlfforont local~ties. . I t  is thorcfore 
necessary, in ordcr to rcprcsont tho true tido a t  any place, to sub- 
stitute for the coefficients of tho equilibrium tide tho amplitudes of 
tho true compononts determinod from actual observtltions, and also 
to find corrections for the phases of the equilibrium components 
which will make them conform to the true phases. These phase cor- 
rections arc called the epochs of tho components and arc constants 
for any locality. 

The amplitudo~ (H) and tho cpoclis ( K )  comprise the harmpnic 
constants which are to be dotermlned by the harmonlc analysls of 
the tidal observations takon a t  the place for which the r ~ u ) ~  aro 
sought. Tho principal use of those constants is in the prediction of 
tho tides. 

22. OBSERVATIONS. 

The most satisfactor observational data for the harmonio al~uly- 
sis are from the rocorBof an autornat!~ tlde gauge, which traces t i  
continuous curve from which the he1 h t  of thc tide above any f adopted datum plane may be raadily o tained for any hour. Thie 
record is usually tabulated to give the height of the tide at .  each 
dolar hour of the serius, the kind of time used being that  whlch !a 
customaril used a t  the place. Where an automatic tide auge is k not availagle, hourly heights a's'obse~ved directly upon a p +in tide 
stpff ma be used for the analysis. The record should be corn lete B Wlth eact  hour of the series represented. If a part of the recor haa 
been lost, the hiatus ma be fillad by mterpolated values; or if the 
gap is ver extensive, t I e record may be broken rlp lnto shorter 
series whici do not include the defective portion. 

If the hourly heights have not been observed, but a record of the 
high and low waters is available, an approximate determination of 
the largor components may be obtained by a special treatment. The 
results however are not nearly as satisfactory as those obtained 
from the hourly Lights. 
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An interval greater or less than the solar hour might be used for 
the record of tabulated heights. A shorter interval would cause a 
considerable indrease in the work of the reduction without materially 
increasing the accuracy of the results for the components usually 
sought. However, if an nttem t were made to analyze the short 
period seiches, a closcr intcl-va I' 1%-ould bo 
greater than one hour would lessen the 

f' 
would not bo sufficient for tho satisfactory 
tides. The hour intcrval a pears to be 
practicable for the usual ana ysis. 

The summations are most effective in se arating a disturbing 

g % corn onent from the component sought when t e length of the series 
of o servations is an exact multi le of the synodic period of those 
components. The synodic of two components is tho time 
required for the difference in their phases to complete a cyclo of 360'. 
If the speeds of two corn onents in de rees er solar hour bo re re- 

E B  sentedby a and b the syno&c period will e360 / ( a  - b)  hours. If tfere 
were only two components in the tide, the best length of series would 
be easily fixed; but in the actual tide thero are many components and 
a length of series most effective in the eliqination of one disturbing 
component may. not be best adapted to tne elimination of another. 
I t  is therefore necessary to adopt a length that is a compromise of the 

nodic 7 i eriods involved, weight boing given according to the 
t ieoretica relative magnitudes of the components. 

Fortunately, the exact length of series to be used is not of essential 
importance, and for convenicnce all series may be taken to include 
an irite ral number of solar days. Theoretically, different lengths 
should f e used for the different corn onents sought, but prnctically F i t  is more convenient to use the same ength for all of the components. 
An exception to this is found desirable for the very short series which 
is taken us 14 da s for components chiefly diurnal and 15 days for I components chic y semidiurnal. The longer the series the less 
important is thc oxuct length, and the greator the number of syrlo(lic 
periods of two components included the more nearly complete will be 
the separation of those two components from each other. Two 
componentv like S and K which have a ver small difference in 
speed and a synodic perios of about six mont t s  , can not be satis- 
factorily separated by the summation of n series of less thin six 
months. On the other hand, two components with a largo difforenco 
in speeds like a diurnal and a semidiurnal component may have a 
a odic period that will not greatly exceed a day, and a moderately 
s t? ort series of observations will include a relatively large number of 
synodic 7erio+. For this reason, in selecting the length of series 
no specia consld~ration need be given to the effect of a diurnal and 
a semidiurnal coln onent upon each other. The length of 'series 
40 tod for thc galmonic analysis of the tides in the office of 
$he%, S. Cow& and Goodetic Survey are as follows: 14-15, 28, 58, 
87, 105, 134, 163, 192, 221, 250, 279, 297, 326, 355, and 369 days. 
,.For the 14-15-day seriw-14 for diurnal and 15 for semidiurnal 

qornppnents-the length conforms to the synodic periods of the 
principal diurnal com )orients K, and O,, and the principd semidiurnal 
c~mponents M, and 9, and also to the s nodic periods involyin 5 "  few of the less important components. ~ K i s  is the shortest series pr 
which tho harmonic analysis is made. I t  can not be considered as a 
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very satisfactor length but will serve for obtaining the approximate 
constants for t K e principal components a t  a place where a longer 
series of observntions is not available. 

The 20-dny series conforms npproximately in longth to the multi- 
es of the synodic periods of nonrly a11 the princi a1 components. 

?h is may be considered as a standard length for s ?l ort series, and 
whenevor i t  is necessary to limit tho obserrations to a short period of 
time, the minimum requirement should he 29 days. 

The 369-day series may he considered as the stnndnrd long series, 
and whenorcr there are sufficient observations availnhle i t  should bo 
used for the :uialysis. This length conforms very closely with the 
multiples of the synodic poriotls of prnctically all of the short-Period 
corn onents. The length is also well adapted for the elimination 
of t E e irrogular meteorological effects. If tidal observations have 
been continued a t  a place for a number of years, i t  is desirable to 
have an independent annlysis for ench year in order thnt the results 
from tho different ears may he com ared, and thus serve tw a chock 
on the work. Alt i' ough not essentiaf, there are certain conveniences 
in having such series commence on Janunry 1 of ench year. If 
observations for severnl successive yoars are annlyzed, each may be 
mado to begin on the first day of the calendar year without regard to 
the fact that the last few days of a 369-day series will thus extend 
into tho following year and become the first days of the next series. 

If the obsorvations are for a period of less than 369 days, the 
standard length selected will usually be the greatest one that is 
entiroly covered by the observations, extra days of the observations 
being rejected ; but if the period of observations lacks only a few hou1.s 
of being equal to tho next largor standard length, i t  may bo advan- 
tageous to extrapolate additional hourly heights in order to complote 
the larger series. 

23. SUMMATIONS. 

The first approximate separation of the components of the ob- 
served tide is accomplished by n system of summations. For each 
component of independent speed that is sought a separato summation 
1s required, but the overtides will be combined with their fundamental 
components, and these will not require a separate sunmation. 
A single summation will serve for any group of components with 
commensurnte periods. 

Let us assumo that the entire sories of obsorvations is divided into 
periods, each equal to the mean period of the component sought, 
which, for convenjence, may be designated as component A. Each 
such division will include exactly one completo period of this com- 
gonent, but all the other components with incornmensurato periods will 

e reprasented in each division by more or less than a whole period. 
Each division will include also certain irregulnrities due to .moteoro- 
logical conditions. Starting with the same phase a t  the boginnin 
of each dicision, componont A will bo oxactly reproduced in enc i 
successive division throughout the entire series, but tho other com- 
Pononts and the moteorologicnl irregularities will occur differently 
ln each division, 

Now, supporn that each of thoso divisions which corresponds to .tho 
Period of cornponont A bo subdivided into any number of convenient 
Parts, and that the initial instants of the subdivisions of ench origi~lal 
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division be numbered consecutively, beginnin r with zero at the initial 
instant of each original division. I3ecause o k the cxact reproduction 
of the period of component A in each division, it is evident that  he 
instants with like numbers in the different divisior~s will correspond 
to tho same phase of component A but to unlike phases of each of the 
other components. At each such instant the height of the observed 
tide will equal the height of component A for the phase corresponding 
to that instant, plus the hei hts of all of the other components, 
together with any variations f ue to meteorological causes. 

Assuming, for convenience, mean sea level as a datum and adding 
the heights of the tide corresponding to the instants of like numbers in 
each division i t  is evident thnt there will 110 included in tho sum a cer- 
tain number of equt~l heights corresponding to a particular phaso of 
component A ,  together w-ith the unequal hoi hts corresponding to S various phases of the othor components and a so the rnoteorological 
fluctuations. I n  a scries of sufficient longth the sum of the unequal 
hoights of oach of the disturbing components and of the meteorological 
fluctuations will become zero, since tho positive heights will be offsot 
by the negative hei hts, while tho equal hoights corresponding to the 
particular phase ofcom oncnt A will necumulato as tlio summing 
proceeds. The average f might of the tide obtained from such a sum 
whon a limited series of observations hns been used wlll bo equal to tho 
height of componcnt A corres onding to a purticular, phase, plus a 
small residual due to the impex P ect olimintition of the.distu~.bing com- 
ponents and meteorologicnl efl'ects. If the avorngc hc~ght  corros ond- f mg to each subdividinginstant of the dirision is obtuined arid p otted 
as an ordinate with tlio timo subdivisions as abscissae, IL curve may be 
drawn which will ap roximtttoly rapresent the component A through- 
out its ontire perioc 7 . If the heights of tho o r k n a l  tabulation are 
referred to any arbitrury clntum having a definite relation to mean soa 
level, the summation will bo equally effective in eliminating the dis- 
turbing olements, and the resulting heights for componont A will be 
referred to that datum. 

If, instead of making oach division of the scries equnl to u singlo 
period of the component sought, we let i t  include nny exact integral 
numbor of poriods, tho same principles will tipply for the elilnint~tion 
of the other corn onents. In  this case the resultin arertrge 21oi hts 5 when plotted v i i  represent the corrosponding num cr  of p o d o g  of 
the component sought. As a matter of convenience In the.harmonic 
analysis of the short period components i t  is customary to inolude in 
each division such multiples of tho componcnt period as will most 
noarly conform to t l ~ o  solar day. Such a division is a component da  . 
If the cornponont is diurnal, its' component day will include exact i y 
one period; if semidiurnal, exactly two periods; if terdiurnal, exactly 
three periods, etc. Each component day is subdivided into 24 equal 
parts, each part being designated as ti component liour. Tlie initial 
Instants of the component hours of oach co~nponent day uro num- 
bored consccutivoly from 0 to 23. For the long-period com onents 

year, and thesc are subdivided into 24 equal 
% the original divisions are taken as the cornponorit month or t e comn- 

r,","$",riod components re(luire a differmt treatment t yts* im tho As short- tho 
perlod components, tliey wlll bo givon special considcratioli in a lutor 
section. 
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If the summations for tlio short-period components wore made 
strictly in accord with tho principles outlinocl above, it would bo ncc- 
essar to have a separtlto tabulutiorl for each component sou ht ,  in 
whic H tho heights would strictly apply to the beginning of cnc f 1 c'onl- 

Tlle lubor involved in such separaco tabillr~tions would 
to be considered. lnstoad of mnkin lndo onclont tabu- 

or each component u singlo tubulation wit tho ? inights of tho 
tide taken to correspond to each solar hour of tho series is used. 
l'heso solar hourly hoights uro then ussigned to tlio component hours 
with wllicll they most net~rly coiricido and the summntlons made ns 
though tho heights upplied cxt~ctly to tliosc componont liours. Cor- 
rc?ctions nre later applled to taka account of any systematic error in 

of distribution of tho solar hourly heights tliffering 
dotuil will bo considerod: I n  tho system ordinnrily 

hourly height is assigned to tho nearest component 
system thore is selected for ouch coin oncnt P hour tho noarost solar hourly height. By the f i r s t  system otlc I solar 

hourly height is used once, and olicc only, in the summation for each 
coin oncnt, but each component hour may not be equally rcprescnted 
by tge solar hourly heights. If tho component day is sliorter tlirn tho 
solar day, soino of tho individual componont hours will be unrc re- 
Sontrd: but if the component, duy is the longer, some of tlle,indiri A' unl ' 
componont hours may lla\re two solar hourly heights assigucd to them. 
By the seoond s p t o m  the cornponont Iiours are ecluully reprosented, 
but it will be noccssury to rojoct some solar hourly heights or to use 
some of t l l ~ m  twice in order to nccomplish this purpose. The differ- 
ence in the final results obtained by using the two sgstoms will be 
Prncticnlly negligiblo, nnd as the first system affords u quicker method 
of checking the summations it is tho one wenerrilly adopted. 

The distribution of the solar hourly Eeiglits, wlts a t  first ucczoln- 
plishod by makin se arttte copies of tlle heights for enoh component, 
using tables that  % a ! been preptirod to show the assignment of each 
hour. Tho making of these separate co ies involvos muclllnbor which 
has sinco been eliminntod by various Lvicas. The U. S. Coast and 
Gcodutih Surve litts adoptod a systom of stencils devised by L. 1'. 
Shidy, which wi 1 1 bo doscrlbcd in the ~ l c x t  section. 

Tho British havo bean using a set of movable strips devised by Sir 
George Darwin. These aro made of xylonite, an artificiul ivory, and 
each strip is 9 inclles lon and one-fif th of an inch wide and is ciivjdod by 
black lines into 24 equa f spaces to provido for the 24 hourly heights of 
the day. The sot usod by Darwin consists of 74 strips on which urn to 
bo writtcn tho I~ourl y Iiolghts for 74 consecutive days. By the aid of 
printed forms these !;trips uro arrangod so that the heights correspond- 
ing to an particull r component l~our  which tire to be summed to- 
gether w d  bn found in a vertical column. By rearranging Jlle strips 
Summat;ious can ho mtde successively for the difi'oron t compo~iorits. 
Aftor the sumination of tho first 74 days of the series for all of the com- 
Ponents lias been complotcd tho st,rips aro cleaned ofl with a dlllllp 
cloth and entrios made for tlic noxt 74 da s of the surios, and tllose are 
then surnrnod for all tho cornponontr. 'l?Yiese operations two royonted 
until t l ~ o  entire sorins 1 ~ s  boo11 summod. . A more detciied duscrip- 
hon oi this r~pparatus will bo found in Scientific Pupurv by Sir George 
l)arwin, volumc 1, ptlgas 216 to 220. 



6 6 U. s. COAST AND GEODETIC SURVEY. 

Another device to accomplish the distribution of the hourly hei hts 
is n set of tracingpapsr sheets designed by Doctor Borgen, of 8er- 
many. These sheets are prepnred with lines so arranged that when 
the sheets rtrc laid on the hourly heights that  have been copied in a 
standnrd form the hcights which arc to be grouped undcr any particu- 
lar com onent hour will appear between a pnir of lines. A scparnte 
set of s fi cets is necessary for each component. In  principle and in 
use these sheets are essentially the same as the stencils of the Coast 
nnd Geodetic Surrey. 

24. STENCILS. 

A system of stencils was devised nnd pro ared by L. P. Shidy, of 
the U. S. Const and Geodetic Survev, ear i' jT in the year 1886, for 
the urpose of effecting the distribution of tabulated solar hourly 
heig i' ts according to the component hours to be re resented by the 
sums.g Since that time these stencils have resulte in a very great 
saving of labor. 

B 
For tho use of the stencils i t  is necessary that a standard form be 

used for the ori 'nal tabulations of the observed hourly hoighta (fig. 
22). The s t a n g r d  form adopted by the Coast and Geodetic Survey 
is a sheet 8 by 103 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 con- 
secutivelv from Oh at  midnight to 23" a t  11 p. m. Each day is indi- 
cated by its calendar date and also by a serial number comrnencin 
with 1 as the first day of series. The stencils (fig. 23) are prepare 8 
from the same standard forms, with days numbered serially to cor- 
respond to the serial numbers of the tabulations. They are thus 
applicable to any series of observations without regard to the calendar 
dates. A separate set of stencils is required for each component for 
which sums are to be obtained. For convenience in construction 
each set of stencils is prepared with two stencil sheets for each page 
of tabulated hei hts, one sheet taking account of the odd component 
hours and the o t  5 er sheet of the even component hours. To provide 
for the summation of series up to 369 days in len th, ench set con- 
sists of 106 stencils for use on 53 pages of tabu f ations. When a 
shorter series is summed, only a portion of the stencils need be used. 

The o enings in the stencils are numbered according to the com- 
onent 1 ours that  correspond most closely with the times of the 

{eight values that show through the opening when the stencil is 
applied t,o the sheet of tabulat,ions. enings applying to the same 
component hour are connected by rule Ox lines which clearly indicate 
to the eye the heights which nre t<o be summed togethor. 

These stencils are adaptcd to tabulations made in any kind of time, 
either local or standrtrcl, civil or astronomical, provided the time is 
uniform throughout $he serios of observations. I n  the tidal analysis 
made by the British authorities the records have generally been 
referred to astronomical time with the day beginning a t  noon; but 
for convenience the tabulations made by the Coast and Geodetic 
Survey generally conform to the mean civil time ordinarily used a t  
the place of observations. The series to be reduced must, howover, 
commence with the zero hour of the day. If the actual seriea of 
observations commences a t  any other time of day, the heights for 
- - -. - - - . - - .- -- -- 

8Report or U. 8. Cowt and Ooodrtic Survey, 1893, Vol. I, p. 108. 
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that day may be rejected and the followin day adopted as the first 
day of series, or the heights for the earlier % ours on the original first 
day may be estimntcd. The zero solar hour of the iirst d t ~ y  of the 
series is also adopted as the zero component hour of the first com- 
ponent day for each component. Successive solar hou1.s will fall 
either earlier or later than the corresponding component hours ac- 
cordin to whether the component day is longer or shorter than the 
solar f ay. 

For tho construction of the stencils i t  is necessary to calculate the 
component hour that most nearly coincides with each solar hour of 
the series. 

Let a= speed or rate of change in argument of component sought 
in degrees per solar hour. 

p =number of component periods in component day; 1 for 
diurnal tides, 2 for semidiurnnl tides, ,etc. . 

SIL = number of solar hour reckoned from 0 nt beginning of each - - 
solar dav. 

shs= number of solar hour reckoned .from 0 a t  beginning of 
series. 

dos= day of series counting from 1 as the first day. 
ch = number of' component hour reckoned from 0 at  beginning 

of each component day. 
chs =number of component hour reckoned from 0 a t  beginning 

of series. 

Then 
360 

1 component period = - solar hours. a (258) 

1 component day = 9 solar hours. a (259) 

1 component hour =* solar hours. a (260) 

a 
1 solar hour =- component hours. 

1 5 ~  
(261) 

Therefore, 

The above formula gives tho componont hour of the series (chs) 
Corresponding to any solar hour of the series ( 5 7 ~ s ) .  The obsorved 
heights of the tide being tabulated for the oxact solar hours of the 
day, the ( s h )  with which we are concerned will represent successive 
lntegers counting from 0 at  the beginning of the series. The ( c ? ~ )  
ps derived from the formula will generally be a mixed number. As 
It  is desired to obtain tho integral corn onent hour corresponding 
most nearly with cnch solar hour, the (c % s )  should be taken to the 
nearest integer by rejecting a fraction less than 0.5, or countlng as 
an oxtra hour a fraction greater than 0.5, or adoptin the usual rule 
for computations if the frnction is exactly 0.5. Fhe componont 
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hour of the component day (c~L)  required for tho construction of tho 
stencils may be obtainod by rejecting multiples of 24 from the (~7~s ) .  

In  the application of tho above formula it will bo found that tho 
integral component hour will difler from tho corresponding solnr 
hour by a constant for a succession of solar hours, and then, with 
the difference changed ,by ono, i t  will continue as a constant for 
another grou of solar hours, etc. This fact is an aid in tho pro am- 
tion of a tab p e of component hours corresponding to tho solar fours 
of the series, as i t  renders i t  unnecessary to make an indopondont 
calculation for each hour. Instead of using tho above formulti for 
each value the times when the difforence betweon tho solnr and com- 
ponent hours changes mav be doterminod. The application of the 
difforencos to the solar hours will then givo the desirod comnponent' 
hours. 

Formula (262) is true for any value of (shs), whether intogrnl or 
fractional. It represents the com onont time of anv instant in tho 
series of observatloris in torms of t fi e solar time of that same instant, 
both kinds of timo being reckoned from ths boginning of the series 
as the zero hour. The difforonce betwoen the com onent and tho 

formula : 
E solar time of any instant may thorofore be oxp~.essod g the following 

a a - 1 5 ~  '(SJLS) Difference = ,(shs) - (S?LS) = 7 
1 np lap  

If the component day is sllorter than tho solar day, the s cod a 
will bo greater than 15p, and the component hour as rockonei from 
the beginning of the series will bo roater than tho solar hour of the 
syno instant. I1 tho component 8ay is longor than the solar day 
the component hour at  any instant will bo less than tho solar hour 
of the same instant. At the boginning of tho series the difforcnce 
botwoon the com onent and solar time will be zero, but the differonco 
will increase uni f' ormly with the time of the series. 11s long as tho 
difference does not exceed 0.5 of an hour the integral corn onont 
hours will be designated by  the same ordinals as tho integaf  solar 
hours with which thoy most nearly coincide. Differences botwoen 
0.5 and 1.5 will be represented by tho integer 1, difforencos botwocn 
1.5 and 2.5 by  the integer 2, etc. If wo lot d represent the integral 
difforenco, tho timo when tho difference chan es from (d- 1) to dl  
will be the time when the difference derive cf from formula (263) 
equals (d-0.5). Substituting this in the formula, we may obtain 

in which (she) repros6nts the solar time when the integral difforcnce 
betweon tho cornponcnt and solar time will change by ono hour from 
(d- 1) to d. By substituting successivoly the integers 1, 2, 3, etc., 
for d in the formulti (284) tho time of oach chan e throughout tho 

be obtained. The value of (sibs) t I us obtaincd will 
generally series o u mixed number; that is to say, the times of tho changos 
will usually come between integral solar hours. Tho first integral 
soIar hour after the change will be the one to which tho new differbnce 
will apply if the usual system, of distribution is to bo ado ted. In I this case we are not concerned with the cxact value of the rnctional 
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part of (shs) but nced note only the integral hours between which 
this value fnlls. 

, If, however, the second system of distribution should be desired, 
i t  should be notcd whother the fractional part of (shs) is greater or 
less than 0.5 hour. With n com onent day shorter than the solar 
day and the differences of formu 7 a (263) increasing ositively, the 
application of the differences to  ths  consecutive so Y ar hours will 
result in the jumping or omission of a component hour a t  each 
chttnge of difference. Under the second system of distribution each 
Fomponcnt must be represented, and i t  will therefore be necessary 
m this ctlse to apply two consecutive differences to  the samo solar 
hour to represent two consecutive component hours. The solar hour 
selected for this cloublc use will he the one occurring nearest to the 
time of change of tliffcrcnccs. If the fractional part of the (shs) in 
(264) is less than 0.5 hour, the old and new differences will both be 
applied to the preceding integral solar hour; hut if the frnctiun.is 
greater than 0.5 hour the old and new difference will be applied to 
tho intcgrul s o l ~ r  hour following the change. 

With a corn onent day longer than the solar day and the differ- 
o?ces of fonnu ? a (263) increasing negatively, the ap lication of the 
d~fferencw~ to the consecutive solar hours will res uf t in two solar 
h?urs being assigned to tho same component hour nt each change of 
differences. Uncler tho socond system of distribution this must be 
avoidcd by tho rejection of one of the solar hours. I n  this case the 
intenrnl s o l ~ r  hour nen~~cst  tho time of chango will be rejected, since 
a t  t i n  time of change the difference between the integral and the true 
difference is a maximum. Thus, if tho fractional part of bhe (shs), 

less thnn 0.5 hour, the preceding solar hour will be rejocted; but 
. ~ f  .the f~xction is greater than 0.5 hour tho next following solar hour 
will bo rejected. 

Table 31, computed from formula, (264), gives tho first solar hour 
of tho group to which each difference applies when the usual s y s t m  
of distrlbut~on is ~tdopted. Multiples of 24 11a.c.o beon rejocted from 
tho difforencm, since we gr:ro concerned on1 with the component 
hour of the component day rathor than wit % tho component hour 
of tho series, and these differences may be a plied directly to the solar 
hours of tho d a y  FOP convonionce equiva ! ant positive and'negative 
differences are given. Uy usin the negative difference when it does 
not exceed the solar hour to w ?l ich it is to be applied, andt a t  other 
t l ~ e s  using the positive difference, tho necessity for adding or 
Te~ecting multiplos of 24 hours from the results is avoided. 

Tile trzbulated solnr hour is the integer hour that  immediately 
follows the value for tho (shs) in formula (264). An asterisk (*) 
mdicatcs that the frnctionnl art of the (shs) exceeds 0.5, and that 
the tabular hour is therefore t 7 lo one nearest the exact value of (shs). 
If the second s stom for the distribution of the hourly heights 19 
adb tn l ,  the s o z r  hours nlarlied with the asterisk will ho used with 
b o d  old and now diiforencn to represent two component hours, or 
Wa be rejected altogether according to whether the corn onont day R 1s shorter or longor than tho solar day. If the tabular our is un- 
marked, the same rule of doublo uso or rejection will npply to tho 
Untnbulated solar Iloul. immeclititcly preceding tho tabular unmnrked 
hour. For the ordinary stoncils no clttontlon need be given to the 
asterisks. By the formula co~npononte with commensurable periods 
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will have the same tabular values, and no distinction is made in the 
construction of the stencils. Thus, stencils for component M serve 
not only for component M, but also for M,, M,, M,, ctc. 

For the construction of a set of stencils the standard forms 
designed for the tabulation of the hourly hei hts may be usod. 
A preliminary set of such forms is pre ared witf the dnys of scries P entered consecutively, beginning wit 1 1, and with each hourly 
height spucc designated by the number of tho component hour to 
wh~ch  the llci(7ht is to be nssigned. The component hours are reutlily 
derived by t?le appliclxtion of the differences given in Tublc 31. 
Each difference applies to a group of solar hours, the first hour of 
each group being indicated by tho table. Undur the usual systcm 
of distribution euch hourly space will be represcntod by a single 
com onent hour number. 

~ k e r  the preliminary set of forms has been filled out as indicated 
the odd and even competent hours on each page will bo transferred 
to separate sheets of the form and the spaces marked cut out. I n  the 
Coast and Geodetic Surve this cutting is dono by a machine with a i punch operated by a smal hand lever. The openin s corresponding L; to tho same component hour are as far as practicab e connected by 
ruled lines, which are numbered to accord with the component hours 
represented. Black ruling with red numbering IS usually adopted. 
The use of the red numbers to indicate the component hours has 
the advantage that i t  emphasizes the distinction between theso num- 
bers and the figures re resenting the hourly hei hts which are to be P 
mations for component M. 

PI summed. Figure 23 il ustrates one of the s tenc~ s used for the sum- 

In  using the stencils they are placed one a t  a time on the forms 
containing the tabulated heights of the observed tides, and all the 
heights on a age corresponding to each component hour are summed 
separately, t E e grouping of the heights being indicated by tho ruling 
on the stencil. 

For com onent S no stencils are required, since the component 
hours are i 1 entical with the solar hours in accordance with which the 
observed hourly hei hts have been tabulated. 

For components 11 % e K, P, R ,  and T ,  whose speeds differ little from 
the s eed of component S, the lines joining the openings in tho stencils P will requently become horizontal. Since the sum of the valuos in 
such a horizontal line will have previously been obtained and entered 
in the margin of the form, the resuming will be saved by having a 
correspond~ng opening in the margin of the stencil which will oxpose 
this sum. 

25. SECONDARY STENOILS. 

After the sums for certain principal components have beon obtained 
by the stencils described in the preceding section, which for con- 
venience will be called the primary stencils, tho summations for 
other components may be abbreviated by tho use of secondary sten- 
cils which are designed to regroup the hourly page sums already ob- 
tained for one component into now combinations conforming to the 

eriods of other components. Certain irregularities are introduced gy the process, but in n long sories, such as 3BR days, those are for the 
most part eliminated, and the resultin values for the harmonic con- 
stants compare favorably with those o % tained by use of the primary 
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stoncils directly, the differences in the results obtained by the two 
methods bein negligible. For short series the irregularities are less 
likely to be e e 'minated, and since the labor of summing for such u. 
series is relative1 small, the abbreviated form of summing is not 
recommended. 1 s  tho 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 
~ s o  of the secondary stencils will be found advantageous for all sories 
moro than six months in length. 

I n  the rimary summations there are obtained 24 sums for each 
page of ta  6 ulations, representing the 24 component hours of a com- 
ponent day. In  general oach sum will include 7 hour1 heights, and 
the averago interval between tho first and last heig E ts will be 6 
component days. A fow of the sums may, however, include a greater 
or less number of hourly heights within llnita which may be a day 
greater or less than 6 component days. 

Lot tho componont for which summations have been made by use 
of the primary stencils be designated as component A and the com- 
ponent which is to be obtained by uso of tho secondary stencils as 
com onunt B. For convenionco lot i t  be first assumed that the 
hoi&ts included in tho sums for cornponont A refor to the exact 
component A hours. This assumption is true for com onent S but 
only approximately true for the other components. ia now pro- 
posed to assign oach hourly pnge sum obtained for com onont A to 
the integrnl corn onent B hour with which i t  most near y coincides. B P 
Component A an component B hours sopnrate a t  a uniform rate: and 
tho roposad nssignmont will de md upon the relation of tho hours 
on t l! o middle day of oach ago o tabulations. Tho tabulated hourly P P 
heights on oach full pnge o rocord run from zoro (0) solar hour on the 
first day to tho 23d solar hour on the sovonth or last dny of tho pa o. 
Tho iniddle of tho record on each such pago is therefore a t  11.5 so !? ar 
hour on tho fourth day, or 83,6 solar hours from tho beginning of tho 

thescompononts A and B; 
subscri ts, and let n, equal 

under oonsi oration, beg~nning 
with numhor one as 

iY 

The middle of 

[I68 (n - 1) + 83.51 or (168 n - 84.5) solar hours (265) 

from the beginning of tho series. . 
Since one solar hour cquuls a/15p componont A hours (formula 

201), the middle of page n will also corrwpond .to 
a 

(168 n - 84.5) 15.p component A hours (266) 
r 

\ L 

from the boginning of tho series. \ 

tb there cvc 24 cornponont hours in ench componcl~t day, the 
middle corn oucnt A day of cuch pago will commenco 12 component 
4 hours enrEos than tho tilnc ropresented by tho middlo of the page, 
or I L ~  

u 
[ (168 n - 84.5) - 123 componont A hours (267) 

l a p  ! . 
from tho boginning of tho sorios. 
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The 24 inte ral'component A hours of the middlc component da I of the page m 1 therefore bo the intcgral corn ~ o n e n t  A hours whit I i 
immediately follow the time indicated by t 10 l w t  formula. The 
numerical value of this formulr~ will usulilly be n mixed number. 
Let f equal the art, and lot m be an integer representing 
the number of component hour nccording to its order in 

each age. For each ptbge m will have 
21. $he integral component A hours 

fallin within the middle component day of each page of tabulations 
will t % on bo represented by the general for~nula 

[(I68 n- 84.5) -2- - 12 - f + m] cornponent A hours. (268) 
1 5 ~  

from the beginning of the series. 
The relation of the lengths of the component A and componont B 

hours is given by the formula 

' , 1 component A hour= component B hours. 
Pin 

(269) 

The component B hour corresponding to the integral component A 
hour of formula (268) is therefore 

a b 
[(I68 n- 84.5) - 12-f +m] -!?-- component B hours 15p Pl" 

from the beginning of the series. 
The last formula will in gonerd, represent a mixed number. T h e  

integral component B hour to which tho sum for the componont A 
$our is to be assigned will be the nearest integrnl number roprosented 
by this formula. Let g be a fraction not greater than 0.5, which, 
applied either positively or negatively to  the formula, will render i t  
an integer. 

The assignment of the hourly page sums for component A hours to, 
the component B hours may now be represented ts follows, multiples. 
of 24 hours being rejected: 

a 
[(leg n-84.5) -- 12 - f + m - multiple of 241 compmont A hour 

(271') 
sum to be assigned to 

a 
[{(I68 n-84.5) -- Pb 

1 5 ~  
12 - f + m) -- f g-multiple of' 241 compo- 

nent d G u r .  (272) 

The difference between the component A hour and the component 
B hour to which the A hour sum 1s to be assigned is 

By means of the above formula Table 33 hns been prepared, giving 
the differences to bo applied to the component A hours of each pa e 
to obtain the component B hours with which they- most noar y 
coincide. 

f 
For the construction of secondary stoncils the forms designated for 

the compilation of the stencil sums from tho primarr summations. 
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mny be used. Docause of the prnotical difficulties of constructing 
stencils with openings in adjlicont line spnces i t  is desirable thnt the 
originti1 compilation of thc primnry sums should be mnde so that each 
alternrite line in the form for stencil sums is left vacant. As with the 
primnry stencils, i t  will genernllf be found convenient to use two 
stencils for ctich pugo of the compllod prilnar sums, nlthou h in some i S cuscs it muy be found desirable to use more t an two stencl s in order 
to scparntc inore clcnrly tho groups to be summed. The actual 
construction of tho secondary stencils is similar to that of the primary 
stencils. r l  preliminrir set of forms is filled out wlth component 2 
hours cis tlerived by di f erences from Table 33 n plied to the compo- R nent A hours. Thc ocld uncl even colnponent B ours are thon trans- 
ferred to septirt~to forms cind tho spnces indicated cut out. The open- 
in s corresponding to the sumo com onent B hour are connected with 
ruyed linos and numbcred to accor 'f with the, component hour repro- 
sentod. The a o numbering corresponding to tho fnge numbering 
on the compifeR p m t i r y  sums and rofernng to, t e pnaes of the 
ori inti1 tubulntetl ourly heights is to be entered In the c&nn pro- 
vi k ed new the left margin of the stencil. 

I n  using the stencils ouch shoot is to be appliod to tho pnge of com- 
piled p r i m ~ ~ r y  sums having the same nge numbering in tho loft-hand 
column us is givcn on the stencil. T K O  primary sums applying to the 
same component B hour aro ndded nnd tho results brou h t  together % in n stcncrl sum form, whero the totals nnd meuns nre o tnined. A 
table of divisors for obtaining the means mny be readily derived as 
follows: I n  a set of stencil sum forms corresponding to those used for 
the compilntion of com onent A primary sums tho number of hourly 
heights included in enc R primary sum is entered in the s ace corres- B onding to that  used for such primary sum. The secon ary stencils 
For o m  onent B are then applied and the sums of the numbers 
obtaine$and compiled in the same manner as that  in which the com- 
ponent B height sums itre obtained. The divisors having been once 
obtained aro applicable for all series of the same length. 

In  the unalysls the means obtained by use of the secondary stencils 
may be treated as though obtained directly by tho primary summa- 
tlons except thnt a special augmenting factor, to bo discussed later, 
must be applied. 

Tho closeness of the agreement between the hourly means obtained 

b! 
use of tho secondary stencils and those obtained direct1 by use 

% T 0 primary stencils will depend to a lar e extent upon the re a t ~ o n  of 
the speeds of components A and B. ho smaller the difference in 
the speeds tho closer will be the agreoment. 

To determine the extreme difference in the time of an individual 
hourly hei h t  and of the component B hour to which i t  is w y d  by 
the seron%ary stencils, let an assumed case be first consi ered in 
which the tabulated heights coincide exactly with the integral compo- 
nent A hours, and that on the middle day of the age of tabulated 

9 t 2 hour1 hoi hts ono of the integral component hours coincides 
exact y wit a componont A hour. At the corresponding com onent 3' A hour, one componont A day later, the component B hour wl1 have 

increased by 24 @ component. B hours. Rejecting a multiple of 
P la 

24 hours, this becomes 24 p ?  - 1)) so that a t  the end of one cornpo- 
(p,a 
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nent A day after the coincidence of integral hours of components 
A and B the component A hourly hei h t  will differ in time from 
the integral component B hour to whic f 1 i t  is to be assigned by 24 

($- 1) component B hours. ht the end of the third component 
, . 

A day this difference bocornes 72 (g - 1) component B hours. Tho 
same difference with op osite sign'%ill a; ly to the third component 
day before the middle c f  ay of the page. Kow, taking nccount of the 
fact that the component B hour on the middle day of the page may 
differ by an amount as great 0.5 of a component R hour from t.he 
integral component A hour, and that the integral component A hour 
may differ as much ns 0.5 of a component A, or 0.6 pb/p,a of a compo- 
nent B hour from the time of tho actual obseryntion of the solar hourly 
height, the extreme difference between the tinlo of obscrvatio~i of un 
hourly height and the time represented by the component B hour 
with which this hei h t  is grouped by tho secondary stencils may be f represented by the ormula. 

f [72 (@- 1) + 0.5 (5 + I)] component B hours. (274 
P la 

The differences may be either positive or negative, and in u lon 
series it ma reasonably he expected that tho number of positive an i ne ative va uos will be approximately equal. 

fi 
Fhe above formula for tho extrorno diflurcnco h~rnishos u criterion by 

which to judge, to some extent, tho relirtbility of the method. Testing 
the following schedule of components for which i t  is proposed to use the 
socond~lry stencils, the extreme differences s s  indicated are obtuinod. 
The differences arc ex rcsscd in componcllt B hours and r~lso in com- 
ponent B degrees. fi will be noted that one component hour is 
equivalent to a change of 15" in tho phme of n diurnril component, 30" 
in the phtlse of a semitliurnnl component, etc. 

Compopont A ......................................... . o  , , 

Comp'onent n.. ............................. :. ...... PI "1 SN ' 1 ' P I  1 U ! Z Q '  

Component A .................. 9 

$omponont n.. ................ 

Difforenee in hours.. ........... ........... plfiercrico in dugroos.. ! I -. - ....... - -- . -. ...... 

~if lere~ice  in hours.. ................................ I - :." 1 ,  3 1 . w l  2" / $;Y I 0. 
Dlfforcnce In dogroes ................................. w --- -- 

- .---- --- 
2lfK 

-------A ------.----- 

. . .- -, -- .--- - ---L_ _ _ - 
w p o n e n t  B .............. .;.. ........... : , 3 8  I ' " . ' SfK . .  MN ut Na 

Diflereucm In hours.. .;. ................... ;1.18 . .  1.43 . 1.21 1.96 1. % 
DlfTeronco in dogrees. ..................... U5 74 38 44 
, - - - - - -- - . ---. - -- . . - -. - -, -.--. .... ........ ......... ......... 

Componont A ......................... , ... L ;  , '  
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In the ordinary primary summation the extreme difference between 
the time of the obsemntion of a solar hourly height nnd the intrngnl 
component hour to wnich it is assigned is one-half of a component 
hour and, represented by corn onent degrees, it is 7.5' for diurnul, 15' 
for semidiurnal, 22.5' for teriiurnnl, 30' for quarter diurnal, 45' for 
sixth-diurnal, and 60" for ei hth-diurnal components. By the above 
sohedulo i t  will be noted t 8, at the extreme difference exceeds GO0 
in on1 a few cases. The largest difference is 99' for component 2Q 
when g ased upon the primary summations for 0. This is u snlall and 
unimportant corn onent, and heretofore no analysis has been made 
for it, the value o !' its harmonic constants being inferred from those of 
component 0. Although theoretically too small to justify a primary 
summntion in general practice, the lesser work involved in the 
secondar summations may produce constants for this component 
which wi T 1 be more satisfactory thnn the inferred constants. 

Although the general use of secondary stencils for series of obser- 
pations less than six months in length is not a t  present recomniended, 
lt is possible that future tests may indichte that thcso stencils nlay 
be used to advantdge with shorter series. 

. . 
26. THE FOURIER SERIES. 

A series involving only sines and cosines of whole multiples of a 
~ a r y i n g  angle is generally known as the Fourier series. Such a series 
1s of the form 

I : ,  I A 

h = ~ ~ +  C, cos ~ + C ~ C O S ~ O ~ -  C , C O S ~ O +  . . . . 
+S, sin B-t'S, sin 28-1-3, sin 88-1- . . . (275) 

I i ,  

I t  can be shown that by taking a suficien; number of terms tho 
Fourier series may be made to represent any pe~iodic function of 8. 

This series may be written also in the following form: 

h= H,, + A,  cos (e  f a,) +A2 cos (20 f a,) 3- A, oos (38 f a,) -t- . . . (270) 

in which 
S A, = [C,,,J + Sma]i ' and a, - ,- tan-'- 
c m  

m being the subscript of any term. 

From the summations for any component 24 component hourly 
means are obtained, these means being the approximate heights of 
the component tide a t  given intervals of time. These mean com- 

onont hourly heights, togother with the intermediate heights, nlay 
iouricr series, in which represented b y  the I' 

R,=rnean value of tho function corresponding to the height of 
lnean sea level above the adopted datum. 

e l a n  ,a lo that changes uniformly with time and colnpletes a 
Cycle of 3 3 0  in one component day. The values of 8 corresponding 

the 24 hourly mean8 will be 0°, l5', 30°, . - - . 330°, and 345". 
Formula (275), or its squivulont (276)) is the equation of a curve 

With the values of o as the al~scissro c~nd the corresponcling values of 
q tho ordinatas. If the 24 component hour9  means are plotted ns 

Ordlnutos corresponding to the vtlluas of 0°, 15 , 3U0, . - for 8, it is 
7 2 0 3 4 - - 2 4 t 4  
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ossible to find values for H,, Cm, and S,, which when substituted in 
276) will give the equation of a curve that will pass exactly through P 

each of the 24 points representing the component means. 
In  order to rnaku 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 h pertaining to the beginning of each of 
thoso parts is kn0vi.n. Let u equal the interval betweon these ordi- 
nates, then 

7~ u = 2?r, or 360' , (277) 

Let the given ordinates be h,, h,, h, . . h corresponding to 
the abscissae o, u, 2u . . . (n- 1) u; respectively. 

I t  is now proposed to show that tho curve represented b 
following Fourier series will pass through the n polnts of whic the 
ordinates are given. 

3; the 

h-B,,+c, cos e+ca cos 2e+ . . . . ck cos k e - - 
+s, s i n ~ + ~ , - s i n  28+ . . . . S,  sinEd 
m-lc m-I (278) 

= H o + C  C,cosme+C S,sin m8 
m-l . m-l 

n 7~ -- 1 in which the limit k = 2 if n is an even number, or k - 7 if n is an 

n n- 1 odd number; and the limit 1 = - - 2 1 if n is even, or -2- if n is odd. 

By substituting successively the coordinates of the n given points 
in (278) we may obtain n equations of the form 

m- k m-l 
ha= Ho+ C C,,, cos m u +  C S, sin mau 

m-1 m-1 

in which a represents successively tho integere 0 ti, (n - 1). 
By the solution of these n equations the values of n unknown 

uantities ma be obtained, includin no and the (n- 1) values for a and S.. I t  will be noted that t%e sum of the limits k and I of 
(278) or (279) equals (n- 1) for both evon and odd values of n 

The roaaon for these limits is as follows: 
A continued series Z C, cos m a u may be written 

C, C P ~ ~ U ~ - ~ , C O S ~ ~ U +  . . . . +C, c o s n a u  
+C(n+,)cos (n-i-1) au+C(,+ ,cos (n+2) a u - t  - ' .  . +C,,cos2na e 
+ c (  n+,)cos (2n+l )  euid,, .+2,cos (2n+2) a u +  . . . . + &,, cos 3 n a u + - -  - -  - -  - - ..- .- ..- - -  - -  - -  -. .- - -  .. - .- - -  -. - -  - -  .. - - -  .- - -  - -  (280) 

Since n u = 277 and a is an integer, the above maj. be written 

[Cl + C(n+l) + C(zn+l) + ' - ' ' ] C0S a + [Cz + C(,+,) + Ci2n+,) + ' ' ' ' ] cos 2 a u + - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
+ IQ(n-l) + C;zn-l) + C(sn-l) + . . ] cos (n- 1) a u 
+ [C',, + Cia + C8n + . . . ] cos n a u (281) 
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S i n c e c o s n a u = c o s 2 a n = l ;  cos (n-1) a u = c o s  ( 2 a ~ - n u ) - c o s ( i 1 1 ;  
cos (n-2) a u=cos  2 a u; etc., (281) may be written 

[ C n + C z n i  & n +  . ] COS O 
+[GI + C(n+;)+ C(2n+ ) + . . 
+C. - , )+L(~~- ,  +b(,.-,,i- . . . . 1 cos n u 
+ [b2 + c(.+,, + h,.+,,+ . . . 
4- C(n-2) + C(2n-2) + C(3n-2) + . . ] cos 2 a u 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
+ [Ck + C(n+k) + C(zn+k) 4- ' ' ' ' + C(n-k)+ C(ln-k)+ C(&+. a . a 1 cos k a (282) 

The first term of the above is u constant which will be included with 
the H, in the solution of (279). From tin examinntion of (282) it is 
evident that the cosine terms will be completely represented when 

n n - 1  
k z Z ,  or - 2 , according to whether n is even or odd. 

Similarly, the continued series C S, sin m a u lnny be written 
[Sn+S,,+SSn+ . . . . ] s i n 0  
+ [Sl + S ( n + r )  +S(zn+l)+ 
n - l S 2 n S  - . . . . ] sin a u 
+ [Sz + S ( n + a )  + (zn+a) + . . 
- S(n-2)-S(2n-2) - S ( S n  -2) - . . . . ] sin 2 a u 
- -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  
+ [S1+ S ( n + l )  + S(zn+,)+ . . . - 
-8h-1 )  - S(2n-~) -S(Sn-l) - . . . . ] sin I a u (283) 

Tho first term in the above equals zero. The remaining terms will 
n take complete account of the series CS, sin m a u, if 1 -- - 
2 1 when 

n-1  n is even, or 7 when n is odd. 

n prom the foregoingit is evident thdt the limit of mwill not exceed 5. 
Y 

If we let u and a represent any angles with fixed values, m and p 
an integers with fixed values, and a an integer having successive P Pa ues from 0 to (n - I), i t  may be shown thnt 
8-(n-l) sin+ n m u C sin (a m u + a) = sin 3 m u sin [3 (n- 1) m u + a ]  

8-0 

W n - I )  sin 3 n m u 
cos (a m u + a) = ---- cos [+ (n- 1) m u + a ]  

8-0 sin 4 m u 
(285) 

8-(n-l) s i n + n . ( p - m ) u c o s i ( n - 1 )  ( p - m ) u  
2 s i n a p u  sinamu=+---- -- 
8-0 sin 3 (p - m) u 

sin + YL (p+m) u cos 3 (n- 1) (p+m) u 
-3 sin + (p + m) u (286) 

W n - 1 )  sin + n (p-m) u cos 3(n -1) (p-m) u c o s a p u c o s a m u = +  - 
8-0 sin + (p - m) u 

sin 3 n ( p  + m) u cos 3 ( I &  - 1) (p + m) u 4-4 - -- 
sin I (p + m) u (287) 

8g(n-1) sin + n (p-m) u sin 4 (n-1) (p-m) u 
22. s i n a p u  cos u m u = +  
8-0 sin 3 ( p  - m) u 

+ +  siu 3 n (p+m) u sin 1 (n- 1)  ( p + t n )  11 
7- -- - 
a n  3 (p+m) u 

(288) 
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2lr 
If we let ar = 0 and u = -, or n u = 2n, then formulas (284) to (288) n 

may bo written as follows: 

8-(0-1) 
C s i n a m u =  

8-0  m sin - n 
n 

a-(n-1) 
C c o s a m u =  
8-0 m sin - a 

n 

a-(n-1) 
C sin a p u sin a m u = +  - 

8 - 0  a (p-m)  sin 
n . . 

sin ( p  - m) n eos ( p  + m) n - em 
-3 -.----- 

. p+n i  sin - x 
(291) 

n 

sin ( p  + m) n 
+ 3 -. - - -  

sin ( p  - m) n cos r(p  - m) n 

sin Lm n n 

sin pfm n. x ." 

a-(n-l)  sin ( p  - m) n sin ( p  - m) n - %m, n] [ c s i n a g u c o s  sku=+ 
8-0 sin Lrn x n 

sin ( p  + m) n sin ( p  + m) n -Em . 
+3 n [ -- 

sih em n 
I (293) 

m 

If p and m are unequal integers and neither exceeds 5, the above 

(289) to (293) become equal to zero. Thus, 
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n If p and m are oqual integers and do not exceed 5, formulas (291), 
- 

sin ( p  - m) T 

(282)) and (293) will contain the indett&ninate quantity $n p-m, 
n 

0 n =G , and also when p and m each equal 2, theindeterminate quantity 

sin ( +m)x 0 

sin PkE., 
n 

Evaluating these quantities we have ' 

sin ( p  - m) x x cos ( p  - m.) x 
p-m ] , , 

= - .- -- - .- - .. 

?r cds p7mx I . = , I &  ; (296) 
sin K n (p -m)=o  n n. (p -m)=o  

and 
. . 
1. \ 

sin ( p  + m)x I - - K cos ( p  + m)x 
sin pf? - cos -. = - n  (296) 

n (p-i-m)=n n n ( p f m )  -n 

In (296) i t  will be noted that when the integers p and m each oqual 
m.. 
10 

2,. n, must be an evon number, and therefore cos nx is positive, while . , 

~c is negative. 
Assuming the condition that p and m are equal intogors, each less 

:l we have by substituting (295) in (291)) (2R2), and (293)) 

a-(n-1) a-(n-1) 

, z s i n a p u c o s a m u -  C s i n a m u c o s a m u - 0  (299) 
8-0 

Assuming the condition that p and m are each equal to 5, we have 

by substituting (295) and (296) in (291), (2921, and (293). 

a-(n-1) 
2 cosl a m u=+ n-3 n cos a-n  
8-0 

n-(n-1) 
C sin a m u  cos a m u  - 0  

8-0 
(302) 
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Returning now to the solution of (279), by substituting the suc- 
cessive values of a from 0 to (n - I), we have 

h ,=Ho+Clcos0+C2cos0+  . . . . +CkcosO 
+Sl sin O+S, sin 0 +  . . . . +S1 sin 0 

h l=Ho+C,cosu+C2cos2u+  . . . . +Ckcosku 
+Sl sin u + S 2  sin 2u+ . . . . +S1 sin lu 

h ,=Ho+Clcos2u+C,cos4u+ . . . . +&cos2ku  

I 
+Sl sin 2u +S, sin 4u + . . . . +Sl sin 3lu 1 (3031 

h~,-,,=HO+Cl cos (n- l )u+C,  cos 2 (n- l )u+  . . . . 
+ Ck cos (n - 1)ku 

+S1 sin (n - l )u+S2 sin 2(n- l )u+ . . . . 
+ S1 sin (it - 1)Zu 

To obtain valuo of Hol add above equations 

a-(n-1) a-(n-1) a- (n-1)  
+Sl C s i n a  u+S,  C sin 2 a u +  . . . . +S1 C sin a I u 

a-0 8-0 8-0 

m - k  a-(n-1) m-1 a-(n-1)  
= n  H o +  C C ,  C c o s a m u +  CS,  C s i n a r n u  

m-1 8-0 m-1 a -o  
(304) 

a-(n-1) a-(n-1) 
From (294), C cos a m u nnd C sin a m u each e4nals zero, 

a-0 0-0  
n 

since neither k nor 1,  the maximum values of m exceeds - 2 

aifd 
' 1 s17n-1)  

Ro=-  C ha 
0-0  

(306) 

To obtain tho value of any coofficient Cl such ns C,, multiply 
each equation of (303) by cos a p u. Then 
0 I 

h, cos 0 = Ho cis  0 
+ c 1 ~ ~ ~ o + c 2 k ~ ~ o +  . . . . $ c k c o ~ o  ' 
+Sl sir1 O+S2 sin O f  . . . . +S1 sin 0 

h l c o s p u = H o c o s p u  
+ C 1 ~ ~ ~ ~ ~ ~ ~ p ~ + C 2 C 0 S 2 ~ ~ 0 S p U +  . . . + C ~ C O S ~ U C O ~ ~ U  
+S, sin u cos p u+S ,  sin 2u cos p u +  . . . + S 1  sin 1 u cos p u 

ha cos 2p u =  Ho cos 2p u 
+ c, cos 2~ c0s 2p 21 + c1 COS 421 cOS ip 11 + . . . . + Ck cos 2k u cos 2p u 
+ S, sin 2u cos 2p u + S, s i n . 4 ~  cos 2p u + , . . . . 

+S1 sin 21 u cos 2p u 
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h(n-,)cos (n-1) p u = H o c o s  (n-1 p u  
+ C l c o s ( n - l ) u c o s ( n - l ) p u + ~ c o s 2 ( n - l ) u c o s ( n - l ) p u + . . . .  
+Ck cos (n-1) k u cos (n-1) p ? ~  

+&',sin (n- 1)ucos (n-1)pu+S2sin2(n-l)ucos(n-I)?,?&+ .... 
+S1 sin (n- 1) 1 u. cos (n-1) p u (307) 

Summing the above equations 

a-(n-1) a-(n-1) 
C h . c o s a p u = H o  C c o s a p u  
8-0 I 

n-0 

n-(n-1) n-(n-1) 
+ C ,  C c o s a u c o s a p u + S ,  C s i n a u c o s a p u  

n-o 8-0 

a-(n-1) @-@-I) 
+C, C c o s 2 a u c o s a p u + S 2  C s i n 2 a u c o s a p u  

n-o 8-0 

b-(n-l) a-(n-1) 
4 - 4  C c o s a k u c o s a p u + S ~  C s i n a l u c o s a p u  - 

IS-0 8-0 

a-(n-1) m-k a-(n-1) 
=Ho cosa p u +  C 0, C c o s a m u c o s a p u  

8-0 m-1 8-0 
m-1 8-(n-1) + C 8, C sin a m u cos a p u (308) 
m-1 a-o 

Examining the limits of (308), i t  will be noted by n roferonce to 

$age 77 that k ,  the maximum value of m for the C terms is when n 
n 

is even and ng when n is odd; also, that 1 has a value of 2 - 1 when 

n'- 1 
n is even and -- when n is odd. The limits of p, which is a partic- 

2 ,  
ular value of 'm, will, of course; be the same as th'ose'of m. 

a-(n-1) 

By (294) t4e ,qpantity C . cos a p u becomes zero for all the 
8-0 

I $ a-(n-1) 
values of b, hnd the quantity C" cos a m u cos a p u becomes zero 

a-0 
for dl values, of m tlnd p except when p equala m. ' By (294), (299), 

a-(n-1) 
and (302) the quantity sip a ,m u cos a p u becomes zero for nll 

8-0 

Values of m and p. 
. P9rmula (308) may tPefore .be  reduced to tho form 

n For any vduo of p loss than 3 
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n 
but when p = -  this quantity becomes equal to n (301). 2' 

n ' 
Therefore for all values of p less than 3 

2 8-(n-1) 
Cp =, C ha cos a p u 

8-0 

n but when p is exactly 3 

n 
Since in tidal work p is always taken less than 2, we are not cspe- 

cially concerned with the latter formula. 
To obtain the value of any coefficient S, such as S,, multiply each 

equation of (303) by sin a p u. Sum the resulting equations and 
obtain 

a-(n-1) a-(n-1) ' 

C h, sin a p u = Ho sin a p u 
8-0 8-0 ' 

m-k a-(n-1) + C C,,, C c o s a m u s i n a p u  
m-1 a-(n-I) 

+ C S ,  C s i n a m u s i n a p u .  : (312), 
m-1 8-0 

a-(n-1) 
By (294), (299)) and (302) the quantities C sin a p u and 

8-0 
8--(n-1) 

2 ' 

C cos a m u sin a p u are zero for all the values of m nnd p; 
8-0 

a-(n-1) 
and C sin a m u sin a p u becomes' 'zero for all the valu'm of m 

8-0 

and p except when m and p are equal. In  this case the limit of I for . 
n a-(n-1) 

m and p is less than - and by (297)) the quantity C sina a p u' 
2 1-0 

==+ n. 
Therefore, formula (312) reduces to the fornh 

and 
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By substituting (306)) (310), (3111, and (314) in (2781, the follow- 
in equation of a curve, which will pass through the n given points, 
wifl be obtained 

1 a-(n-1) a-(n-1) 
h = -  5: harcosau C O S ~  

a-o a-d 
2 n-(n-1) 

I 
C ha sin a u sin 0 

n 8-0 I 
2 a-(n-1) 

C ha cos 2 a u cos 2 8 
'n 8-0 

2 8-(n-1) 
I 

ha sin 2 a u sin 2 8 I 

h h . s i n l a u  (315) 

Although by taking a sufficient number of terms tho Fourier series 
may thus be made to represent a curve which will be exactly satisfied 
by tho n given ordinates, this is, in gonoral, neither necessary nor 
desirable in tidal work, since i t  is known that the mean orhnates 
obtained from tho suinmations of the hourly heights of tho tide in- 
clude man. irregularities due to the imperfect elimination of the me- 
teorologicnr effects and nlso residual effects of components having 
Periods incommensurable with that of the coinponent sought. It is 
dosirable to include only the terms of the series which re resent, the g true periodic elements of the component. With series of o servatlons 
of sufficient longth, tho coefficient of the other terms, if sought, will 
be found to approximato to zero. 

By a reference to formula (loo), page 36, it will be noted that the 
short-Period components as derived from the equilibrium theory are, 
ln general, eithor diurnal or somidiurnal. If the period of 0 in formula 
(278), page 76, is taken to correspond to the component d ~ ~ t h e  
diurnal components will bo represented by the terms with co cient 
C, nnd S,, and the semidiurnal components by the terms with 
coefficierlts C and S,. For the long- enod components, the period of 
8 mwy be taken to correspond to t !I e component month or to the 
component year, in which case the coefficients C and S, will refer to 
the monthly or annual components and the coefficients C, and S, to 
the semimonthly or semiannual components. 

For most of the components tho coefficients C , S,, C,, and S, will 
be the only ones required, but for the tides,depending upon the fourth 
Power of the moon's parallax (sec. 15) for the overtides (sec. 181, and 
the compound tides (soc. 19), othor coefficients will bo re uired. Terpas 1 beyond those with coefficients C, and S,, for the overti es of the prin- 
clpul lunar component, are not gonornlly used in tidal work. 
. m e n  i t  is known that certain periodic elements &st m a component 

and that the moan ordinates obtained from observations include - 
1 2 *If n is sveu nnd k-$, this fraction 1s Inatead of 7 
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accidental errors that are not periodic, it may 
method known as the least square adjustment, 
equations represented by (279), that the able values of the 
constant Ho and the coefficient Cp and S, are as those given 
by formulas (306), (310), and (314), respective1 . E Since in tidal work the value of Ho, whic 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 
(306) is unnecessar exce t for checking purposes. Formulas (310) 
and (314) are use i" for o ! taining the most robable values of the 
coefficients Cp and S,  from the component foudy means obtained 
from' the summations. 

Whon 24 hourly means are used n - 24, nrld u = 15O, and the formulas 
may be written 

1 0-23 

cp=r;i: JL. cos 15 a p (3 16) 

1 8-23 
SP=- C ha sin 15 a p  

12 a-0 
(3 17) 

in which the angles are expressed in do rees. 7 If only 12 means are usod, tho formu as become 
1 8-11 

CP=- C h, cos 30 a p 
6 a-o 

(3 18) 

1 a-11 

Sp=3 h, sin 30 a p  
8-0 

The u per part, of Form 194 (fig. 29) is designed for the compu- 
tation o f the coefficients Cp and Sp in accordance with formultls (316) 
and (317) to take account of the 24 component hourly means. 

It is now desired to express each component in the form 

y = A  cos ( p  e+a)  (320) 

or usLg a more specialized potation by 
, . y = A  cos ( p  0 - 0  

By ttigonometry 

A cos ( p  8 - { )  = A  w e  { cos p e+A sin 5. sin p e (322) 
= C p c o s p e + S p s i n p e  

in which Cp=Acosf  and Sp=A ' s in l  (323) 

Therefore, 
. . 

and ' 

S e  
tan luQP , 

P 

s! - J E T - -  A=-- 
cos { sin , ' + '$ 

,By substituting,tho values obtained for C, and 8, hy.formulas (316) 
andm(317) in formulas (324) and (3251, the correspondng vulues of A 
and c for formula (321) may be obtained. 

I n  (321) we now have an harmonic oxpression, which, with its 
constants A and C determined by the methods nlrcudy described, is 
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an approximate representation of one of the tidal components sought. 
These constants must, however, be modified and reduced in order to 
be adapted to practicnl use. 

27. AUOMENTINQ FACTORS. 

In  tho usual summations with the primary stencils for all the 
short period components, oxcept component S, the hourly ordinates 
which aro summed in any single group are scattered more or less 
uniformly over a period from one-half of a component hour before 
to one-half of u component hour after the exact component hour 
which the oup represents. Because of this the resulting mean will 
differ a litt y e from the true mean ordinate that would be obtained if 
all the ordinates included were read on the exact component hour, as 
With com onent S and tho amplitude obtained will be less than the 
true amp f itude o! the component. The factor necessary to take 
account of this fact is called the augmenting factor. 

Let any component be represented by the curve 

y = A  cos (a t fa )  
in which 

( 3 2 6 )  

A - the true am litude of the com onent 

fl P a = the s eed o the component ( $ egrees per solar hours) 
t - varia le time (expressed in solar hours) 
a = any constant. 

The moan value of y for a group of consecutive ordinates from 712 
how8 boforo to 712 hours aftor any givon timo t, s being the number 
of solar hours covered by the group, is 

180 A t+t ia  
cos (at + a) dt = - - sin (a t  + 31 

7 t-7IZ Vt+* x ar  t-712 

180 A 
El- - 

x a~ sin (at+,+$)- sin (at+,-?) ' 

- 360 A - ar 360 a s  
-- cos (a t  + a )  sin - -- -- sin 2 A cos ( a l  + a )  

IC a r  2 nar ( 3 2 7 )  

Since the true valuo of y a t  any time 1,  is equal to A 'cog (at  + a) 
by (326), it is evident that the relation of this trueJvh1uo' to the mean 
Value (327) for the group s hours in length is , *  

- A cos (at + a) = Tar 

~ s i n ~ d c o s  x a r  ( d + a )  360sin$ 

xas The quantity -------- is tho augmenting factor which is to bd Applied 
360 sin 5 

2 
1 ,  1 

to the mom ordinate to obtaia the true ordintito, In  the use of this 
factor it is assumed that all tho consecutive ordinates within khe time 
712 hours before to s/2  hours aftor the given time have buen used in 
obtaining the mean. This assurrl tion is, of oourae, only ap roxi- F P Qately realized in the summation or any component, but tho arger 
the series of observations the rnoru neurly to tho truth i t  approaches. 
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Accordin to the usual summations with the primar stencils, the 
hourly heig f ts included in n single group may be distrixutcd over an 
interval from one-hulf of a component hour befoi.e to one-hnlf of a 
component hour after the hour to be represented. I n  this case .r 

1 5 ~  equals one component hour, or - s o l u  houis. a 
'Substituting this in (328), the 

augmenting factor = -----TP i5p 24 sir1 - 
2 

which is the formula gener?lly adopted tlnd is the one upon which 
the au menting factor of Form 194 is bpsed. 

If t%e second system of distribution of the hourly hei hts as 

(328) becomes 
f described on page 65 is adopted, T equals onc solar hour and ormula 

xn 
augmenting factor - a 

, 360 sin 

It will be noted that formula (329) depends upon the value of p and 
therefore will be the same for alJ short eriod components (S excepted) 
with like subscripts. Formula (330) Lpends upon the spoed a of the 
com onent and will therefore be different for each component. 

&en the secondary stencils (described in see. 25) are used, the 
grouping of the ordinates is less simple than that provided by tlie 

rimary stencils only. Let i t  be assumed that the series is of su&cient 
f)ength 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 com- 
ponent A with speed a and that the secondary stencils havo been 
used for component B with speed b. Then 166 p and p1 represent the 
subscripts of components A and B, respectivcly. 

Tho equation for component B may be written 

In  !he primary summation for component A, the group of ordi- 
nates included in a single sum covers a period of opo component A 

15 hour or 3 solar hours. Expressed in time t, midway of this interval a - 
and representi the exact integral component A hour to which the 
group applied, ? t e average value of the B ordinatev included in such 
a group may be written 

en- 

r 16pb 

-(y sin %) B cos (at + e) 
- F, B cos (bt +I% (332) 
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I n  which F,, for brevity, is substituted for the coefficient 
-- - ' 15pb 
24 a sin -- and gives the relation of the average B ordinate in- n p b  2a 
clutlcd in the A grouping to the true B ordinate for the time t 
represented h that group. The reciprocal of this cocfflcient will be 
tlint part of t ll e augmenting factor necessary to take account of this 
primnry grouping. If the priln~uy summing hns been for the com- 
poncnt S, thiti coeflicient may be taken as unity since the original S 
sums rcfcr to the exact S hour. 

When the secondary stencils nre applied to the component A group 
sums, the groups np 1 rin to an exact component A hour a t  any 
time t and rcprcsente !$ y t eh at  time, will be distributed over an inter- 

1 5 p 1  
val of n component B hour, or -6- solar hours. 

For an integral component B hour a t  any time t kithin tho rniddlo 
dny replr?sentcd by a seven-duy pnge of originul tabulations the limits 

of this intervnl will be ( t  - q) and (1  + 3;). For tho same page of 
tabulations, letting t rkpresent' the s&e t imi  in the middle day, the 
limits of the group intervul for thc day following tho middle one, are 
(t+%o.~-.!?~) u n d ( t + E - p + q 2 ) .  If re let n= -3, -2, -1, 0 ,  

n 2b a + 1, + 2, .+ 3,"1:eu ect ib l  , for the seven successive days represented 
by a single pa e afd;igintx tabulations, the limits of the group intervnl 
for uny day o , ?  the page!mny be represented by 

3GOpn (t .+ ---; -- - g) and ( t  + a 
I I .  i * 

Formula (332) gives the mean value of the B ordinate for 
of the A summations. Tho meun valuo of (332) obtained T O u p i n g  y corn- 
bining the grou s fallin in any particular dny of pagc of: tabulations 
in the limits in&uted u%ove is 

300pn 15p1 
I+ --+T 

-A- 1 5p1 F I B S  t + 3 ~ ~  a 1 5 ~ '  2 cos (bt + 8 )  dt 
/ 8 o 26 , . \ \ '  

i f w e p u t  F,=----sin--- 24 - for brevity. 
p1 
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This augmenting factor may be written 

180bp 

[24a ;>!I GI [7i:+c] sin 
(33G) 

The first. factor of the nbove is to ba omitted if the primary sum- 
mations are for component S. I t  will be noted that the middle 
factor is tho same as the uugmentin factor that would be used if 
colnponent B had been ~ubjectecl to t 7 le primary sumintltions. 

28. REDUCTION OF EPOCH6 AND AMPLITUDE0 TO MEAN VAI;UEB. 

In equation (321), page 84, 

the quantity (- {) is the phase of the component a t  the time 0 equals 
zero-that is, a t  the beginning of the series-and g e is equal to { a t  
the time y is a maximum; that is, at  the time of t e component h' h 
Water. The value of 5  will therefore depend upon the time of %e 
beginning of the series, which is more or less arbitrary, and the t's of 
any component determined from different series of observations are 
not directly corn arable. Ex rossions for tho theoretical phases, or 
arguments, of t I! e principal P unar components are represented in 
formula (loo), page 35, and a general expression for this argument as 
modified by a constant K for a particular locality is given bg' formula 
-(101), page 39. The last formula is an equivalent of the angle of 
(321) and may be written 

In the above the variable angle p e = at, the angle 0 having its zero 
value a t  the beginning of the series when t equals zero. 

Then 
v O + u - ~ =  - 5  

or (338) 
~ = 5 +  VO+u 

The significance of the expression ( V,+u) was discussed in 
section 10. 

In (338) K is a constant that is independent of the beginning of the 
Series, and it is called the opoch of the component. Tho K'S as deter  
mined from different series of observations for the same locality are 
corn amble. 

~ % e  angle K may be graphically represented by Figures 1 a i d  11. 
In Figure I ,  whhave a simple representation of a single component. 
In this fi ure chnnps in tho phase or angle aro measured along the 
horizonta! line, positive change toward the right and negative chan e % toward the left. Tho full vertic~l line indicntes the be inning of t .e 
aeries, at  which time the angle p 0,  or at? e uals 0. At %e left of thls 
Vertical line, the symbol of a moon ( M )  in 3 icates the zero value of the 
equilibrium argument that precedes the bogmnin of the senes. % For the prbcipctl lunar or solar component, this will e simultaneous 
mth a transit of the mean moon (modified by longitude of moon's 
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node) or of the mean sun, and for other short-period components with 
the transit of a fictitious star representing such component (p. 38). 
At the point represented by this moon, tho nnglo ( V+ u) has a value 
of zero. This angle increases to the right, and at the bcginnin of the 
series has a value represented by (Vo+ u) which may be readi F y com- 
puted for the beginnin of any series. h i s  interval from V to the 
time of occurrence of t g e first following component high water is the 
epoch K.  This represents the lag or differonce between the t~ctuul 
component high water at  any ace and the theoretical time as 
determined by the equilibrium t eory. The distance from the he- 
inning of the series to the following high water is the t of formula 
321), which is determined directly from the analysis of the observa- 7 

tions. From the figure it is evident that the K is the sum of ( V,+ u)  
and l, and also that it is independent of the time of the beginning of 
the series. 

Figure 11 gives a more detailed representation of the e och of a 
component. In this figure the horizontal line represents c ! anges in 
time. Distances along this line will be roportional to the changes 
in the angle of any single component, %ut since each component 
has a different s p e d  equal distances alon this lino will not represent 
equal angles for different components. l%e time betwoen the events 
may ba converted into an equivalent component angle by multiplyin 
by the speed of tho component. ,The figure is to some extent self 
explanatory. The word ' transit" signifies the transit of the fictitious 
moon representing any component and also the time when the 
equilibrium argument of that component has a zero value. For all 
short-pekiod corn onents the time of such zero value will depend 
upoh the lon itu ! e of the place of observation as well as upon abso- 
lute time. #or long-period corn onents Che zoro values are inde- P pendent of tho longitude of the p ace of observation, and the " tmn- 
sits" over the several meridians ma he considered as occurring simul- P taneously,which is equivalent to ta mg tho coefficient p oqual to zero. 
The figure illustrates the rolatioo between the Greenwich ( Va+q) 
calculated for the meridian of Greenwich and referring to stnndard 
Greenwich time and local (Vo-tu) referring to the meridian of 
observation and tho actual time of the be inning of the observations, 

Referring to formulas (loo), (2081, (216, etc., it will be noted that 
the element of each component argument involving tho longitude 
of the place of observation may be re resented by p T, or x (hour P % angle of mean sun), in which p equa s the subscript for t o short- 

eriod components and zero for the long-period components. Tho 
1oui.angle of the mean sun at any instant is different for each 
meridihn of the earth, the difference being tho same as the difference 
between the longitudes of the places considered. The longitude of 
Greenwich being zero, the local (V+u)  ha9 its origin or zero value 
at a later time if reckoned toward. the west, or a t  an earlier time if 
reckonea toward the east, than the Greenwich ( V .  The 
relation between the local and Greenwich ( V+ U )  may be expressed 

local ( V + u) = Greenwich ( V+ u) - p L (339) 
in which L=longitude of local meridian, positive if west and nega- 
tive if east. 

The ( Vo + u) is the value of ( V +  u)  for a certain specific time. In 
the reduction of any particular series of observations the local 
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( vq+ u) properly refers to the actual time of tlie beginning of sucli 
series. I n  thc usual uuulysis where the stencils, or siiililt~r devices, 
aro uscd for tho su~nrnntions i t  is of gre t~ t  convanicnco to hnvo nll 
series conilncnce ( ~ t  tlie zcro (0) liour of sonle day. Tlie nbsolutu 
tirilo of occurrence of this (0) llour will dcpencl upon tlle lii~id of titlie 
usetl ut the plucc of ol)se~,vntion, wliicll may be oither civil or astro- 
noniical, local or stnndurd. 

I n  ortlur to pro\-idc (.on\-c~iicnt taI>les of ( T i  + u) which inay he 
cnsily ndriyted to ony placc or kind of time, the Greenwich ( 1',+u) 
referring to tlic Grocnwicli ~ t t u i d i ~ d  t ~ n i o  niay 1)e used. I n  this work 
the mfcrcnco is to Grcenwi~11 nletlu civil tinic, b u t  the tnblcs iliight 
with equnl propriety have been referrc~l to nstrono~nicr~l t i ~ n o  11ud 
tho lnttcr becn coris~dcl-c~l ccluully coiivsiiiont. 

Tlie r r~ t c  of cht~11g0 ill tllia ( I v +  U )  of ally coniponent is tlic sntuo t ~ s  
the s p ~ c d  of tile (.om oncnt. Lot c ljo its ratio to s p c ~ i  of mcnn 
sun. The t1ifforcnc.e f )et\vccn tllc: Grecnji-icll (1; + i ~ )  u11d the loctll 
(I;+ u ) ,  ( l u ~  to tliLa diff~ronc(~ in t h ~  r e f ~ r ~ ~ i c c  to tlie Greenwich zcro 
hour nntl zcro ],our of t ~ i o  Itiritl of t i ~ n c  uscd for thc ol)sc~rrntions, 
nlay thc~cforc 1)c csprcsscd by cS in ~vliich S is tllc longitutlc of tinic 
meridinn uscd for tho ohscrrutions, pos i t i~c  for \vest longitutlc, 
Qegnti\.o for cnst lorigitud(1. Combining tlic lttst corrcrtion ~vitli  
for~riulu (339), the r c l ~ ~ t i o n  l)ct\vc~cn tlic loctil tmcl Grccn~i-ic.11 ( 17, -t- 11) 

may 1 ~ :  c ~ p r ~ ~ s c d ,  

local ( 17, + 1.) = Grccnw-ich ( I: + I L )  - p 1; + c S (340) 

I n  section 10 nttcntion wtls cullctl to tlicx distitiction beturecn tlie 
1.6 niid tllc u .  The I; is ir1tlel)cndcnt of tlic lcnglh of scrics nntl is 

d~tcnii ined ontirely by the bcg~nniiig of tlia series. T11c U, 11~1iicIl is 
trentctl us constant for tllc cntire length of scrichs, tnlics its vnlue as 
of tlic middle of tllc series aud de )cncls, tliercforc, both u o ~ i  the \ P beginnin:: and lcngtli of scrics. 111 t ic tnblc of ~~~~~~~~~~ich( 1 , + u)'s, 
tjhe scrich is ~ I L I : ~ I I  11s 011c ca101ida~1' yctir in length, u s  tlio tnbln is 
designed prirnarilg for preparing co~lstulits fol. t l ~ o  )rcdiction of tidcs. I For tho unnlysis, ho\\-c\-.c~r, 1111 -indcpcndolt cnlcu ~itiori of the local 
( V ,  + U)'S for c~1c1i scrips is 111acIc in Form 244, Figurc 27, ~vluch is busc4 
upor1 tlic formulaw of Tn1)lc 3. Applying tlioso to tlic {'s in accord- 
8 1 1 ~ ~  \\lit11 i'ornlulu (338) givcs tlic corrcctcd A'S of tlic componcnts 

Thcl nmplitudc A us dctcriili~icd fl.oni formula (325) must bc 
lnodificd hy tllc. nrgulncnting fnctor, section 27, tuld Ta1)lc 20. Tllc 
"cnulting 1~11iplitutlc usually tlrsignrrtcd 1)y R \\-ill pertniii to the 
Particular tinlc co~roretl ljy tlic obsc\~vntions nnd ~ l lu s t  bc rcduced 
to its mean value R in r~ccortlnnce wit11 scction 12. Tho rcduccd 
Val~c.s of tlic ninplitutl~ TI urid the epoch K of the component 
formula 

!/ = cos ( ( ~ 1  + V, + 1~ - K) (341) 

are thus rlctcrminctl, bu t  I~eforc finnl nccr11tttncc must bc sul>jccted 
an ellmination proccss to bc discussed in the follotving soctlons. 

29. INlrEltESCE OF CONSTASTS. 

untlor tile conditions assumc.tf for thc equili1)rium t h ~ o r y  the 
alnplitudc~ ol' tho componcnts could bc computeci directly I)y means 
of the coeficient forlnulus without tho necessity of securing tidal 

729:14-24f-7 



92 U. S. COAST AND GEODETIC SURVEY. 

obscrvstions, and the phases would correspond with the equilibrium 
arguments of the com oncnts. Under the conditions that actually 
e x ~ s t  i t  has hcen foun d!' from observations that  the amplitudes of the 
components of a similar type a t  any place, although tl~ffcrina greatly 
frorn their theoretical values, havc a relation that, in genera, agrees 
fairly closely with the relations of their theoretical coefficients. It 
has also been nsccrtuined from thc results obtained from ohsen-ntions 
that the difference in the cpochs or laas of the componcnts hnvo a 
relation conforming, in general, with tyic relation of the differences 
in the speetls of tho components. This last relation is based upon 
an assumption that  the agcs of the inequalities in any componcnt 
due to the tlisturbing influence of other componcnts of a similar type 
arc ecjunl when cxpressed in time. 

If the menn amplitudes, epochs, and speeds of several compo- 
nents A ,  U ,  C, tire rrprcsented by II(A),  H ( U ) ,  I I ( C ) ,  K(A),  K(U) ,  
K(C), nncl a,  h,  c ,  respectively, the above relations may be expressed 
by the following formulas: 

mean coeficient component B H (H) = meanncoiR;ei~-~oy;pbncn t -2 n ( A )  

c - a  
K(C)  -K (A)  =I)  --& [K(B) - K(A) I  (343) 

or, 
C - (L 

K(C)  = K(A) + b-=; [K(B) - K(A)]  (344) 

By formula (342) the arnplitudc of a componcnt (13) may bc, 
infcrrcd from the known amplitutlc of n component ( A ) ,  and by 
formula (344) thc epoch of u cornponcnt (C) may hc inferred from tho 
known epochs of componcnts (A) nnd ( R ) .  

These fonnulus havc, however, certain limitntions. 'I'hey nrc not 
n plicuble to shallow water and mcteorologicnl componcnts, nor are 
t i' ey adapted to tho dcterrninntion of a tlmrnul componcnt from a 
semidurnnl componcnt or of a scmidiurnnl componcnt frorn u diurnal 
component. The rosults obtnined by thc upplic-ntion of the formulas 
to tides of similar t y  e m y  be considered only 11s rough npproxima- 
tions to the truth. !hey may, however, be preferul)le to the values 
obtained for certain components when the series of observations is 
short. 

By substituting the mctln values of the cocflicients and the speeds 
from Table 3 the following special formulas may be derived from the 
genernl formulas (342) and (344) 

Diurnal components. 

H (J,) =0.070 I3 ( 0 , ) ;  K (J ) = K (I<, 
n (M ) =0.071 n ( o , ) ; ~  (n.f,) = K  (I<, 
R cob) = 0.043 (0,) ; K ( 0 0 )  = K (K, 
H (PI) = 0.331 a (I(,) ;K (P,) = K (R, 
H (Q ) =0.194 fi (0 , ) ;  K (Q ) = K  (K, 
H (24) = 0.026 H (0,)  ; K (24)  = K (K, 
H (P,) = 0.038 a (0,) ; K (P,) = K (K, 

i -0.4% [K (I<,) - K  (0,) 
-0.500 [K (K,) - K  (0,) 
+ 1.000 [K (K,) - K (0,) 
- 0.075 [K (K,) - K (0 , )  
- 1.496 [K (I(,) - K (0,) 
- 1.992 [K (I<,) - K (0,) 

I - 1.429 [K (K,) - K (0,) 
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Semidz'?~rml componenls. 

a ( K , )  =0.272 11 (S,) ; K (K,)  = K (S,) 4- 0.081 [ K  (S,) -. K (>f,)] (352) 
I-r (L,) =0.028 11 (M,) ; K (L,) = K (S2) -0.404 [ K  (S,) - K (M,)] (353) 

=0.143 11 (N,) ; = K (M2) + 1.000 [ K  (Mz) - K (N,)] (354) 
13 (N,) = 0.194 TI (>I,) ; I (  ( W Z )  = K (SZ) - 1.536 [ K  (Sz) - K (M,)] (355) 
H (2N) = 0.026 II (M,) ; K  (2N) = K (S,) - 2.072 [ K  (S,) - K (M,)] (356) 

=0.133 I-1 (N,) ; = K (>I.,) - 2.000 [ K  (M ) - K (N2)] (357) 
JI (11,) = 0.008 R (S,) ; K (Ti,) = K (S,) + 0.040 LK (sJ - K (M,)] (358) 
fi (T,) = 0.059 I-I (S,) ; K (T,) = K (S,) - 0.040 [ K  (S,) - K (M,)] (359) 

( A , )  =0.007 TI (M,) ; K (1,) = K (S,) -0.536 [ K  (S,) - K (h12)] (360) 
H (11,) = 0.024 N (M,) ; K (p ) = K (S?) - 2.000 [ K  (S,) - K Of2)] (361) 
mv,) =0.038 H (hf,) ; K ( v J  = K (S,) - 1.464 [ K  6,) - K (M2)1 (362) 

=0.104 11 (N,); = K (M,) - 0.86G [ K  (M,) - K (N,)] (363) 

I n  order to test the reliability of thc results obtnined by infcrcnco 
as nbove, 60 stutiorls, I ' C ~ I ' C L S C I I ~ ~ I I ~  various types of tide in different; 
parts of tllc world, \vllcrc tho htlrmonic constunts llnti been dotcr- 
mirletl from ol)sc?rvutions, wore sclcc:tctl, nnd (L com nrison wns mnde 
bctwecn the vnlucs for c:crtuin const.ants us obtuinc! f by inference nnd 
by obserrut.ions. Tllc tests w:rc npplicd to the d~urnnl  com oncnts 
&I1, P,, uric1 Q,, and to tho scmidiurnnl components I<,, L,, an cf' v,, and 
formulas (346)) (348), (340), (352), (353), nncl (362) rverc used I'or tho 

f'ur~,9",~!. 
Tho followirig rc?sults were o1,tuined for the tliflercnccs 

) c t ~ c c n  values 11s obtninotl from infcrcncc and from obscrvntions. 
The clvernge gross diil'crcncc is the nrTcru c cliffcrcncc u-ithout rcgard 
to tllc signs of the intlividunl it.ems, unc F the Ilvclrngc net diflorenco 
takes into uc!count thcsc signs so that  IL posit,ivo dif i '~ren~c 1ntiy oil'sct 
n negatirc difrcrc1nc:c in t.hc mcnri. Tho last two lines in thc tnblo 
show tho pcrccntfige of cllses in which thc t1ifl'crcnc:cs wcre less tllnti 
0.05 urld 0.10 foot, rcspcct.ivcly, for the urnpliludcs, on(1 lcss t h t ~ n  10" 
and 20° ,  ~~cspcctivcly, for tha epochs. 
-i- . ... - ------- 

FI. Beg. FL. Beg. PI. D r g .  
Uaxlrn~~m tliflcrcncr.. ................................ 0.05 0.27 0. (15 105 
A ~ ~ ~ o  ~ r w .  ciI#~~rcncc.. ............. ............. .02 1 'il 1 CXI 1 4i 1 0 1  1 14 
Avurago riot dll~orcrico.. .............................. .01 .OI . M) o 

.................. g ! p c r ! s  lcss than 0.06 fool or 10'. 
Cronccs IYS than 0.10 fool or 20'. .......... 

Ft. ncg. Maximum dlfloroncc.. ................................ 
A v ~ r & ~ o  dl l~crnco. .  ......................... 
Avorago not dlllcrcnco.. .............................. 4 

D1~orcncos less than 0.05 toot or 10.. .................. 
D1flcrcncas IWS than 0.10 foot or 20.. .................. 8 

... --- __- - _ - - -  _-- -- - - - 

By using forlnult~s (354) and (363) for L, arld v ,  tho results aro 
'lightly improeod, tho trvarttgo not difl'oroncos for tho unplitudo and 
OPoch of L, beco~ning 0.07 foot untl 3", rcspectivcly, tho dlffcronco for 
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the epoch of v, becorning ZO, whilc the uvcrtigc nct difference for the 
um l ~ t u d c  of v, rc~nairis unchnngcd. 

&thoug1l there is a fairly good agrc~rnent  indicnted hj- the avL 
diifercnccs, i t  is evident thttt the i~iferrcd constnnts, cspccinlly ""f t le  " 
c~)ochs, can not, in gcncral, be dcpcnded upon for any liigh dcgrcc of 
refinement. I t  mny bc stated, howcvcr, t h i ~ t  for co~nl)oncnts \vith 
vcry small un~plitudes the e ochs 11s detcrminctl from actual obscrvll- 
tioris may i,c e q u ~ l l y  unreyirble. A compmison of tho c1)oclis of 
several of thcsc small coniponents as detcrrninetl l'ro~ri sclrics tt yc t~ r  
in length, with the mcnn epochs 11s clctc~rminccl from lilnny verlrs, 
indicattxl s:, much uncertainty as \jras fountl ulnong tlic interred 
rcsults. Portunutely, these large probublc errors in the epoclls ure 
fountl only in the con~ponents with  cry small :~inplitudcs nlid nrc 
tlicret'ore of little real pr~~ct icn l  importance. 

J'o1111 452 (figs: 30-31) is designed for infcrcncc of certain constants 
in accordunco 1~1th forlnulus (345) to (863). The numerical cocfIi- 
cicnts for the opoc.lls nre tilkcn in converiicnt roundctl numl)crs, sinclc 
tllc lurgc uncertainty in thc rcsults rcndcrs usclcss n11y effort to u higli 
tleurcu of relinerncnt. 

porn)  452 provides not on1 for the com utution of eel-tain infen-cd i" Y coristn~its in accordancc wit the given ormulus, hut  also for tllc 
corripilution of tlio bcst-l\nown p r e l i m i n u ~  vuluc:s of nll thc oo~ist :~nts  
tlint arc to be used in the c?lirnination process clcscribecl in the following 
section. Of the principtll components, tllc values for?tl,, S2, ~111~10~ tire 
taken directly as ol)tainecl from Form 104, b u t  llie \-alucs for compo- 
nents S, und 1<, 11iay be improved by an approximate elirninutioil of 
the cii'ects of the coniponents K, untl T, from tllc former nncl PI from 
thc luttcr. I n  u short bcries the effect of the c.ompoiicnts upon cacll 
other is corisiclcru1)lc on account of the s~ntlll difl'ercncc in tlieir spccds. 

y l = A  cos (u t+f f )  

I J ~  = B cos (h t  -i 8) 

rcl)rescnt two components, the first 1)cing tlic principal or predomi- 
nating con1 onerlt and the luttcr u scconciuq colnponcnt whose cflcc-t 
is to modi& the uln litudc and epoch of thc  prinr.il,sl coniponent. 
Thc rcsultnnt title n-i P I thcn bo ~.cprescnted by 

1~ = ?J, -1- y, = A  cos (ut  + CY) -i- I1 cos (bt + $') (366) 

'\:nlucs of t which will render (364) n muximum must satisfy the 
derived equnbion 

Aa sin (at + a) = 0 (367) 

and the values of t  which will render (366) u mulri~nu~ri must satisfy 
the equation 

Au sin (at + a)  + Bb sin (bt + 13) = 0 (368) 

For a maximum of (364) 
2 n ~ - a  t = 

a 
in which n is nny integer. 
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8 Lct -=the  ticcelerution in the principal ccomponcnt rl duc to the u 
disturbing component B. Then for n maximum of (3BG), 

This value of t must satisfy equtltion (3G8), tlicrefore we have 

&sin ( ? n r - 8 ) + ~ b  ~ i n [ ; ( 2 n n - 8 - a ) + ~  1 
= -Aa sin 8+Bb sin (2na-8-a) +P-a -8  = O  (371) I 

At the time of this masimuln, when 

the phase of co~nponent A will equal 

( ~ I L  ~ - ~ - - e )  + a  

and the pllase of component B will equal 

Let 4 =phase of component B - phaso of component A a t  this time. 

Then 
b-n 

I$=-- (2n n-a-8) +/?-a a (372) 

Substituting the nbove in (371) 

- Aa sin 8 + Bb sin (4 - 8) 
= -An sin 9 + B6 sin 4 cos 0 - Bb cos 4 sin 8 
= - (Au + Bb cos (b) sin 8 + Bb sin 41 c.os 8 = 0 (373) 

Then 
Bb sin 4 tan 8- - . .. . . 

Aa + Bb cos 4 

For the resultant nmplitudc a t  the time of this maximum subst,ituto 
the values of t from (370), in (3GG), and we have 

y = A  cos (2nr-0) + B  cos[: (2nr-0-a)+P] 

= A  cos 8 + B  cos (4-0) 
= A  cosO+B cos 4 cos 8 + B  sin 4 sin 8 
= ( A + B c o s + )  ~ 0 ~ e + B ~ i n 4 s i n e  

= 3QaSB2+-2;;iBBZ< $ cos 
A + B  cos 4 
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From (374) 
B sin (I, sin 4 

0 = tnn-I =tan-' Aa - 
(376) 

A ~ + I I  cos 4 Bb +COs 4 
(1. 

I n  the spccinl cases under considoration the ratio ,; is near unity, 

B sin 4 
and tho (liffcrcncc between 0 and tnn-l ntByo~m is therefore very 

smnll, so th s t  the cosine nlny bc! tukcn ns unity. 
Tllc rcsulttlnt nmplitutlc niny tlicrcforc he cxprcssctl b y  

The true nmplitutlc of thc comporicnt sought bcing 11, thc rcsultunt 
nnipiitud(: must bc tlivitlctl by the factor 

in o~.dcr to correct for thc influcncc of thc'disturl)i~ig cornponcnt. 
The corrections for tlccclcrntion nnd nmplitudes ns indicatcd b y  

formultis (374) nntl (378) mtLy to ndvnntngc I)(. rlpplictl to thc (:on- 
stnnts for component I<, for nn npproximnte climinntion of tho cffccts 
of componcnt PI uncl to thc constnnts for S2 for nn approsimnte 
elimination of tlic effects of components I<, ant1 T2. By tnltirig the 

R 

relations of the theorcticnl cosficicnts for the rntios # tint1 thc difler- 

enccs in tllc cr lui l ib~iu~n argurncnts ns thc npprosimntc: cqui~rtJcnts 
of the phase tlifrcrcnc.es rcprcscntcd by  4, tnbles mlly l)c prcpnl.cd 
giving tllc tlccclcrntion tlntl resultnnt nmplitudes ~ v i t h  tllc arguments 
referring to ccrtnin solar clrrnonts. . 

Thus, from Tnhlc 3, the following vnlucs mny bc obtninetl. 

Effect of P1 on K, ................................................ 
............................................... JCRcct or K, on S,.. 

.......... EROCL orrr, 011 s,.. ................................. -. 

Substituting the above in ( 3 4 4 )  nnd (378) we have 
Effect of PI on K, 

sin (27~ - v') Acceleration = tan-' 
3.0390 - cos (Zh - v') 

........ - 
Resultant ilrnplitudo = 0.81341.6767 - cos ( 2 h  - v f )  (380) 

Effect of K, on S, 
sin (27~ - 2v") Acceleration = tan-' 

3.6647 + cos (2h - 2vf  I) 

Resultant amplitude ==0.738d1.9734 + cos (21~ - 2 ~ " )  (382) 
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Effect of T, on S, 
-sin ( l ~ - - p ~ )  

Acceleration = tan-' 17.0251 -1- cos (h  - pl) 
-- . . . - - . . -. . - .- -. . - 

Resultant nnlplitudo = 0.343 45.5318 + css(1t -pl) (384) 

Tho above forlnultts ivo the accolcrations and resulting amplitudes 
for nny individual hig k 1 wnter. For the correction of the constants 
deriveci from IL series coveritiw manv high waters i t  is necessary to tnkc 
uveragos covering the periox of ohservr~tions. Tublcs 21 t.o 26 give 
such uvcrnge vulues for different lcn 111s of series, tho argument in T each cnsc rrfcrring to the beginning o tlie series. 

In  the preceding forlnulus the rilean vlllues of tho coefficients wcrc 
A 

taken to obtnin tlie rntios R .  To take trccou~lt of the longitude of 

thc inoon's nodc, tlio factor of rctluction from section 12 shoul(i 110 
introduced. If the lnctln coc?ific:ients are indicated \)y tho subscript 
0 ,  formulas (376) und (378) may be written 

sin cf, 
Accclcration = tan-'- - - 

f (A)Aoa, eos 0 
.f CBp?JJ 
- --- -. - - - - -- 

~ ( u ) B ,  fjBiB:------ 
Resultant olnplitude= JI  -i-(f(dja,) l  -I- 2 (11)60 cos rb (386) 

f ( A )  
In  the cases undor considcrntion tho rntio - will not differ 

f 
A a 

greatly from unity, the mtio will be rntller largo compared with 
a<"" 

Fos ,, wliich ctln never exccetl unity, nnd the nccelcration itself 
1s re I tltively small. I3uouuso of tllcse contlitions the following mny 
be taken us the approsinlute c?cluivlllrn t of (3135). 

f (13) sin Acceleration = f (d j  tun-l- .- A,,a (387) + cos + 
BO 

Ro Also bccnusc - in these cases is smull compurcd with unity, the A 0 

following nlay be taken us the npproxililatc equivalent of (386) : 
- - . - -. - - - - -- - 

H f(lI)[Jl -k($J-F2 2 cos 4 -  i] . (38s) Resulting amplitude = 1 + - - j ( A )  A0 
a TO allow for the cflccts of tho longitude of the moon's  lode, the 

tabular vnluc of tho accelcrntion shoulti, tllcrcforc, be nlultiplieti by 
f (B)  the r a ~ o  71d\ and 1110 amount by which tho rosultunt .amplitude 
J \*'I 

differs from unity by tlie same factor. I n  tho particular cnsos under 
Consideration tho factor f, for cornpol~ents PI, S,, and T,, is unity for 

f(B) 1 each. I'horcforo, for tho cffcct of P, on I(,, the ratio - -- 
f (A)  -f (1G) 

" p(K,), nnd for the effect of I(, upon S,, this rntio is f (K,) . For the 
effect of T, upon S, the rntio is unity. I 
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Recnusc! of the limited length of a series of obserrations unnlyzcd 
the nmplitudes and epochs of the components tis obtainc!d by thc 
rocesscs described in the precceding sections are only a prosi~natoly P geed from the effects of each other. The separntion o two compo- 

nents from ench othcr mi llt be stitisfactorily uccomplishect by hav~ng  
the length of series equn f to u. multiple of the synodic eriod of tllc P two components. To completely effect the separation o all tho com- 
ponents from each other by the same process would require 11 series 
of such u length that  i t  ~vould contain un exact ~nultiplc of the period 
of cnch component. The length of such a series would be too re!t 
to be given practical consideration. In  general, i t  is therefore eslr- 
able to upply certain corrections to the constants as dil-ectly obtnincd 
from the annlysis in order to climinnte the residunl effects of the com- 
ponents upon each other. 

Let A be the desi nation of a component for which the true con- 
st l~nts arc sought an( f let U be the erieral designation for each of the 
other components in the tide, the e fects of whidi are to be elirninatcd 
from co~nponent A. 

f! 
Let the ori inal tide curvc which has been anulyzed be represented f by the formu u 

y = A cos (at + a) + ZB cos (bt + 0) (380) 
in which 

y =  thc height of the tide nbove menn seu lcrel a t  any time t 
t = time reckoned in mean solar hours from the beginning of 

the series as the ori in. F A = R (A)  = true nmplituc e of the colnponcnt A for thc time 
covered by series of observations. 

B = R(B) =true amplitude of conlponent B for the time cov- 
ered by series of observations. 

a = - l (A)  = true initial phnse of componcnt A nt beginning of 
series. 

/3 = - { (B)  = true initial phase of component B a t  beginning of 
series. 

a =speeds of componon t A. 
2, =speed of componcnt B. 

Formula (389) may bc written 

? / = A  cos a cos at-i-"Y B cos {(b-a)t+p)cos at 
- A  sin a sin at-2: B sin {(b-a)t+p)sjn ut 
= [ A  cos a+2: B cos{(b-a)t+p}] cos nt 
-[A sin a+Z B sin{(b-n)t+P)] sin a.t (390) 

The mean values of t11c coeflicicnls of cos rrt and sin at of formula 
(390) correspond to the cocficients C',, and S, of formulns (31G) and 
(317) which are obtnined from the wlmmntions for component A. 

Let A1 and a'= the uneliminntrtl omplitudc! ant1 initial phnse, 
res cctively, of componcnt A ,  ns obtained directly from the r~ntilysis. 

!!!he equation of the uneli~ninnfad componunt A tide lnny be written 

y = A1 cos (at +a1) = A1 cos a1 cos at -A1 sin a' sin at (391) 
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Coinparing (390) and (391), it will be found that 

A1 cos a1 = mean value of [A cos a + Z U cos { (b - a)  t + B}] (392) 

A' sin a' = mean vtduc of [ A  sin a + S B sin { (b -a) t + p}] (303) 

Let. T =length of series in mcnn solttr llours. Then the mean value 
of B cos{(b-a)t +/3}~i thin  the limits t = 0 und t =T, is 

- 180 sin +(b - a ) ~  - - . - . - - . - - 
T f(b-a)n B cos { j (b-a)~+8} 

I'he mcnn value of B sin{@ - a)t 4- B}wit,liin the same limits is 

I80 B :fi sin { ( b - u ) t + p ) d t = - -  [cos{(b-a) r+B) -cosBI n (b-u) 7 

Substituting (394) and (395) in (392) and (393), and for brevity 
lotting 

180 sin f(b -u.)T Fb = = -. .- . - -- - - - 
.rr + ( ~ - u ) T  

B (396) 
- .  

We have 
A' cosa l=A c o s a + Z  Fbcos { f ( b - u ) T + ~ )  (397) 

A1 sin a l = A  sin a + Z  Fb sin { f (b -~ . )T+B} (398) 

Transposing, 

A cos a = A 1  cos al-Z Iib cos { & ( b - a ) ~ + 8 )  (399) 

A sin a = A1 sin a' - z I*b sin {t ( b  -a) T + 8 )  (400) 

Multiplying (399) and (400) by sin a' and cos a', respectively, 

A sin a1 cos a = A l  sin cul cos a'-2 Fb cos { t ( b - U ) T + ~ }  sin a' (401) 

4 cos a1 sin a = A' sin a1 cos a1 - Z Jib sin { &(b -a)  T + p} cos a' (402) 

Subt.rncting (402) from (401) 

A sin (a'-a) =?; Fb sin {+(b-n)~-k@-a ' )  (403) 

~fultiplying (399) and (400) by cos a' nnd sin a', respectively, 
A cos a' cos a = A' cos2 a1 - 2 Fb cos { f (2, - a ) ~ -  + 0) cos a' (404) 

A sin a1 sin a =dl sin2 a' - 2 Yb sin { + ( b  -a)r  -i-B} sin a' (405) 

Taking the sum of (404) clnd (405) 

A cos (a'-a) =Al-X fi cos {h(2 , -~)~-1-p-a '}  (406) 

Dividing (403) by (406) 

s F,, sin {+(b-a)r+8-a ' )  
tun (a1 - a)  = - A1-X PI, 60s {f(b-a)s-t-,!?-a1} (407) 
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From (406) 

Substituting thc value F,, from (396) and tlic equivalents R1(A), 
R(A) ,  R(B) ,  -{'(A) - { ( A ) ,  and-{(!]) for A1, A, B, a', a, and P,  rc- 
spcctively, we h ~ w e  by (407) nncl (408) 

180 sin +(b-U)T 2 -- - - ----- 
T + ( b - a ) ~  R(R)  sin (+(b-a )? - ( (B)  +{L(A)}  

- - -- - - ----- - - - -- -. -- . - 
180 sin $(b -a)r Rl(A)-z--- - -  - 
T +(b-(~)r  R(B) cos { a (ZJ - a)? - r (fl) -1- r1 (A) } 

(409) 

Formula (409) givcs an cxprcssion for obt,nininp the diffcrcnco to be 
applictl to thc uncliminutctl { ' ( A )  in or-tlar to oht.nin tlic true { ( A ) ,  
nnd forlnul,~ (410) givcs un expression for 01)t:lining tllc! true nmplitudc 
R(A) .  l'hcsc? for~nulus ctin not, howover-, hc ri lorollsly upplicd, 
because the tlvc vnlucs of R(B) rind [ ( R )  of the ( h s t u r ~ i n ~  eompo- 
ncnts arc, in gcncral, not known, but vory satisfuctory rc!sult.s mny be 
obtninctl by using the npprosimutc vulucs of I1(R) ant1 { ( B )  derived 
from the unttlysis or by infcrencc. 

I3y u series of succcssivc 11 proximntions, usirig cnch tirno in tho 
fomulns, tho newly rlirninrltcg v~rllies lor tlir distur1,ing eornponcnts, 
any dcsircd degree of relincmcnt may be ohtainc!tl; but t.hc Iirst 
a proxirnution 1s usually sulficit:nt, nnd all that is justifiod hecause 
o f' the grrntcr irrcgultll~itics cxisting from other causes. 

Form 245 (iig. 32) provides for tho colnputations ncc:cssury in 
applying formulas (409) and (410). 

180 sin +(b  -a,), and 
I n  these formulas thc factors reprcsentctl by -- - -- - 

r A(/)-(l,lr . - . I  

angles rcprcscntcd by X(b -n)r will clcpc?nti upon tllc length of series; 
but for any givcn length of scrics t h y  will 1 ) ~  constant for nll times 
and plnces. Tu1)lo 20 has been computcci to give tl~cso qunntities 
for dlfforent lengths of scrics. Thc factor as tlircctly obtained lnny be 
either positive or negative, but for convenience tho tabular values aro 
all given as positive, and when thc factor ns tlirectly ol~tuined is 
negutivc thc angle ha9 bccn modified I)y 180' in order to t80mpcnsute 
for the change of sign in the factor ant1 permit tho tubular values to bo 
used directly in for~nulas (409) and (410). 

An examination of formulas (409) and (410) will show that tho 
disturbing effect of onc colnponent up011 another will dopond largoly 

sln $(b-a)r 
upon tho magnitudo of the fraction ---- Assuming that  b is 

f(b -ah  
not equal to a, this frnction and tho disturbing offoct i t  reprcsonts will 

360' 
approach zero as the length of series T a p p r o a c l ~ ~  in vnluo - - -, or 

@-a) 
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any multiple thereof, or, in other words, as 7 approaches in len th  
a?y multiple of the synodic period of compononta A and B. d o ,  
smce the numerator of the fraction can novor exceed unity, while the 
denominator may be incronsod indofinitelv, t ~ l o  value of the fraction 
will, in gonoral, be diminishod by increasing the length of series and 
will approach zero as 7 npproaclius infinity. The greater the dif- 
ference (l  -a) bet\v.een the upocds of the two compononts tho loss 
will be their disturbing efiocts upon ouch otl~or. For this reason tho 
effocts upon ottch other of t l ~ a  diurnal and somidiurnul con1 ,oncnts 
or of nnv components of difrorent subscripts is usually cons1 .d orod us 
negligil)lo, and in the applicntion of formulus (40'3) and (410) only 
components with like subscripts nro taken into account. 

Tho quantities R(B) and { ( B )  of formulas (409) and (410) rcfcr 
to tllc true amplitudw .sand cpochs of tho disturbinr components. 
r 3 Ihese true valuos bcing in ecncral unknown when t k o elimination 
process is to bc? appliccl, it is cE1sirnblo that thore should \)e uscd in tho 
iorlnulus the closeqt np~l*osimation to such values as arc obtaina1)lc. 
If thc scrios of obscr\~t~tions cover tt period of a ycnr or moro, the am- 
plitudes and epochs us dircctly obtnincd from t l ~ c  annlvsis may be 
consiclored suflicicntly closo npproximations for use in the formulns. 
For short serics of observntlons, howevor, tho vulues as dircctly 
obtained for the amplitudos and cpochs of some of thc coinponants 
may bc so far from the true vnlues that they arc eiltircly unscrvicc- 
able for use in the formulas. I n  such cases inferred \~alucs for the 
disturbing cornponcnts should be used. 

The prc,ccding discussions havo boon especially npplicnble to 
reduction of t . 1 ~  short-poriod c,omponc?nts-those hnrlng u )eriod of d ti componctnt day or less. 'l'lloy nre tho compononts that oterminn 
tho daily or semidnily riuo nnd fnll of the tido. Considort~tion will 
now hu given to t.ho long-period tides which nfiect t,ho mean level of 
tho water from clay to day, but which hare  ]>rncticalljl little 01. no 
effect upon tho tiinos of t,ho high nnd low ~vnters. Tlicre are iivo 
such long-pcriod compononts thnt rirc usually treated in worlis on 
harmonic t~nalpis-tho lunar fortnightly M.f, tho lunisolar synodic 
fortnightly IlSf, the lunnr ~nont.hly Mnl, tho solar scmitlnnuul Ssn, 
and tho solar annual Su. Tho f i ~ t  t,hroo nre usui~lly too smttll to bu 
of prttctictal importtinc,c, hut  the last two, depending lnrgcly upon 
mcteorologicnl condit,ions, often hnvo nn apprecinble efiect upon tho 
menn dt~ily lo\~el of tho rntcr.  

'To obtnin tho long-period compononts, lnethods similar to those 
adopt,ed for the short- criod components with certain modiiications 
'nay be uscd, For t ?' lo fortnightly and monthly  component,^ tho 
component month may 110 dividcd into 24 o ual parts, nnnlogous ? .to the 24 cornpo~lont hours of tho day. Similar y, for tho semiannual 
and annual componenL9 t,he coniponcnt fear nlay ha dividnd into 
24 equal parts, although i t  will ofton be found more convenient to 
divide the voar into 12 parts to correspond approximatoly with tho 
12 calondal: ~nonths. 

Instead of distributing the individual hourly heights, as for tho 
~hor t -~er iod components, a considerable amount of labor can be 
Saved by using tho daily sums of thcso heights. Tho mean of oach 
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sum is to be considered as npplying to the middle instant of the period 
from 0 hour to 23d hour; that  is, a t  the 11.5 hour of the day. If the 
component month or componont year is divided into 24 equal parts, 
the ~nstants separnting tho groups may be numbo.rod consecut~vely, 
like the component hours, from 0 to 23, with the 0 ~ n s t a n t  of the first 

oups taken a t  the exact beginning of the series. A tablo may now f$ prepared (Tnhle 34) which will show to which division each daily 
sum, or mean, of the series must be assigned. 

Letting 
a = the hourly speed of any component, in degroes. 
p = 1 when nppl~cd to a monthly or an annual component, and 

= 2 when applied to nfortnightly or asemiannual component. 11 = day of senes. 
s =solar hour of day. 

Than 
3G0 

1 component period = -; solar hours (411) 

1 component solar hours (412) 
also 

3 2  
1 component yenr= solar hours u (413) 

Dividin the component month or component year into 24 equal 7 parts, the ongth of 

1 component division = L:Q solar hours (414) 

Therefore, to express tho time of any solar hour in units of the com- 
ponent divisions to which the solar hourly hoigllts are to bo assigned, 
the solar hour should be multiplied by the factor a/15p. 

Thus, 
a 

Component division = - (solar hour of series) 15p 

sinco in using the daily sums, the solar hour of tho day to which onch 
such sum applies will nlwnys be 11.5 hour. 

By substit,uting the specds of tho components from Table 3 the 

following numericnl malucs nre obtnincd for the cooffioiont .Gj: 
Mf . , . 0.036,601,10; MSf . . . 0.033,863,19; him. . . 0.036,291,65; 

Sn. uncl Ssa . . . 0.002,737,91. 

By using tho npproprints coefficient ant1 substituting succossivel~ 
the numerals corresponding to tho dnv of series (d ) ,  the corrcspond- 
ing ~ u l u c  of the component division to which each dnilv sum is to be 
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assigned nla7 bo rcndily ohtnined. The value of such division ns 
obtained diroctly froni tlic formula will uslinlly 1)c n niised nuniber; 
E'or Tt~blc  34 tho ncnrcst integral n u ~ n b ~ r ,  lcss nny n~ultil)lc of 24, is 
uscd. 

The tlistribution of the daily sunis for the nnnlysis of the long- 
period components ~ ~ I L J - .  b u  con\~cnic~nt~ly ~icc~om])lislictl I)$: copying 
such sums in 17on11 142 (fig. 25),  tttking tlic co~iiponcnt divisions ns 
the equivtilants of thc component liours t ~ n d  using 'I'tiblo 31 to deter- 
mine tlic clirision or hour 1.0 wllicll ctlc:ll sum slloultl 1)e nssigncci. 
The tot111 sun1 and rnctin for cncli tlivision may t.li(?~i bc rcndily ub- 
tnincd. 'I'llc~sc nlctlns can t11c11 be treatc~cl 11s the llourlv lncnns of tlle 
short-T~c~.iocl tidcs ,~ccortling t,o tllc proccsscs outlinccj in I'or~n 194 
(fit.. 2!) )  wit.11 ssuc:l~ modifications cis will now I)c tlesc.rihc~cl. 

?n using the titlily lncnris ns orclirlntc.~ of i long- ,cried cBomponcrlt 
consirlt~n~tion rnust be  givcn 1.0 the resitluul cfl'ccts o i tiny of tllc short- 
period colnponcnt,s uporl such Incuns ond steps ttdicn t,o cllotlr the 
metins of thcsc cfrccts wllcn 1lcc:cssnry. Co~nponcnt S2 wit11 a period 
colnmcnsurnte wit11 tlic soltv tlt~y, nlnp he consitlcl.cc1 us bcing com- 
pletely eliminated from c t ~ d l  rlnily mcnn. Cornl)o~ients I<, and Ii2 

'urc very nctlrly clilninntctl, 1)ecnuse tlic coniponcnt l i  day is'vory 
llcurly equal to the soltlr thy.  Other short-period co~nponcnts niti;r- 
affect t;hc clnily lnrnns to a grcatcr or lcss estt:nt, dcpcnding largely 
U )on t l~c i r  tunplit~itles. Of tllcso tho princlptil ones a1.c colllpollents d,, N,, und 0,. In  tlic distribution tlnd roupinp of t h r  doily rncuns 
for the analysis o f  tho sctvctrul lo~ig-pcriuc k conil)onciits the disturbing 
effocts of tllc short-porioci co~npo~icnts  just enurncrutcd, escopting 
tho effect of M, upon MSf, will be great1.v reducctl, nnd in a series 
covering se17eru.l yen1.s muy he prncticnlly olimint~tt~d. 

I3cc:ause tho criod of 31Sf is tlic stlllle as f,lic sy~iodic period of M, 
and S, thel~e it-i 'I' 1 nlwnys rcmnin 11 rrsiduul clTcc:t of thc component M, 
in the componrnt MSi sums of tile daily metins, no niuttcr how long 
the series, \!-11it:h must 1)c rcniovcci by  u. spccittl process. 

Let tllc ccluntion of one of the short-pclviocl components 1)o 

y = A  cos (at -I- a) (4  16) 

Letti11 y d= tluy of series, tlic vtllues of 1 for tlle Iiours 0 to 133 of d 
day\~-il-ill 6 0 

Substituting these rnlucs for t in (416) and dcsignuting tho corre- 
sponding values of tho ordinate y cis yo,  y , ,  y, . . . . y,, the following 
are ob tnined: .( 

yo = A  cos [ 2 4 ( d - l ) a + a ]  1 
y, = A  cos [ 2 4 ( d - l ) a + a + a ]  I 
y, = A  cos [ 2 4 ( d -  l ) a + a + 2 a ]  } (417) 

y,, - A cos [24(d - l ) a  + a+.23a] J 
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Representing the mean of these 24 ordinates for d ciuy by yd, wu 
have 

1 sin 12a 
=--- A -- 

24 sin + a  cos { 2 4 ( d -  l ) a + a +  1 1 . 5 ~ )  

Formula ( 4 1 8 ) ,  representing the avel-ngc vrrluc of the componcnt A 
ordinatchs contained in the daily mean for d  (lay, is thc con.c?ction or 
clearance that  must be subtracted from the mean for that day in 
order to climinntc the effects of componcnt A. I t  will be notctl thnt 
i f  we let A represent any of the solar componclnts, S,, S?, S,, S,, otc., the 
factor sin 12u, and convcquently the entire fonnulu, bccomcs zero for 
nll values of d. 

Uy formula (418)  c1earanc:cs for cach of the disturbing short-period 
components for each day of series may bc computed and these clear- 
ances then applied individually to the daily means, or, if first multi- 
pljcd by the factor 24 ,  to the dnily sums. 

Tho labor involvetl in malting indopendent calculations for the 
clearance of the effect of each short- eriod colnpo~ient for c!ach d t ~ y  
of series would be considcrnble, but t R is may bc avoidcd to a large 
extent by meuns of a tide-computing machine. 

If wc lct t  = time rcckoncd in mcnn solsr llours from the beginning 
of the srrics, then for any value of yd, which must upply to the 11.5 
hour of, d (lay, 

t = 2 4 ( d - 1 )  +11.5  
and ( 4  19) 

a t = 2 4 ( d - l ) a 1 - 1 1 . 5 ~  

If the above equivalent is substituted in (418)  and yd replaced by 
we have 

1 sin 12a - - A -- 
" - 2 4  sin +a cos (cat + a) 

wliicll represents n continuous function of t; and for any value of t  
corres onding to the 11.5 hour of d  day tho correspontling vuluc of 
y. wilfbe yd. This formula is the same as that for tho short-period 

1 sin 12a 
component A, except that i t  includcs the factor - --- 24 sin +a in the 
cocfiicient. 'l'lle speed n is, of course, . a  known constant; and the 
values of A and a arc presumed to have alrendy been determined 
from the harmonic unalysis of tho short-period components. Simi- 
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lnrlyl the disturbing cffects of other short-periotl conlponents may bo 
represen tcd b y  

1 si1112b 
y, = 2.i B - cos (bt + p) sin 37, 

1 sin 12c - 6' 
'-24 sin +c cos (ct -I- y) 

ctc. 

Tlic combincd disturbing cffect of all thc sliort-period components 
may, thcrcfore, be represcntccl by  the equut,ion 

1 sin 12af 
Y = yn t yt, + ~ t c .  = - A  cos (at + Q) 

24 sln +a 
1 sin 126 +% 12 - - - COY (bt + p )  -I- C ~ C .  sin 3b 

This formuln is ncinptccl to use on the ticle-computing mnchinc. 
Wit11 the (:olnponent ~rn111;s sct in ~iccorclt~ncc with tllc coefficients 
anti inititll c!pocl~s of thc above formuln, thc mnc'l~inc? will inciicttt,~ 
the vtllucs of y coi-rcsponrling to successivc vnlucs of t. The vnlucs of 
Y dcsirctl for tllc clctirances nrc tllosc which c.orrcspond to t a t  t,hc 11.5 
]lour on each clny. Thus, the clcarancc for cncl~ sr~cccssivc day of 
!cries rrluy bc read tlircctly from tlie dit~ls of t.llc ~nnchinc. In practice, 
~t niay 1)c fount1 1nol.c convcnicnt to usc thn d:lily sums rntlicr tlltin 
thc dnily rncnns for the nnalysis. In  this (!as(? the cocficicnts of thc 
tc!rnms of (422) should be rriulti )lictl by tlic factor 24 before bc!ing 

I 1 Uscd in tllc tidc-con1 ~ u t i n g  rrillc ~ i n c .  
Assuming tll:~t 111 tllc tlnily sums nrc uscd in the nnulysis, the 

augmenting factor rcprcscritcd by for~ilula (320) which is used for 
tho short-~,oriotl cornponciit is also npplicttblc to the long-pcriod coin- 
poncnts, wit.11 p roprc\santiiig thc num1)cr of component pcriotls in a 
Componc!nt ~ n o n t l ~  or IL colnponc?nt ycnr. Thus, for colt1 onc!nts Mnl 
s11d Sa, 1, equals 1 ,  nnd f o ~ .  Mf, MSf, nnd Ssn, p ecl~inls 2. E'or tlic long- 
Pcriotl co,riponcwts n furtlior c:or~scction or nugmcntiilg fnc:lor is 
ncccssary, bcci~usc the! rncnn or sutn of the 24 houi.ly 11c4ghts of tllc dtty 
1s U R C ~ ~  to r(!prcs(?nt t . 1 ~  single ordirinto t ~ t  thc 11.5 haul* of the dcly. 

If we let forrnult~ (416) bn tllc cquntion of thct long-period componc!nt 
sougllt., formula (420) will givo thc inenn rnluc of the 24 0rdinl~t .c~ of 
thc tllly whicll, in the grouping for the nnnlysis, is tnlien ns rc:l>rescnt- 
lng the 11.5 liour of tlic clay or the td liour of tllc scrics. Since thc truo 
cori~ponent ordinate for this hour slloul(1 . . bc A cos ( a td+a ) ,  i t  is 

sln +u 
oridont that  an augmenting fttctor of 24&i1TZ(L must bo applied to the 

mcui  ordinutcs ts dcrivctl fro111 tllc sum of tllc 24 hourly licigllts of the 
in ordc:r to rctlrico tllc rnenns to the 11 .ti hour of e t ~ r h  dlty. 

Pho complete tlu incritin fnctor for tho long-period components 
Will therefore bc a t ta ined  %y combining tho J o v o  with (329) to 
oh t nin 

24 sin +a -"P_ , -. .- -- 
sin 12a 

24 sir1 

Vttlues obtninctl from formuln (423) are given in Tab10 20. 
r \  l h e  followirig method of reducing the  long-period tides, which 

to tho systcln outlinccl by Sir Gcorgo H. Darwin, diffols 
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to some cstent from that  just tlcscribed. I n  this tliscussion i t  is 
ussumed that  a series of 365 days is used. 

Let the entire tide due to the iivc long-period components nlreridy 
numcd be reprcsentcd by the equation 

y = A cos (trt $ a) -k I? cos (bt -c @) + 6' cos (ut + y) 
+ D cos (d.? + 6) 1- E cos (et -I- E )  

(424) 

For convenience in this tliscussion lct t be reckoned fl-om the 11.5th 
solar hour of the first t l ~ ~ y  of s c 1 . 1 ~ ~  instcnd of the micinight beginning 
that  day. Evcyy vrlluc of t to which the daily ~ilcuns I-cfcr ~-111 tllen 
be cithcr 0 or n multiple of 24. 

Let A', B', C', I)', and I?, equtll 
A cos a, 13 cos @, C'cos 7, 1) c:os 6, arid E cos el rcspeciivcly, ntid 

.A1', B", C"', I)", ~lritl I?', eyutll 
-A sin a, - B sin p, - 6' sin 7, - D sir1 6, und - P sin el rc.;pcctivcl.v. 

( 4  25) 
Then fornlula (424)  may 1)c written 

y =A'  cos ut -!- U' cos bt -I- (I' cos ct -I- D' cos dt -I- 15' cos et 
+A1' sin at -!- Brl  sin bt -I- C" sin ct + I)" sin dt + E" sin et (4%;) 

I n  the above c untion there arc 10 unknown quantities, A', A", 
B', B", etc., for w ? iich v~tlucs arc sought in orclcr to ohtnin from them 
the umplitutles nrid epochs of the five long-period coln.ponents. The 
most probublc vnlucs of thesc qurlntitics ~ n t ~ y  be fount1 by thc 1r:lst 
squurc adjuslmerit. 

Let ?I?, y,, . . . . rcprcscnt the dtlily mcnns for n 365 day scrics, 
a s  o1)tnlnetl from o1~scrv;itions. If wre let IL bo tlny (lt~y of thc series, 
the value of t to which tlltlt mean upplics will 1)e 84(n - 1). 13y 
substitutin in formula (426)  the successive vnlucs of y r~rld 'Ihc values 
of t to wliic 1 thcy corrcsporid, 36.5 obscrvntional equtltions [Lrc formrcl 
ns follows: 

f 
y l = A 1  ('0s Oi-13' cos O i -  . . . . 

+Ar'  sin 0 -1- 13" sir1 0 - I -  . . . . 
?j, =A' cos 24n i- 11' cos 24b i- . . . . 

+A1' sin 24a-t U" sin 246 -1- . . . . (427) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - 
yne6 = A' cos 24 A 3 6 4 ~  -,- B' cos 24 x 3642, -1- . . . . 

+A1' sin 24 X 3G4a -1- I." sin 24 x 3G4b i- . . . . 
A normal equation is now formed for each unltnown luant i t  by 

multiplying each obscrvutionnl equation by tlrc cocfic~ent o y t h c  
unknown quantity in that equation and adding the results. Thus, 
for the unknown quantity A', we have 

y, cos O=A1 cosZ O+B1 cos 0 cos 0 +  - . . . 
+A1' sin 0 cos O+B1'sin 0 cos 0 +  . . . . 

y, cos 2 4 a = A 1  cos2 24a+  B' cos 24b cos 2 4 a +  . . . 
+A'' sin 24a cos 34a + B" sin 246 cos 24a  + . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . .  I (428)  
Yqaacos (24 X 3 6 4 ~ )  = A' COS' (24  X 364a) + B' cos (24 x 364b) cos (24  x 364a) + . . . . 

+A1' sin (24  X 364a) cos (24  x 364a) + B" sin (24  x 364b) cos (24  x 364n) + 
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Summing 
n-365 n-305 

C yn cos 24(n - l ) a  = A ' C  cosa 24(n- l ) a  
u-1 n-1 

n-365 

+ A t f  C sin 24Cn- 1)a cos 24(n- 1)a 

11-365 

+B' C cos 24(n-l)b cos 24(n-l)a  
n-1 

n-305 + Btf  C sin 24(n-- l )b  cos 24 (IL- 1)a 
u- 1 

n-305 
+c' cos 24(n-l)c  cos 24(n-1)a 

u-1 

us365 + C" C sin 24(n- 1)c cos 24(n- 1)n 

n-30.5 

+Dl Z. cos 24(n-l)d cos 24(n-1)n 
n-1 

n - 305 
+ D l 1  C sin 24(n- 1)d cos 24(1~-- 1)a 

n-1 

n-365 
+ E r  C cos 24(n-1)c cos 24(n-l)a  

11-1 

11-005 + El' C sin 24Cn - l )e  cos 24(n - l ) a  (429) 
11-1 

~ ~ ~ h i c l l  is tlle nor~ilal cqut~tion for tho unknown qunntity A'. 
I n  a sirnilur manncr we h t ~ r e  for tho llorlllnl equntlon for t,ho quckn- 

tity A" 

Z yn sin 24(n- l)a 

+ B t  ?; cos24(n-l)bsin24(n-l)a+Bf'  S sin 24(n- l )bs in24(1~-] )a  

4- Ef Z cos 24(n - 1)e sir1 24(n- l ) u  -I- E" :: sin 24(n - 1)e sin 241(7~ - l )n  

(4 30' 

the limits of n bcing the snlne as bcfore. 
Norrnnl equations of f o m s  sinliltll. to (420) a11d (430) are eusily 

obtained for thc other unlin0\\.11 cluantities. 
52!):<+24f -s 



108 U. S. COAST AND GEODETIC SURVEY. 

By changin the notation of formnlr~s (286) to (288) the followin@ 
relations may 5 e derived : 

n - - ~ R S  sin 24na. cos 24 (71 - 1)a C cos2 24(n- l ) a  = 3n-t- 3 
n-1 sin 24a 

sir1 876Oa cos 8736a 
= 1823 + 3 --- (431) 

sin 24u 

n-385 sin 24nn cos 24(n- ] ) a  C sin2 24(n - 1)a = j n  - j 
n-1 sin 24a 

sin 87BOa cos 8736a 
= 1823 - 3 (432) 

sin 24a 
11-365 

C cos 24(n- l )b  cos 24(n-1)a 
n-1 

sin 127~(b -a) cos 12(n - 1) (6 -a) 
= 3  .- 

sin 12(b-a) 

sin 12n(b+a) COR 12(n- l ) (b+a)  + 3 
sin 12(b+u) 

sin 4380(h -a) cos 4368(b - n) 
= 3  sin 12(h-a) 

sin 4380(b + a )  cos 4368(3 -t- a) + 3 ---- (433) 
sin 12(b +a )  

11-366 
C sin 24(n-l)b sin 24(n-l)a  
n- l  

sin 12n(b-a) cos 12(n- 1) (b-a) 
= 3  sin 12(b-n) 

sin12n.(b-tar) cos12(n-1) (b- ta )  . 
-3 s i n i  + a )  

sin 4380(b -a) cos 4368(b -a) = 3  - - -  - - -  -- 
sin--1 2 (b - a)  

sin 4380(b + ( I , )  cos 4368(b -t a,) - 3  - -  - - .  (434) 
sin-l-5(b+ a) 

11-365 
C sin 24(n- l)b cos 24(n- l ) a  
n-l 

sin 127~(b-n) sin 12(n- 1) (b-a) 
= 4 -. 

sin 12(b-a) 

t +3  
sin 12n(b+a) sin 12(n-1) @ + a )  

sin 12 (b +a) 

sin 4380(b - a)  sin 4368(b - a) 
=3 sin 12G -a) 

+3  
sin 4380(b -t a) sin 4368(b +a )  (435) 

sin 12(b+a) 
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By substituting in (431) to (435) tllc numericnl vnlucs of a, b, ctc., 
from Table 3,  thc corrcspontling equivulcrlts for tIlcsc expressions 
are obtuinccl. Tllcsc, in tnrn, mny bc substituted in (420),  (430) ,  
ant1 sirnilar cquntions for t l l ~  other unknown clunrititic~s to obtain tho 
10 norm111 ccluntions oivcn below. I11 p rcp~r ing  ( 1 1 ~ s ~  (quutions the 
symbols o ,  b ,  c, a, nn8e  I L ~ C  tulccn, rcspcctively, ns the spre(ls of conl- 
ponents Mln, Mf, M S f ,  Su ,  nnd Ssn. 
n-305 

C yn cos 24(n-  l ) a  
n-1 

= 183.058' - t0 .72B1 +0.7(iC1 +4.88II1 -1-4.0GP' 
-t 2.144'' -I- 4.29B" -I- 5.03 C" - 0.34D" - 0.70 El' 

0-303 

C y,, sin 24 (n -  1)n 
n-1 

=2.14A1-4.15U'-4.90C1 $ 3.801)' -k3.88E1 

-4.158" +O.S8B" -!-0.926'"-0.09D" -0.18B" 
n-305 

yn sin 24 (n -  1)b 
n-1 

~ 4 . 2 0 8 '  +O.8813' i- 0.936" -i-3.05D' + 3.06B1 
+ 1.01A" + 181.~3B"-O.80C"-0.08I)" -0.17Etr 

nmVjr,j 

C yn cos 24(n - l ) c  
11-1 

=0.7GA1-I-0.5GB'+ 183.19Ct- 1.08D'- 1.70E1 
-4.00A" -1- 0.0213" -I- 0.97C1' - O.llD1' - 0.21 11.'' 

n-30: 

+ l .0( iAu-0.80B"-t  181.81C" -0.101)"-0.20E1' 
n - : i ~  

C yn cos 24 ( n  - 1)d 
n-1 

=4.88A1-  1.50Z.l'- l.(i8C1-I- 182.3SL)'- 0.24E1 
1- 3.80A1' -I- 3.05B" -t 3.246'" + 0.ooD1' + 0.01 1;" 

n-365 
(436) 

C y,, sin 24(n-  1)d 
n-1 

= - 0.34At - 0.00H1 - 0.1 1 C' -t 0.OQD' + 0.00 E' 
f 0.34AU -0.0SB" - 0.10C" + 182.620" + O.OOE" 

0-305 

C yn cos 24(n-1)e  
n-1 

-4.9GA1- 1.51LZ1- 1.70C1-0.24D1+ 182.38E1 
-I- 3.884'' + 3.00H1' + 3.256'" -t 0.0OD" + 0.00B" 

n-305 

2 yn sin 2 4 ( n - l ) e  
n-1 

= -0.70Af-0.18B1-0.21C'-~O.O1D'+O.0OG 
+0.68AU -0.17B1'-0.20Cf' +O.0OD1'+ 182.62BU 
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Tho nulncricnl value of the first mumber of cach of tho above 
normal equations is obtained from tho observations by taking the 
sum of the product of each daily mean by the cosine or sino of tho 
an Ie indicated. 

!?he solution of the equations givo the valuos of A', A", B', B", 
etc.. frorn which the corrcs onding values of amplitudes A.antl a ,  B 
and p, etc., of formula (4247 are readily obtained, since 

-A" 
A = ~(A')Z 1- (A'')2 and a = tnn-I 

- A'.-' 

In  calculating the corrcctcd epoch, it must be kept in mind t h t ~ t  the 
t in this reduction is referretl to the 11.5 hour of the first day of 
series instead of tho precedin midnight. 

Before solving equations 6 3 6 ) ,  if the daily means have not al- 
read been clearetl of the effects of the short-period components, i t  g will e necessary to a ply corrections to tho first member of cach of B these equations in or cr to make the clcarances. 

' 

The disturbance in a single daily mean due to the resonce of a 
short-period eomponcnt is mpresenlcd by e uation 6 1 8 ) .  Intro- 
ducing the subscript s to distinguish thc sym 1 01s pertaining to the 
short-period component, the disturbance in the daily mean of tho 
nLh tluy of series due to the presence of tlic short-period coinponent 
A ,  rriay be written 

1 sin 12a, 
[yPIn = -- - A ,  ---- 24 sin $a,  cos { 2 4 ( n -  l ) a ,  1- 11.5 a ,  $ a , )  (437) 

The disturbances in tho products of tho daily means by 

cos 24 (n - 1)a anil sin 24 (n - 1)a 

may t,hcrefore be written 

1 sin12a [y.],, cos 24(n-  l ) a =  - A, -.----" cos { 2 4 ( n -  1)a, + 1 1 . 5 ~ .  + a 8 )  
24 sin $a, 

1 sin 12a, = .. . 
24 si4-b; 4 [COS { 2 4 ( 1 ~ -  1) (aB +a)  + 11.5 as f a , )  

-!- cos {24 (n  - 1) (n., -a )  $11.5 a,, 1- a,}]  (438) 
ancl 

[y,], sin 24 (n - 1) a 

1 sin 12a = g  A, - 2  3 [sin {24 (n -1 )  (a,+a) +11.5 a.+a.) sin $a, 

Tlien, referring to for~nulas (284) and (255) 
n-305 

C [yRI, cos 24(n-l)a = 
n-1 

cos (12~364(a.+a)+11.5a.+a.j  

sin 12X365(a , -a)  
+ sin 12 (a. - a)  eos { 1 2 ~ 3 6 4 ( a . - a ) + 1 1 . 5 a . + a . } ]  I (440) 
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and 

sin 12 x 3 6 5 ( a , - t a )  
-,. . sin 1 1 2 x 3 6 4  (a  + a )  + 11 50 ' n  + a  8 } 
sin 12 ( ( I . ,  + a )  

sin 12 x365((1,--(0 - - -. . - . . . .. . -. . . . . . - . . - - 
sin 12(n,, - ( I . )  

sin { 1 2 ~ 3 8 4 ( a . - a ) i - l l . 5 a ~ + a , } ]  (441) 

Xow 1ct 

and 
At6 =An cos a, 

1 I A , = - 11, sin a,  

then (440) nnd (441) ~ n u y  bc rcduccd us follows: 

1 sin 12a, sin 12 x :3G5(a, + a )  
48 sin (,a, sin 12(a,  +a,) -- cos { 1 2 x 3 G 4 ( a 8 + a )  + 1 1 . 5 ~ ~ )  

sin 12 X 365(a., -a)  4- -- -- .- - - -- 
sin 12(a,-a) cos { 1 2 ~ 3 G 4 ( a , - a ) + 1 1 . 6 ~ , )  1 A', 

sin 1" 335 (us  - a )  + . - -- sin { I  
sin 12(a,-u) 2 x 364(a,-a) -t 11.5 a,} A", (4213) 

- 
and 
n-306 
C [y,], sin 2 4 ( n  - l ) a  

n..1 

- . .. sin - - . . 12ue [sin -. - -. l2 . - -. . - 365(u8 . -. -. - . - - sin ( 1 2  x 364(a,, + a )  + 11,5a8)  
48 sin +a, sln l 2 ( n ,  + a)  
sin 12 X 365 (a,, - (1,) - .. . . - . . . - . . . - - . -. - . . - - .- sin { 1 2  x 3G4(an-a) + 1 1 . 5 ~ ~ )  A', sin 12(a,-a) I 
48 sin $a, sin 12 (a,, -1- (1,) 

cos { 1 2 ~ 3 6 4 ( a , - i - a )  +11.5a,} 

sin 13 x 3G5(u., - a,) - - 
sin 12 (u,, - a )  cos { 1 2  x 364(a,-a) + 11.5n,} At', (444) I 

k'ormulns (443) nnct (444) rcprcseut tlio clcnrnnccs for any 
l ~ n g - ~ o r i o d  r I component A cluo to any short-pcriotl co~nponcnt As. 
I h e  first must  be subtructcd from tcrlns corresponding to 
: ~ n  cos 24 (n-  1)n nnd the lattcr from terms corresponding to  
Z ? J ~  sin 24 (u- of formuls (436) boforo solving the lnttcr. 

In  (443) and (444) tllo coeIIicionts of A', arid A",, wlricll 
for brevity we may designate us C', C", S t ,  tlnd St ' ,  respectively, 
contain only vt~lucs that  are constunt for all sories and lnny thercforo 
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bo computed once for all. Scpnrate sets of such cooflicicnts must, 
however, be computecl for the cflect of cnch short-period component 
upon each long-period component. I n  the usulil reductions in which 
the cffccts of 3 short-period components upon 5 long-pcriotl con-  
poncnts ure considered, 15 sets of 4 coefficients cnch, or 60 coefficients 
In all, arc required. 

The coeiGcients are given in the following table:' 

I Long-period components. 

I rr2ie) ..................................... 
c," ) ................................... 1 

(S ). ................................... I 
(S") .................................. .: 

I n  thc above tnhle the sign is so tnkcn t l l t~t  the values are to be 
applied to tlie sums directly as indicutcd. 

Aftcr the clcurances have been applied and tho normnl er ur~tions 

P I (436) solvcd and tho resulting am litude and epoch obtninod or cnch 
of the long-period components, t ~e reductions will be complctcd in 
accordance with the processes nlrendy outlined, but it must be ltcpt 
in mind thnt in this reduction the init~tll value of t is taIt(*n to c o r r ~  
spond to 11.30 n. In. on the first tlny of scbrics. 

I n  obtaining the numerical valucs of such clunntitics ns 
2: . cos 24(u - 1)a nnd Xy,, sin 24(n - 1)u, in order t o  11voi~l the labor 
o I scpurnte multiplication for each tiny, tho following txbbreviutions 
have becn proposed by the I3ritish nuthoritics. 

The values of cos 24 (72. - 1 )  (L nnd of sir1 24(n - I )  a ore divicicd into 
1 1  groups nccording 11s tllcy fall ncr~rest 0, 0.1,  0.2, 0 .3 ,  0 . 4 ,  0.5, 0.6, 
0 .7 ,  0.8, 0.9, or 1.0. The tlnily vtllucs nre then rlistributocl into 11 
corrcspontling groups, so thnt all valucs in on(? group will be multi- 
plietl by 0, another group by 0 .1 ,  ctc. Tlle cos 2 4 ( 7 ~ - l ) n  nntl 
sir1 24 (71 - 1)n iriclude nc ntivc us well us positivo values. The former f arc taken into account )y chnnging the sign of the daily mean to 
which the ncgative cosines npply. 

As a art  of the routine reductions of the tidal records from tho 
prineipaf tide stations it is the practice of the office to obtain tho 
mean sea level for each calendar month, using for tho ur ose the 
hourly hei hts for 29 consecutive days, beginning with t E o I' irst day 
day of oa& month. I t  is therefore desirable to have n method of 
uslng theso means directly in the analysis for tho annual and semi- 
annual components, thus avoiding any special summation for tho 

erioti of tlic? annual component is ap  roximatcly the Ion K year; that  is, 365.25 days. If t is period were divi fth ed 
-. ... . - ..... - - ....... - - .. - -.. - ..... - . - -. --- - - . - ... - -- .... - - ... - . 

4Prorn Scicntlfic Pnperu by Sir Gcorgo 11. Dnrwin, Vol. I, p. 64. 
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into 12 equal groups and t b  mean of tho hourly hoights for oach 
group taken, those monns would ropresont tho approximate height of 
the combined annual nnd scminnnual components for tho middlo of 
each group, nnd tho middle of the first rou would bo tho initial 

oint from which tho zeta (l)  as obtained f y t R o usual procoss would 
!e referred. As each gmup would represent 30' of motion for tho 
annual componont, or 60' for tho somiannual componont, t,o refor 
this l to tho actual beginning of tho series of obsorvations i t  would 
bu necossnr to apply a correction of 15' for tho annual component 
or 30' for t K o sem~annunl component. 

I n  obtaining the month1 means b tho usual process of including i 29 days only, tho yenr is Jvided on y approximately into 12 oqunl 
groups. 'I'hc! following tablo shows the comparison of the middle of 
each grou actually used in thc summntio~l anci tho middlo of ench 
corrcsponBing group obtained' b 7 dividing n Julian year beginning 
January 1, 0 hour, into 12 equn parts. n the summin for monn 
sea, love1 each group oxtends from 0 hour on tho 1st day o f tho month 
to tho 23d hour on tho 29th day, making the grou from first to lnst 8 observation exactly 28 days nnd 23 110~13 long. 110 middlo of oach 
group will thoreforo bo 14.48 days lutor than the first obsorvation of 
the group. 

Monlh. 

1 i n n  ' ~ ~ o n  e e  I I ~ . m p  
r .  1 r 1 r ywr yoor. 

/ Dar8. I D.118. 
January. ........................................... 15~22  I 14.48 
Februnry.. ........................................ ..) 45.66 45.48 . March.. ............................................. 70.09 73.48 

July .................................................. 107.84 
August .............................................. 228.18 
Boptombor .......................................... 258. 72 
October.. ......................................... 289.10 
Novembar.. ......................................... 310.58 ........................................ Docotnbor.. .I 3 3 . 0 3  

8111ns.. ........................................ 2,181.50 
Moons. ............................................... 1- 

Days. 
0.74 
0.18 
1. Ill 
1.05 
1.40 
0.83 

From tho nbovo tnblo i t  is cvidont that in tho summation for tho 
monthly monns for n caloi~dar yoar tho middlu of onch 
common yonr is on an averugo 1.62' earlier than tho inic (jroup dlo of Of the a 
corres ondin group whcn tllo Juliun yenr is equrtlly subdividod, 
and tze m i d l o  of each gmup of a lcnp yonr is on nn nvorirgo 0.80' 
oarlicr. Suhtructing tllcso vt~lucs from 15O, tho intorval betweon tho 
boginning of tho obsorvntions and tho middlo of tho first group of an 
equal subdivision, wo hnvo 13.38' nnd 14.20°, for common and loap 
Years, respectively, as a correction to bo llpplicd to tho 5 of Sa as 

- I I 

2 Wd of 8a componot~t por day-0.O&5O0. 
csns reduced to dogroos of Sa.. .................................................... 

Corroclioti to I 01 SII ............................. ..: ................................. 
CoITwtlon lo  of ~ s a . .  .............................................................. 

-- 

1.02 
13.35 
20.70 

- . . 

0.80 
14.20 
28.40 



114 U. S. COAST AXD GEODETIC SURVEY. 

directly obtained, in orclcr to rcfer the !: to the 0 hour of the 1st 
dny of January, for the component Ssn t.he corrections will be twico 
s s  reat. 6 the year commences on the first day of any month other than 
January, tho corrections will differ a littlo from the above. Calculated 
in a manner similar to that above, the following tuble gives tho 
correction to bo a plicd to the 5. to rcfer to the first dny of any 
month a t  which t 1 c series commences. The correction to the [ 
of Ssa will bo twice the tiibular rr~lue for Sa. 

Correction to rofsa ( Correction to f;olSn to refer to In! 'IU to rofer to P 111 
ning of montk. ' ning of rnonti. - 

Obscrvalions comrnenco- - Obsorvntions comrnonco- I 
Co~nmon Lcnp :Common Lonp year. yesr. year. year. 

........................ Jan. 1 I 4 15.19 
Feb. 1.. ...................... ................... ..' 14.28 14.00 
Mar. 1 ........................ 13.71 14.20 
Apr. 1 ........................ ..................... 14.12 14.09 
\lay I ........................ ...................... 13.54 14.20 
Juno 1 ........................ ...................... 13.05 14.69 i 

As the roup summed covers approximate] one-twelfth of the "h 
augmenting factors will be as follows: 

K poriod of t e component Sn, or one-sixth of t e period of Ssn, the 

Sa 1.0115, logarithm 0.00407. 
Ssa 1.0472, logarithm 0.02005. 

If tho monthly means extend over many calendar y n r s ,  i t  may be 
convenient to combine them for a single analysis. n this case tho 
( Vo + u) for January 1 may be taken as tho average of the values for 
t.he beginning of each your included in the observations, and the 
correction to the !: to refer to tho beginning of the year will be a 
mean of the values given above for common and leltp years, wei hted 
in accordance with tho number of each kind of year include$. If 
on1 a few years of observations are available, i t  is better to analyze 
eac K year separately in order that the results may serve as a check 
on each other. 

32. AXALYSIS O I U I Q I X  AND LOW WATERS. 

The automatic tide gau e, which furnishes n continuous rocord of 
the rise and. In11 of tho t i  5 e, now being in genernl uso, i t  is seldom 
necessary to re1 only upon the high and low wutcrs for an analysis. 
I t  may happen, Tlowevcr, thnt a record of hi h nnd low water observn- P tions is avlljluble for tt more or less isolated ocnlity where i t  has been 
impractic~l to secure continuous rccords. Such records, if they 
include ull the high cind low waters for a month or more may be 
utilized in tletcrmining approximate vnlucs of the principal harmonic 
constunts, but  thc results are not ns satisfactory as those obtained 
from an an:ilgsi.; of th(: hour1 Ilcigllts. {. . An elttbornte inocio of nnn jsis o f  tllc high unct low uraters is con- 
ttlineci in volume 1 of Scicntilic. I'uj)c\rs, 1)y Sir Gcorgc 13. Darwin. 
Other mcthotls nrc giver1 1)y Dr. 12. (1. Harris in his Manuail cf 'rides. 
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The proccss outlined bclow follo\vs to sornc extent one of the methods 
of Dootor Harris, extending his trclntment for the components K and 
0 to other componcnts. 

'Tho lengths of series ma be takcn the snnle as the lengths used as 
tho nnnlysis of the hourly 7 leights, which nre 29, 58, 87, 105, 134, 163, 
192, 221, 250, 279, 297, 320, 355, and 369 days. It is sometimes 
conrenictnt to divide n series, whatever its lcngt,ll, into peliods of 29 
days each. This permits n ui~iform method of ~rocedure, and a conl- 
ptl~ison of the rcsults from diifercnt series a ords a check on the 
rclitiblencss of thc work. 

b 
l ' he  first process in this unnlysis consists in innlting thc usual hi h 

and low wnter rctluctions, including the co~nputntion of the luniti c f  nl 
~ntcr.vnls. Ponn 138 provides for. this reduction. The times nnd 
heights of thc high tind lo\v watvrs, together with the times of the 
moon's trnnsits are tahulnted. For convenience tho standard time 
of the place of obscrvntions may bo used for the times of the high and 
low waters, and thc Greenwich menn civil time of the moon's trnnsits 
over the mcridinn of Greenwich mny be used for the moon's transits. 
Thc intcrvnl betwcen each trnnsit and tho following high and low 
~vr.atcr is then fountl, nnd the mean of all the high water intervals and 
the moan of 1111 tllc low wnter intervals are then obtained soparately. 
The truct menn int,ervt~ls between the t h e  of tho moon's trnnsit over 
tho local meridian and the time of the following high and low waters 
being tlesired, thc rneuns as directly obtained must be corrected to 
allow for any diffcrcnce in the kind of time used for the trnnsit of 
the inoon and the time of tlle tides and also for tho difference in t h e  
betwcen tho transit of the moon over tho local moriclian and the 
transit over the meridian to which tho tabulnr vnlues refer. 

A convenient tublo for the correction of tho lunitidal intervals, 
when tho high and low wutcrs h t~ve beon givon in standard time and 
the moon's trnnsits over tho meridian of Greenwich aro iven in 

No. 20 of the U. S. Coust and Gcodotic Survoy. 
E Greenwich mean civil time, will be found in Special Pu lication 

If the tido is of the semidiurnnl type, the a proximato amplitude 
nnd opoch for con1 onent hi, may be obtninrd &rectly from this high 
and low wntcr rc c f  uction. On nccount of the prcsenco of the other 
components the mean range frolri tho high and low wntcss will nlwnys 
be s little lurger thun twlce the um litudc of 11,. If the datu are 
availnble for somc othor station in t f lc gencrul locality, tho ratio of 
the M, am litude to the mean range of tido a t  that station may be 
Used in finiing tho M, ainplitude from tho menn mnge of tido a t  tho 
stution for whicll the rcsr~lts are sought. If this ratio curl not bc ob- 
tuincd for any sttttion in tho gcncral locnlity, tho empiricnl rutio of 
0.47 may be used with fnirly sntisfnctory results. After the ampli- 
tude of M, hns been thus obtained, i t  should bo corrected for tho 
Ion itudc of the moon's node by fnctor F from Table 12. 

$he epocll of M, mu be obtained from tho corrected high nnd low 
"ator lunitidd interva?; B WI, L W'I by tllre follou~ing formula- 

I n  the ubovo formula II WI must be grcnter than L IVI, 12.42 hours 
bping added, if necessary, to the I1 H7I ns directly obtained fro111 tlio 
lug11 an (1 low water reductions. 
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The difference betwcen the average duration of rise and fall of the 
tide a t  any place, where the title is of the sernidiurnal type, dcpends 
lar ely upon tho componcnt M,. I t  is ossiblo to obtain from the 
hig% and low waters a com onent with t 1 e speed of M, which, when 
used in the harmonic reEction of the tides, r i l l  cause the mean 
duration of rise and fa1 7 to bc the same as that a t  the station. The 
effect of component M, upon tbc mean duration of rise will depend 
chiefly u on the relation of its amplitude and epoch to the anlplitudo 
and epocR of the principal comboncnt M,. I3y ussu~ning an Y, com- 
poncnt with epoch such us to makc compopent symmetrically 
situated in regard to the maxima and minima of the M2 coln oncnt, 
the amplitude necessary to account for the mean duration o rise of 
the tide may bc readily calculated as follows: 

P 
Let DR=duration of rise of tide in 1iou1~1 as obtnincd from the 

lunitidal intervals. 

a = IJourly speed of component M,. = 28. "984. 
M, =Amplitude of M2 component. 
MzO = Epoch of M2 component. 
M, =Amplitude of M ,  component. 
M," =Epoch of M4 component. 

Then, for component M, to be symmctrictllly situated with respect 
tomthe maxima and minima of component h1, 

in wliich tho upper or lower sign is to be used according to wllether 
a(DB)  is greater or less, rcspectivel , than 180". Multiples of 360" 

than 360'. 
X may boadded or rejectcd to obtain t o result as a positive angle less 

The equations of the components M, and M, may be written 

y, =M2 cos (at -I- a )  

yz = M, cos (2ut -I- /3) 

and the resultant curve 

y = M, cos (at -I- a) + M4 cos (2at + p )  (449) 

Vulues of t which will render (447) a maximu~n must satisfy thc 
derived equation. 

aM, sin (at -I- a) = 0 (450) 

and for a maximum of (449) t niust satisfy the derived equation 

a x ,  sin (at + a) + 2uM, sin (2at + p)  = 0 (451) 

For a maximurn of (447) 

in which n is any integer. 
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0 
Let - = the acceleration in the high wntors of component M, duo a 

to' t,ho presence of component 31,. With tho M, wavo symmetrically 
0 

situated with respect to the M, wave, a will also cqucll tllo rctarda- 

tion in the low water of componcnt M,, due to the presence of com- 
2 8 

ponent M,, nnd ;- will cquul the totul amount by which the durntion 
w 

of rise of the tide has boen diminished by M,. If the duration of 
rise llas been increased, 8 will be negative. 

Then, for u xnaxiinux~l of (449) 

ant1 this valuo of t must sntisfy equation (451). 
Substituting in (461), we have 

nM, sin (2nr - 0) + 3nM, sin (4nr - 2a.f j3 - 20) = 

-all', sin 8 - 2nM4 sin (20 + 2a - j3) = 0 (454) 

But 

180° 
according to whether tllo duration of rise is greator or less than ---d-! 
or whetllor 0 is negative or positivo. 

according to whether 8 is positivo or negative. 
Substituting this in (454) 

- aM, sin e f 2a;\I, cos 28 = 0 (4 6 7) 
and 

M sin 0 . -  ?=  ** - 
h12 cos 28 

the upper or lower sion being uscd according to whethor 0 is positive 
or negative. As unzcr tho assumed conditions 8 must colno within 

M 
the limits k4s0 ,  tho ratio of --I as dcrivoci from (458) will nlwnys be 

Positive. 
M2 

180° 
.The durntion of riso of tidc due solely to tho componcnt M, is --a. 
Tho duration of rise us modifiod by tho presonco of tlro assu~uod ilfi 

is 
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predictions are ~ n a d o  b ap lying to the times of tho moon's transits 
and to the mean heig 1; o l' the tide systems of difforcnces to take 
pccount of avora e conditions and vurious inequalities due to chan es 
In the phasc of t lo moon and in the declinntion and pnrallux of t e 
moon and sun. 

7 (i, 
Witllout the uso of n redictinv machine the hnrmonic method 

would involve too much I' abor  to?^ of practicnl service, but with 
such a machine tho harmonic rnctllod has nltxny atlvantngcs over the 
nonharmonic syste~ns and is now used exclusively by tho U. S. Const 
and Geodetic Survc.y in muking predictions for tho standard ports of 
this country. 

l'ho height of the tide a t  any time nlay be rcpresonted harmonically 
by the formula 

h = R 0 + z f  I ~ C O S  [at+(T<f U) - K ]  (4 6 5 )  
in which 

h = height of tido a t  any tinle t. 
Bo=meun hejght of water lovcl above datum used for pro- 

diction. 
B = mcnn amplitude of nny component A. 
f  =factor for reducing mcnn amplitude 17 to year of pro- 

diction. 
a = speed of corn onent A. 
t = tlmc, reckonc R from somc initial epoch such as beginning 

of yenr of rcdict ions. P ( Yo +u) = mluu o equilib~ium argument of component A 
when t = 0. 

K = epoch of conlponont A. 
I n  tho nbove formula d l  yuantitics except 1~ nnd t may be con- 

sidercd as constants for t ~ n y  ~)articulur your und place, and when t,lleso 
constunts are k n o ~ t ~ ~  the vuluo of 71, or the predictor1 Ileight of tho 
tide, mny be computed ior any vuluo of 1 ,  or time. 13y compuriilg 
successive values of 7~ thc heights of the high uud low ~vatcrs, togctllcr 
with tho tirrlcs of their occurrence, may be y) roxi~nately dctcrnlincd. 
Tho harmonic motllod of predicting tides, t f lercforc, consists essen- 
tially of thd apl>lication of the ahovo formula. 

The exact vuluc of t for thc times of high and low waters will be 
roots of the first dcrivativc of fornlula (-1G5), eqwted to zero, which 
may be writtcn- 

ah 
-= -2a.H sin [at+ (Vo+u) - K ] = O  at 

Although fornlula (4CiG) can not, in grneral, bo solvcd by rigorous 
methods, i t  mny be mecllanic~llly solvcd by u tide-predicting macliino 
of the type used In tho oflice of tho U. S. Const nnd Geodetic Survey. 

l'ho constt~nt li, of formula (~l(i5) is the depression of tllc adoptcd 
datum below the mean lcvcl of tho water a t  the place of prodiction. 
For places on the open const the mean water luvel is i(lenticn1 with 
Uean sea level, but in the uppcr portions of tidal rivers thnt h ~ v o  an 
apprccinblo slo e tllc ~netln wntcr levcl xnny be somou-lint higher tllun 
tho mean BCU KveI. The datum for the predictions ,nay bo moro or 
less arbitrarily chosen, but i t  is custonlary to usu tho lour-water pluno 
that hns been adopted as tho rcference for the soundings on the 
h ~ d r o ~ r a p h i c  charts of the locality. For all places on thc Atlantic 
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ant1 Gulf coasts of the United States, including Porto Rico and the 
Atlantic cottst of the Panamn Canal Zone, tlils dttturn is mean low 
water. For the Pacific coast of the Unitt:d States, Alaska, lluwaii, 
and the Philip ines, the dntum is in gt:nc.rnl mean lower low water, 
For the rest o /' the worltl, the dt~tum is in gc~icrul rnoan low wnter 
springs, nlthough there tzre rnuny locnlitic~s where some~vhnt lower 
planes are used. After the datum for uny particulnr place has Loen 
adopted its relation to the nwan water level rnny be r ~ t ~ d i l y  obtained 
from simple nonhurmonic reductions of the tides 11s observed in the 

localit< 
. The value of IT,, thus determined is a constulit thnt is 

avl~ila le for future predictions a t  the stations. 
' h e  amplitude 31 and the epoch K for cuch component title to be 

included in tho prctlictions arc the hnrmonic consttints dutormiricd bv 
the analysis discussed in the precctling chapters. Xuch plu(:e u~ill 
have its own set of ht~r~nonic constunts, ant1 whcrl once (letermined 
will be uvnilublc for all timcs, c x ~ c  ) t  as they Inay hc sliglitly rnodificd 

a ? by a more accurate deter~ninution rom a better series of observations, 
or by changes in the physical conditions a t  the locnlity such ns rnuy 
occur from dredging, by the dcpositir~g of sediment, or by other 
causes. 

The factor f is the reciprocal of factor F, discussetl in section 12. 
I t  is introduced in ordcr to reduce the rrican ti~nplitutle to the true 
amplitude depending upon the longitude of the moon's node. The 
factor f for any siriglc componcnt, tlicrcforc!, passcs tlirough a cycle 
of values. ?'he charigc ]wing slow, it is custornacy to take the vnlue 
as of tlie middle of the year for wllioh the prcdiotions urc bcing 
mnde and assume this us u, constnnt fof the entire ear. 'l'lle error 
resultina frorn this assumption is pract~cally negligi % lc. Each corn- 

onent Rns its own sct of values folaf, but theso values are the same 
for all localities and have been compilrd fofmnvenient use in Tnble 
14 for tho midtllc of cacli year frorn 1850 to 1999. 

The qunntity (I represents tlie angulnr spc!ed of nny componcnt 
per unit of time. I n  the. application of formulas (4G5) and (4GCi) to 
the prediction of tides this 1s usually given in degrees per mean solar 
hour, the unit of t being takcn as the mean solar hour. Tile vuluos 
of the speeds of the difierent components Ii1i17c been culculatcd from 
astronornicul dutn by formulas derived from the development of tho 
equilibrium theor which hus nlrcudy been tliscussetl. 'l'hese speeds 
have been compi r ed in Tuble 3 lrrid are csscntinlly constnnt for all 
times and places. 

The ? uantity ( Vo -1- u) , which was di~cusse(1 in 
section 10, is the vnlue o the equilibrium ar(rurncnt of n componcl~it 
a t  the initinl instant from which the value or 1 is rec!ioncd; thnt is. 
when t equals zero. I n  tho prediction of tides this ~nitinl e och is P usually takcn a t  the midni llt beginnirig tlie bar for which t ie prc- 
dictions are to be made. fn  strictness the <Lor unifornlily varying 
portion of the argument ulone, refers to the initla1 epoch, while the u, 
or slow variation due to chnn cs in the lorigitudc of the  noon's node, 
is taken as of the middle of t ? lc period of prediction and assulned to 
have this vnlue as u constnnt for the c11tn.e period. The quantit 
(Vo+u) is different for each component and is also diilcrent for cuc h 
initial epoch and for diflorunt longitudes on the earth. I n  Tublc 15 
there have been colnpiled the values of this quantit for the bcgin- 
ning of each your from 1850 to 2000 for the longitu d' e of Greenwich, 
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The values mny be rcudily modifietl to adnpt them to otllcr initial 
opochs and other longitudes. 

LC t 
L = wcst longitudc in tlegrccs of stntion for which predictions 

nre desired. 
S =west longitude in degrees of t.ime meridian uscd nt this 

stntion. 

For enst longitude, L nnd S will havc ncgativc values. 
Now let 

p = O  wvhcn referring to thc long-period components. 
1 when referring to thc dlurnnl components. 
2 when referring to the scmidiurnnl conlponcnts, ctc. 

then p will bc the cocficicrit of thc q u t l ~ i t i t ~  T in the cquilibriuln 
urgu~nen ts rcprcscntcci in (100), (215), n11d othcr formulns. T\Tow, T 
1s thc hour angle of the mcnn sun and is the only quantity in these 
argurnonts that is n function of the lonpitutlc of the placo of obsorvu- 
tion or of prediction. At tuly given instant of time the difference 
botwccn tho vnlucs of the hour angle I' ut two stntions will bc equnl 
to tho diffe1.cnc.c in longitutlo of tho stations. If, therefore, tho v~iluo 
of thc tirgumcnt (T/',-klr) for nny conlponont nt an givcn instunt 
has becn computed for the mcx.idinn of Grocnwich, t K e corroction to 
refer this argumcnt for the same instant to n plnce in longitudo Lo 
west of Grccnwicll will be - L, thc ncgntivc? sign being nocossnry ns 
tho valuc of T decreases ns t f' ic west longitude incroascs. 

The instant of time to which each pf thc tnbultir vnlues of tho 
Greenwich (Vo+u)'s of Tablc 15 refers is tho O hour of tho Green- 
wich mnun civil tixnc nt the boginning of n cnlondur year. I n  tho 
predictions of the tides u t  any stntion i t  is desirnblo to tnke n s  tho 
lnitinl cpoch the 0 hour of tlic stnndnrcl or locnl time customarily 
used a t  that station. If, thcrcforc, the longitude of tliu timo merid- 
ian uscd is So wcst of Greenwich, the initial epoch of the predictions 
will usually bc 8/15 mcnn soltir hours latcr than the instant to which 
the tabular Greenwich ( ITo -I- IL) 'S are referred. 

I n  formulns (465) and (466) the symbol a is tlio general designation 
of the speed 01 any colnponcnt; that is to sny, it is the hourly rato of 
chnngo in thc nrgumcnt. Tho difforcnce in tho argument duo to a 
difference of 8/15 hours in tho initial epoch is therefore as115 degrees. 
Tho totnl corrrction to thc tubular Grocnwich (V,,+u) of any year in 
order to obtnin the Iocal (Vo+u) for n lace in longitudo Lb west a t  
an initial epoch of 0 hours of time mcri(!inn So west a t  tho boginning 
of the same cnlendur ycnr is 

aS 
-YL. (467) 

The general oxprossion for tho angles of (465) and (466) lnay now 
be writton 

nS [at + ( Vo + u) - K]= [LC1 4- Greenwich ( Vo + u) + is - pL - K] (468) 

I n  ordor to avoid Iho necessity of applying the corrections for longi- 
tude and initial epoch to tho Greenwich (V,,+u)'s for oach yoar, 
thoso corrections may bc nppliod once for all to the K'S 
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The11 (468) rnny be writtcn 

( ~ t  + ( lio + U) - K = at. -I- Greenwich ( Vo i- u) - K' (470) 

Thus, by applyinn thc c.orrcctions indicatcci in (469) to the K'S for 
any statio~i, n modiffctl set of cpochs is obtained. Tliesc will remain 
the snmc y(xr after ycnr and permit the direct use of the tabular 
Greenwich ( Vo+u)'s in determining the actual component phases a t  
the beginning of each calendar yens. 

Let 
Greenwich ( V, + u) - K' = a  (471) 

then formulas (465) and (466) may bo written 

for height of tide a t  any time, and 

C u, f I1 sin (at + a) = 0 (473) 

for times of high and low wt~t crs. 
Formula (472) may be easily solved for tiny sir?gle value of t, but 

for many valnes of t RS are nccessary in lllc predictions of the tides 
for n year a t  any station the labor involvccl by an orclinury solution 
would be very T""" . Fonn~rla (473) cnn not, in gencral, bo solved 
by rigorous met lods. 

The invention of tide-predicting machines has rendered tho solu- 
tion of both formulns a c:ompnrntivcly siniple matter. 

The first tide-predictin machine was designed by Sir William 
Thomson (afterwards Lor f Kelvin) and was made in 1873 under the 
auspices of tho British tksociation for the Advancement of Science. 
This was nn intc rnting machine designed to complite the height of 
the tido in nccorc F arice with formula (472). I t  provided for the sum- 
mation of 10 of tho principt~l components, aritl the resulting pre- 
dicted heights were registered by a curve nutomnticnll traced by 
the machine. This machine is described in Part  I of 'domson and 
Tait's Natural Philosophy, edition of 1879. Several other tide- 
predicting machines designed upon the snme general princi les, but 
providing for an increased numl~er of compolients were n terwards 
constructed. 

P 
The first tide-pretlicting machine used in tho United States was 

designed by Willlam Ferrcl, of tho U. S. Coast und Geodetic Survey. 
This machine, which was corn leted in 1882, was based u on modified 
formulas and differed somew fi a t  in design from any ot  ! er machine 
thnt has ever hacn constructed. No cnsi7e was trnced, but both tho 
timcs nnd llei hts of tho hiyh and low waters were indicated directly 
by scnles on t f e machine. rho intermediate hei hts of tho tido could 5 be obtained only indirectly. A description of t lis machine is given 
in tho report of the U. S. Coast and Geodetic Survey for the year 1883. 

The first machine desi ed to solve simultaneously formulns (472) 
and (473) is the U. S. 8 n s t  nnd Geodetic Survey tide-predicting 
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machine No. 2, which is described in the following section. A 
description of the machine is also given in Special Publication No. 32 
of the U. S. Coast and Geodetic Survey. 

34. U. 8. COAST AND GEODETIC SURVEY TIDE-PREDICTING MACHINE NO. 2. 

The Coast and Geodetic Survey tide-predicting machine No. 2 
was desi ned to sum simultaneously the terms of formulas (472) and % (473) an to register the successive heights of the tide (h) by a dial 
and pointer as well as graphically by a curve, and also to lndicate 
the time or values of ( t )  which satisfy e uation (473) for the high and 
low waters.. This machine was dosigne 8 and constructed in the office 

The general a pearance of tho machine is illustrated by Fi uros f 12, 13, and 14. %t is about 11 feet long, 2 feet wide, and 6 feet ligh, 
and weighs approximate1 2,500 pounds. Tho principal features 
are: First, the supporting ?' ramework; second, a system of gearing by 
means of which shafts representing the different components are 
made to rotate with angular speeds proportional to the actual speeds 
of the components ; third, a system of cranks and sliding frumes for 
obtaining harmonic motion; fourth, summation chains connectin f the individual cornponont elemenh, by means of which tho sums o the 
harmonic terms of formulas (472) a d  (473) aro transmitted to the 
recording devicos; fifth, a system of dials and ointers for indicating P in a convenient mnnner the hoight of the tide or successive instants 
of time and also the time of the high and low waters; sixth, a tide 
curve or gra hic re resentation of the tide automatically constructed 
by the macfine. $he machine is designed to take account of the 
37 components listed in l'ablo 3, including 32 short-period and 5 long- 
period components. 

The heavy cast-iron base of the machiie, which includes the 
o erator's desk, has an extreme length of 11 feet and is 2 feet wide. ?%a forms a very substantial foundation for the superstructure, 
increasing its stability and thereby diminishmg errors that might 
result from a lack of rigidity in tho fixed parts. On the left side of 
the desk is located the hand crank for applying the power (1, fig. 12)) 
and under the desk are the primary g e m  for setting in motion the 
various parts of tho machine. 

The superstructure is in three sections, each consisting of pardlel 
hard-rolled brass plates held from 6 to 7 inches apart by brass bolts. 
Betwean theso lates are located the shafts and gears that govern the 
motion of tho cf' ifferent parts of the machine. 

The front section, or dial case, rests upon the desk facing the oper- 
ator 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 harmonic 
motions for the principal components M,, S,, K,, 0,) N,, and M,. 
The rear section contams the mechanism for the harrno~llc motions 
for the remaining 31 components for whioh the machine provides. 

72034--24t-D 
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The angular motions of the individual components, as indicated by 
the quantity at in formulas (472) and (473), are represented in the 
machine by the rotation of short horizontal shafts having their bear- 
ings in the parallel plntes of the component frames. All of these 
corn onent shafts are connected by a system of rearing with the hand P cran - at the left of the dial case nnd also wit k the time-re isterin 
dials, so that when the machine is in operntion the motion o f each o 6; 
these shafts will be proportional to the speed a of the correspondin 
com onent, and for any interval of time or increment in t as indicate i' % 
by t le time dials the amount of t~ngular motion in tiny component 
shaft will be equal the increment in the product at corresponding 
to that component. 

Since the corresponding angles in formulas (472) and (473) are 
identienl for all vnlues of 1, the motion provided hy th$lraring will be 
applicable alike to the solution of both thc formulas. e mechanism 
for the summation of the terms of formula (472) is situated on the side 
of the machine at the left of the operator, and for convenience this 
side of the maehino is called the " helght side " (fig. 12), and the mech- 
anism for the summation of the terms of formuln (473) is on the right- 
hand side of the machine, which is designnted us the " time side" 
(fi . 13). 

7 

!fn Table 37 are given the details of the general gearing from the 
hand-operating crank to the main verticnl component shnfts, together 
with the details of all the gearing in the front srxtion or dial case. 

I t  will be noted that 8-6 (fig. 16) is the main vertical shaft of the 
dial case and is connected through the relensable gears to the hour 
hand, the minute hand, and the day dinl, respectively. The releas- 
able gears elmit the ad'ustment of these indicators to nny time 
desired. A !' ter an origina ! adjustment is made so that tho hour and 
minute hand will each read 0 a t  tho same instant that the day dial 
indicates the beginning of a day, furthor adjustment will, in general, 
be unnecessary, as the gearing itself will cause the indicators to main- 
tain aconsistent relation throughout the year, and by use of the hand- 
opernting crank the entire s stem ma be made to indicate any time 
desired. The period of the i?l our-hnn dY shaft is 24 dial hours, and the 
hand moves over a dial graduated accordingly (3, fig. 12). Tho 
minute-hand shaft, with a eriod of 1 dinl hour, moves over a dial 
graduated into 60 minutes 6, fig. 12) 

The day dial, which is about 10 inches in dinmcter, 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 a t  any ono time (4, fig. 12). The progress of the days as the 
mnchine is opernted is indicated by the rotntion of this dial past an 
index or pointer just below the opening (6, fig. 12). This polnter is 
secured to s short shaft which carries at  its inner end a lever arm with 
a pin reachin under the lower edge of the day dial, against which it is 
pressed by a f ight spring. A portion of tho edge of the din1 e ual to 
the angular distance from January 1 to February 28 is of a s 1 ightly 
larger radius, so that the pin pressing against it rises and throws the 
day ointer to the right one dny when t h ~ s  ortion has passed by. On 
the /' nst day of December this pointer wil move back one day to its 
original position. 

P 
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On the same center with the clay pointor there is a smaller indcx 
(7,  fig. 12) which muy be turned eithor to tho ri h t  toward u late in- 
scribed lbCommon ycar," or to the lcft to a p ? ate inscribel "Leap 
year." \IThcn this smnllor inclex is turr~etl townrd the right,, tho day 
pointer is free to movo in accordunce wit11 tho chango in radius of the 
edge of thc tlinl. If the smt~ller index is turr~cd townrd the Icft, the 
day pointer is lockcd and rnust holtl t~ lixccl position throughout the 
yetus. For tho prediction of the tides for two or more common yoars 
In succession the du diul musl be set fo rw~rd  one d ~ ~ y  a t  tho closo of 
the -ear, in ortler t a t  the duys of tlle succcrding yutLr may be tor- i l 
rect y registel-ed. The dev diul cun bo rcletisetl lor s c t t i ~ ~  by the nut 
(6, fig. 12) immediutcly nbovo the large dial ring. A s F 0wc.r move- 
ment of the day tlii~l is providcd by a rclensublc gcnr on tho vertical 
shuft 8-6 (fig. 16). 

Thrre urc three main vertical coml,onent sllaf 1s 8-18 (fig. 18), 8-14 
(fie. 19), und S-16 (fig. 14), to whicll are connected tlie geuring for the 
inxivjduul components. Tile pcriocl of rotation of each is 12 dial 
hours, anti all rnove clocltwisc? whcn vicwcd from above the machine. 
The connections brtwecn thcsc main component shnfts and tho indi- 
~ ~ i d u a l  component cranli shnfts arc, in general, made hy two mir of 
bcvel gears and an intermediate horizontal shaft, except that ! or tho 
slow moving components Su, Ssn, him, Mf, nnd Msf, a worm screw and 
\\-heel and 11 pnir of spur gears nro in each case substituted for n air P of berel genrs. In  cach case tho goar on the main vcrticnl sha t is 
releasable so that cach component crank shaft can be sot indcpend- 
ently. 

Main component shaft S-IY in the front componont scctiol~ drives 0 
individual component crnnk shafts represunting G components, 3 of the 
components bein provided with two crank shnfts each. Thcsc 6 
components rlro A?,, S,, K,, N,, M,, and 0,, the first throe hnvin the B double crank shafts. Main component shaft 8-14 a t  t,he ront 
of the renr component section drives 16 colnponent crank shafts ropre- 
sentin one component each. 'I'hese nre M,, MK, S,, MN, v.,, So, p, 
and 21 5 in the upper n ~ n  o, and MS, M,, K., 2hlK,  L,, M,. 2SM, and 
PI in the lower rangc. f luin component shaft 8-16' a t  tho back of 
the rear component section drives 15 corn onont crank shnfts. The 
components represented are 00, A,, S 2, J,. Mm, and Ssa, in the 
up er range, and 2q,  R,, T,, Q,, p , ,  Mf, f sf, and Sn in tho lower range. 

%or each of the ive long-poriod components motion is communi- 
cated from the intcrmedinte shaft b a worm scrow and wheel to a 
small shaft on wliidi is mounted n s 3  ding spur goar. 'I'ho latter en- 

ages a spur gcnr on the component crank shaft, but may be oasily 
$isconnected by drawing out a pin on the t h o  side of the machine, 
thus permitting tho component crt~nk shaft to be turned freoly when 
setting the machine. 

Goar s eeds.-l'hc relative angular motion of each individual corn- 
ponont s h aft must correspond as near ns possible to tllo theoretical 
speed of the component rc rmonted. The period of rotation of each 
of the throe main vortica f' shafts being 12 dial hours, tho angular 
motion of each of theso shafts is 30" per dial hour. Tablo 38 con- 
tains the details of the gearing from tho main vertical componont 
shafts to tho individual component cranks, the number of teeth in 
the djfforent gears for oach component boing given in columns 1, 11, 
111, and IV. I n  designing tho predicting machine it was necessary 
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to find such values for these columns as would give 
a proximating as closely as possible with the theoretica speeds of g Yar speeds 
t e components. By comparing the gear speeds as obtained with 
the correspondin theoretical speeds it will be noted that the accu- 
mulated errors o f the gears for an entire dial year for all the compo- 
nents are negligible in the prediction of the tides. 

Releasable gears.-Releasable gears (62, fig. 19) on the main ver- 
tical shafts of the dial case and component frames permit the inde- 
pendent adjustment of the time indicators and individual component 
shafts. The details of these gears are illustrated in Figure 20. A 
collar C, with a thread a t  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. I t  has 
sunk into its upper surface a recess a, which is filled by the flan e of 
collar B. When in place, the latter is prevented from turnin ty a 
small steel screw reaching into a vertical groove c in the co f lar 0. 
The lower surface of collar B is slightly dished, and the collar is s lit 
twice at  right angles nonrl to the top. \men the milled nut 8 is 
screwed down with a smal 9 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. T%llen the nut is loosoned, the gear 
may be turned indopendently of the main driving shaft. A small 
wrench (56, fig. 19) is used for 

Each of the throe main 

5 (65, fi . 19) to secure the 
reletisa le gear is being loosened or tightened. 

Corn onent cranks.--Secured to the ends of the individual compo- 
nent s if' afts, which project through the brass plates on both sides of 
the machine, are brass cranks (40, fig. 16) which are provided for the 
com onent amplitudes. Those on the left or height sida of the 
mac f~ ine are desi nated as the component height cranks and are 
uaed for the coe 2 cients of the cosine terms of formula (472)) and 
those on the right or time side of the machine are designated as the 
component time cranks and are used for the coefficients of tho sine 
terms of formula (473). The time crank on each component shaft 
is attached 90' in advance (in the direction of rotation) of the height 
crank on the same shaft. For the components Sa and Ssa no time 
cranks are provided, as the coefficients of the sine terms corrospond- 
ing to these components are too small to be taken into account. 
The direction of rotation of each com onent shaft with its compo- 
nent cranks is clockwise when viewo i from the timo side of the 
machine and counterclockwise when viewed from the height side. 
The details of a component crank are shown in Figure 21. Tho 
pointer a is rigid1 attached to the crank as an index for reading its 
position on a diaf 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 in has a small rectangular block as a base 
which is designed to P t the groove in the crank, and through the 
center of the crank pin there is a threaded hole for the clamp screw 
f. Attached to the under side of the crank-pin block is a small 
spring c that presses the block outward against the flanges of the 
groove, keeping i t  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 
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Fig. 13.-TIME SIDE. TIDE-PREDICTING MACHINE. 
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PREDICTING MACHINE.  
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any desired position by tightening up on the clamp screw, which, 
ressing against the smal1,spring a t  the back, forces the crank-pin 

hock outward against the flanges of the roove with sufficient 
sure to prevent any slipping. A milled % ead wrench B is use r- for 

tightenink the clamp screw. A small rectan lar block e of hard- gu ened stee is fitted to turn freely upon the fine y polished axlo of the 
crank pin. This block is designed to fit into and slide along the slot 
of the component frame. 

Positive and negative direction.-All the component 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 lane,is to be considered as ne ative 
and direction away from the p 7 ane as positive; that is to say, f or all 
components in the upper range the positive direction will be upward 
and the negative direction downward, while for the components 
in the lower range the positive direction will be downward and the 
negative direction upward. 

Component dials.-To indicate the angular positions of the com- 
ponent shafts, the pointer (a, fig. 21) moves around a dial (41, fig. 
16) which is graduated in degrees. These dials are fastoned to the 
frame of tho machine back of the component cranks on both sides 
of the machine, those on the time side being graduated clockwise 
and those on the height side counterclochse. Theso dials and 
pointers are so errangod that the angular position of a component 
shaft a t  any time will be the same whether read from tho dial on the 
height side or from the din1 on t'he time side of the machine, and a t  
the zero readin for any component the height crank will be in a 

ositive vertica f positipn and the corresponding .time crank in a 
gorizontal position. At a reading of 90' the height crank will be 
horizontal and the time crank in a negative vertical position. 

With the face of the machine re istenng the initial epoch, such as 
January 1, 0 hour, of any year, t R e value of t then bqing taken as 
zero, each component shaft may be set, by means of its releasable 
gear, so that the dial readings will be equal to the a of the corre- 
8 onding component as represented in formuias (472) and (473). 8 the machine is then put in operation, the d id  rendin s will, for ei successive vslues of t, continuously correspond to the ang es (at +a) 
of the formulas, as the gearing already described will provide for the 
Increment at. 

Component sliding rames.-For each component crank there is 
a light steel frame (4  d , fig. 16) fitted to slide vertically in rooves in % a pair of an le pieces attached to the side plates of the mac me. At 
the top of %e component frame there is a horizontal slot in .which 
the crank pin slides. As the machine is operatod the rotatlon of 
the component shafts with their cranks cause each crank pin to move 
In the c~rcumference of a circle, the radius of which depends upon the 
setting of the pin on the crank. This motion of the pin, actin b '" the horizontal slot of the com onent frame, imparts a vertical ar- 
monic motion to that frame. &he frame is in its zero position when 
the center horiz~nt~al line of the slot intersects the axis of the com- 
onent shaft; positive motion is tho direction away from tho medial 

gorizontal plane of tho machine and ne ative motion is toward the 
medial plane. The displacement of e a s  component height frame 
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from its zero position will always equal the product of the amplitudo 
settin of the crank pin by the cosine of the component dial reading, 
and t f~ e displacemont of each component time frame will alwa s 
equal the product of the amplitude setting by minus the sine of tce 
component dial reading. 

Component pulleys.--Each component frame is connected with a 
small movable ulley (43, fig. 16). For all components exce t 
M,, S,, N,, K , 8,, and Sa on the height side and components 
S,,. N,, and d, on the time side this connection is by a single steel 
stnp, so that the pulley has tho same vertical mot~on as the cor- 
res onding component frame. 

Boabling gears.-Because of the very large amplitudes of some of 
the components two methods were used in order to keep the lengths 
of the cranks within practical limits. For the com onents M,, S,, and 
K, two sets of shafts and cranks were rovided, so t at  the amplitudes 'f 'i 
of these components may be divide when necessar and a portion 
set on each. A further reduction in the length o?tho cranks for 
these and the other components named in the paragraph above is 
accomplished by the use of doubling gears between the component 
frame and movable pulley. Two spur gears with the ratio of 1: 2 
(48, fig. 16) are arranged to turn together on the same axis. Tho 
smaller ear engages a rack (46) attached to the component frame f and the arger gear en a es a rack (47) attached to the component 
pulley. Each rack is % e f d against.its gear by a flange roller (do), 
and counter oise weights are provided to take up tho backlash in 
the gears. ghrou h the action of these doubling gears any motion 
in the com onent 5 rame causes a motion twice as reat in the com- f) Doubling gears are rovided on t e height side of K1 f 
the mac ne for components M S %,, K,, 0,) and Sa and on the 
time side for components M,, $, &,, and M,. 

Scales or amplitude settings.-The scales for setting the component 
amplitu d es are attached to the frame of the machine and are, in 
general, graduated into units and tenths (44, fig. 16). The scales 
are arranged to read in a negative direction; that is, downward for 
the components of the upper range and upward for the components 
in the lower range. On a small ad'ustable late (46) attached to 
each component pulley there is an in d ex line w 5 ich is set to read zero 
on the scale when tho component frame is in its zero position. For 
setting the crank pins for the component 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 positron corresponds to a dial 
reading of 180" and for the cranks on the t h e  side to a reading of 90'. 

The scales on the height side of the machine, which are used in 
setting the coefficients of formula (472)) are raduated uniform1 one- 
half inch to the unit. On the time side of t [ e machine the sca r' es are 
modified in order to automatically take account of the additional 
factor involving the speed of the component which appears in each of 
the coefficients of formula (473). Dividing the members of this for- 
mula by m, the speed of component M,, it becomes 

The modified scales are graduated 0.5 alm inch to the unit. The use 
of the modified scales on the time side of the machine permits both 
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the height and time crank for any component to be set in accord with 
the factor fH which is common to the coefficients of both formulas 
(472) and (473). ,.There are also provided for s ecial use on the time 
side of the machine unmodified soales graduate uniformly to read in 
a positive direction. 

S 
Summation chains.-The summations of the several cosine terms in 

formula (472) and of the several sine terms in formula (473) are car- 
ried on simultaneously by two chains, one (27, fig. 16) on the hei h t  
side and the other (28, fig. 17) on the time side of the machine. #he 
chains are of the chronometer fuse type, of tempered steel, and have 126 

er foot., The total length of the height chain is 27.6 feet 
and o the time ohain 30.6 feet. A platinum oint is attached to one links P 
of $he links of the time chain 3.5 feet from its i' ree end for an index. 

Each of these chains is fastened at one end near the back art of 
the machine b a pair of adjusting screws (63, 14, and 64, tg .  13). B ""i Prom these a justing screws each chain passes a ternately downward 
under a component pulley of the lower range and upward over a com- 
ponent ullay lof the upper range, spanning the space between the 
rear an c!' front component frames by two idler ulleys and continuin 
$til.every cornponent,vpulle on each sids of. e mwhine is include 9 tg 8 
m the system: The movab e pulleys are so arranged that the direc- 
tion of, tiho.chain in passing from one to another is always vertical 
and .parallel to the dnection of the motion of the component sliding 
frames. 

8ummtbn whe61s.-~he free or movable end of each of the chains is 
attached to a threaded rooved wheel (29,3O,fig. 16) , I 2  inches in cir- 
cumference and thrcade 8 to hold more than seven turns of the chain, or 
about 90 inches in all. These are called the height and time sum- 
Ination wheels. Each is mounted on a shaft that admits a small 
lateral motion, and by means of a Gxed tooth attached to the frame- 
work 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 & pitch equal tot that of the thread groove of the summation 
wheel; so that the path of the chain as it is wound or unwound from 
the summation wheel remains unchapged. 

The height summation wheel ($9, fig. 16) is located near the front 
Bdge of the1 front component section, where it receives the Lei h t  
summation chain directly from the nearest component pulley. 6 0  
time summationl ulley (SO) is located inside the dial case near the 
lower left side, an $ three fixed pulleys are used to carry the time chain 
from the end component pulley to the summation wheel. Counter- 
Ppise we hits are connected m t h  the shafts containing the summa- 
$on whe% in'order to keep the summation chains taht. 

When all of the component frames on either side of the machine 
are, in their zero r usitions, , the corresponding summation wheel is 
approximately ha 8 :filled by turns of the suinmation ohain. Any 
motion of a component' frame in a positive direction will tend to un- 
?nd the chain from -the wheel, and any motion in the negative 
direction will tend to slackon the chain so that it will be wound up 
by. the counterpoise weight. With sevoral of the.component frames 
on* either side of the mschine moving simulbanoously, thb resultant 
botion, whiah ib th? 'algebraic sum of all, will be communicated to 
the summation wheel. The motion of the component frame bein f transmitted to tho chain through a movable pulley, the motion o 
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the free end of the chain must be twice as great as that in the pulley. 
The scale of the pulle motion is one-half inch to the unit, and there- 
fore the scale of the c E ain motion is 1 inch to the unit, and one com- 
plete rotation of the summation wheel represents a change of 12 units. 

The zero position of the heightlsummation wheel is indicated by 
the conjunction of an index line (60, fig.16) on the arm attached to 
the wheel and an index line (61, fi 16) on a bracket attached to the 
framework of the machine just gdelow 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 osition when all the component frames are 
in their zero positions. f t will be noted that the conjunction of the 
index lines wlll 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, whicl is that taken when the com- 
ponent frames are set a t  zero. , I 

The zero position of the time summation wheel is indicated by the 
conjunction of an 12) attached to the time sum- 
mation chain and . 12) in the middle of the hori- 
zontal opening near the e dial case,. and the length of 
the time summation chain is so adjustedhthat this conjunction will 
occur when all of time component frames are in their zero positions. 

Predicted heights ofthe tide.-When the machine is in operation, the 
sum of all the cosine terms of formula (472) included in the settings 
for a station will be transmitted through the height sunmation wheel 
to the face of the machine and there indicated in two ways-ht by 
a pointer moving over a circular height scale (8, fig. '12) and second 
by the ordinates of a tide curve that is automatically traced on a 
roll of paper (16, fig. 12). 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 b two separate systems of gearin to the height 
pointer on the face o the machine and to the pen t a t  traces the 
tide curve. 

9 % 
Height scale.-The height po:mter is geared to make one complete 

revolution for a change of 40 units in the height of the tide. A 
hei h t  scale, with its circumference divided into 40 equal parts and 
eac f of these unit parts subdivided into tenths, provides for the direct 
registerin of the sum of the cosine terms of formula (472) as com- 
municate 8 through the summation whoel. This scale has its zero 
graduation at the top and is graduated positively to the right and 
negatively to the left. The he h t  ointer can easily be ad'usted f o  h any position by means of a smr8 miEed nut (10,fig. 12) at  t e end of 
its shaft. I f  it should be desired to refer he predicted heights to mean 
sea level, thia pointer must be adjustedo 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 ievel above this datum. For the value 
of h in formula (472) the pointer will be adjusted to a reading corre- 
spondinq to the adopted value of Ho a t  the time the summation 
wheel is in its zero position, then this value of H, will 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 fl indicate the predicted 
hei h t  of the tide corresponding to the time s h o ~ m  on the tune dials. % order to increase the workmg scale of the machiie when predict 
ing tides with smaller rangas, 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. 12). The 
20-unit scale may be conveniently used when the extreme ran e of 
the predicted tide at  any place is between 10 and '20 feet, tint 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 bofore 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 considerin the original unit graduations as 
bnths of units in the largor scale. f n this case the coefficients of the 
cosino and sine terms of the formula must be multiplied by 10 before 
entering in the machine. The factor used for multiply' the coeffi- 
cients to ada t them to the different height scalm is call% the work- 
ing scale of t ! e machine. Workin scales of 1, 2, 4, and 10 are now 
in general use to. take account of t 5 e difierent ranges of tide a t  the 
places for which predictions are made. . 

Predicted times of the tide.-Simult~eously with the summation 
of the cosine terms of formula (472) on the height side of the machine 
the summation of the sino terms of formula (474)) which was derived 
from formula (473), is being effected on the timo side. Being con- 
cerned only with the time ttt which the sum of the sine toims is zero, 
no provision is made for registerin the sum except at  this time, 
which is indicated on the machine % y the conjunchon of the index 

oint on the timo chain m d  the h o d  platinum Index in tho dial case. 
Rear tho time of a high water the index on the chain moves from right 
to left and near the tlme of a low water from left to ri ht. The con- 
junction of tho movable and k e d  index, is visible to t % e operator of 
the machiie and he ma note the corresponding dial readings for the 
time and height of the Kigh or low water. 

Automatic slopping devwe.-This device provides for automati'cdly 
stop ing the machine a t  each high and low water. Secured to the 
hangcrank shaft is a ratchet wheel and just above the ratchet whcel 
i s  a steel pawl (26, fig. 15) operated by an electromagnet (26) mounted 
under tho desk top. The electric circuit for the electromagnet is 
closed by a contact spring that rests upon a hard-rubber cylinder 
(31, fig, 16) on tho 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 sprmg, which is fitted with a fine motion 
adjustment, when the time summation chain r lsters zero. This 
closes the circuit and draws the pawl y ? t  '% e ratchet wheel, 
thereby automatically sto ping the mac. me The lateral screw 
motion of the shaft on whic \ tho rubber cyhnder is mounted prevents 
the latinum plu from comin m contact with the spring on any P revo ution other t % an the one w%ch brings the time chain to its zero 
Position. The circuit is led through an insulated ring on the hub 
of the hand orank where a contact 1s kept closed by a spring. After 
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the operator has noted the time and height readin of the hi h or 
low water he may easily break the circuit a t  the cran hub b a !?light 
inward ressuro ainst the crank handle, thus releasin t e arma- a f E ture an pawl an permitting the machine to be turne 2' forward to 
the next stop. By means of a small switch (23, fig. 15) just below the 
crank-the circuit may be held open to prevint the automatic device 
from operating when so desired. 

Nonreversing ratchet.-Upon the crank shaft, close to the bearing 
in the desk frame, there is a small ratchet wheel and above this there 
is a pawl (24, fiu. 15) that is lifted away from the wheel by friction 
springs when tpe machine is being turned forward but which is 
instantly thrown into engagement when the crank is accidental1 
turned backward. By pushmg in one of the small buttons (22, fig. 157 
just above the crank the pawl is locked so that it can not engage the 
ratchet, thus permitting the machine to be turned backward when 
desired. Presqure on another button releases the pawl. 

Tide curve.-The tido curve which graphically represents the rise 
and fall of the predioted tide is automatically traced on a roll of 

a er by the machino a t  the same time that the results are be in^ 
!ngcated on the dials. The curve is the resultant of a horizontnq 
movement of the pa er, corresponding to tbe assing of time, and a 
vertical movement o ! a fountain pen (13,fig .l2[ 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 

ear of record of the predicted tides at  a station. The paper should 
$0 about 0.0024 inch thick in order that the complete roll may be of 
a suitable-size for use in the machine. 

Within tho dial case, near the upper right-hand corner, is a mandrel 
(33, fig. 16), which can be quickly removed and replaced. I t  is 
designed to hold the blank roll of paper, the latter being wound upon 
a wooden core especially designed to fit on tho 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 ($4, fig. 16), 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 (56, fig. 16)) then over the feed roller to the recelvlng 
roller (36, fig. 16), upon which i t  is wound. 

The feed roller governs the motion of the paper across the face of 
the machine and is provided near each end wlth 12 fine needle points 
to prevent the 'paper' from sli pin . The feed roller is oontrolled 
by the main vertical shaft of t \ e b la1 case through gearing of such 
ratio that the feed roller will turn a t  the same rate as the main 
vertical shaft; that' is, to say, one com lete turd'of the feed. roller 
will represent 12 dial hours id t h e .  ?Phe feed*rbller bang 6 lnohes 
in circumference the p a  ek will be moved forward a t  the r a h  of 
one-half inch to the dral 71 our. A ratchet and pawl (37, fig. 16) are 
so laced as to leavc the paper at  rest when the machine is turned 
bac % ward. If desired, the aper feed can be thrown odt of action 
altogether by turning a sma 7 1 milled head on the ratchet gear. 

To provide for the winding u 'of the pa er on the receiving roller P B there IS a sprocket wheel (33, ~ g .  16) he1 by adjustable friction to 
the upper end of the feed roller. F'ittod to the top of the receiving 
roller is a smaller s rocket which is driven'by a chain from the feedt 
roller sprocket. . ~ [ e  ratio of the sprockets is such as to force the 
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receiving roller to yind up all the paper delivered by the feed roller, 
the tenslon on the aper bein kept uniform b the friction device. 
To remove a comp f eted roll o $ record the sma i ler sprocket is lifted 
from the receiving roller and a pin (39, fig. 16) a t  the back of the dinl 
cnse is drawn out, releasing the upper bearing bracket. The bracket 
can then be raised and the receiving rollor with its record removed. 
A similar bracket secured b a in is provided for the removal of the 
mandrol on which the blan K - ro ! 1 of paper is placed. 

Jlarigram g~ars.-The pen that traces the tide curve is mounted 
in a carriage which is arranged to slide vertically on a pair of uidln b .'I rods and is controlled from a horizontal shaft at  tho back of t e d ~ a  
cnse. On this shaft there is 

three fixed gears 
change genrs in 
into mcsli with 
for ratios of 1 : 
thc middle, or the outer .ears are in mesf. At the outer end of the 
slinft containing tho fix& gears is a thread-grooved wheel 4 inches 
in circumference (19, fi . 17), to which is attached one end of the 
pen-cnrringc chain (20, P ig. 17). The chain is partly wound upon the 
whrel and from it passes through the dial caso to the front of the 
machine, then upward over a ulley near tho top to a counter oise P % weight within the dinl case. T la pen carriage is secured to this.c am 
by mcnns of a clamp and can be adjusted to any desired position. 

Scale of t ide curve.--With u \vorking scnle of unity the arrange- 
ment is such that tlie motivn of the height summation wheel as 
transmitted to the curve-line pen through the marigram gears with 
rntio of 1 : 1 causes tlie pen to move vertically 0.1 inch for each unit 
change in the predicted height of the tide. If the marigram gears 
with ratio 3 : 2 or 2 : 1 are used the unit of height will be represented 

n vertical movement of the pen of 0.15 or 0.2 inch, respectively. 
2 r  any working scnle other than unity the above unit equivalents 
must be lnultipllecl by the number representing that scnle. 

Tho scale ratio of the tide curve will depend u on the unit of height 
used for the predictions. Taking the foot as t e unit, the following 
scnle ratios are obtained: 

% 
---- 

- - -  - - - -  - - -. - - --- - 
...... 'Worklng senlo 1 . .  .......................................... .;. 1 : 120 1 i RO 1 :SO 

, .. Working wnlo 2 ..................................................... 1 : BO 1 : M 1 : 80 
Working scnlo 4 ..................................................... 1 : 30 1 : ?O 1 : 15 

. . ...................... ............................ 1 r k i n g m 1 0 1 0  1 1 2  1 1 : s  1 1:. 

Pons.-The curve-line pen (1.9; fii. 12) and the datum-lino 

i pal (14) are cach of the ordinary fountain t pe. Each is fitted wit 1 a 
nietal lo& joint, so that it may be quick y removed and re laced in 
the same position, and is pressed against the paper by a Piglit coil 
spring when in use. Tile curvo-lip en is mounted in a swivel arm 
on 8 llght carriago ~vl~icl~slidcs ver t ic~ f ly along two rods. Tho datum- 
line pon is mounted in a swival nrm that may be adjusted so that the 
mean sou-level line will be traced 11lidway between tho upper and 
lowcr odges of tlie paper. 
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Hour-marking dewice.-The arm for the datum-line pen is secured 
to the outer end of a shaft which carries two armatures, onc for the 
upper and the other for the lower of two electrolnt~gnets (17, fig. 17). 
A spring keeps the armatures a t  equal distances from their 
electromagnets. The up er eloctrornagnet is desi ed for P T the hours on the datum ine and is in a circuit t a t  is opened an 

R I closed by a latinum-tip ed contact s ring resting upon the edge 
of an ivor Xisk in whic are embedde , equally spaced, 24 nnrrow 
stri s of p atinum (32, fig. 16). The ivory disk is mounted on the P i 
sha t of the hour pointer, and as this rotates the platinum strips 
successively make an electric contact that throws the datum-line 

en downward for an instant, making a corresponding jog in the datum 
Ene, the d o w n w d  stroke of tho en indicating the exact hour. 

P P An extra strip of platinum laced c ose to the one re resenting the P midnight hour causes a doub e jog for tho beginning o each day, the 
downward stroke of the second jog indicating the zero hour. 

High and low water marking devzce.-The lower electromagnet is in 
a circuit that is closed when the platinum index on the tlme chain 
(11, fig. 12) is in contact with the fured platinum index (12) ; that is 
to say, at  the times of high and low waters. When this contact is 
made, tho electromagnet attracts the arqature, which throws the 
datum-line pen u ward, causing a corresponding upward og in the 

low water. 
R I! datum line, and t us automatically mark~ng the time of t e high or 

A small switch (21, fig. 15) just above the Etlnd-cmnlc shaft permits 

other time when there 
havo taken place. The 

equal distances on both sides of its zero position. If not, the chnin 
should be adjusted by the adjusting nut a t  its fixed end a t  the back 
part of the machine. 

Time-chain adjustment.-The adjustment of tho time chain is 
similar to that of the hei h t  chain. The zero position is indicated by 
the conjunction of a am& triangular-shaped lnder on the chain and 
a fked platinum index in the middle of the horizontal opening in the 
dial face. A small amplitude being set on one of tho componont time 
cranks and the machine operated b the hand crank, the chain index 
should oscillate equal distances on tot11 sides of the platinum point. 
If it does not, the necessary adjustment may be made at the fixod 
end of the chain. 

Hour-hand adjustment.-Thie must be so adjusted that i t  will 
register tho exact hour a t  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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Fig. 20.-DETAILS OF RELEASABLE GEARS, TIDE-PREDICTING MACHINE. 

Fig. 21.-DETAILS OF COMPONENT CRANKS, TIDE-PREDICTING MACHINE. 
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sary that thezero hour or boginning of the day shall correspond to the 
double hour mark on the marigram. This adjustment may bo accom- 
plished b movinw the hour hand on its shaft after releasing its set 
screw. zf iner  azjustment ma bo effected by changing the position 
of the contact spring back of t z e dial face. 

Minute-hand adjustment.-This is to be adjusted to read zero on 
the exact hour indicated by the hour hand and tho closing of the 
electric circuit for the hour mark. The adjustment ma be accom- 
plished either by moving the minute hand on its shaft ti iJ' tor relensin 
~ t s  set screw or by means of the releasablo gears oxi tho main vertica 7 
shaft of the dial case. The ad'ustments just described aro those which 
neod be made only occasions ! ly. Other adjustmonts are takon into 
account oach time tho machine is set for a station. 

Setting predicting mnc7~ine.-Tho time indicators on the face of tho 
machine aro first set to represent the oxact beginnine of tho period 
for which predictions we to be made, which will ususafiy be 0 hour of 
Jnnuary 1 of some ycnr. The hour and minute hands should always 
be brought into plnce by tho turnin of the opernting crnnk in order 
that the adjustment of theso han f s relative to the olectromapot 
circuit may not 1)c nffected. Tho date dial may, however, if deslrod, 
be set indepcndcntly, using the bindin nut just above the lprge dial 
rin for releasing and clamping. If a small motion of tho date 
din? is necessary, it is general1 preferable to set it by the o orating d P cmnk. The ycar index shoul be set to indicate the kind o yoar. 

In the usual operation of tho machine a ratchet prevents tho 
operating crnnk from being turned backwards, but this mtchot may 
bo relonscd when desired by reasing on a button in the side of tho 
machine just above tlle crnnc. After tho face of the machine has 
been thus sot to register tho boginning of the prodictions the three 
main vertical shafts of the two component frames should be clamped 
td revent them from turning. 50 set the height amplitudes.-All the corn onent cranks on the left 
or height side of the machino are first tu rne t  by means of the releas- 
able gears on the main vertical shafts, to a *vertical position, the 
cranks of the upper range of components potntin downward and 
those in the lower range upward, m which posit~on a! angles will read 
180". For the lon -period components the cranks can be more 
quickly brought to t 51 o vertical position by drawing out small knobs 
on the time side of the machina, thus disconnecting the gearing. 
The cranks are then turned by hand to the desired position and the 
b o b s  pushed back into place. The amplitudes may now be set 
according to thc 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 a t  the scale registers the 
amplitude setting given in Form 445, when i t  is clamped in this 
Position. If no amplitude is given for any component, the corre- 
sponding crnnk must be set at  zero. 

To set time amplitudes.-'rho process is similar to that for the 
height amplitudes, the cranks on the time side of the machine being 
first turned to a vorticnl position with all angles reading 90". The 
cranks are to be set with the same amplitudes as were used for the 
height side, tho modified scales automatically taking account of the 
true differences in the amplitudes, For the components Sa and Ssa 
the amplitudos are set on the he~ght side only. 
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To set corn onent angles.-After the arnplitudcs have been sct nnd 
checked on b 0th sides of tho machine the angles are set for the 
be ~nning of the period of predictions, these settings being aivcn 
in b orm 445. The angles may be set from either side of the mtlalinc, 
except for components Sa and Ssn for urhich thore are no dinls on 
the time side, as the readings are the same for both sides. As each 
component angle is set its releasable gear is clamped to the main 
rert~cal shaft. After all the anglcs have bcen thus set the three 
main vertictzl shnfts must be unclamped to permit them to turn. 

C1linn~/in!j hai!y?~t *scale.-There are three interchnngenble lieialit 
scales, known as the 40-foot, the 20-foot, and the 10-foot scale. ?he 
40-foot ring mny also bc convcnicntly used as a 4-foot scalc. The 
scale to be used for any station is intlicnted in Form 445. In renlov- 
in@ a scale from the machine a small button at the top is turnetl to 
rereasc the ring, which is then lifted slight1 ns it is I,L' b i .in 7 renloved. 
The desired scale is then placed on the mac line and secured in place 
by a button. Before removing or replacing the height scale it is 
desirable that the height pointer be set a proximately 45' to the 
left of its zero position in order to interfere east with the removal or 
replacement of the scale. 

P 
The datum or plane of reference.--The hand-operatin crank should 1 be turned forward or backward until the index of t o summation 

wheel on the height side of tho machine indicates mean sea level. 
I t  must be kept in mind, however, that as the index lines may come 
in conjunction at each comploto rotation of the summation wheel 
there is a ossibility of being misled in regtp-d to the menn sea-level 

osition. bhen  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 corre- 
s onds most close1 with the average of such height readings will bc 
t lo  f one that apples F to tho true zero position. Each coniplctc 
turn of the height summation wheel will cause a cllnngc to the height 
reading of 12 units, 6 units, or 3 units, respectively, accorcling to 
whether the 40-unit, 20-unit, or 10-unit dial is used. 

The height hand, which can be released by the millod nut on the 
f ~ c e  O F  the machine, ma now be set to the scale reading that cor- 
responds to the height o 9 mean sea level above thc datum which has 
been adopted for the predictions, this value bein given in Form 445. 

The marigram gear.-Thore are threo gear corn f inntions, designated 
as the 1 : 1, 3 :2, lind 2: 1 ratios. The gear ratio to be used for any 
station is Indicated in Form 445. When it is necessary to chlmge 
the gear ratio, the machine should bc first turned to its rnctln sen- 
level position. The chango is then effected b sliding the lower set 
of gears horizontally, being careful to hold t i e  upper set with ono 
hand to prerent it from turning when the gears arc released. Before 
engaging the Dears in their new ratios tho counterpoiso for the pcn 
carriage shourd be brought to a position ~pproxirnutely midwny 
between the limits of its range of motion. Tho 1 : 1 ratio IS obtnined 
by sliding tho 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 theso gears toward tho time side until the outer gears are 
en aged, pnd the 2: 1 ratio by engaging the middle gear of each set, 

fn  setting up the ,machine for successive stntions there is a me- 
chanical a vantage rn making the necessary gear changes boforo 
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setting the new amplitudes if the gear changes nre in the ordor of 
2:  1, 3: 2, 1 : 1, and after setting the nmplitudes if tho goar changes 
are in the reverse order. This precaution will lesson the clittnces of 
jambing tho curve pen curia o and throwing the height chain OH its P pulleys when setting the amp itudes. 

Inserting pa er roll.-To place the paper on the machine, remove 
the mandril t fa t  is mounted within the dial case near the upper 
r ht-hand corner and slip the roll of pnper over tho mnndril, the 
ro % being so laced that tho winding is clock\vise when viewed 
from above an ci' when on the machine the pnper unwinds from the 
outer sido of the roll. In placing the roll on the mi~ndril cnre should 
be taken to see that the small projection on the bnse of the, latter 
enters the cavity in the wooden core, so thnt the roll will fit flat 
against the bmc. After tho mandril with the roll of paper has been 
returned to tho machine and secured in place the end of the paper 
1s 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 

Curve pen adjustment.-With the machine in its mean sea-level 
position, the curve pen must be adjusted to bring the pen point on 
the monn sea-level line as drawn by the base-line pen. This adjust- 
ment may bo oflected by releasing the pen carria e from the oper- 
atin cham and moving it to the desired position, w era it is clamped 
lh &ce by the binding screw. 

5 
ferijication of macl~tne settings.-Each step in the adjustment and 

settin of the tnnchine should be carefully checked before proceeding 
With t 5 o next step. After the settin of the machine for any station % has been completed an excellent chec on the work is afforded, if the 

redictions for the same station for the preceding year are available, b turning the machine backward several days and then comparing 
the predicted tides with those previously obtained. 

Predicting.-The datum and curve fountain pens are filled and put 
in place, the electric cut-out switch under the bnse of the machine 
closed, and tho ratchet of the operating crank sot to prevent .the 
Inachino from being turned bacliward. 

If the predicted height of the tide for any given time is desired, 
the machlne may be turned forward until the required time is regis- 
tered on the time dials and the corresponding height read off of the 
hei ht dial. 6 the predicted high and low waters for the ear aro desired, the 
Operatin crank is turned forward un ti1 the rnnciine is automatically 
atop edgby the brake at a high or low water. To avoid the strain B O n  t e machine duo to suddon stops, the operator ehould watch the 
?mall index on the time chain, and RS tlhis ap roaches the fixed index 

S P ln the center of the o ening on the face o the machine, turn the 
crank more slowly unti the machine is stopped as the indexes come 
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in contact with each other. The time and hei ht ma then be read 
directly from the dials on the face of the macfine. $he movemont 
of the height pointer before the sto ping of the machine and also 
the tide curve will clearly indicate w ! ether 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 rocess being repeated until all the 
tides of the year have been pre&cted and recorded. 

35. TIDAL OURRENTS. 

Tidal currents are the periodic horizontal movements of the waters 
of the earth's surface. As they aro caused by the same periodic 
forces that produce the vertical rise and fall of the tide, i t  is possible 
to represent these currents by harmonic expressions similar to those 
used for the tides. Components 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 are two general types of tidal cur- 
rents, known as the reversing type and tho rotary type. 

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 three hours later and then diminishes to zero 
again, when it begins to flow in the op osite direction. By consid- 
ering the velocities as positive in one Jrection and negative in the 
opposite direction, such a current may be expressed by a single har- 
monic series, such as 

V= A cos (at +a) + B cos (at + 8) + C cos (ct + -y) + etc. (475) 

in which V= velocity of the current in the positive direction at any 
time t. 

A, B, 0, etc. =maximum velocities of current c lmponents. 
a, 6, c, etc.-speeds of components. 
a, 8, 7,  etc. =initial phases of components. 

In  the rotar type the direction of the current changes through K all points of t e compass, and the velocity, although varying in 
strength, seldom becomes zero. In the anal sis of this type of cur- i rent i t  is necessary to resolve the observed ve ocities in two directions 
a t  right angles to each dther. For convenience the north and east 
.directions are selected for this purpose, velocitios toward the south 
and west being considered as negatives of these. For the harmonic 
representation of such currents it is therefore necessary to have two 
series-one for the north and the other for the. east component. 

For the analysis of either t e of current the or1 inal hourly veloci- 7' I ties or the resolved hourly ve ocities are tabulato in the same form 
used for the hourly heights of the tide. To avoid the Inconvenience 
of ne ative readings in this tabulation, a constant, such as 3 knots, 
is ad % ed 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 tho same manner as the hourly helghts 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 
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set of constants, one for the north components and the other for the 
east components. 

Although the predicting machine was designed, primarily, for the 
prediction of the tides, i t  is adapted also to the prediction of tidal 
currents. The currents involve both direction and velocity, while 
the tides involve height only. The predicting machine can not be 
used directly for the determination of direction, but i t  is used for 
the summation of component velocities in the same manner as for 
the summation of component hei hts in the prediction of tho tides. 

It is therefore directly applicnb k e for the reversing type of current, 
in which only n single direction need be considered, tho velocities 

taken as positive 01. negative according to the direction in 
whic i t  is flowing. 

For the rotary type of current dl velocities mieht be resolved into 
two directions I L ~  right angles to each other, su& as the north and 
east, and velocity predictions made for each of these directions inde- 
pendently. The labor, however, of rocombinin the north and east 
components into the resultant velocities woulcf bo practically pro- 
hibitive without a machine especially designed for this purpose. 

For the predictions of the reversing current two methods are 
employed. The first is of ganeral application and requires that the 
harmonic constants of the current components be obtained from an 
analysis of the current velocities. The machine settings are then 
computed in the same manner as for the prediction of the tides 
and using the same forms with slight modifications in the headings, 
the amplitudes being ex ressod in knots instead of feet. The approxi- 
mate .extreme range w if 1 be taken as twice the maximum current in 
one direction. The height dial unit will be taken as the knot instead 
of the foot, and zero velocity will be taken to correspond to mean 
sea level. 

If the machine is not%. set up and operated in the same manner as 
for tho prediction of tides, the current velocities ma{ be read directly 
from the face of the machine for any desired time, t e positive values 
being for the velocities in the direction originally ado ted as positive, 
preferably the flood current, and the negative values f or tho velocities 
in theoppositedirection. Tl~emachinowillbeautomaticallysto ped P a t  each maximum flood and ebb current, and slack water wi 1 be 
indicated by the zero osition of the recording hand. Tho velocity 
of the current for any 1 esired time and the times of maximum velocl- 
ties and of slack wnter may be also obtained from tho predictadcurve. 

A second method of l?redicting the reversing current, which is 
more indirect than that ust described, is applicable to a hydraulic 
current in a strait. Suc i a current is caused by the difl'erence in 
the head of the tidal wntors a t  the two ends of tho strait. Excoi't for the la due to the inertia or momentum of the water, slack wou d 
occur a t  $0 time the water is a t  the same level a t  both ends and the 
maximum velocities at the times of greatest difference in the head. 
For this method of predicting it is necessary that  tidal harmonlc 
constants should be available for both ends of the strnit. 

Let these ends bc designated by M nnd N ,  and lot tho single sub- 
script refer to the tidal corlstnnts a t  M and the double subscript to 
those a t  N, and for convcriience call the direction of flow from ilf to 
N as flood or positive and the reverse direction as ebb or negntive. 

72034--24i-10 
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Excepting for the lag, therefore, the flow will be positive whenlethe 
elevation of the water at ill is higher than at N and negative when 
the water s t  N is the higher. 

Let 
A,= amplitude of any component A for station M. 
H,,= amplitude of same component A for station N. 

K ,  = epoch of same component A for station M. 
K,, = epoch of same component A for station N. 
L, =longitude of station M (positive if west, negative if east). 
L,, = longitude of station N (positive if west, negative if east). 

p = subscri t of component A. 
( Vo +u),=loca 'I' V o + u  for component A at station M. 
( Vo + u),, = local Vo + u for component A at station N. 

Then (V0++),,= (Vo+u),+y (L,-L,,) (476) 

The e uations of the hei hts of the tide due to component A a t  
stations% and N, respective 9 y, may bo written 

y, = fH,  cos [at + ( Vo + 4, - K,I 
- fH,  cos [at + (Vo+u),] cos K,+ fH,  sin [at f ( Vo+u),l sin KI (477) 

yI, = fH,, cos [at + ( Vo + +U) ,, - ~,,1 
= f n ,  cos [at + ( vo + u) , + p (LI - L,,) - ~ / / 1  

f a I I  cos [at + ( Vo + u) /] cos [ K / /  - p (L /  - L//) I 
+ fH,, sin [at + ( Vo - U )  ,I sin [K,I - p(Lt - LII)] (478) 

The difference in the ]lei ht due to component A, positive when the 
tide nt M is the higher anfnegntive when the tide at N is tho higher, 
may now be written 

H, sin x, - A,, sin 6,, - p(L, - Ln)l] 
(478) + ( V0 + u ) ~  - tan-' &, cos K ,  - H,, cos [K,, - p(L, - L,)] 

If we let 
H = -@; + - 2R, H// COB [K/  - K N  + P (L/ -L/I) I (480) 

and 
H, sin K ,  - H,, sin [K,, - p (L ,  - L,,) I = tan-' .- 
H, cos K ,  - HI, cos [KN - p (LI  - L/ / )  I (481) 

and substitute in (479), we have 

y=fH cos [at+ ( V o - u ) / - ~ l  (482) 

In (481) the quadrant of K is determined b y  the signs of the numer- 
ator and denominator, which correspond, respectively, to the signs 
of the sine and cosine of the angle. 
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Similar formulas will represent the height difference due to the 
other components, and the sum of d l  will give the resulting difference 
in tho head of water a t  stntion M and station N. 

This sum for successive values of t is readily obtained by use of 
the tide-predictin machine, which will givo the  times of the maximum 
and minlmum nnc "1 zero differences nnd also tho difference in the head 
of the water for any desired time. 

I n  general, the current will flow from M to N when tho value of y 
is positive and in the reverse direction when y is ne ative, but on 
account of the inertia of the water there will be n lag w % ich will cause 
the maximum strength of flood and obb to occur somo minutes after 
the time of reatest head, and also the slack water to be some time 
later than t f e time of zero difference in head. The m o u n t  of this 
la may be determined from actual observations. 

Pin the prediction of the slack waters b tho use of-the predictin i T machine the necessity of taking account o the lag for each individua 
slack is avoided by modifying once for all the opochs determined from 
Formula (481). 

Let 2, =lag or average difference between time of zero difference in 
head and time of following slack water, and let 

t t = t + t 0  or t=t t - to  (483) 

Then, when t represents tho time of zero head, t' will represent the  
time of the corresponding slack water. 

Substituting in (482) we have 

y=fH cos [at'+ (VO+U),- ( K +  d o ) ]  (484) 
in which t' will re resent the time of slack water when y equals zero. R To ada t the a ovo to the use of the Greenwich (I7,, + u),  wo have 
from (467' 

(Vo+u),=Greenwich (Vo+u) +a $115-pL, (485) 

Substituting in (484) and letting 

K ' = K + ~ , , - a  8 /15+pL,=~+pL, -a  (S/15-1,) (486) 
We have 

y = f B cos [at' + Greenwich ( Vo + u) - K'] (487) 
I n  formulas (481) to (486) i t  will be noted that  the K has for con- 

venience been taken as referring to the longitude of station M and 
the corresponding values for the local ( Vo +u) and L are therefore 
Used. The S refers to the meridian of the standard time used in the 
calculation. 

The K' is adapted to tho meridian of Greenwich and also takes 
account of the lag in the current. 

The elements such as represented by formula (487) may bo readily 
SUmmed by the tide-predicting machine. While the resulting differ- 
ences in head will refer to time t, the face of the machino will Indicate 
tlme t ' ,  and when tho difference in head registers zero, t' will indicate 
the time of the corresponding slack wator. 

Formula (487) ]nay also be used for the prodiction of the strength 
of the curront, but  if the lag in the strength differs from the lag in the 
slack waters R so of x's must be computed. The strength of 
flood current wjl to the maximum positive differences in 
the head and the to the greatest negative differences. 



142 U. S. COAST AND GEODETIC SURVEY. 

36. FORBIS USED FOR ANALYSIS AND PREDICTIOSS. 

The forms used by the U. S. Coast and Geodetic Surrey to facilitate 
the work of the harmonic analysis and redictions of the tides, 
together with an example of their use, are s E own in Figures 22 to 34. 
A series of tidal observations a t  Morro, Calif., for Fohruary 13 to 
July  25. 1919, is taken as the example to illustrate the analysis and 
the computation of the settings for the predicting machine. 

Form 562, hourly heights (fig. 22).--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. 1 ractical convenience i t  is desirable that the 
datum he low enoug to avoid negative tabulations, hut not so leu. 
as to cnuse the readings to be inconvenientlv large for sumlnin . 7 The hours refer to mean solar time, which mny he cithcr loca or 
standard, astrononlical or civil, but standard civil time will gencral1)- 
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 intorpolated values in order that each hour of the 
series mny be represented by a tabulated height. I t  is the general 
practice to use red ink for the interpolated values to distinguish 
them from the observed heiehts. The record for successive (lays of 
the series must 'be enterod In successive coluillils of the forin, and 
these columns are to he numbered consecutively, heginning with one 
(1) for the first day of the series. 

The series analyzed should he one of the following lengths: 15 (14 
days for diurnal components), 29, 58, 87, 105, 134, 163, 102, 2 2 ,  250, 
279, 297, 326, 355, or 369 days. Series of observalions very nemly 
e ual to one of these standard len ths may he completed bj- the usc 
o ? extrapolated hourly heights. fi the obscrrations cover n period 
of sevcral years, the analysls for each year may be made separately, a 
com arison of the results affording nn excellent chock on tllc work. 

T R e hourly heights on euch age of Form 362 are first summed 
horizontally and vertically. ~ [ e  total of the verticnl sunls must 
equal the total of the horizontal sums, and this page sun1 is entered in 
the lower ri ht-hand corner of the age. 

Sfe,~&ls ( k ~ g s .  23 and 24).-7'he Erst stigure is j~ copy of the eom- 
ponent ill stencil for the even hours of the first seven c lap of the 
series, and the latter illustrates the use of the same. This stencil 
bein laid over the page of hourly heights shown in Figure 22, the 
heig%ts applfn% to each of the even eom ooent hours for this page 
show throu t e openings i ~ i  the stencil: where t lxy  allpear con- 
nected by ( f iagonal lines, thus indicating each grou to he summed. 

For each corn Ionent summation, exceptin for !, tliere are pro- I f R vided two stenci s for each pa e of tabulated ourly Iieights, one for 
tho even component hours an the other for the odcl component hours. 
The stencils are numberetl with tlle 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 uritll which i t  is used. 

For component S no stencils are neccssnrg, as tllc coln onont liours 

P r corres ond to the solar hours of the tabulntions, and t le horizontal 
sums rom Form 362 may 1>e ttlken directly as the coniy>oileilt hour 
sums. 
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Form 142, stencil s u m  (figs. 25 and 26).-The sums for each com- 
onent hour are entered in Eorm 142, one line of the form being used 

for each page of the original tabulations. Tho total of tho hour sums 
in each line of thp form must equal the corresponding pagc sum of 

the hourly heights in Form 362, this serving as a check on tho sum- 
mation. Aftor the summing of dl the n es of the series has been 
completed for any component the tota f f  s or euch component hour 
are obtained, the divisors from Table 32 entered, and the component 
hourly means computed (fig. 26). Thesa means should be c~re fu l ly  
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checked before proceding with the analysis. Large errorv can usually 
be detected by plotting the means. 

Form 5'44, computatzon of ( Vo + u) (fig. 27) .-This form provides for 
the computation. of the equilibrium arguments for the heginning of 

Barnmid by h l n  

Fro. 23. 

the series of observations, the computation being in accordance with 
formulas given in Table 3. For tho most part the form is self- 
explanatory. The values of the mean longitude of the moon (s), of 
the lunar eri ee ( ), of the sun (h ) ,  of the solar origee ( ,), and of P g  p the moon s ascendlog node ( N ) ,  may be obtaines from d b l e  4 for 
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the beginning of any year betwoon 1800 and 2000. Tho values for 
any year beyond these limits ma bo readily obtained by takin into X g account tho rate of change in t ose eloments as given in Ta le 2. 
The corrections necessary in order to refer the elements to any desired 

II D w ~ m u E l " o ~ T o ~ ~ m c n  oYmm TIDES: HOURLY HEIGHTS II 

Fro. 24. 

month, day, and hour are given in Table 5. As the tables rofer to 
Greenwich moan civil time, the argument used in entering them 
should rofer also to this kind of timo, and in the linos for the beginning 
and middle of the series at  the head of the form spaco is therefore 
provided for entering the equivalent Groonwich hour. Any change 
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in the day may bc avoided by using n negative Greenwich hour when 
necessary. For example, 1922, Janunrj- 1, 0 how, in the standard 
time of the meridian 15' east of Greenw~ich, mnv be written as 1922, 
Jnnuary 1, - 1 hour in Greenwich time, illstead of 192 1, December 31, 
2.7 hour, ns would otherwise be neccssny. If ti negr~tive nrgument 

Po- 1.. 
O w m w r n  OF CQII~~C. . ..Un"."..n*.rnnr mES; smaL SUMS. 
Bution: ...-1lo~~D~.J)nll%.VXAh -----.-.---.....--..- L.t.:-.ab0..~!>. 

Componmr: . a ! . . . ~ h  of wria:..lM-. ~rio.b&:,191?.:1!@b.e~~,9 -:~&JLI.V. 
Pu. Y.. m Dr b. 

Kind of time naed: 1 2 0 ? . . ~ ~  Comp~ted by ~ . L . ~ o * . 1 1 . . . ~ ~ ~ 9 ~ . l S 2 L  
11411 -. - - . - - . . - . - - . 

1 24.3 20.6 17.9 16.9 21.0 28.0 88.0 31.9 S9.2 S4.8 31.9 27.4 
2 21.8 17.6 14.4 13.6 11.2 U . 3  14.6 20.6 21.7 2S.9 24.7 24.3 
8 19.7 16.9 11.0 9.6 l2.2 17.7 28.1 24.9 27.4 2T.6 29.8 21.1 
4 26.4 18.0 17.8 17.a 22.7 22.6 26.0 W.8 W.6 41.2 SS.8 28.8 
6 21.6 P . 4  17.9 18.2 16.8 19.9 Z4.9 29.9 87.7 84.8 SS.2 E9.6 
6 20.8 16.8 16.8 12.1 l2.6 l 8 . l  21.0 f2.4 2d.6 24.8 26.0 28.1 
7 23.1 16.1 13.3 13.1 16.6 2S.7 28.6 SS.9 30.1 34.9 27.6 23.6 
8 26.6 224.0 21.4 21.6 20.8 23.6 27.2 29.7 43.6 36.4 S2.6 27.6 
9 20.9 18.6 18.2 12.1 11.3 13.8 18.1 26.8 26.8 28.6 M.0 29.6 

10 16.9 13.2 10.2 8.7 11.8 16.6 18.3 21.6 24.4 ea.5 28.7 u.s 
11 18.6 16.0 U.5  16.7 17+2 23.e 29.6 41.1 86.7 84.4 27.8 24.0 
12 2b.6 26.6. 20.4 90.7 21.0 24.6 32.1 81.7 82.7. 36rS 31.6 26.6 
13 25.7 17.3 18.2 10.0 11.9 12.6 16.2 20.3 24.3 a0.2 30.3 01.4 
14 16.7 12.6 8.1 8.7 9.5 i4.a 19.0 21.4 30.2 27.4 27.8 26.8 
16 19.0 16.1 16.3 15.7 20.1 26.6 37.7 37.7 40.2 39.3 36.6 29.6 
16 29.6 22.8 21.6 22.8 26.7 31.7 31.9 '24.9 36.8 38.1 28.8 27.3 
17 22.9 18.6 14.5 11.1 10.6 12.3 15.8 19.0 26.4 24.6 24.9 2S.6 

is used in Table 5 ,  the correspondin tnbulnr value must be taken 

gral hour 1s sufficient. 
f with its sign reversed. For the midd e of the se~ics  the nearest inte- 

The values of I, v, t ,  v', and 2v1' aro obtaincd for the middle of the 
series from Table 6, using N as the argument. If N is betweon 180 
and 360°, each of the last four uant~ties will be ne ative, but I is 4 9 always positive. Although Tab e (i is computed or the epoch, 
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January 1, 1900;it is applicable without nlaterial error for any series 
of observations. 

The values of u of L2 nnd u of &I, lnny be obtaincd fl-om Table 13 
' for any date between 1900 and 2000, inclusive, using the vduo of N 

mlp 1.1 
O"A"YM.*T 0. COII'IC. 

.a  wurm."a.mss.ncv TIDES: STENQ S W .  

Klnd of 1-7 time usod~ -J&l?#. Oompuied by . A s . 4 . . 4 ~ . l . J Q Q . & r U L  - P 

h . r O I D a 7 ~ O 1 0 1 1  

81 86.9 18.1 14.8 l4.6 10.6 11.1 17.3 23.8 28.1 24.4 w.1 22.6 
a 16.8 14.8 7.7 5.7 6.8 11.1 19.6 os.2 26.6 27.6 80.8 w.9 
23 17.8 16.7 16.1 20.1 91.6 80.7 33.8 87.8 89.0 42.8 88.9 Z8.4 

F I G .  20. 

for interpolation. If the sories falls beyontl t,he lunits of this table, 
the folfowing formulns may be used: 

u of L,=2E-2v-R (p. 48) (488) 

Tho values of nnd v ma be taken from Form 244, the vaiuos of 
R and Q from Tables 8 andr 10, respectively, using the arguments I 
and P for the middle of the series. 
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In finding the difference between the longitude of the time meri- 
.dian (5') and the longitude of the place (L) consider west longitude 
as ositive and east longitude as negative. 

f n  the ordinary use of Form 244 it is assumed that civil time has 
been used in the tabulations of the observations. If, however, the 

ori inal hourly heights as tabulated in Bos~n 362 are in accordance 
wit ph astronomical time in which tho 0 hour represents the noon of 
the correspondin civil da and the 12th hour the following midni ht, 
Form 244 will st1 7 1 be app i icable if the longitude of the time rnerifinn 
(8) is taken oquul to the civil time meridian plus 180". For example, 

6Mion 
I. -r L b,. ?-*. 

8v'nniw o/r..iu..19.19 ...... Paha .-... U ........ Q ......... . !  8 . .? dwriv -d- T* *. 12o~Qob'- -8 *. r. 1. *. t Q I . r u * .  
MiMk o/- ..... 1919 ...... %.X ......- 3 ---. 12 ........ (....% .... ...! 
Cornpule dl v d u a  u, 1.0 d d m i  p k .  Tabla In Eumcaie A M I W  and Pndlrtba of the Tldr. 

For tho bqinn1c.l o l d a .  Yor the middle 01 ma. 
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1 -mbav--Ti&:im+u~. . rau.. w WIL oeunh ra MI&. 

v.+. - ........ ?1.9,.07. v.+.- ........ &9.6:..M.. 



HARMONIC AKALYSIS AND PREDICTION OF TIDES. 149 

if tabulations have been made in astronomical time for a locality 
whore the civil time is based upon the meridian 15' E., the value for 
S should be taken as - 15 -1- 180, or 165'. If tabulations have been 
in Greenwich astronomical time, S should be taken as 180'. 

Form 2&a, log F and arguments for elimination vg. 28).-Items 
(1) to (11) aro compiled here for convenience of reference for this and 
Form 452. Items (1) to ( G )  arc obtained from values iven in Form 
244. Item (7) is obtained from Table 7, usin items 2) and (3) as If 7 
arguments, tlnd item (8) is obtained from Tab e 9, using item (3) as 

Form 244s 
TIDPS: lo& F and & p a n t *  for E l h l ~ t i O n .  

Statinn Iborflo. C a u r n l r .  
Yr. m. d. 5. 

Length of aerier 166 dwm. Sarlre beglnr 1919. ' Rb. 13. 0 

- 
: Coaoonent : Lot 3. : Cotnponont : Log P. : Compnant : Log F. : 

(1) - 19 * itm (6) fra Fom 244 - M?lZ 
( 2 )  - I - itam (7) frm Porn 244 - p.78 
(3) - P - i t & ( i Z )  frcm nm.244 - 63.03 
(7) - log 8, from T151r 7 - 9.9657 
(a).- frm ?&la 9 - Q8.M92 

b(9) - bturd m b e r ' f r a n  106 ?&) - 1.038 
(10) - Log i(Ka) 13 - 38 Lo(&) 9.128 
(lt) yatwd ->or *(ref from (10) - 0 . m  

Flo. 28. 

argument. Items (9) to (1l)are obtained nfter the rest of the form 
has been filled out. 

The log F f o r  cnch of tho listed components, oxce t L and Ml and 
those for which the lo arithnl is given as zero, may%e obtained from 
Table 12, using item 72) as the argument. For components L2 and 
Ml 

Log F(L,) =log F(M,) + item (7) (490) 

Log F(MJ =log F(Ol) -titem (8) (49 1) 

If tho tidal scrics analyzed was obscrvcd betwoon. the years 1900 
and  2000, the log F(L2) and log F(Ml) may be taken directly from 
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Table 13, using the year of observations, together with item (I) ,  as 
argument. 

Form 194, 7~ar~noi~ic  unu1ysi.s ( j i g .  29).-This form is bnsed, pri- 
marily, upon formulas (316), (317), (324), nnd (325) and is designed 
for the computations of the first npproxinlate vnlues of the cpoclls 
( K )  and tho nmplitudcs (If) of the harmonic constunts. 

h l ~  UI  
O"..."UI 0.5011.r. 

TIDES: HARMONIC ANALYSIS. 
W) "I 8Y.I.n 8."" 

a* Yam, Q+.?&E!3& .ratmr. JB:.i?Z!ZLII..- I.% .:.. Q&!.b'....u.... .. .. . . .  
......... ....... ...-.... ........ Cm- .- l... 8dub+^19.)9 ...... 2.3.b. 1.3 Q... L m p l  dunin.... ?;SFF ..... %bnr Me ..... 120.: E 

Provisions are made for obtaining the diurnal, somidurnnl, terdi- 
urnal, qunrter-diurnal, sixth-diurnal and eighth-diurnnl conlponents, 
but only such items need be computed as are necessary for the par- 
ticular components sought. 

For the principnl lunar series M,, M,, M,, M,, M,, and M,, corn- 
pute all items of the form. 

For the principal solar series S,, S,, S,, and S,, items (14), (lG), 
(33), (35), and (37) may be omitted. 
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For thc lunnl solar components K, and K,, items (14), (16)) and 
(33) to (37) may be omitted. 

For the diurnal components J,?O,, 00, P,,Q,, ZQ, and p,,items ( 5 ) ,  
( 6 ) ,  and (14) to (34)  nay bo omttcd. 

For the scmidurnnl components L,, N2, 2N, R,, T,, X,, p,, v,,  and 
2SM, items (3)) ( 4 ,  (8) to (10) and (23) to (37) ma bo omitted. 

W r  tordiurnal components ~k and ZMB, itenis (5)) 6)  , (9) , (I 2) , and 
(18) to (37) ma  be omitted. 

For quarter- i iurnnl components MN and MS, items (3), (4, (8) 
to ( 2 5 ) ,  nnd (35) to (37) mny bo omitted. 

I11 tho bottom ortion of the form the symbol of the component is 
to be entered a t  t%e haad of the column or columns indicated by the 
subscript corresponding to the number of componcnt periods in a 
conlponcnt day, the remaining columns being left blank. 

Tllc honrly ineans from Form 142 (ii 26) aro entorcd ns items (1) 
and (2) in regular ordor, beginning n i t  f tho mean for 0 hour. Item 
(4) consists of the lust five values of itcm (3) arranged in reverse 
order. Item (6) consists of the last six values of item (5) in their 
ori ~ n n l  ordor. For the computations of this form tho following 
tab i cs will be found convenient: Table 19 of this publication for 
nnturnl products, Vega's Lo arithmic Tables for logarithms of linear 
qanntities, and Bremiker's $unfstelli e Lognrithmen for lo nrithnls 

5-l 
mcnts nrc given in degrees and decimals. 

f of thc trigonometricnl functions. I n  t o last table the nngu nr nrgu- 

I n  choosing between items (44) and (45) the formor should bd used 
if the ttlbular value of (41) in the first quadrant is grenter than 45' 
rind the latter if this an le is less thnn 45'. 

I n  referring (41) to t fi e proper quadrant i t  must be kept in mind 
that thc signs of the natural numbers corresponding to  (38) and (39) 
nrc respectively the Signs of the sine and cosine of the required 
angles. Thcrefore (41) will be in the first quadrant if both s and c 
are positive, in the second qundrant if s is positive and c negatirc, in 
tho t11i1.d undrant if both s and c are nogntivo, nnd in tho fourth 
quadl-tint i 'I s is ne utivc and c ositivc. 

In  ohtnining ( 4 8  use (40) 4- k 7 )  for all eom onents exco t S, and 
(46) 4- (48) for component S. The log factor $for itom (507 may he 
obtained from Form 344a. 

Form 194 is designed for use when 24 corn onent hourly means P have bcen obtained and all tho original hour y heights have been 
used in tho summntion. If in the summation for a component onch 
component hour of the observation period received one and only qne 
of tlle hourly heights, i t  will be necessary to take tho log-augmentin 
factor from Table 20 and add this to the sum of items (46) and (48 
to obtnin itom (49), 

B 
This form is also 

Assuming that the 
the short-period 
that these means groups to cover the 
component period, the 24 group means may then be entered, in 
Form 194 in place of the 24 hourly means used for tho short-period 
corn onents. Then, treating the cornpononts Mm and Sa the same 
as t g e diurnal tidw and the corn onents Mf, Msf, and Ssa as the 
somidi~unnl tides, the form may ! e followed oxco t that the log- 
au menting factor must be taken from Table 20 an thon combined 5 B 
wit items (46) and (48) to obtain item (49), striking out item (47). 
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To obtaip Sa and Ssa from the monthly means of sea level, or  
tide level, determined from the first 29 days of each calendar month, 
the following process ma be used: gnter the monthly means 

beginn$ 
with that for Y anuary in alternate spaces rovided for 

the hour y means on the front of Form 104, placing t R e vnlue for 
January in the space for tho 0 hour. For convenience consider all 
the intermediate blank spaces as bein filled with zero values and 
make the computations indicated b 6) to (12) nnd (18) to (21). 
Correct the coefficients of s, and c, ? rom 12 to 6, at  top and foot of 
columns (9), (12), (19), and (21). In  bottom of form enter Sa in 
column having subscript 2 and Ssa in column with subscript 4 in 
order to obtain corr~ct  augmenting factors and strike out numerals 
indicating subscripts. For (38) and (39) take the logarithm of twice 
the values of 6s and 6c as  obtained above. The {'s as obtained from 
(40) must have the following corrections applied in order to refer 
them to 0 hour of the first day of January--common years, Sa 
correction= - 13.3g0, Ssa correction= -26.76"; leap years, Sa cor- 
rection= - 14.20°, Ssa correction = - 28.40'. For convenience in 
recordin the results it is suggested that the C as directly obtained 
from (405 be entered (in its proper quadrant) in the space just ,below 
the logarithm from which i t  is obtamed, and @at the { corrected to 
the first day of January be entered in the same line in tho vacant 
column just to the ri ht. The V+U, computed to the first day of 
Januar may then % e entered immediately under the corrected 
l's and'the x' of (43) readily obtained. For (49) the combination 
(46) + (47) will bo used 
Form 462, R, K ,  and { from analysis and inference (figs. 30 and 3 1) - 

This form provides for certain computations preliminary to the 
regular elimination process. The constants for components K, and 
S, as obtained directly from Form 194 may be im roved by the 
application of corrections from Tables 21 to 26; an ! constants for 
some of the smaller com onents, which have been poorly determined 
or not determined a t  a1 ? by the analysis, may be obtained b infer- 
ence. If the series of observations is very short, the inferrelvalues 
for the constants of some of the components may be better than 
the uneliminated values from Form 194. 

Form 452 is based upon section 29. I t  is designed to take account 
of the diurnal component on one side (fi 30) and the semidiurnal 
components on the other side (fig. 31). h e  amplitudes and epochs 
indicated by the accent (') are to be taken from Form 194 and the 

uantities indicated by the asterisk (*) from Form 244 or 244a. If 
%e seriep is less than 355 days, values for S, and 2SM may be 
omitted. 

For all short series tho values in columns (4) and (8) are to be 
computed in accordance with the equivalents and factors in columns 
(3) and (7), respectively. If the series is 192 da s or more in length, T the K of MI, PI, and K, for column (4), and the og R of M,, PI, and 
I(, for column (8) may be taken directly from Form 194, and if the 
series ie 365 days or more in length the K and log R of all the com- 

onents for which anal ses have been made may be taken directly 
from the same form. h e n  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. 

The tabular values of items (12) and (13) for the diurnal com- 
ponents and items (14) to (18) for the semidiurnal components may 
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be obtained from Tables 21 to 26 or from plotted curves representing 
these tables, but for a series of 355 days or moro in lon th the accel- 

as unity. 
k erations may be takon as zero and the resultant amp ~ t u d e  factors 

ram dJl 
DDAWNW or C o w r u u  

&.(y..OIIIPI(O 

TIDES1 R, 11 AND t, FROM ANALYSIS AND INFERENCE, 

(1 dr.) .... ....... 

The K'S of K, and S; aro to be corrected by the accelerations as  
indicated before entering in column (4), and in c'om utin item 
(14) for the diurnal components and (21) for the serni&urnt$ com- 
Ponents ,the corrected K'S are to be used. If the two an los in item 
(14) for the diurnal corn onents, or in itoms (20) or 81) for the 
semidiurnal components, Qifir by moro than 180°, the smaller angle 
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should be increased by 360" bofore 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 K, and S2 are to be used in inferring other components depend- 
ing upon these. 

mz- w 
O U A l T U U I  W C O Y M U S S  

PL-U-Ynn 

TIDES1 R, I ,  AND f, FROM ANALYSIS AND INFERENCE, 
W o n  ....U~.?E~~A..C.&~~?.!?G.? ........E19...............E19........ ... ...E19.E19E19.E19E19E19E19E19..------ 

hWb of Mr la ................. .. &yo. 8 d a  bqin, . . . I . Q ~ ~ . L . . P + P ! ~ . . ~ ~ ~ . . - -  ----.-.-.-- 
SEMIDIURNAL COMPONCNTB. 

8 

D.U 

~ . . ? r A s M P a r t r X ~ b . ~ ~ , ~ ~ l  

m- by ~ P ~ ~ . P a l L 2 3 , l Q a l  
FIG. 31. 

Form 645, elimindion of component (fig. 32).-This form is 
based upon formulas (409) and side of the form is 
designed for the elimination of the effects of the diurnal components 
upon each other and the other side for use with the somidiurnal 
components, the two sides being similar except for the listing of the 
components. 
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The s bol A represents the corn onent to be cleared, and the 
E s  the general designation &r the disturbing components. 

%$!nbol ap lymg to com onont A is to be crossed out in column 
(1) and entere i m column 6). The values for items (9) and (19) 
are to be taken from columns (1) and (2) of Form 452. 

The " table" in the headings of columns (2), (3), and (4) refers to 
Table 29 in this publication. For calumn (2) it will be found con- 
venient to copy the logarithms of the R's of B from column (8) of 

, 
P H R Y D I I o . O D Y I I I Q  

(DIIUIPIC)ICII 

TIDES : ELIMINATION OF COMPONENT EFFECTS 

Borm 452 on a horizontal stri of paper spaced the same as Table 29. 
Applying this strip successive P y to the up er line of the tabular values 
for each component the lo arithms o? the rorulting products for 
column (2) muy be readily o f tained. Similarly, for column (4), the 
l"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 
corn onent and the differences obtained. 

d e  natural numbers for column (3) corresponding to the loga- 
r i t hm~  in column (2) can usually be obtained most expeditiously 

72034--24t-11 
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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 G.CiSSO, tlie natural number will bc too small to apponr in 
the' third decimal place, and the effects of tho corresponding com- 

OUA".""" 0. CO."t.L. 
b. I. u v r  us oronalc wnri 

t o m  lo. 444 TIDEE: STANDARD UARMONIC CONSTm FOR PREDJCllON 

R W R X R  ' 
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yonent ,may'be considered as nil. The  product^ foi columns (6) and (7) 
may be conveniently obtained from Table 30. 

In column (8) the rcferencca to (6)  and (7) are to the sums of 
th'ese columns. The values of log F(A) and ( Vo+ u) for column (8) 
may be obtained from Forms 244 and 244a. 



I n  tllc use of this form it will be noted that the R's and {'s refer- 
ring to component B are to bo the bost known values \vhethcr derived 
from tho analysis or by inference, but the R' and'f' of component A,  
entered ns itcms (9) and (19)) rcspcctively, must be the unmodified 
values as obtained directly by Form 194. 

Form 444, standn~rl harmonic constnuts for  predictions ( f i g .  33) .- 
This form rovides for the compilntion of the harmonic constants 
for use in t f le prediction of the tidcs and also for certain permanent 

reliminary con1 utations to adapt the constants for use with the b. S. Coost ancf Geodetic Survey tide-predicting machino No. 2. 
Tho form is used in a loose-leaf bindcr. 

TJie compoilents are listed in t n  order that (:onforms to the arrange- 
ment of the corresponding componcnt shafts and cl*nnl;s on the pre- 
dicting machine. The accepted amplitudes nnd epochs nre to bo 
given in tlie columns provided for tlic purpose. At the bottoln of the 
pnge u space is proridcd for indicc~ting tho source from is-llicli tlie con- 
stants were derived. 

Tlie column of JZemtirks pro\-itles for misccllnncous i~lfornlation 
pcbrtuining to thc predictions. This includes tho kind of time in 
wliich the redictions arc to bc given-tho approxiinate extreme 
run e of ti 9 c at the plnco for tlctermi~ling the proper scaale to be 
uses, the height dial, tho mnrigram car, tho marigmm scalc, and 
thc datum to which tho predicted hcig % ts are to be referred. 

Tho extreme rnnge may bc estimated from the predictions for a 
prcccdin year or mny be takon approximatcl as twicc the sum of 
the amp?itudes of tho harmonic constants. Are height dinl, mari- 
rrtlm gear, and mnrigrnm scnlc which arc rccommcllded for use wiih 
$iffeerent extreme ranges are given in the table bclow. 

M'orking scule, Ireighl d i d ,  itturigrum geur, arid scale. 

Extrerne range (feet). Working 1 scale. 

- _ _ _ 1 _ _ _ _ . 1 _ _  - - 
I Feet. Fect. Inchw. 

I I I :  0.50 3 0  PO 

:, 3:2 1:8 1 0.67 4.0 1.6 
1 1 1 2  , 1.00 0.0 I. 0 

Colunln (I), or oxtrmo rango, Is tho urgunlent for detorn~inlug tho worMng scale und mnrlgmn~ geor for 
ear! Ytotlon. 

Col~llnn (2) contalns tho factor to roduco tho uui Utudes of tho harmonlo constants to tho worklng scale. 
Columns 3) oxld (4) contain tho holpht dial an$ lnarigmnl g a r  t l h t  should be usod for mngw of tide 

within the limits indicnted Ln colurnn (I). 
Colun~u (8) gives tho 11ei~ht scnlo of the tide curve. 
Column (6) shows tho amount of rise or fall of tho tldo represented by onch Inch, vortlcal memure, on the 

%&%('I dves tho oxtramo range of tido that can be ropresontod on the marlgram, wphJch is 6 i n c h  
wldo, wlth the ditroront medgram scslov 

Column (8) ghows the amount ofribe ahd fall on tho marigram for earh foot of actual tlde. 
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The principal hydrogra hic datums in general use are as follows: 
Mean low water for the At 4 antic and Gulf coasts of the United States 
and Porto Rico. Mean lower low water for the Pacific coast of the 
United States, Canada, and Alaska, and the Hawaiian and Phili - 
pine Islands. Approximate low water springs for the rest of t e 
world, with a few exceptions. 

I! 

For use on the predicting machine the datum must he defined by 
its relation to the mean sea level, and this relation is usually doter- 
mined from a reduction of the high and low waters. 

Column A of Form 444 is designed for the differences by which 
the epochs of the components are adapted once for all for use with 
the unmodified Greenwich ( 17, + U )  'S of each year. These differences 
take account of the longitude of the station and also of the time 
meridian used for the predictions, and are computed by the formula 

in which 

K' - K = a d ~ p t e d  epoch - true epoch. 
p = subscript of component, which indicates number of periods 

in one component day. For tho long-period components 
Mm, Ssa, Sa, Msf, and Mf, p should be taken as zero. 

L =longitude of station in dcgrces; +if west, - if cast. 
a =  speed of component in degrees per solar hours. 
S =longitude of time meridian in degrees; +if west, - if east. 

US The  values of the products j--fi for the principal time meridians - - 
may he taken from Tuhie 35. For any time meridian not given in 
the table the products may be obtained by direct multiplication, 
taking the values for the component speeds (a) from Table 3. 

Column B is designed for the reduction of the amplitudes to the 
working scale of the machine. The scale iu unity whcn the 40-foot 
height dial is used, 2 for the 20-foot height dial, 4 for tho 10-foot 
height dial, bnd 10 for a 4-foot height dial. The working scnle 
should be entered a t  the head of the column and used as a factor 
with the amplitudes in order to obtain the valuos for this column. 

Columns C and D are designed to contain the ndapted epochs in 
ositive and negative forms which may bo used additivcly with the 

Ereenwich ( v,+u) 's. ~t will be found most conveniont to compute 
column Dl first, by applying the difference in column A to tho K in 
thc receding column and entering the result with the negative sign. 
If tKe direct s p  lication of the difference should give. a negative 
result, this must I! e subtracted from 360" beforo entering in column TI. 
The values for column C may t.llen be obtained by applying 360" 
to the negative values in column D. 

Form 446, aettings for tide-computing machine Cfig. 34) .-This form 
is designed lor the computations of the settings for the rodicting 
machine for the beginnipg of each year of predictions. $ he forms 
are bound in books, a suparato book being used for each year of 

redictions. This form is used in connection with Form 444, and 
For convenience the order of arrangement of the components is 
identical in the two forms. The name of the station, the time merid- 
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ian, tho height dial, marigram gear, marigram scalo, and datum 
plane aro copicd directly from Form 444. 

For the nmplitude scttin s thc a~nplitudos of column B of Form f 444 arc multiplied by the actors f from Tnble 14 for the ?-ear for 
which tho prudictions are t o  be made. A convenient wa)- to npply 

DCCAIRYW or C O U Y U C I  
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these factors is to pmparo a strip of paper with the salno vertical' 
spacing as tho lines on Form 444 and entor the factors f for the 
required yenr on this strip. The stri may then bo placod nlongside 
of column B of Form 444 and tho mu 7 tiplication be erformed. The 
same strip will serve for cvcry station for which pre 1 ictions are to bs 
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made for the given year. I t  has been the recent racticc to critcr 
the amplitude settin s to the nearest 0.05 foot as ic ing sufficiently F close for all practica purposes. 

For the dial sottinos for January 1, 0 hour, the Greenwich c uilib- 
rium arguments of (Po+ u)'s from Table 1.5 are to be ap lie\, ac- 
cording to the indicated sign, to the nngles of aolumn C o r  ~ j o f  Form 
444, using the angle in column D if i t  is less than the argumcnt, 
otherwise using the angle in column C. For the application of tho 
(V0+u)'s a strip similar to that u+ed for the factors f ghould be prc- 

Fwd . The same strip will scrvo for all stations for tlic given ycar. 
or thc dial settings i t  is customary to use wliolc de rees, except for 

component M,, for which the setting is carried to t o first decimal 
of a degroe. 

g, 
The scttings for February 1 nnd December 31 art: used for chcclring 

purposcs to ascertain wlictlicr therc havc 1)clen tlriy slip in r of the 
gears durin thcl operntion of thr machine. To obtain t 1 c 9 c ial sct- 
tin s for FeRruary 1, ot1, and December 31, 241, preparc strips similnr 
to t 5 ose for the j's arid ( V o + ~ ~ ) ' s .  On one enter the angular motion 
of the com oncnts from January 1, Oh to Fchrunry 1, 0'1; on a socond 
and a thir l strip, the angular motion for Fchruary 1, Otl to December 
31, 24h, for a common and leap year, re~pcctivcly. For chccking 
purposes a fourth ~ n d  fifth strip mny contain the angular churl cs 
for a complete common and a complete leap year, respoctive 7 J-. 
The values for these strips may be obtninccl from Table 30. Thcse 
stri s will be found more convenicnt if arranged with two columns 
cacl ,  one column containinn the values in a positive form and the 
other column containing tpc equivalent negatirc value which is 
obtaincd by subtracting the first from 360. These strips are 
for all years, distinction being made between the common and El()od eap 
years. By applyin the first strip to the d i d  settings for January 
1 the values for Fc 7 )ruary 1 are readily ohtainccl, and by applying 
tho second or third strip to the lnttcr srttin s those for the end of 
the car are obtained. The values obtaincd y a plying the fourth i B 
or fi th strips to the settings for January 1 should ago  give thc cormct 
setting for the end of the year, and thus serve us  a check. Thc 
angular changes for computing the settings for any day of the year 
may be obtained from Tables 18 and 17. 



PART 11.-TABLES. 
EXPLANATION OF TABLES. 

TABLE 1. Astronom~cal constants and formuks.-There are given 
in this tablo some fundamental astronormcal constants and formulas, 
which aro used in tho computation of othor tabla which follow, 
with references to the authorities from which thoy uroro obtained. 
Tho form and dogree of precision is for the most part identical with 
that of the original source. 

I t  will be noted that T is tho timo exprossod in Julian centuries 
reckoned forward froin Greenwich mean noon on Docembor 31, 
1899 (Gro orian calendar), which corrosponds to December 19, 1899, 
by tho ~uf ian  cnlondar. (Sueg. 11 for an oxplanation of thme cal- 
endars.) By tho Julian calen ar the date corresponding to an inte- 
gral value of T will alwavs bu Docember 19 of a year ending with 
the figures 99 A. D. or 02 b. C . ;  for example, by tho Julian calondar, 
T =  - 1 on Docombor 19, 1799; -2 on December 19, 1699, etc. The 
Grogorian calondar was first introduced in 1582. By this calendar, 
T= -3 on December 29, 1599; -2 on December 29, 1699; -1 on 
December 30, 1799; 0 on Docomber 31, 1899; + 1 on January 1, 
2000; +2 on January 1, 2100; +3  on January 2, 2200; etc. 

In  tho formulas for the true longitude and distance of tho moon 
the notation has been changod in order to bo in accord with the 
notation of tho resent volumo, and tho torms not used here have 
beon omitted. 5 he terms containing ka were for tho reduction to 
the ecliptic and have been omitted here bocauso it is dosirod to ropre- 
sent the position of the moon in its orbit rather than in the oclil~tic. 
Tho longitude in the orbit is referred to an origin (T" of fig. 6 )  selected 
so that the lon itude of tho moon's nodes w~ll  be identical in oither 
tho ecliptic or t % e moon's orbit. 

TABLE 2. Astronomical quantities and rektions.--The valuea com- 
piled in this table fofconvonionco of roforonce aro based upon Table 1. 

The moan longitudes of the lunar and solar elomonts and also tho 
r a b  of chango in theso olements are derived from formulas of Table 1. 
The rate of change, although computed for tho opoch January 1, 
1900, will apply without matorinl orror to d l  modorn tbnos, sinco the 
variations m the ~ ~ a t c s  for all tho olo~nonts wo very small. 

The inclinatiorl of the earth's orbit to the ecliptic chnnaos about 
0.013 of u dogme in a century. The vnluo computed t%r opoch 
Januar , 19Q0, may theroforo bo used without niatorial error for 
$l moiArA t i m ~ .  Tho inclination of tho moon's orbit to tho ecliptic 
19 rogardod as rm absolute constant. 

The eccentricity of tho uarthls orbit chan os about 0.000Q42 por 5, century. The vduo as colnputed for tho epoc January 1,1900, lllajl. 
therefore bo used ag n constant. The moan valuo of the occcntricity 
of the moon's orbit is also usod us a constant. 

Tho moan radius of tho earth is takon as tho cqhe root of the 
Product of the polw radius and the squaro of tho e uatorial rndius, 1 this being tho radius of a sphcrc having tho samo YO umc ns that of 

1G1 
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the earth. In expressing this radius in feet the result is rounded off 
to the nearest hundred, since a greater precision is not warranted by 
the data from which it is obtained. 

The numerical values of several other im ortant quantities that 

re P erence. 
P ap ear in the text are also included in Tab e 2 for convenience of 

TABLE 3. P~incipal harmonic components.-This table gives a list 
of the principal harmonic components used in the prediction of the 
tides. The symbol by which each component is generally designated 
and a brief description suggestin the derivation of the component aro 7 given in the first and second co umns, respectively. 

A general discussion of the argument (V+u) will be found in 
section 10. The formulas for those ar ments are derived from 
formulas (100)) (176), (190)) (194)) (2081, k-' 215)) !228), and (230) in the 
text. References to the overtides, compound tides, and meteorologi- 
cal tides will be found in sections 18, 19, and 20. 

The speed, or average rate of chan e in the argument, in eneral, 
depends entirely upon that part of t "h o argument designates as V) 
the u bein an inequality that does not affect the average rate of 
change. &e speed formulas are readily derived from formulas for 
V by substituting for the variable elements T, h, 8, p, and p, the 
corresponding hourly rates of chan e in these elements, ro resented 
bye, 7, ., a, and a,, respectively. $he value for 8 is 15", t R is being 
the hourly rate of change in the hour anglo of the mean sun. Tho 
values for the other elements may be obtained from Table 2, and by 
substituting in the formulas the corres onding numerical values for J' the speeds of the components are read' y obtamed. An explanation 
of the double expression for the argument for component M, will be 
found in section 14. 

The coefficients are discussed in section 11. The coefficient for- 
mulas of.Table 3 are derived from formulas (100)) (176)) (190), (194), 
(208), (215)) (228)) and (230) of the text. In tho coeflicients of the 
solar components tho factor G has been ~ntroduced in order that the 
general lunar coefficient, x (function of A) may be used as 

a common coefficient factor for both the lunar Ad solar components. 
The mean values of the coefficients are obtained b routliplying the 
constant factors b the mean values pf the varia le factors. The I 5 
numericnl values o the constants are given in Table 2, and the mean 
values of the vnrinbles, which de end upon some function .of I, are 
given in the formulas indicated g y the references. The mean value 
of the coefficient does not include the general coefficient. 

For the evectioaal and variational com onents v A,, p,, and p,, 
two mean values are iven for each coe cient. ' h e  first is that k & 
derived from the given ormula and the second is a value obtained by 
Prof. J. C. Adams, who was associated with Sir George H. Darwin 
in the investigation of tho Harmonic Analysis of Tidal Observations, 
and who in his computations carried the develo ment of the lunar 
theory to a higher order of recision than is provi ed for in this work. P B 
(See pp. 60-61 of Report o British Association for the Advancement 
of Sciences for the year 1883.) The second value may therefore be ' 

resumed to be a more precise determination of the mean coefficient 
For each of these components. 
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The factors F for reduction have been compiled from the formulas 
indicated in the column of references. The table includes the cor- 
rected factor for the component M,. The factor in general use for 
this component is represented b formula (204) on page 52. 

TABLE 4. Mean longitude of f unar and sohr dements.-This tablo 
contains the mean longitude of the moon (s), of the lunar perigee ( p ) ,  
of the sun ( h ) ,  of the solar erjgec ( p , ) ,  and of the moon's ascendin 
node (N),  for January 1, 0 g our, Greenwich mean civil time, for eac f 
year from 1800 to 2000, the dates referring to the Gregorian calendar. 

These vulues are readil derived from Table 2, the rate of change in 
the mean lon itudc of t e elements for the epoch January 1, 1900, % P 
being applica lc without material crror to an time within tho t\vo 
centuries 1800 to 2000 covered b Table 4. d e  same rate of change 
may also be uscd, without intro $ ucing any errors of practical in1 or-' 
tance, to extend Table 4 to dates theselimits. I n  exten % 'ng 
the table, care should bc takon uish between the common 
and leap years, and for the consideration should bo 
given to the kind of calendar in use. (See p. 11 for discussion of 

tho hour for which the clenlents nre desired is expressed in another 
kind of time tho ccluivalent Greenwich hour must be used for the 
table. 

TABLE 6. V h e s  of I, v, E ,  v', and Wv" for each degree of AT.-This 
table has been computed for epoch January 1, 1900, using tho con- 
stants of Table 2, but tho tnl>ular values are applicable without 
material error to any serics of observations witllin modern times. 

The following formulas war0 used in tho computations for this 
table: 
Cos I= cos i cos w - sin i sin w cos N 

-0,91369 -0.03569 cos N (103) of p. 41. 

'OS tan + N  (104) of p. 41 'Fan t(N-(+v) ices i (@+i )  

sin 3 (w - i) 
Tan +(N-E-v)--.-- - -- - tan + N  (105) of p. 41 sin + (w + i) 

cos 3 (w- i )  sin + ( w - i )  
Log + i) '0.00810; log sin +(u + i) a 9.80897 

Tan V' . = 
sin' v sin 21 

cos v sin 21 + + + 3e2 38,1 (k- 4 sin 20 



164 U. S. COAST AND GEODETIC SURVEY. 

sin 2v sin2 I Tan 2 v f f  = -- --- -- - - - 

00s 2v sin2 I + 
m 

sin 2v sin2 I 
-. 

cos 2v sin2 f + 0.072d (231) of p. 57. 

' TABLE 7. Values of log Ra for amplitude of component L,.-This 
table has been computed by means of the following formula: 

Ra = [ I -  12 tan2 31 cos 2 P +  36 tan4 311-4 (177) of p. 48. 

The argument P = p  -[. The value of and N tor any date T .between 1800 and 2000 may be taken direct y from Tables 4 and 5 
and the vnlucs of 4 and I as functions of N may be obtained from 
Table 6. 

TABLE 8. Values of R for argument of component L,.-This table 
has been computed by the follou~ing for~nula: 

Tan R = 
6 sin 2P 

,cot2 31- 6 cos 2P7 (178) of p. 48. 

The argument of P = p  - t .  The values of p and N for any date 
between 1800 and 2000 may be taken directly from Tables 4 and 5 ,  
and the values of t and I as functions of N may be obtained from 
Table 6. 

TABLE 9. Values of log Q ,  for a.m litude of component MI.-The 
formula upon which this table is base i' is 

&. = [5/2 - 912 tana +I+ 914 tan4 +I+ 3/2(1-  tana 31) cos 2P]-k, 
(191) of p. 50. 

Attributing to I its mean value ( w  =23.'452) from Table 2, the 
above may be written 

Qa.- [2.310 f 1.435 cos 2 PI-,. 

By means of the latter formula a single argument table of the log- 
arithms of Q ,  has been prepared, which is applicablo without serious 
error to any series without regard to tho exact value of I .  
'TABLE 10. Values of Q for argument qf componeni MI.-Tho formula 

for which this table is based is 

Tan Q = 2 - 3  ' I  tan P (195) of 11.51. 4 - 3 tanZ 31 

Attributin to I its mean value ( w  =23.'452) from Table 2,  the 
above formu f a may be written 

Tan Q - 0.483 tan P. 

By means of the latter formula a single argument table has been 
prepared which is npplicnble without serious error to m y  series with- 
out regard to the exact value of I. 
TABLE 11. T~aZues of u for e uilibrium argument.-The values for 

the table have been computed 2 or each degree of N by the formulas 
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for this argument iven in Tablc 3, the elements of the formulas 
bcing functions of %, which are given in Table 6. Tho u's of corn- 
ponents L, and MI are functions of both N and P. The u of IJ, = 
u of M2 -I (R from Table 8) and the u of M, = 3 (u of M,) + (Q from 
Tahlo 10). For any timo betwcen the years 1900 and 2000 thou's 
of L2 nnd M, may bo conveniently obtained from Table 13. 

TAISLE 12. Loq factor F-for each tenth deqree of I.-This tnblo is 
based u on the formulas for factor F in Table 3. The factors for L, 
and Y, ?win functions of both I and P are not included diroctly in 
the table. 'fhese may bo obtained from tho following formulas: 

log I? (L,) =log F (M,)+ (log R, from Tablo 7) [Soe (186) p. 49.1 
log F (MI) =log F (0,) i- (log Q, from Tablo 9) [See (206) p. 53.1 

For any time between the oars 1900 and 2000 the factors for L, and 
MI may be conveniently o g tniried from Tablo 13. I t  will be noted 
that  tlic ttbove forml~la for lo F (MI) accords with the factor gcn- 
orally used in practice rather t % an the theoretically correct factor, as 
indicated in Table 3 (see 1). 52). 

TABLE 13. Values of u and log factor F or corn onents L, and 
MI.-This table includes tho vnlues of u an d log F !' or components 
L, and MI, for ouch 5" of N for the years 1900 to 2000, inclusive. 
Thc rnlues are based upon the iollowing formulas: 

u of L =2E-2v-R=(u of M,)-R p. 48. 
u o ~ ~ , = € - Y + Q = + ( u  o ~ M ~ )  +Q p. 51. 
F ( L ) = F ( M , ) x R ,  (186) of p. 49. 
F (dl) = F (0,) x Q, (206) of p. 53. 

'FABLE 15. E uilibrium argument ( Vo + u) for beginnin.9 qf each year 
1850 to 2000.-%lie equilibr~urn tw ument is discussed m section 10. % The tabular values aro colnputed y tho formulas for tho argument 
in Tablo 3, tho Vo refcrring to the vuluo of FT on January 1, 0 hour 
Greenwich mean civil tinlc, for each year, and tho ?L referring to the 
middle of tho same calendar yoas; that is, Greenwich' noon on July 
2 in common years and the roceding midnight in loap The 
valuo of tho ?' of tho formgas is 180' for each midni E:r&d tho 
values of the other elements for the V may be obtaine $ from Table 
4. Tho u of tho ar ument may bo obtained from Tables 11 and 13 

Ig after the vdue  of h has been determined for the middle of each year 
from Tables 4 and 5. I n  constructing Table 15 the d u e s  for the 

ours 1850 to 1950 wero taken directly from the Manual of Tides, by 5. A. Harris, and the values for the years 1951 to 2000 wem cornputed 
as indicated abovo. 

TA'BLEY 10, 17, ASD 18.-These tables give tho differences to adapt 
Tliblu 16 to any montb, day, and hour, and are conlputed from the 
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hourly s eeds of the com onents as given in Table 3. Tho differ- P ences re er to the uniform 7 y varying portion V of the argument, i t  
bein assumed that.for practical purposes the portion u is constant 
for tL entire year. 

The approxunate Greenwich ( Vo + u) for any desired Greenwich 
hour may bo obtained by applying the n pro riate differences from 
Tables 16, 17, and 18 to the value for &e &st of Janunry of the 
required year, as given in Table 15. To refer this Greenwich ( Vo + u) 
to any local meridian, i t  is necessary to apply a further correction 
equal to the product of the longitude in degrees by the subscript of 
the com onent, which represents bhe number of eriocls in IL corn- 
ponent $ay. West longitude is to be considerel ns positive and 
east longitude as ne ative, and the subscripts of the long-period 
components are to e taken as zero. This correction is to be 
subtracted. 

C 
The ( Vo+ u) obtained as above will, in enertil, differ by a smnll 

amount from tho value as computed by % orm 244, because in the  
former case the u refers to tho middle of the calendar yerir and in 
the latter case to the middle of the series of observations. 

TABLE 19. Prodwt8 jor Form 194.-This is a multi lication table 
especially adapted for use with Form 194, the multip!ers being the 
sines of multiples of 15'. 

TABLE 20. Augmenting factors.-A discussion of the augmenting 
factors is given in section 27 of the text. The tabular values for the 
short-period components are obtained by formulns (329) arid (330). 
For the long-period components the augmenting factors wero com- 
puted by  formula (423). 

TABLES 21 TO 26.-These tables represent perturbntions in K, nnd 
S, due to other components. They aro based upon formulas (379) 
to (384), inclusive. 

TABLE 27. Critical loaarithms for f i r m  24d.-This table was de- 
si ned for quickly obtiining th6 natural numbers to threedecimnl 

kces for column (3) of Form 245 from the logarithms of column (2). 
$he logarithms aro given for every change of 0.001 in tho 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 
i t  applies. Intermediate logarithms, therefore, apply to the same 
natural number as the precedin tabular logarithm. For example, 
logarithms less than 6.6990 app f' y to the natural number 0.000 and 
logarithms from 6.6990 to 7.1760 apply to the natural number 0.001, 
etc. 

TABLE 28. Component s eed di3erences.-The component speeds as 
given in Tablo 3 were use 8 in the computation of this table. 

TABLE 29. EZiminatwn actors.-Them tables rovide for certain 
constant factors in formu f as (409) and (410). loparate tables for 
each length of series and different values for each term of the formulas 
are requ~red. The tabular values are arranged in groups of three, 
determined as follows : 

180 sin + ( b  - a ) ~  
First value =logarithm of + ( b  - a)r 

180 sin + ( b  - a)r  
Second value =natural number - 

T $@-a)? always taken as 
positive. 
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sin +(b - a)? Third value = 3 ( b  - a ) ~ ,  if - is positive, 
3(b -ah 

or +(b - a jr & 180, if ';;(bi;)' is negative. 

TABLE 30. Prod!~cfs for Form 846.-This table is designed for 
obtaining the roducts for columns (6) and (7) of Form 245. 
TABLE 3 1. For construction of primary slencih-This tablo a gives 

the difforoncos to be applied to the solar hours in order to obttlin the 
component hours to which they most nearly coincide. Ench difler- 
enco applies to sorernl successive solar hours, but for brevity .only 
the first solnr hour of ench group to which tho difference applies is 
given in tho tnhle. 

An nsterisk (*) indicates that tho solar hour so marked is to be used 
twice or rejected ~iccorcling to whether the component speod is grputer 
o~ less than 15p, when in thc su~nination it is closired to nssign t l  
s~ngle solnr hour to ench successire colnponent hour. For tho 
usunl suinmntions in which each solnr hour height is nssi ned to tho R nenrest component hour no attention need bo given to t e nstensli. 

Tho tnblo IS conlputed by substituting successive integral vnluos for 
d in formula (264) nnd reducing tho resulting solar hour series (sibs) 
to tho corresponding day rlnd hour. Tho solar hour to be tabulated 
1s tho irltogrnl hour that immodiatoly follows the value tho (shs) of 
the for~nula. If the fractional pnrt of ( sh )  exceeds 0.5, the tabulnr 
solar hour is marked by an nsterisk (*). Tho succossivo vnlues of d, 
nltllough used positive&y in formula (2641, are to bo considered as 
nogntivo in the application of the table when the speed of tho com- 
ponent is loss thnn 15p. When tho component s eod is grontor than 
1 6 p .  the difference is to be tnken as positive. ~ l r  tnbulnr differences 
are brought within the liinits +24 hours and - 24 hours by rejecting 
lnulti les of &-24 hours when nocossnry, and for convenience in uso 
all di 1 oronces are given in both positive ~ n d  negative forms. 

The following example will illustrate the use of tho tablo: To find 
componont 2Q hours corrosponding to solar hours 12 to 23 on 16th 
day of sories. By the table wo see that solar hour 12 of tho 16th day 
of series is within the group beginning on solar hour 8 of the same day 
with tho tabular difference of -t- 19 or - 5 hours, and that the differ- 
ence changes by - 1 hour on solar houra 15 and 21, the lattor boing 
marked by an asterisk. Applyin the difTeronces indicated, wo have 
for these solar houls on the 16th 2 ay of series: 

Solar hour ----  12, 13, 14*, 15, 16, 17, 18, 19, 20, 21*, 22, 25 
Difference---- -5 -5 -5 -6 -6 -6 -6 -6 -6 -7 -7 -7 

I n  tho rosults it will bo notod that the component hours 9 and 14 ara 
each represented by two solar hours. If it should bo dosired to limit 
the ro resontation to a single solar hour oach, the hours marked 
With txe astorisk should bo rojocted. 

To find component 00 hours corrosponding to solar hours 0 to 18 
on tho 22d day of series. The 0 hour of tho 22d day is in tho roup % bf inning on solnr hour 14 of the preceding day with the ta ular difference of + 14 or - 10 houra, and ehangos of + 1 hour in the 



168 U. S. COAST AND GEODETIC SURVEY. 

differences occur on solar hours 3 and 17 of the 22d day. It will bo 
noted that the hour 3 is market1 by nn mterisk. A plyinn the 
diflerenccs from the table as indicated, we have for tge 228 day 
of series: 

Corn onent 
O 8 h o u r c  14, IS, 10, 18, 18, M, 21, 22, 23, 0, 1, 2, 3, 4. 5. 6, i, 8, 10% 

In  the results i t  will be noted that  component hours 17 and S mo 
missing. If i t  is desired to have each of theso hours reprcsentcd ulso, 
tho solar hours marked by asterisks will be used again. I n  this tnble 
the components have been arranged in accordance with the lcngtll of 
tho componcn t days. 

TADLE 32.-Divisors for primary stencil sums.--'l'llis tabla contains 
the number of solnr hourly hei hts included in cach com ~oncn t  hour 
grou for each of the standar length of series when a1 tho hourly R d 
hei ts have been used in the summation. 

I 
+ABLE 33. For conslruclior~ of secondary sleneils.-Com~~poncnt A 

is the component for which the original primary summat~ons harc  
been made, and component B is the component for which the sums 
are to be derived by the secondary stcnc~ls. . Thc "Pacro" re lc~s  to 
the pane of the original tabulations of tho hourly .fieig?xts in Form 
362. 'Fhe differonccs in this table worc! calculated by for~nulu (273), 
and the corresponding "Component A ~ O U I - S "  from forrnult~ (271), 
~n being assigned succcsvive values from 1 to 24 for each page of 
record. Special allowance was mtldo for page 53 of the rcacord to 
take account of the fact that  in n 369-day serics this page includes 
only 5 days of record. Toe si n of tho difference is given at the top 
of the column. For K-P and %-T the positive sign is to bu used for 
components K and R and the negative sign for components P and T. 

For brevity all the 24 component hours for every page of record 
are not directly represented in tho table. 'l'he difference for the  
omitted hours for any page should bo taken numerically one greator. 
than the difference for the given hours on that pa e. For an esam- 
ple, tako tho hours for page 2 for com onont 0 as derived from \ 8 
component J. According to the table t e difforance for the comyo- 
nent hours 10 to 3, inclusive, is 9 hours; thorefore the difference for 
the omitted hours 4 to 9, inelusivo, should be taken ns 10 hours. For 
com onent 2Q as derived from component 0 the three difleronces S usutt ly roquirod for each page arc given in full. 

The use of the table may be illustrated from the example above, 8s 
follows : 

Pug0 2- 
Component J 

hours------ 0 , 1 ,  2, 3, 4, 5 6, 7, 8, 9 , 1 0 , 1 1  
Differences--- $9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 9, 9 

holm - - - - - -  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 

C o m p o n e n t  
00hours---21,22,  23, 0, 1, 2, 3, 4, 5, 6, 7, 8 
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The parjrod 24 hours should be added or subtracted when necasary 
in order that the resulting co~nponent hours mn;y bo between O and 23. 

TABLE 34. For summation of long-period components.-This table 
is dosigl~od to show tho nssignment of tho daily pago sums of tho 
hourly liei hts t o  the component divisions to which they most nearly f 'l'hc table is hnsed upon formula (415). The compo- 
nent cOrre$On lvision to which each day of series is mnignod is giron in the left- 
hand column. For componmh hff, MSf, nnd Min thcro will frc- 
quently occur two consecutivo days which nro to be ussigned to tho 
same com oncnt division. 111 such cases tho day which most nearly 
correspon f s to tho com onont division is thc only ono given in the f table, and this is maricd by nn astorisk (*). 'l'he missing day, 
whether it preccdcs.or follows tllc onn mnrked by the astonsk, is to 
bo assigned to the samo componont division. For component Sa a 
number of c.onsecutive days of series aro nssigned to each coin onent 
division. I n  tho tnble there nre given tlle lirst and lust LYys of 
anch group. 

TABLE 36. ~ r o d u c t ~  s f o r  Form 4.&.-'l'his tablo contains tho 
15 

roducts of the speed of each coln onont as-given in Table 3 and the 
fongitudc of each of the standar $ timo mnndians. Theso products 
are for use in formula (402), which gives the vnluo for column A of 
lporm 444. 

TABLE 30. A'IUJIE difle~ences for Form 446.-Tlris tnble gives the 
differcnccv for obtaining and checlting the dial sott inp for Februclry 1 
and l)ccember 31, as cntorod in Form 445. Tlle diflerencos arc de- 
rived from Tnhlcu 16 and 17. 

' l ' ~ n ~ i c  3 7. Li. S. G'oast and Grodetic S7irva!l f ide-p~rdictinfl ~nnci~ine 
No. 2-I~~nrral  (~(i~s.--This tnblc crives the dcta~ls of the genertll 
gearing fro111 tile l' )an(]-opurntinp crnnR to tile ~na in  vcrtical component 
shafts, togothcr with the dcbtails of tho gonring in tho front sivtion 
or din1 case. In  this tublc the gears an11 shafts nre cnch numbcrctl 
~onsocutivcly for convcnioncc of rnfcrencc, the getirs being designated 
by the letter G nnd the shafts by the lctter S. In tho second column 
arc ivcn the face of each bevel or spur oar and the dintnutor of encll 
3ha F t. The next two columns contnin t % o number of tooth and pitch 
of each bevel and s ur gear. Tho pitch is the number of teoth per 
inch of diameter o ? the gear. The worm screw is equivnlcnt to a 
gear of ono tooth, as i t  roquiros n complete rorolution of tho scrcw 
to movc the en nged wheel one tooth forward. The period of 
Totation of each s 5 aft and genr is rclntivc and refers to the timu ns 
Indicated on the face of the mncllinc, which for convcnionce is called 
dit~l titnc. 

TABLE 38. U. S. Coast and Geodr~tic S ~ ~ r v c y  t idr- redictiny macl~ine 
No. 2-Compons7~t gears.-Tliis tnlde contnins t P lo detn~ls of the 
gearing from tho main vcrticnl coxnponont shttfts to the individual 
component crnnks. Coluinn I gi\ycs the number of tocth in the bevel 
gear on the main verticul coillponcnt s h ~ ~ f t ;  column 11, the number 
of teeth in the gonr on tho intermediate shaft that meshes with tho 
gear on tho vertical component shaft; coluxnn 111, the number of 
teeth in tho gear on thc intcrtnediatc shaft that meshes with tho gear 
on tho cornponont crank shnft; und colun~n IV, tho number of tcoth 
ln the gear on the coxnponcrit crnrik shaft. 
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For the long-period com onents the worm gear is taken as the 
equivalent of one tooth. I! or each of these components 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 component crank 
shafts except that for component Sa in which case a ratio of 1 : 2 
is introduced. 

The comDonent crank-shaft s ~ e e d  Der dial hour for each com- 
column f column 111 

ponent is equal to 30' x x column IV. For the component 
Sa the product of both values a pearing in each of the columns I1 and 
I11 is to be taken as the value ?' or the column. Tho column of "Goar 
speed per dial hour" contains tho speeds as computed by the above 
formula. 

For comparison the table contains also the theoretical spced of each 
of the components and the accumulated error per ear due to the 
difference between the theoretical and the gear spee d' s. 

For covenience of reference the table includes also the maximum 
am litudc settings of the component cranks. 

?ABLE 39. Synodic pe~iods of components.-This table is derived 
from Table 28, the period re resented by 360' being divided by the 
speed difference and the resu f ta reduced to days. 

to any date.-This table is 
between any two dates and 
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TABLE 1.-Aslronomical constant8 and formulas. 

[Prom original sources.] 

Mean distance, earth to sun - - - - - - - - - - - - - - - - - -  -92,897,410 statute miles.* 
Mean distance, earth to moon - - - - - - - - - - - - - - - -  = 238,857 statute miles.* 
Radius of earth, equatorial-- - - - -  - -  - - - - - - - - - --  = 3,903.34 statute miles.* 
Radius of earth, polar- . . . . . . . . . . . . . . . . . . . . . .  = 3,949.99 statute miles.* 

Ratio of mass of moon to  tha t  of earth- - - - - - - - = 1 : 81.45.t 
Ratio of mass of sun to  that  of earth- - -  - - - - - ,, = 333,432: 1.t 
Eccentricity of earth's orbit 

=0.016,761,04 - 0.000,041,80 T -0.000,000,126 T2.t 
Eccentricity of moon's orbit- - - - - - - - - - - - - - - - - - = 0.054,899,720.$ 

Inclination of earth's orbit to plane of ecli tic: P =23O 27' 8.26" -46.845" T -0.006,9 ' TZ+0.001,81" Ta.t 
Inclination of moon'ij orbit to plane of ecliptic =5O 08' 43.354,6".$ 

Mean longitude of sun 
-279' 41' 48.04" +129,602,768.13" T +1.089" Tz.t 

Longitude of solar perigee . I 

=281° 13' 15.0" +0,189.03" T+1.63" T2f0.012" Ta.t 
Mean longitude of moon 

-270' 26' 14.72" +(I336 rev. +1,108,411.20") T+9.09" T2+0.006,8" F.t 
Longitude of lunar perigee 

=334' 19' 40.87"+(11 rev.+392,515.94") T-37.24" P-0.045" TB.t 
Longitude of moon's node 

= 259' 10' 67.12" - (5 rev. +482,912.63") T+7.58" P+0.008" F.7 

True longitude of moon in its orbit (in radians) 
=mean longitude (in radians) 

+2e sin (s-p) + eZ sin 2(8 -p) ------,--- (elliptic inequality). 
+ y m e  sin (9 -2 f +p) - - -  - - - - - - - ----- - - - (evcctional inequality). 
++m2 sin 2(e -h) - - - - - - - - - - - - - - - - - - - - - - (variational inequality) .\I . 

Reciprocal of true distance of moon from earth 
-reciprocal of mean distance 

+ape cos (a - p )  +ale2 cos 2(s - p) - - - - - - - - - - (elliptic inequality). 
++fatme cos (8 -2h+p) ---------  - ---  - - - - -  - (evectional inequality). 
+a mQos 2(8 - h) --- - - - - - - - -, - - - - - - - - - - - - (variational inequality) .I/ 

T =Number of Julian centuries (36625 days) from Greenwich mean noon on 
December 31, 1899. 

e -Eccentricity of moon's orbit. 
8 =Mean longitude of moon. 
p = Mean longitude of lunar perigee. 
h =Mean longitude of sun. 

m -Ratio of mean motion of the sun to that  of the moon. 
a' =Reciprocal of product of moon's mean distance by (1 -e2). 

American E hemerls lor ear 1923, p, xvl. 
t ~stronomica? Papers lor t i e  American Ephemeris, by Blmon Newcomb: Vol. VI, pp. 9-11, and Vol. IX, 

pt. 1 p. 224. 
$ho Solar ParnUsx and Relnted Constents by Wllllam Harkneus, p. 140. 

Y An Elementary Treatise on the Lunar ~hLory, by Hugh Oodfrey, 4th ed., p. 53. 
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TABLE 2.-Aetronomical quantities and relatione. 

[Derived from Table 1.1 

- - -  - -  - 

1 Mean longltudo of lunm and s o b  elements. 

Epoch 
(GrogorIan calendar, ~ e c n ~ c h m c a n  clvil t h o ) .  1 h7 1 ". 1 "". hfoonps 

perigee porigec. nodo. 
N - . .............. -. ...... 

1803, Jan. 1 ,0  how ................................... 
leOO Jan. 1 0 hour ................................... 
z m ~ :  ,an. I: o hour ................................... 

Rate of change in mean longltudc (epoch, Jan. 1,1900). I-.-, 
Per 

c o m m o ~  year 1 1 80,$~our. 
(305 days). 

Noon.. .......................... 1330 r.+307.692 ( 
11~1lar perlgee. ................... 11 r.+lOI .............................. ?up loor.+ ( 

Inclinatton of eurth's equator to the ecll tlc (w), opoch Jan. 1, 1900 ............................. -P.451 
~ncllnation of moon's orblt to the w~ptl)c (i). ................................................. - 5.146 

Ecccntriclty of earth's orbit (h), epoch Ian. 1, 11(00 ............................................ - 0.0167b 
Eccentricity of moon's orbit (e). .............................................................. - 0.05480 

Mean radius of earth (0 )  ......................................... -3,858.m statute miles-20,80a,9W feet 

les of moon (.'OX (-m~n_f*of c8rth (a) 
 ass or csrth ( I t )  mcan distance of moon (c) )'-0.030~000,055@' 

Ifass o f s l~n  (S )  moan radlus of eartb ( a )  -0 .OM),000, 0251808 
~as~~r\aith(ii')~(iii~mdistnnw of sun (c]))' 

Mass of sun (S) mean distant. of moon (c) 8 

.&if mooi'jxij x ( i i i ~ ~ ~ ~ s t a n a ,  of sun (e,)  ) -0.40164- 

rate of ohango in longitude of aum (v) 
r e t e o r ~ h i n ~ e ~ i ~ n g i t u d o ~ i ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

e\-0.000281 cl-0.003014 rnS-O.W,m m~0.001,107 

sin w-0.387QR sin) w~0.15B30 -0.20323 sin' -0 04130 
cog w-0.01738 COS~O-0.84161 % b-0.87813 rOs'~-O:Q5870 

sjni-0.01)QaB drill- 0.00504 sin2o-O.f3Ml sin' w-0.00171 
Cos 1-0.09597 COS' i- 0.W19ll CaS Zu-0.08322 COS' lw-0.81810 



TABLE 3.-Principal harmonic compon&nts, with arguments, a p & ,  coefl&fs, ad reduction factors. 

Description. 
1 Argument. I Speed per solar hour. I I Mean coefBdent. I Factor F lor reduction. 

I i -  I Coofflcient formula. I F o r m 4  I Value. 

Mt.. . Prindpd lunar.. ............ 2 T+21r-ls.. ..... .I +2E-2.. ...... 28+2q-2u.. ... 
.. ....... . 1 ...... Nt. larger lunar elliptic.. 2 T+a-3t+p.. ..: +9-lr. B+lq-k+o. 

. . .... L: .... Smaller lunar elliptic.. ..I 2 ~+ZA-r-p+l.Yl*~ +9-2.-R.. 28+lr-a-m. .... ...... ...... 2N ... Lunar elliptic ad order. 2T+%-&+?p +9-2r .  28+2~-4r+% .... ... ...... ~ 9 . .  .. Iargar lunar kvectiond.. 2 T+4b-38-p.. +%-a .  28+49-%-rJ. I 1 I 
...... .. ....... XI. ...I Smaller lunar evecti-I.. .I 2T-s+p+lR)' .... 1 +X-2r 1 28-o+w 1 

pr.. ..I Variational.. ... .............I 2 T+a-4s.  ...... .I + X - 5 . .  .... .I 28+4q-4v. .... I 
........... ............... ............... ........ 62 .... Principal solar 1 T. Zero.. 28.. ..... TI .... solar elliptic.. ........ 2 T-h+pl.. .do.. ...... 28-q+w1 ..... Rt . .  . S er solar elhptic.. ....... 2T+h-pl+lW0.. .do.. ...... 

...... Kt. .. Lunisolar semidlurnal.. ..... ........... -2vU... ....... 28+27... 

I DIURNAL COYPONENTS. I I I I 
..... 01 .... 1 Principal lunar diurnal.. .... T+k 2+90°.  .... +2€ r . .  ...... 8+q-%.. I - I -  I I 

..... 00.. Lunar diurnal, 2d order ...... T+h+L-(Ow. .... I - 4 - v .  .... ...I 8+q+% ..( 
........ Q, .... Largerlunarelliptic .......... T+h--3a+p+B)*.., +2€-r 8 + ~ - 3 r + Q  ..., 

.... .. ...... ...... . MI.. Smaller lunar elliptic.. T+k-s+ 80': -v-Q.. 8 + q - r + ~  / 
..... ... T+A-8-&. + E - r + Q . .  

... .......... ........ ... JI.  Small lunar elliptic.. T+h+s-p-90 .... - v . .  8+v+u-Q. 
..... .... .. 2 4 .  Lunar elliptic, 2d order.. T+k-4s+!tp+W0. +X- r . . .  B+q-4v+M.. 
...... ...... .. pl.. Larger lunar erectional T+3h-%~-p+W*. +X-r.. 8+3q-30-~ . .  I 

... ......... PI .I Principal solar diurnal.. ..... T-b+W0.. ...... .I Zero.. ....... .( 8-q.. I I 
.......... ..... ......... KI- . .~  Lunisdar c~iurnn~.. ........ .j ~ + h -  w-... .( -rf.. ~ + q .  I ............. 81 .... Meteorological diurnal.. ..... T. ................ Zero. ......... 8. I 

I ...... 29.523,478,9 114 e i; cos4 f I. 0.0128 (184) 
....... 27.595 354 8 1714 E CUS' f I.. 0.0117 
...... ~ 5 ~ : 5 8 3 : 1  1 0 ~ 2 m c c o s 4 f I  0.0123 {;El 

1 0.0171 
.... 29.455,625,3 15/32 m e ms' f I.. 0.0018 (1%) 

10.0033 
....... n . s s s , m , 4  ~ p s m l w + ~  aonr (1%) 

1 0.0109 
......... 30.000,000,0 (4-5/4 el') ff o(s' ( w.. 0.21'ao 
......... ........ 29.858,%33,3 7 / 4 t 1 f f a s ' 4 w  0.0124 
......... ........ 30.041,066,7 V4erffcos '?w 0.0015 

.............. 3O.(W2,137,3 Note 1.. 1 0.a576 I (UO) 

16.139,101,7 (?-5/4 e:) sin Isin* $ 1.1 0 .0Bl 

...... 13.3!X,fi60,9 7 / 4 c s i n I c c s Y f I  0.0* (IW) 
I .... 1 r . 4 9 6 , ~ , ~  4 e <in I c a s t f  I 0.0149 (202) Q. ' 

.......... 15.W,U3.3 1 3,% e sin 2 I.. I 0.0149 1 (159) 

."r".a ......... p., 
0. ....... P. g 

.... .do.. ...... 
Note 2.. ...... &ti) 

0.3800 
sin ImY+ f (167) 

0.01M- -- 
sin ~s in :  I (Im) 
F (01). ....... (167) 

0.5410 Q._ 
s l n l a s 2 4  I (211)) 

Unity .........I p. . i ~  

Note 4.. 
Unity.. ..... 



.. ...... ...... ... ...... ..... M*. Rom fourth power of moon's +3t-3,. / 38+31~-3u.. 43.476,156,3 j/l2 0 ea9 ) I.. 
I I 

..... .......................... ...... M4.. . Lunar quarterdiurnal.. ..... 4 T+M-4a. ....... +4&4v. ...... 48+41~-4a 57.868 2U8 4 ShsUow nxter.. ky (M:). (242) 
.... .................................. ...... .. ...... ..... ... &. Lunar suthdiurnd..  ........ 6 T+6h-66.. +%-6r.. €8+6n-6u.. 86. %2:312:7 .do.. €2 (11:). (243) 

Ms.. . Lunar righthdiumal.. ...... 8 T+8h-8s.. ...... +%-8s. ...... W+h-&. .... 115.G36,416,9 .... .do. ................................... F' (%I?). ...... (244) 
....... ........... .... S,.. .. Solar q u a r t e r d i d . - .  ...... 4 T.. .............. 7mo.. ........ 48.. 60.000,000,0 .do.. .................................. 

%. ... Mar suth-diurnal ........... 6 T.. .................. .do.. ...... 68.. ........... 90.000,000,0 ... .do. ........................ , .......... , ,. I I 

..... .......................... ..... ..... ....... ...... M4.. . Lunar quarterdiurnal.. 4 T+M-4a. +4&4v. 48+41~-4a 57.868 2U8 4 ShsUow nxter.. ky (M:).. (242) ...... ..... .... .................................. ........ ...... ... &. .. Lunar suthdiurnd..  6 T+6h-66.. +%-6r.. €8+6n-6u.. 86. %2:312:7 .do.. €2 (11:). (243) 
...... ...... ...... ...... .... .... ................................... Ms.. . Lunar righthdinmal.. 8 T+8h-8s.. 1 1 1 1  +a-8.. W+%-&. 115.G36.416.9 .do. 1 1 1  F' (%I?). I (244) 

..... I 60.000.000.0 1 ..... do ................ I .......... I .......... ......... I unity 

... 
....... 

............ 
MS M+Ss 
MN.. M+N> (Z3) 
K .  M I .  
2MK. b4- K1.. ......... .... ... 

........ .... ....... ...... ... 2SM.. Sc-MI.. 

I LONGPEBIOD COY PONEWS. 
n(f-R/2 sin' A) i 

...... ......... ........... ................. ........... .. Rlj7X 
311. Lunar fortnightly. -%.. 28.. 1.08(1,m3,1 ( 4 4 4  c') s i d  I. 0.07U 1 (160) I (170) 

........ .......... .............. .............. Mm.. Lumv monthly a-p Zero.. r - s  0.544,374,7 6 (I-3psinl I) 
........ ....... ......... ..... ............. 
...... ........ ........... .................. .............. .... 31Sf.. Lunisdarsynodiclmtnightlj-4 - W 2 #  2r -2~  1.015 RYi R m' (l-3,Zsinl I). (257) 

Sa Solar annual .-.... Zoro.. 7 0.011:068:6 Meteordcgical.. p. 61 
.... ............... ....... ... .................... ...... ........... Esa Gdar semiannual ............. 2h.. do.. 27.. 0.082,137,3 (+-514 cl') G sin'm 0.0365 p. 58 

- -- 
I Value when coeflicients in the evection and variation have their lull vnlue as  derived from thelunar W r y .  
T- hour angle of mean sun. &howl rate of change in T= 1.5'. 
F a  li s p pl, , v a, and =I, see ' h b i  2. 
~a C' ; r! and 2J' sea Table 6. 
F a  k and % sea d b l e s  8 and 10, mpciivelelp. ;g g; 7 amah (192). 

F a, c (I e r m, and w, see Table 2. 
F a  I see Tabfe d ' I' 
~ a r  k. and Q., sea ~ a ~ e s  7 and 9, respectively. 
NurE I.--CaeYBcient K~[ (V4+3f l  Epsinc I+(1/4+3/8 cl*)t (F yincaf2 (1/4+3/8 6 (1/4+3,8 63 (I s i n s  Isintw mrr 2*1*' 
NurE 2-F (Kt)- (51.w-63.9167 CCa 1-5.8300 a s s  I+191)1Fd ma I)-+. 
N a  3.--Cceflicient Kl-[(I/4+3/J #p 61~x2 I+(1/4+3/8 rrv (P sin* %+a (1/4+3p 6 (l/4+3/8 ff sin 2Isin -fi. 
N m  4.-F (KI)-(0.1009+3.~ a*l I+ O . € W  e d  I-3.5W cosa I ) ~ .  
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TABLE 4.-Mean longitude of lunar and s o h -  elements aL January 1.  0 hour . 

Greenwich mean civil lime. of each year from 1800 to 8000 . 
[a=mean longitude of moon . p-mean longitude lullar pori eo; h-mean longitude of sun; pl-moan longi- 

iude solar perlgoe; N- longitu!e of moon's node.) 



HARMONIC ANALYGIS AND PREDICTION OF TIDES . 177 

TABLE 4.-Mean longitude of lunar and solar elemenla a! January I .  0 hour. 
Greenwich mean civil time. of each year from I800 to 9000-Continued . 
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TABLE 5.-Differences lo adapt Table 4 to any month. day. and hour of Greenwich 

mean civil time . . 
DIFFERENCES T O  F IRST  O F  EACH CALENDAR MONTH O F  COJIMON YEARS.1 

DIFFERENCES T O  BEGINNING O F  EACH DAY O F  BIONTH FOR COBIMON YEARS.1 
.- 

A r . 1' 
&y 1 
June 1 

DIFFERENCES T O  BEOINNIKG O F  EACH HOUR O F  DAY. GREENWICH OIVIL T I N E  . 

105:88 
14l . 17 
189.64 

Day . s P h PI 

. . 
1 ....... ....... 
2 ....... ....... 

4 ....... 
5 ....... 
e ....... 
7 ....... 
8 ....... 
9 ....... 

10 ....... 
11 ....... 
12 ....... 
13 ....... 
14 ....... 
15 ....... 
36 ....... 

1 The table may also be  uaed dlrectly for datos botween Jan . 1 and Feb . 28. lnclusivc. of lea years biit 
if tho  r ulrcd dntc h l l s  between Mar . 1 and Doc.3l,lncluslvc, ofa  Imp year. the day  of mon& shouid be  
l nc r ee s 3  by one before ontorlng tho table . 

10.03 
13.37 
16.82 

Hour . 

0 ....... 
1 ....... 
2 ....... 
a ....... 
4 ....... 
6 ....... 
6 ....... 
7 ....... 
8 ....... 
9 ....... 

10 ....... 
I1 ....... 

a9.53 
52.71 
85.88 

79.08 
92.23 

105.41 

118.59 
131.76 
144.94 

168.n 
171.28 
184.47 
197.06 

68.71 
118.28 
148.83 

a 

0.00 
0.66 
1.10 

1 . s  
2.20 
2.76 

a.28 
3 
4.39 

4.94 
5.48 
1104 

0.33 
0.45 
0.m 

0.67 
0.78 
0.89 

1.00 
1.11 
1.29 

1.34 
1.46 
1.66 
1.67 

0.00 
0.01 
0.01 

2.90 
3.94 
4.93 

6 
6.90 
7.89 

8.G 
9 .w  

10.84 

11.83 
12.81 
13.80 
14.78 

p 

0.00 
0.00 
0.01 

0.01 
0.M 
0.02 

0.03 
0.03 
0.04 

0.04 
0.05 

-4.77 
-6.35 
-8.00 

PI 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

h 

0.00 
0.04 
0.08 

0.12 
0.16 
0.21 

0.25 
0.38 
0.33 

0.37 
0 41 

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 

0.051 0 . 6  

OCt . 1 
NOV . 1 
Doc . 1 

N 

0.00 
0.00 
0.00 

.o.oi 
- - 0 . 0 1 1 6  
--0.01 

--0.01 
- - 0 . 0 2 1 9  
--0.02 

--0.02 
--0.0" 
.O.W 

....... 

357.16 
45.62 

.o . I~  
--0.21 
. o . m n  
--0.32 
--0.37 
--0.42 

--0.48 
--0.63 

............. 

80.41 
33.87 

20 ....... 
21 ....... ....... 
23 ....... 
24 ....... 
25 ....... 
28 ..... 
27 ....... 

Hour  . 

12 ....... 

- - 0 . 58128  

- 0  1 
--0.68 
4 . 7 4  
d0.79 

80.92 

209.08 1 0.01 
2BB.64 0.01 

37.21 

-14.46 
-16.10 

329.21 1 0.02 

...:... 

. 
30 ....... 
31 ....... 
32 ....... 

250.35' 2.12 

N 

--0.03 

s 

0.59 

I 
-17.88 

18.73 
10.71 
20.70 

21.66 
22.67 
23.00 

24.64 
25.03 

283.5% 
276.70 

260.88 
303.08 
316.23 

.'.328 .41 
a42.59 

--0.03 
--0.03 

.o.o3 
--0.04 
.O.M 

.0.04 
e0.04 
--0.04 

.0.05 
--0.05 

2.23 
2.84 

2.45 
2.M 
2.07 

2.79 
2.80 

18 ....... i 7.14 
14 ....... 1 7 . 6 9  

15 ......., 8.24 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

365.76 

8.94 
22.12 
35.28 
48.47 

?I ....... ) 1 2 . @  

pl 

0.00 

p 

0.00 

....... 
17 ....... 
18 ....... ....... 
20 ....... 
21 ....... 
22 ....... 

26.61 

27.60 
28.68 
28.57 
30.66 

--1.01 
--1.06 
.1.11 

--1.16 
.l.22 
.l.n 
--1.82 
.1.38 

3.01 

3.12 
3.28 
3.34 
3.45 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

h 

0.49 
0.W 
0.08 

0.07 
0.07 
0.08 

0.08 
0.09 
0.08 

0.10 
0.10 

8.78 
9.33 

9.68 
10.43 

110.98 

11.63 
12.08 

0.63 
0.67 

0.62 
0.W 
0.70' 

0.74 
0.78 
0.82 

0.88 
0 . 80 

0.00 

0.00 
0.00 
0.00 
0.00 

0 .00)  .O .a 0.11 

--1.43 

--1.48 
--1.64 
--1.m 
--1.84 

0.94 
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TABLE 6.-Values o j  I ,  v , . t ,  v', and 2v" for eack degree of N. 

.v 
I Y E V' zvll 

28.80 

4. ........... 
6 ............ 
6 ............ 
7 ........... l.w ............ 
............ 

lo... ......... ............ 1 
12 ............ 3.30 

....... 1.73 13 ............ ' 1.88 ............ 

.......... ............ 

......... ......... 1.. 

........ 
28 LO 3.28 

............ 
. 3 ......... 27.08 ! 

3 . .  . ........ 3 . .  

34.. .......... 27.80 6.16 8.25 . ............ 2 7 8  6.33 :: tz :; ::a I; ,, 
30- ........... 27.77 6.88 16 4.82 4 6.50 16 12 

7 .  .......... 27.73 6 6.86 8.01 4.74 8. 08 
38 6.88 6.16 4.85 i: ::O. ............ 
39 ..........' ! 6.99 ,, 6.31 4.97 ,, 23 

40 ............ 27.68 7.15 16 6.46 1, 10.68 24 
4 -  . . . . . . .  27.63 7.31 6.61 ii 10.03 ............ 2 27.48 7.47 / 6.75 6.30 11.16 

. . . . . . .  27.43 . 7.03 6.00 6.41 11.38 
27.88 7.78 7.04 :: 6.62 :: 11.80 .......... 

. 4 ......... 27.321 6 7.04 7.18 6.03 11.m - 

Positive 
always. 

' Positive when N is betaeen 0 and 180"; negativo whon N 1s 
betweon 160 and 3009 
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TABLE 6.-Values of I ,  v ,  (, v', and %v" for each degree of N-Continued. 

N 
Positive 
always. 

I 

Posltlvo when N l s  between0 and 180'; negative when 
betwean 180 and 380". 

r 1 I r1 I 2rtt 

N 
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. ... TABLD 6.-Values of I .  v. El and I v l '  for each degree of N-Continued 

Posltive Posftivo when N 1s botween 0 and lMI0; negative when is 
nlwnys . between 180 nnd 360" . 

N 

Y e 
-. -. ............... 

. 0 

135 ........... 

1.06 

139 

142 9.45 

144 ........... 
8 . 89 

143 

145 ........... i 19.45 R . 28 5 . SO 
146 ........... I 19.39 8-68 R 10 5.m ;: ::::; 20 i:: . 
147 ........... 1 19.33 K49 7.91 5.52 10.21 213 21 14 
148 ........... 
119 ........... 
150 ........... 
151 ........... 
152 ........... 
153 ........... 
164 ........... 
156 ........... 
168 ........... 
157 ........... 
168 ...'...... 
I5Q ........... 
160 ........... 
101 ........... 
162 ........... 
168 ........... 
164 ........... 
1 ......... 
188 ........... 
107 ........... 
188 ........... 
169 ........... 
170 ........... 
171 ........... 
172 ........... 
173 .........,. 
174 ........... 
175 ........... 
170 ........... 
177 ........... 
178 ........... 
179 ........... 
I80 ........... 

19 .n  7.72 5.3""4 88:; 2R ;;; 19.22 
19.10 

19.11 
19.05 
19.00 

1895 ;  
18. 01 
I8.W 

18. R2 
1.78 
18.74 

18.70 
18.06 : :: 4.89 3.37 ;; 6.12 ;I I I  

25 
18.62 4.98 4.65 $ 1  3.20 17 6.81 31 198 
18.59 4 . 72 3 . 03 

4.5.5 194 

18.43 3.10 2 9 0  3.59 191 27 18. 41 2 . K3 264 3.27 26 ii 190 18.39 2.55 2 3 8  1.63 2.94 32 189 

18.37 2 27 2 . 12 188 
18.36 1.99 1.86 : 33 187 
1834 1.71 1.08 29 1.60 27 ;; 1.97 1110 

18 33 1.42 1 3 3  0.91 
1 n . z  1.14 1:07 . 0.73 

, I; :::: 33 :: 
1K32 0.86 0.80 

U) 
0.55 18 0.99 1 8 3  

llL 31 0.57 0 . 54 0.37 0.66 182 
l a 3 1  0.29 O g o.n E 0.18 

I:, 
;; ;g 18.31 0.00 0.00 0.00 O 

. 

: 

7.85 

7.63 
7.41 
7.18 

0.95 
6.72 
6.48 

1 . 24 
5.99 
5.74 

21 

24 

2 
25 

7 . S  
7.32 

7.12 
0.91 
0.70 

::! 
0.05 

5 . 82 
5.59. 
5.36 

5.13 

2o 

, , 
i; 

5.24 
5.09 

4.05 . 4.80 
4.65 

4.50 
4.34 

, 4.19 

4 . 03 
3 .U7 

I 3 . 7 0 / 1 0  
3 . M 

7.94 
7.04 

7.34 
7.04 
0.74 

6.43 

9.38 

9.10 
u.nl 
8.62 

8.23 
p 
3o 

3; 

204 

3 0 2  0.. ;% 
200 

29 

210 

209 
20s 
207 



TABLE 7.-Log R, for a m p l i t u d ~ o f  component fy .  



TABLE 8.-Values of R for argument of cotnponent L,. 

[Tsbular values are positive when P i s  in first or third quadrants, negative when P i s  in second or fourth quadrants.] 
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TABLE 9.-Log Qa for amplilt& of component MI. 

P LogQ.. 
-- 

9.7133 

9.7133 
9.7135 
9.7137 

9.7141 
9.7146 
9.7151 

9.7168 
9.7166 

0 

, 0 

1 
2 
3 

4 
5 
6 

7 
R 
9 

10 
11 
12 

13 193 *9.7219 1 167 347 58 3 8  9. fW2 13 1 , 1;; g; 14 I94 9.7232 188 346 .SO 239 9.8931 16 15 195 9.7247 1 105 345 00 240 9.8990 lZ0 300 

16 188 9.7283 1 164 341 61 241 9.8040 119 288 80 17 197 9.7280 18.3 343 62 242 9.01OQ 118 2B8 
18 188 9.7188 / 162 342 M 0.9169 117 297 

n 202 9.73~0 67 247 Q.9408 ; 263 
23 203 9 . 7 m  ( 167 6R 248 9.9488 282 
24 m 9.7427 , 1% 60 240 0.9527 111 m i  

DM. 

2 

Die. 

47 

51 

51 

2 
yl 

b6 

g i  

P I P  

0 

180 

181 
182 
183 

184 
1RS 
188 

187 
18R 
189 

1W) 
191 
1% 

25 
28 
27 

2 
30 

31 
32 
33 

34 
35 
38 

37 
34 
39 

40 
41 
42 

43 
44 
45 

Q.7174, 

9.7184 1 
9.7194' ig 
9 . 7 ~ ~ 3  1 13 

0 

180 

170 
178 
177 

176 
175 
174 

173 
172 
171 

170 

Log Q.. 

9.4182 

9.8229 
9.8278 
9.8328 

9.W79 
9.8430 
9.8482 

9.8536 
9.8500 
9 . W 5  

9.8701 

380 

350 
3511 
357 

350 
3% 
354 

353 
352 
351 

350 

e 

45 

40 
47 
48 

49 
54 
51 

62 
63 
54 

55 

% P 

206 
2&3 
207 

2 
210 

211 
212 
218 

214 
216 
216 

217 
218 
219 

2#) 
221 
m 
228 
224 
225 

9.b7.57 
9.8814 

0 

225 

228 
227 
2?8 

220 
280 
2Sl 

232 
233 
234 

B b  

135 

:: 
132 

131 

128 
, 127 

162 

123 
109 
108 

. 
315 

314 
313 
312 

311 
310 
SOg 

3(X9 
307 
308 

305 
301 
w 

9.7452 
9.7479) 

9.7500 ; 28 
9.75'4 
0.7.564 / ) 9.7593 . 31 

0.7628 
9.78.591 
9.7693 1 

9.7728 1 
9.7764 
9.7801 ) 
9.7m0 
9.7878 1 
9.7918 ( 
9.7880 
9 .W2 ' 2 
9. sora : 46 
9.tWW ' a 
9. El36 
9.8182 j 46 

349 
348 

56 I 57 
'233 
237 

155 
154 
153 

152 
111 
150 

149 
148 

5 
334 
333 

332 
331 
330 

328 
3% 

147 327 78 269 0.0002 102 2fi2 

1 1  3% 70 2bQ 0.0(1(6 281 

1 323 E!2 622 0.0158 2% 

70 
71 
72 

73 
74 
76 

76 
77 

142 
141 

140 
139 
Is8 

137 
136 
135 

2-50 
25l 
252 

251 
W 
255 

258 
2.57 

322 
321 

320 
319 
sia 
317 
316 
316 

9.95R5 
0.9042 
9.8094 

O.Qi&? 
0 9W7 
9. 9R59 

9.0909 
9.9957 

83 
84 

85 
88 
a 
88 
RB 
6% 

s7 

48 

233 

!B5 
286 
7 

288 
288 
270 

110 
109 
108 

107 
108 
105 

ig 

0.0186 
0.0213 

0.0238 
0.0% 
0 . m  

0.0182 
0.0288 
0.0290 

, 280 
21.9 
2478 

2R7 
288 
265 

2m 2M 

;; 
,, 

96 

82 

277 
276 

276 
274 
m 
272 

2; 
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TABLE 10.-Values of Q for argument of component 

1 0.6 48 26.6 o ,6  

4 1.9 49 28.1 94 2. / )  139 98.2 167.2 o. 7 
6 2.4 1 :  60 29.9 I:: $ ig: 2 . 0 1  19 0.7 6 2.9 61 30.8 o. 2 .0  11 I 0.7 0. 
7 3 .4  
8 a.g ::: ' 4.4 0.6 

10 4.9 65 a4.0 
11 5.4 00:; 
12 5.9 o. 
la 0 .4  
14 6 .9  ::: 
15 7 .4  60 39.9 o. 
16 7.9 
17 8.4 ::: 
18 8.9 0. 
19 9.4 
20 10.0 ;:: 
21 1 0 6  o,6 

:::8 0.6 
24 12.1 * ::$ 
25 12.7 o.6 
26 13.3 
27 13.8 ::: 
28 14.4 
28 16.0 
30 16.6 76 61.0 o.6 
31 16.2 
32 16.8 ::: 
33 17.4 o. 

30 19.3 o. 
37 20.0 82 73.8 
38 20.7 ::; 83 76.7 '" 
3Q 21.4 84 77.7 i:: 0. 
40 n . 1  86 79.7 130 160.1 
41 n . 8  ::; 86 81. 8 i: i 
42 23.6 67 83.8 2. 1 

43 24.2 88 1.0 
44 25.0 ::g8 89 87.9 22:; 
45 26.8 80 90.0 
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TABLE 10.-Vdm ~f Q for argupwnl.,cLf conrponent MI-Continued. 



U. S. COAST AND GEODETIC S W R V ~ Y .  ' 

TABLE 11.-Value8 o j  u yor equilibrium atgumenla. 

[Use sign at heed of cblumn when N 1s betweon 0 and  180e, reverse sIgn when h' is between 180 e n d  
360'.] 

I 

NOTE.-For 4 aud MI see Tnblo 13; for 2Sbf a t ~ d  Mdf, tako u of 512 wlth sign ro\orscd, for PI, Rz, 51, 
81, Ba, S,, T:, Ym, ba, and dsn, tako u-0. 

I& 

. - - - - - - - -  
0.00 

0.05 
0.11 
0.17 

0.23 
0.28 
0.34 

0.40 
0.45 
0.61 

0.58 
0.62 
0.67 

0.73 
0.78 
0.84 

0 8 9  
0.95 
1.00 

1.M 
1.11 
1.16 

1.21 
1.28 
1.31 

h' 

. 
0 

1 
2 
8 

4 
5 
6 

7 
R 
9 

10 
11 
12 

18 
14 
16 

10 
17 
18 

19 
20 
21 

22 

b f d a  

. 
0.00 

0.W 
0.16 
0 .B  

0.M 
am 
0.46 

0.53 
0.00 

hf, 

. 
0.00 

0.11 
0.23 
0.34 

0.45 
0.50 
0.88 

0.79 
0.90 

0.88 

0.75 
0.82 
0.80 

0.87 
1.04 
1.12 

1.19 
1.28 
1.34 

1.41 
1.48 
1.65 

1.62 
1.08 
1.75 

1 
Ji 

. 
0.00 

0.19 
0.38 
0.56 

0.75 
0.04 
1.12 

1.31 
1.60 
1.88 

1.87 
2.05 
2.24 

2.42 
2.61 
2.79 

2.88 
8.16 
3.34 

3.62 
8.71 
3.89 

4.07 
4.25 
4.42 

2bfK X X  Ks 

. 
0.00 

0.28 
0.57 
0.85 

1.14 
1.42 
1.70 

1.89 
2.27 
2 . ~ 5  

2.M 
8.11 
3.39 

3.67 
3.95 
4.23 

4.51 
4.78 
5.08 

6.83 
5.60 
5.87 

6.14 
6.41 
6.88 

Ma K, 

. 
0.00 

0.13 
o.n 
0.40 

0.54 
0.67 
0.80 

0.04 
1.07 
1.20 

1.34 
1.47 
1.60 

1.73 
1.88 
1.00 

2.12 
2.26 
2.38 

2.51 
2.64 
2.77 

2.W 
3.03 
3.15 

MI Nt 
2 ~ ~ ~ 8  
A , h v  --------- . 

0.00 

0.04 
o.os 
0.11 

0.15 
0.19 
0.23 

0.28 
0.30 
0.84 

0.37 
0.41 
0.45 

0.48 
0.62 
0.56 

0.60 
0.63 
0.67 

0.70 
0.74 
0.77 

0.81 
0.M 
0.88 

!,$$I 00 

. 
0.00 

0.16 
0.m 
0.46 

0.60 
0.75 
0.80 

1.05 
1.20 

X I  

-- 

1.01 1.3s 

2 1.49 
1.24 1 . a  

I 

+ - 

1.35 

1.49 
I.M 
1.79 

1.04 

1.34 

1.45 
1.50 
1.67 

1.79 
1.801 
2.00 

2.11 
2.21 
2.32 

2.42 
2.53 

0.30 
0.45 

0.60 
0.75 
0.80 

1.05 
1.m 

1.79 

1.94 
2.08 
2.23 

2.38 
2.S3 
2.67 

2.81 
2 9 5 1  
3.08 

3.23 
3.37 

4.71 

5.23 
8.75 
6.27 

6.79 

2.63 3.51 

 LO^ 
1.67 

2.10 
2.62 
3.14 

3.67 
4.19 

2.09 7.31 

2 2 3  1 7.82 

2.38 8.34 

2 5 3 1  
8.85 

2.88, 9.36 

2.82 0.87 
2.87 10.38 

I.M 

1.71 
1.88 
2.06 

2 2 1  

n.34 
0.62 

0 . S  
0.88 
1.m 

I,#) 
1.37 

2.38 
2.M 

2 7 2  
2.89 
3.05 

8 2 2  1 

0.53 

0.69 
o . ~  
0.70 

0.76 

8.11 10.89 

3.28 11.39 
8.40 11.89 

0.12 
0.17 

0.23 
0.28 
0.35 

0.41 
0.47 

0.82 
0.88 

0.83 
0.m 
1.05 

1.11 

3.03 

3 .H  
3.70 
4.03 

4 . % 3 4 7  

3.66 12.39 1.40 7.87 836 

3 . 3 8 1 . 1 7  
3.54 1.23 

3.71 1.2R 
8.87 1.34 

361 

330 
349 
348 

0.67 
1.01 

1.35 
1 . 0 ~  
2.02 

2.86 
2.611 

4.70 
6.03 

5 .38344  
6.88 
6.02 

6.35 

3s 
367 

360 
3.55 
8.54 

353 
352 

346 
345 

343 
342 

341 
6 . 1 3 4 0  
7.00 

7.33 
7.85 

339 

338 
337 
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TABLB 11.-Vatuee of u for equilibrium argummte-Continued. 

mse sim st head of oolnmn when N is betmu 0 end 180°, reverse sign when N h Wween 180 end 
360e.l 

- 
I 

x J, K, K I Ma M4LN I. MI 0 0  MK 

-________------ . . . . . . . . . . .  - - - - - - - -  
46 7.94 6.03 11.89 

46 8.10 6.74 12.04 
47 8.w 6.84 12.2s 
48 8.40 5.95 12.47 

49 8 s  6.05 12.08 
60 8.70 6.16 12.M ( * 6 1  8.84 6 . Z  13.08 

3 . 0  4.08 r n  &a r a  32.8 10.a  3.91 me ra* 

i 
86 12 49 8.64 17 58 2.18 3.20 4.24 ,b.Rfl ' P. K? l lfl.80 3J.X'I 10.7; 4 . 3 4  37. P4 2ih 
88 12.55 8.68 ii:a? 2 1 3 :  3.m 4.27 ,a.4n n.s i  i 10.41 ' u . w  1 0 . ~ 1  4.41 27.esl  a4 
87 12:00 8.71 17.67 2: 14 8.20 4.27 8.41 F. 54 ; 10.4: ! 35.6; la84 4.44 3. 07 ; 2;R 

8~ 1285 8 7 4  1771 2 2 4 . 2  4 P . M ~ I O V ~ ~ R ~ . F A  1 0 . ~ 7  4.4' ~ . l i J ~ n  n 12'70 8 7 6  1774 2 1 4  3 2  4 . 2  0 . 4 1  *.a / l0 :h i  4 35.9. 10.00 1 4.1" i3.z , z i i  
1 i 7 6  8.79 17177 2.141 8.20 4.27 0.41 .8 .Mi lO.R1)M.1?110.93  4.62 :3.37;?7:0 - 

NOTE.-For band MI 8~x1 Tablo I:{.' For 2Bhf AniY' MSf, t akou  of MI with, sign rovomd, tor 1'1, RI.  PI 
61, Sn, 64, TI, Mm, So, rind Ssn, tnko u -0. . . 
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TABLE 11.-Values of u for equilibrium argumente-Continued. 

IUso slgn a t  hoed of column whon N Is botweon 0 and 1m0, roverre sign whon N Is betweon 180 nnd 
3e04 .I 

- .- -. - - .. .- - 

* 0 

118 
' 119 

120 

8.87 
8.al 
8.15 

8.19 
8.18 
8.06 

7.99 
7.91 
7.83 

7.75 
7.67 
7.58 

7.49 
7.40 
7.30 

7.20 
7.10 

12.48 
12.41 
12.84 

185!10.621 
I 

121 12.28 
122 12.17 
123 12.08 I 
124 11.88 
126111.88 

131 11.18 
182 11.05 

133 1 0 . ~ 1  
134i10.77 

10.24 
10.10 
15.88 

15.81 
16.66 
16.60 

15.38 
16.16 
14.90 

14.81 
14.62 
14.48 

14.23 
14.03 
13.83 

13.62 
13.40 

NOTE.-For 4 and MI soe table 13. For 28M and M81, take u of MI wlth algn reversed, for PI, R;, 81, 8,. 
9 8 ,  96, T*, Mm, Ba, and Bsa, take u-0. 

7.00,13.18 

1.88 
1.86 
1.84 

2.82 
2.79 
2.77 

1.50 3.00 2.26 

3.76 
3.72 
3.69 

I 2.74 
1.m 2.71 
1.78 2.88 

3.65 
3.61 
3.67 

3.52 
8.48 
3.44 

3.39 
8.34 
8.30 

3.28 
8.21 
3.16 

8.11 
3.08 

4.61 

1.76 
1.74 
1.72 

1.70 
1.67 
1.65 

1.63 
1 . 0  
1.58 

1 . u  
1.63 

5.04 
6.59 
5.63 

2.04 
2.01 
2.58 

2.54 
2.51 
2.48 

2.44 
2.41 
2.37 

2 . a  
2.29 

6.47 
6.41 
6.35 

6.29 
5.22 
5.15 

5.08 
5.02 
4.95 

4.w 
4.111 
4.74 

4.m 
4.1% 

0.01 

7.62 
7.45 
7.88 

7.30 
7 2 2  
7114 

7.0.5 
6.96 
6.87 

6.78 
6.69 
6 . w  

0.61 
6.42 
6.32 

6.22 
6.11 

9.12 30.37 

10.00 
10.65 
10.49 

10.43 

1 0 : ~  

10.22 
10.14 
10.08 

9.97 
9 .w 
9.79 

9 . t ~  
9.68 
0.47 

8.W 

35.67 
36.37 
35.10 

34.94 
1 0 3 7 ' 3 4 7 0  ! 34:49 

34.19 
88.91 
83.62 

33.31 
32.88 
82.66 

82.81 
81.95 
31.58 

2.99 

9.3e131.19 
9.24 80.79 

10.25 
10.18 
10.10 

10.02 
9.93 
9. W 

9.76 
9.05 
9.65 

0.4.5 
9.84 
9 . a  

9.12 
9.00 
8.88 

19.76 

8.76 
8.03 

4.61 
4.59 
4.67 

226 

4.64 
4.52 
4.49, 

4.46 
4.43 
4.40 

4.a6 
4.32 
4.28 

4.23 
4.19 
4.14 

4.09 
4.04 

28.08 
22.96 
22.03 

241 
241 
240 

22.69 1239 
22.54 238 
22.37 1 237 

22.m 
22.03 
21.84 

21.64 
21.14 
21.28 

21.00 
20.76 
20.62 

20.27 
20.01 

230 
236 
234 

2.98 
232 
281 

2m 
229 
2aS 

227 
220 
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TABLB 11.-Values of u jot equilibrium arguments-Continued. 

\Use sign a t  head of column when N Is betweon 0 end 180°, reverse algn when N is betasen 180 and, 
360' .] 

1 L 4 0 /  5.52 10.21 l , l 6 l  1.73 2.31 3.47 4 . 0 2  7.33 24.31 6.U 3.21 1682 !211  

148 8.W 5.38 8.04 1.121 1.00 2.25 3.37 4.50 7.10 23 .3  6.51 3.14 15.441212 
148 8.07 q5.21 8.00 1.09 1.04 2.18 3.28 4.37 6.88 2'3.12 6.33 3.00 15.05j211 
160 7.86 6.10 8.38 l .M 1.58 2.12 3.18 4.24 6.80 Z.51 6.16 2.9R 14.65 , 210 

NOTE.--For L, and MI see ~ a b l i  13: for 28N nnd ME!, take u of hf, w l ~ b  ~ i g n  reversed; lor PI, R r , 8 1 , 8 ~ ,  
81, 8,, Tn, Mm, 8a, end 8sa, take U-r? 

Mf 

. .  - 
18.75 

19.47 
18.18 
18.88 

18."S 
18.20 
17.84 

17.61 
17.27 

h. 

2% 

224 
223 
222 

2!Zl 
n 0  
218 

218 
217 

MK 

. 0 .  

8.M) 
8.36 
8.22 
8.08 

7. BI 
7.70 
7.64 

7.48 
7.33 
7.17 

7.01 
8.84 

10.82;216 

10.56 / 215 
16.20 214 

2MK 

---- 
+ 

3.88 

3.04 
3.88 
3.82 

3.70 
3.70 
3.04 

3.57 
3.50 
3.43 

3.36 
3-29 

;4pd 

+ 

00 

- 

M,,MN M e  

. . . .  
Ma 

I__-__C_ 

- 

N 

3.M) 
2.95 
2.80 
2.84 

2.78 
2.73 
2.07 

2.01 
2.55 
2 . 8  

2.43 
2.37 

c 5 1  

4.43 
4.34 
4.20 

4.18 
4.00 
4.01 

3.82 
3.83 
3.74 

3.85 
3.50 

I;, 
MI W:,  

I 
2 ~ , ' l r l ~  & 
A, P, 

-__ 

I 

13.18 

i2 .w 
12.73 
12.50 

12.26 
12.02 
11.77 

11.62 
11.27 
11.01 

10.74 
10.48 

7.00 

6.88 
6.78 
6.60 

6.55 
8.43 
6.31 

0.18 
6.06 

J1 

0 

135 10.62 
I iae 10.47 

137110.31 
138 10.15 

8.12 30.37 

20.84 
10.48 
2V.M 

28.58 
a . 0 8  
27.58 

Kl 

- -  
- - -  

138 
140 
141 

142 
143 

5 .22)  8.15 
6.10 8 0 0  
4.051 7184 

4.601 7.87 
4.74 7.60 

c 5 0  

1.48 
1.45 
1.42 

1.38 
1.36 
1.34 

1.31 
1.28 
1.25 

8.88 
8.81 
8.64 

8.40 
8.27 

4 

145 
140 

27.07 
30.54 
le.00 

25.45 
24.89 

c2.3 

2.21 
2.17 
2.13 

2.08 
2.05 
2.00 

1.00 
1.81 
1.87 8 . I I  5.83 

8.88 5.80 
8.60 5.M 

1.22 1 1.82 
1.10 1.78 
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TABLE 12.-Log factor F corresponding to every tenth of a degree of I . 

*Log F 01 XI. 1. vg. MS. 2SM. and M81 are each equal to log F of MI . 
Log For Pi &. 81. &. 8.. 86 . T:. 88. and 8s are eacb zero . 
For log P o i h  end MI see Tablo 13 . 

18.7. 

0.0746 
0.0-Ml 
o . l m  
O.9R49 
9.9773 
9.6697 

18.6. 

-----.-------- 
0.0700 
0.0512 

18.3. 

Me ............ 9.9516 +8 9.0524 +7 9.9r.31 +7 9.9538 +8 9.9548 +7 Q.QS53 +8 1 , ............. Ma 9.93G5 +10 1 9.8385 +10 9.9375 , +10 9.8386 +10 9.9395 +10 8.8405 +I0 ' 

I 
01 Q12Q . pl ... 0.0939 -22 0.0917 -21 0.0896 -21 0.0S-53 -21 0.0832 -21 0b  ............ 0.3179 -88 0.3070 -70 0.3M)O -08 0 . m  -88 0.2794 -6R 

............ 
I 

MK 0.0386 -10 0.0376 -8 0.0367 -9 0.0349 ! -10 0.0339 -0 
2MK ........... 0.0224 -7 0.0217 -6 0.0211 -7 0.0197 -7 . 0 0190 -6 

Mf ............. 0 . W  -48 0.1893 -45 0.1948 -45 0.18% -45 0.1813 -44 
M m  ............ 9.9485 +8 9.9473 +8 9.9481 +8 9.9497 +8 9.9505 9 I I '  I 

.. .... _. 

J1 .............. 0.0707 -20 0.0897 -19 0.0886 1 -19 0 . W 8  -19 0.0830 -19 0.0611 -19 

18.8. 

0.0727 
0.0488 
0.1155 

9.9851 
9.67'17 
9.9702 

DlU . 

-19 
-12 
-n 
+2 
+4 
+5 

Dlfl . 

-10 
-12 

JI .............. 
K1 ............. 

KI ............. I 0.0177 
XI ............. , o . i i l t  

Mr*, Nr, 2N .... 9.9%54 

DIE . 
-20 
-11 
-21 

+3 
+3 
+5 

DlU . 

-21 
-12 

0.0927 
0.0547 

K , ............. 
If,*, N1, 2N .... 
Ma ............. 
M4, MN ........ 

DIE . 

-20 
-12 

18.4' 

0.0808 
0.0535 

o.im 
9.9839 
9.9758 
9.9678 

-12 
-22 

+2 

-22 

+2 
+4 
+4 

-21 

+3 
+4 
+5 

0.1241 

3.9K11 
9.9782 
9.9882 

18.5' 

0.0786 
0.052) 

Yz . . . . . . . .  9 . 8 7  

0.0485 
0.1112 

9.9S.50 

DIE . 

-20 
-11 

MK .......... ; . 0.0330 -9 0.0321 -9 0.0312 -9 0.0303 -9 0.0294 -9 0.0285 -8 
2MK ........... ! : O . O ~ R I  -7 0.017'7 -0 0.0171 -7 0.0164 -6 0.0158 l -6 0.0152 -6 

MI ............. 1 0.1789 -44 0.1725 -44 0.1681 -44 0.1037 -43 0.1594 43 0.1551 -43 . I f m  ............ i 9.9514 +8 9.9522 +H 9.9530 +9 9.9539 8 7 9 9 9 +8 1 

............. 
K: ............. 
bi:', N1, 2N .... 
M: ............. 
&, MN ........ 

.............. ............. 

0.2327 -es 0 . ~ 2  -M 0.2167 -65 ,0.2132 .. ......... 
MK ............ 
2MK ........... 
Mf ............. 
MM ............ 

I 

+4 
+6 

+7 
+LO 

-20 
-07 

M4 . MN ........ 9.9707 +5 9.9712 

H, ............. 9 . ~ ~ 0 1  +I) 9.9:~a ............. 9.9416 +10 9.9425 

............ 

+I 

-12 
-21 

+3 

-n 
+3 
+4 
+5 

0.1220 

9.9844 
9.9706 

9.378I 9-97 89 
9.9717 

9.a5711 
9.9L35 

0.0770 
0.2592 

0.0453 
0 . 1 0 ~  

9.9%59 

9.9887 1 +6 , 9.9092 

-21 0 . 1 1 ~  

+4 
+6 

+R 
+10 

1 -21 
-67 

+2 
. +3 

-11 
-22 

+2 

9.9846 
9.9769 

9, 9792 
9.9723 

9.9.5~4 
9.9445 

0.0748 
0 . ~ 5 ~  

0 .0~42 ' 

o . 1 ~  

9.9P01 
+I 
+5 

+a 
+10 

-20 
-w) 

-11 
-23 ' +3 

0.0131 -12 
0.1045 -n 
9.9884 +2 

1 4  
+5 

i - 8  
+lo 

-21 
-66 

9 . 9 7 l  +4,9.98IM 
9.9728 +5 9.9733 

9.9592 
9.9455 

0.0728 
0.2469 

0.0119 
o . 1 0 ~  

9.9888 

-11 
-a 
+3 

7 9 . 9 ~ ~  +tl 9.94M 

-20 
-00 

0.070Q 
0.2393 
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TABLFJ 12.-Log factor F corresponding to every tenth of a degree of I--Contd . 
- .. 

*Log Fof A t .  n. vn. D1S 2SBf and hfdlare each oqual to log Fof  bh . 
Log F ol P I  RI 51 b18i d Tc 9a and 938 aru oacll rpro . 
For log F dl d a i d  hk1 &;ee hb ' l e  lb . 

D i n  . 
--.-.. 

-18 
-11 
-n 
+3 
+4 
+5 

+8 
+lo 

-19 
-03 

-8 
-5 

-41 

!Ul.2* 

0 . W  
0.0329 
0 .0~41 

8 . 9 M  
9.901 
8.9776 

8 . 8 W  
9.8550 

0.0551 
0. 1877 

0.0217 
0.0104 

0.1214 

I a . 1' 

2; ............. ............. 
KS ............. 
MI*,Ns, ON ..... 
MI ............. 
%, hfN ........ 
b& ............. ............. 
01 Q1,2Q, PI ... 06 ............ 
MK ............ 
2MK ........... 
Mf ............. 

0.M82 
0.WO 
0 . w  

8.8885 
9.8827 
0.9770 

9.8855 
9.9540 

0.0970 
0.1940 

0.0225 
0.0109 

0.1755 ............ k 

% ponont . 
JI .............. 
X I  ............. 
Kt ............. 
MI*,NI, 2N ..... 
% ............. 
Mi, MN ........ 
& ............. ............. 
0 1  Qt12Q. pt ... 06 ............ 
MK ............ 
2MIC- .......... 
MI ............. 
>fm ............ 

8.9017 

20/* 

0.0377 
0.0274 
0.07% 

9.9901 
9.8852 
Q.Qs03 

8.BIDI 
8.6805 

0.04.54 
o.im 
0.0175 
0.0070 

0.1010 
o.0071 

21.0' D i n  . 
.... 

I 
1 i - 

JI .............. o.ono -17 0.02-19 -10 0.0243 -10 0.0a27 -18 

Dln . 

I +9 9.80% 

10.3. D i n  . B.5. 

0.0411 
0.0286 
o .om 
8.9~96 
8.9844 
8.9782 

8.8831 
8.8593 

0.0183 
0.1099 

0.0181 
0. 0037 

D M  . 
-17 
-11 
-24 

+3  
+4 
+5 

+R 
+11 

-18 
-01 

D M  . 

-17 
-11 
-a 
+3 
+4 
+6 

+8 
+11 

-18 
-02 

-9 
-5 

21.7. 

- 
0.0211 

W.0. 

---- 
0.0384 
0.0% 
0.0748 

9.9998 
8.9848 
8.9787 

9.6688 
8.9594 

O.M'I5 
0 . l 8 n  

0.0lB 
0.0082 

+Q 

DlU . 

-17 
-11 
-23 

+3 
+4 
$0 

+8 
+I1 

-18 
-01 

-8 
-0 

-38 
+lo 

Zil.s 
------ 

0.0380 
0.0203 
0.0701 

9 . M  
Q.BR5B 
8.8808 

9.9712 
8.8810 

0.0437 
0.1504 

- 
- l R  
-11 
-24 

+3 
+4 
+0 

4-8 
+11 

-19 
-82 

-8 
-8 

20.4. Dlff . 

-17 
-11 
-23 

+2 
+4 
+0 

+S 
+11 

-18 
-02 

-8 
-0 

-17 
-11 
-23 

+2 
+4 
+0 

+8 
+11 

-20 
-03 

-8 
-0 

-41 

-8 0.0107 
-5 0.0071 i 

-40 0.0970 
+P !e.m 

X I  ............. 
Ka ............. 
y . h ' r , 2 h ' . .  ... 

r ............. 
M4. MN ........ 
Ma ............. 
Ma ............. 
01 Q1,2Ql PI ... ............ 06 

............ 
1XIC ........... 
MI ............ 
.m ............ 

Dlff . 

0 . 1091 
8.9053 

21.1- 

0.0308 
0.0230 
0.0030 

0.9912 
8.QYB9 
8.9825 

8.9737 
8.8050 

0.0382 
0.1321 

I -41 
8.8036 +9 

0.0209 -11 0.0198 -11 0.0187 -10 0.0177 -11 0.0100 -10 0.0158 -11 
0 . W  -24 0.0559 -29 0.0334 -24 0.0510 -24 0.0480 -24 0.0402 -24 

8.B81R +R 8.8821 +3 8.8824 +3 8.9827 +3 9.8830 +3 9.8833 +3 

-40 
+9 

Dlfl . 
-17 
-11 
-23 

+3 
+4 
+O 

+8 
4-11 

-13 
-00 , 

0.1051 
9.W2 

a .2*  

---- 
0.0282 
0.0219 
0 . 0 7  

9.9915 
9.9673 
8.8831 

0.8746 
8 . W l  

o.a‘i6-J 
0 .1~1  

0.0447 
0.0318 
o.oale 
8.9880 
O.QW39 
8.9781 

8.9071 
8.8501 

0.0531 
0.1814 

0.0208 
0.0088 

Difl . 
.. - 

Din . 
- 

0.0143 
0.0055 

0 0852 
e:e7w 

-41 
+8 

Dl& 

-10 
-10 
-24 

+3 
+4 
+5 

+8 
+12 

-18 
-eo 

a.9' 

0 . w  
0.0252 
O.M)78 

8.9907 
8 . 8 W  
8.8814 

9.9720 
Q.QBZ7 

0.0418 
0.146 

0.0158 
0.0005 

0.0831 
Q.WW 

-10 0.0185 -10 

21.3' 

.- 

0.1173 

-18 
-11 
.B 

+3 
+5 
+5 

+8 
+11 

-18 
-83 

-8 
-5 

Dl U. 

-17 
-11 
-24 

+3 
+4 
+5 

+9 
+12 

-19 
-01 

-8 
-5 

-40 
+e 

ZlO* 

-- 
0.03% 
0.0241 
0.0054 

9.9910 
8 . 8 W  
8.8819 

9.8729 
8.9038 

0.0400 
0.1382 

0.0151 
O.OM)O 

0 ORgl 
e:eeeo 

-A 0.0135 
-5 0 . W  I 

-40 
+Q 

0.0429 
0.0307 
0 .07~5 

9.8883 
9.8340 
8.8788 

9.8879 
8.9572 

0.0512 
0.1751 

0 . 0 m  
0 . W 3  

Din, 

-17 
-11 
-24 

+2 
+5 
4 0  

+8 
i l l  

-18 
-01 

-8 
-5 

-38 
+lo 

-8 
-5 
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TABLE 12.-Log factor  F corresponding lo every tenth 01 a dedree o j  I-Contd . 

Lo F of A; r;. US. MB 28M and MBI are eacIi equal to log F of Ml . 
~ o g  k o r  PI kt 9 81 ha. &. Tt Ba. and Bsa are each zero . 
For log F 0th L o t ~ l ' s e e  Table 13 . 

JI .............. 
KI ............. 
Kz ............. 
MI*, Ns, 2N ... 
Ma ............. 
Mi MN ......... 
Xfe .. ......,... . 
Mp ............. 
01 Qr, 2Q . p~ .. 06 ............ 
M R  ............ 
2MK ........... 
MI ............. 
Mrn ............ 

0.0179 
0.0it5 
0.0438 

9.9936 
9.8W)3 
9.9871 

9.98OB 
9.9742 

0.0240 
0.0858 

0.0081 
0.0016 

0.0394 
9.9788 

-16 
-10 
-24 

+2 
+5 
+6 

+9 
+12 

-I8 
-58 

-8 

-3R 
+10 

22.5' Dm . 

-15 
-10 
-25 

+3 
+5 
+6 

+9 
+12 

-17 
-68 

-7 
-5 

-37 
+10 

Dm . 

-15 
-10 
-U 

+3 
+5 
+7 

+9 
+12 

-16 
-a 
-7 
-4 

-35 
+I1 

ponen t. 

11 .............. 
KI ............. 
X I  ............. 
Nz*,N1, 2N ... 
Mn ............. 
Mi, UN ........ 

............. 
3ds ............. 
01 QI, 2Q, m .. 06 ............ 
M K  ............ 
2MK ........... 
MI .. ........,.. 
Mrn ............ 

h .............. 
KI ............. 
K; ............. 
Ml*, N1, 2N ... 
Ms ......,.... .. 
Mi, MN ........ 
Me ............. 
?& ............. 
01 Q1,2Q, PI  .. 0 6  ............ 
MK ............ 
2MK .,......... 
~f ............. 
Mm ............ 

0.0163 
o.oin  
0.0414 

9.9938 
9.BBOB 
9.9877 

9.9815 
9.9754 

0.0222 
0.0790 

0.0073 
--50.0011 

0.0508 
9.9796 

O.M)$5 
0.0083 
0.0293 

9.9953 
9.8830 
9.QWn 

9.9860 
9.9813 

0.0137 
0.0501 

0.W8 
9.9964 

0.M21 
9.9847 

23.1. 

9.9997 
0.0022 
0.0146 

9.9972 
9.9968 
9.9943 

9.8815 
9.98A7 

0.0038 
0.0171 

9.9994 
O.BBBO 

0.0104 
9.9910 

22.6. 

0.0071 
0.0073 
0.0288 

9.9958 
9.8835 
9.8813 

9.8869 
9.9825 

0.0120 
0.0448 

0 . W  
9.9986 

0.0284 
9.9857 

23.2. 

9.8882 
0.0012 
0.0121 

9.9875 
9.9963 
9.8850 

0.9924 
9.9699 

0.0022 
0.0118 

9.9987 
9.9962 

0.0069 
9.9921 

-15 
-11 
-24 

+S 
+4 
+6 

+9 
+12 

-17 
-58 

-8 

-37 
+I0 

Dlfl . 
-----..- 

-15 
-10 
-24 

+3 
+4 
+6 

+9 
+13 

-16 
-56 

-7 
-4 

-38 
+I1 

DiE . 

-14 
-10 
-25 

+3 
+4 
+6 

+10 
4-18 

-16 
-54 

-7 
-4 

-35 
+10 

0.0148 
0.0124 
0.0390 

9.994l 
9.9912 
9.9883 

9.9824 
9.9706 

0.0205 
0.0732 

0 . W  
--40.0007 

0.0469 
9.9808 

22.7. 

0.00% 
0.0063 
0.0244 

9.9959 
9.9939 
9.9919 

9.9878 
9.9838 

0.0104 
0.0392 

0.0022 
9.9981 

0.0248 
9.9888 

23.3. 

9.9968 
0 . W  
0.0088 

9.W8 
9.9967 
9.886~3 

9.8934 
9.9912 

0.- 
0 . ~ 8 2  

9.8880 
9.8858 

0.0034 
9.8831 I 

-16 
-10 
-25 

+3 
+5 
+6 

+9 
+I1 

-17 
-57 

-7 

-38 
+I0 

Dlff . 

-15 
-11 
-25 

+3 
+6 
+6 

+9 
+12 

-17 
-56 

-7 
-4 

-38 

0.0132 
0.0114 
0.0305 

9.6944 
9.eR17 
9.9M 

9.9833 
B.9777 

0.0188 
0.0875 

0.0058 
--50.0002 

0.0431 
9.9816 

22.8' 

-15 
-11 
-24 

+3 
+4 
+0 

+9 
+12 

-17 
-57 

-7 

-37 
+11 

Dlfl . 

+10 1 9.9878 

0 .Wl  
0.0052 
0.0219 

9.8882 
9.9944 
9.8825 

9.9M 
9.9850 

0.0087 
0.0336 

0.0015 
9.9977 

0.0212 
+11 

DIR . 
-14 
-10 
-25 

+3 
4-4 
+6 

+10 
+13 

-10 
-M 

-7 
-4 

-ati 
+11 

Dlfl . 
-14 
-10 
-24 

+3 
+5 

. +6 

+R 
+I2 

-16 
-W 

-6 
-3 

-as 
+11 

0.0117 ' -8 
oqoim / -lo 
0.0341 -24 

23.4. 

------------ 
9.9954 
9.8882 
0.0072 

9.9961 
9.8672 
9.9962 

9.9943 
9.9924 

9.WO 
0.0007 

R.9974 
9.6955 

9 . e ~  
9.6942 

0.0101 
0 . m  
0.0317 

9.8850 
9.9920 
9.8801 

9.9851 
9.9e01 

0.0184 
0.0581 

0.W3 
--49.9994 

0.0357 
9.9837 

9.9947 
9.9921 
9.W5 

9.9842 
9.9789 

0.0171 
0.0818 

0.0051 
--49.8888 

0.0394 
9.9827 

22.9. 

-15 .. 10 
-25 

+4 
+4 
+6 

+I0 
+12 

-16 
-M 

-7 
-4 

-38 
9.9888 

23.6. 

B.9940 
9.9982 
0.0047 

8.8884 
9.8876 
9.9888 

9.9958 
9.0??37 

9.9974 
9 . w  

9.9967 
9.8851 

9 . w  
9.8853 

-15 
-lo 
-24 

+3 
+4 
+6 

+9 
+12 

-17 
-57 

-7 
-4 

-80 
+10 

23.0' 

+3 
+5 
+6 

+9 
+I2 

-17 
-67 

-8 

-37 
+I0 

Din . DiR . 

0.0028 
0.0042 
0.0194 

9.g888 
9.8848 
9.9931 

0.9097 
9.9882 

0.0071 
o.OU(1 

0.0008 
0.9973 

0.0176 
+10 

blfl . 

-14 
-9 
-25 

+3 
4-5 
+7 

+9 
+12 

-16 
-53 

-7 
-3 

-an 
+11 

-14 
-10 
-24 

+3 
+5 
4-6 

+9 
+12 

-17 
-56 

-7 
-4 

-38 
9.9888 

23.8. 

9.9920 
9.8875 
0.0022 

9.8887 
9.88R1 
9.8875 

9.9962 
9.8919 

9.88MI 
9 . m  

9 . W  
9.W8 

9.9929 
9.8884 

+11 

Dld . 
-14 
-10 
-24 

+4 
+5 
+6 

+10 
+13 

-16 
-M 

-6 
-4 

-3a 
+11 

0.0012 
0.0032 
0.0170 

9.8889 
9.9953 
9.8837 

AgWM 
9.9874 

0.0064 
0.0228 

0.0001 
9 .W9 

0.0140 

-1s 
-10 
-25 

+3 
+S 
+6 

+9 
+13 

-16 
-66 

-7 
-3 

-98 
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TABLE 12.-Lo0 jactor F correeponding to every tenth o j  a degree of I.-Contd. 

'Log F of IS. MB. 2SM. and M8f are oech equal t o  log F of MI . 
Log F of P I  3 61 84. [3r. TI. A8. find Bsa are osch zero . 
For log F o i  4 Ank ~ ; s o o  Tablo 9 . 

JI .............. 
Kg ......... :... 
Ka ............. 
M.n.Ns.2N ..... 
Md ............. 
M,. MN ........ 
Ms ............. 
Ma ............. 
01 Ql 2Q.pl ... 06 .. '. ......... 
MK ............ 

9.8812 
9 . W  
9.9998 

8.9991 
9.8980 
Q.BBBI 

8.9972 
8 . W 2  

9.9942 

-14 
-8 

-25 

+3 
+5 
+O 
+9 

+13 

. -16 

ZNK ........... -4 

Mf ............. 
M m  ............ 

I 24.3. DIR . 24.4. Dlff . 

8.9848 1 -63 

9.9954 ; -7 
8.0~37 

9.9825 
9.9997 

24.6. 

.... 

9.8R03 
9.98R7 
0.9800 

0.0010 
0.0025 
0.0033 

0.0049 
0.0080 

8.8820 
8.8420 

8 . W 3  
8.0819 

8 . ~ 2 3  
0.0000 

31 .............. 
KI ............. 
KI ............. 
M*Y.N~ .~N ..... 
Ma ............. 
Mc. hfN ........ 
Me ............. 
Ms ............. 
01 Q1.2Q. PI ... 06 ............ 
MK ............ 
~ M K  ........... 
M( ............. 
Mm ............ 

8.8898 
9.9954 
9.8878 

8 . W  
8.9991 
8 . ~ ~ 7  

8.9981 
9.8976 

9.9927 

JI .............. 
K ............. 
K: ............. 
M0,.N,. 2N ..... 
M ............. 
M.. MN ........ 
?do ............. 
Mr ............. 
01 Q1.2Q. PI ... 06 ............ 
N K  ............ 
2UK ........... 

............. 
Mm ............ 

8.9783 

9.8847 
-a 
-34 
+12 

Dlfl . 
- 
-13 
-10 
-24 

+4 
+6 
+8 

+10 
+13 

-16 
-61 

-8 
-3 

-83 
+11 

8 . 9 W  
9.9006 
8 . 9860 

0.0010 
0.0016 
0.0020 

0.0030 
0. 003B 

9.9854 
8.9530 

8.8816 
9 . ~ 1  

9 . w  
0.0043 

-- 4 
-10 
-25 

+3 
+4 
+7 

+10 
+13 

-18 

8.8761 
9.9848 
0.9701 

O.W0 
0.0046 
0 . m 8  

0.0088 
0.0118 

9.9780 
Q . Q ~  

9.8870 
8.8808 

8.9491 
9.0112 

-53 

-8 
8 . ~ ~ 3 4  

8.9791 
0.0008 

24.8.. 

- 
8.9780 
9.9877 
9.8778 

0.0020 
0.0080 
0.0038 

0.0068 
0.0078 

8.0805 
9.8376 

Q.ORg7 
9.8816 

8.9580 
0.0077 

-14 
-9 

-25 

+3 
+6 
+O 

+9 
+14 

-16 
-62 

-8 
-3 

-34 
+11 

9.9884 
8.9944 
8.8848 

9.9997 
9.9995 
9 . ~ ~ 8 4  

8 . W 1  
8.8886 

9.9911 

-13 
-8 

-24 

+3 
+6 
+7 

+10 
+la 

-14 
-61 

-8 
-3 

-32 
+12 

9.9740 

8.9941 

8.8818 
8.8808 
8.9826 

0.0013 
0.0020 
0.0030 

0.0038 
0.0053 

8.91(35 
9.9478 

9.9009 
8 . ~ 2 ~  

8 . w  
0.0054 

-14 
-10 
-24 

+a 
+6 
+O 

+10 
+13 

-15 

-3 

-34 
+11 

Diff . 
- 
-13 
-9 
-16 

+8 
+6 
+7 

+10 
+13 

-16 
-61 

-8 
-1 

-a3 
+12 

-13 
-9 

-25 

+3 
+6 
+7 

+10 
+13 

-16 
-52 

-8 
-3 

-33 
+I2 

8.9738 
8.9840 
9.0077 

0.0033 
0.0050 
O.OOBB 

0.0088 
0.0139 

8.8748 
9.8171 

9.9RI3 
8 . 9 ~ 1  

8.9459 
0.0124 

-63 

-7 
-3 

-33 
$11 

Dlff . 
- 
-13 
-10 
-2& 

+a 
+6 
+7 

+10 
+I3 

-16 
-61 

-6 
-a 

-33 
+12 

9.9931 

0.9767 
0.0010 

'24.7. 

.- 
9.9777 
8.8808 
9.9761 

0.0028 
0.0036 
0.0018 

0.0069 
0.0092 

8.9780 
9.9324 

8.9801 
0.9914 

9.9557 
0.00H8 

8.9870 
9.8934 
9.9924 

0.0000 
0.0000 
o.oooo 
0.0001 
0.0001 

9.8690 

-12 
-8 

-23 

+3 
+5 
+7 

+10 
+14 

-16 
-M 

-0 
-2 

-33 
+19 

9.88117 

8.8834 
Q.WB 

9.9794 
0.0031 

24.8. 

- 
8.9764 
9 . W  
8.8720 

0.00% 
0.0040 
0.0053 

0.0079 
0.0105 

9.8775 
8.8273 

8 .8M 
9.8811 

8 . ~ 2 4  
0.0101 

-8 

-34 
+12 

DlU . 
- 

-18 
-0 

-26 

+4 
+6 
+B 

+10 
+I4 

-I6 
-51 

-6 
-2 

-33 
+11 

9.97% 
9.8831 
8.9662 

0.0038 
0.0066 
0.0073 

0.0100 
0.0148 

9.8731 
9.8121 

8 .9W 
8.9904 

8.9(28 
0.0138 

-la 9.8857 
-10 1 9.8824 

-14 
-8 

-25 

+4 
+6 
+B 

+10 
+13 

-16 

-25 

+a 
+6 
+7 

+8 
+12 

-16 
-53 

-7 

-13 
-9 

-24 

+4 
+6 
+? 

+I0 
+13 

-14 
-W 

-8 
-3 

-82 
+12 

-62 

-8 

* 9.9888 

0.0003 
0 . m  
0.0007 

0.0010 
0.0013 

9.9BAO 
8.9834 

8.8921 

9 . w  
9.8816 
8.9874 

0.0007 
0.0010 
0.0018 

0.0020 
0.0010 

8 . W  

8.9713 
9.9822 
9.9628 

0.0040 
0.0080 
0 . 0 0 ~  

0.0119 
0.0168 

8.9717 
8.8071 

9.9HU1 
9.9901 

8.9384 
0.0140 

-18 
-10 
-24 

+S 
+b 
+ I  

+10 
+13 

-16 
8 . 8 ~ 2  

9.8821 

-69 

-6 

-12 
-10 
-23 

+3 
+5 
+a 

+11 
+14 

-15 
-60 

-6 
-2 

-82 
+12 

9.9701 
9.9812 
9 . W  

0.0048 
0.OOM 
0 . m  

0.0130 
0.0178 

9.9702 
8.8021 

8.9.W 
Q.QLUj3 

8.8382 
0.0180 

-13 
-9 

-24 

+4 
+6 
+7 

4-10 
+la 

-14 
-M 

-6 
-2 

-32 
+12 

9 . W  
9.9KU 
8.9679 

0.0047 
0.0070 
0.M)8a 

0.0140 
aoiw 
8.8BR8 
8.8071 

8.8860 
8.9807 

9.9380 
0.0172 

-12 
-8 

-25 

+3 
+5 
+7 

+10 
+I4 

-14 
-48 

-6 
-3 

-32 
+19 
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TABLE 12.-Log factor F correepondinq lo every tenth of a degree of Z-Contd . 

M.1 N1.2N ..... 0.0050 +3 0.0053 . +4 
fi.'............ 0.0075. +5 0.0030 +5 &, MN ........ I 0.0100 1 1  +7 0.0107 I +7 

Dlff . I 28.2' / Dim ! 26.3. I Dlil . 
! 

28.4. Dlff . ,28.6* i I 
.- I-I- 

DIR . 

*Log F of As. . W. MR. 285f. and #Sf are oach equal to log F o f  Ms . 
Lop. F of PI  Cl. SI. 9.. Y4. SO. TI Sn. and Ssa aro oach zaro . 
For log F o l ' k  and 311 see Table 13 . 
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TABLE 12.-Log factor F cotseeponding lo euery tenth of a degree of I-Contd. 

* Lop Pot  ha, US, PI, bl8 2SSf and MSf an, eaoh oqual o log F of M9. 
Log F o f  PI,  Ra, 9 , St, '94 ,  90: To, Sa, end Ssa ore oschioro. 
For log For b o n d  MI see Table 13. 

J I .  .................. 
Kt. ................. 
I($.. ................ 
MI*, Na, 2N. ........ 
Mr.. ................ 
Md, MN ............. 
~e .................. 
Ms.. ................ 
01 QI, 2Q. pI ........ 06 ................. 
MK ................. 
ZMli ............... 
Xf.. ................. 
Nn ................. 

-- 
9.9489 
9.8839 
9.9114 

0.0114 
0.0171 
0.02311 

0.0342 
0.0456 

9.9431 

I - -  - - -  - -- -- - __I___.__ 
-? 

J I .  ...,.............. 9.M10 -11 9.9405 -10 9.9386 -10 
](I.. ................ 9.9688 -9 9.9580 -8 9.8581 -8 -r 
k ' 1 .  ................. 9.880L -24 9.8870 -24 8.@4fJ -24 

N . . 0.01% -1-3 0.0130 +4 O.Ol40 +4 
M1.. ................ 0.0199 +a 0 . w  +5 0.0210 +a 
U4, .\IN. ............ 0.0205 +8 0.0273 +7 0.0280 +8 

.................. Ml 0.0398 ! +11 0.0408 +11 0.0420 +12 
Ms.. ................ 0.0530 1 +15 0.0545 + l O  0.0561 +15 

01 Q[, 24 ,  pl ....... 
06 ................. 
MK... ..............' 
I M K  ............... 

............... U f . .  
Mm ................. 

Compunont. 29.3. Dlb. 111.4. DJR. 29.5. Dlb. 28.0" 

- 
-11 
-8 

-24 

+4 
+0 
+7 

+11 
+15 

-13 

JI  ..................................... 
I ~ I  .................................... 
Ra ..................................... 
&fa*, NI, 2N ............................ 
M. .................................... 
M.. JlN .............................. 
-\I. .................................... 
M a . .  .................................. 

........................ 01 Qi, 2 4  PI 06. .................................... 
M l i . .  ................................ 
2.\11< ......................... ..., .... 

9.9458 
9.8831 
9.BOQO 

0.0118 
0.0177 
0.0235 

0.0353 
0. 0471 

9.941R 
9 . m  

9.9865 
0.8.559 
9.8874 

V . B O ~ V  -40 

- 
-11 
-8 

-24 

+3 
+6 
+8 

+11 
+15 

-13 

-10 
-8 - 

.* .................................... 

-40 

9.9753 
9 .9W 

9.8748 
0.0110 

8.8400 

0.0455 11 0.MW . +11 0.0478 +11 0.04%) 

-5 
-1 

-30 
+14 

9.8447 
8.0823 
9.WWW 

0.0121 
0.0182 
0.0348 

0 . m  
0.0480 

9.9405 

9.9749 
1: I 9 . Q W  

-20 9.8719 
+ l a  1 0.0430 

9.9355 
9.lA55l 
9 . W  

M ~ I  ................................. .I 0.05% 

0.0808 

9.9306 
9 . 7 ~ ~ 5  

9.9710 
9.9LY12 

+14 

8.7973 

-26 

P 9744 
9.9805 

9 . M  
0.0144 

- 
-10 
-8 

-24 

+4 
+8 
+7 

+11 
+15 

-12 

-10 
-8 

-24 

I , 

16 

-12 
-44 

-4 
. .  0 

9 . W 2 I  -2R 
0.0S70 1 +14 

9.8404 

-45 

-:I 9.8376 

-4 
0 

-20 
+I3 

- 
9.9437 
9.9815 
9.80(2 

0.0125 
0.0188 
0 . 0 m  

0.0375 
0.0501 

9.9383 

0.9348 
V.9543 
9.8825 

0.0021 +I0 

9 . 9  1 - 2  
9. 7571 -44 

9.9708 -4 
9.9602 0 

0 . o ~  

9.7828 

+15 0.0599 

9.9740 
9 . 9 ~  

9.PBBO 
0.04s  

-10 
-8 
-23 

0.0837 

9 . 9 ~ ~  
9.7527 

9.9702 
9.9W2 

- 
-10 
-3 

-24 

+4 
+ I ;  
+7 

+11 
+15 

-1.) 
-46 8 8.7883 

- - 

9.9335 
9.9535 
9 .kW 

-45 

-5  / 9.9735 
-1 ~.CIWI 

-20 9.8831 

-11 
-8 

-24 

+lb 

-12 
-M 

-4 

-4 
o 

-2s 

9.9128 
9. aWn 
9.8018 

O.OUM 

l.Qm 
9, i r ~  
9.9130% 

+I4 j 0.0471, +I4 - 

+4 0.0128 
+5 0.0193 

0 .02s  

+la 0.0387 
+14 1 0.0515 

-la i 9.9380 

W. 9862 
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TABLE 13.-Values of u and log F of La and MI  for years 1900 to 8000-Contd* 

u o f L t  I DM. 1 uo!& 1 DM. I , ~ O g l ( l r :  

433 
4W ;;: 

140 

135 

387 ii! 
120 

638 llb 
625 ik! 

loo 

172 t: 
52 $6 

80 

75 
70 

579 ; 
BOB 

431 
13 

480 
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TABLE 13.-Values of u and log F of L, and MI for years 1900 to bOO0-ConM. 

YY.~  N 

7.1 0.0160 9.7418 806 

346.7 0.0752 . %,, 9.7078 300 
362.8 : 0.1302 
358.3 0.1618 t%i 2z / % 3.7 k: 0.1548 393 9 .6W 181 286 

1936 180 9.1 0.1155 9.7039 
.15.1 $: 0.0825 9.7349 310' g; 

0.0120 418 9.7777 (28 j no 
265i -11.9 i:: g:: : 9.9711 9.8331 $ i 20.3 

no 

175.2 0.0573 9.8002 205 

223.6 9.9120 0.0077 ' 16'5 
ieo I -5.4 : 236.6 9.92~0 ; n . 0 5 ~  ' !g i 180 
155 1 -3.2 9.9207 O'Om 78 : :$ . : s ,  2: ;;: 9.Q176 I e ( 0.1044 

1913 
+ 2: 5 :  10.0 

9'92n' ' 0.0745 m3 j 146 
0.9205 1 0. 0lXZ 

319.8 l 2  9.9455 9.95. 662' i:, I : ::: 329.6 y: :  0 . m 5 ,  9 . 8 9 ~  , 1 iao 

u OIL, 

+7.1 

+12.8 
+a,* 

, ,+20:9 
+21.3 

+If. 1 
+6.7 
-7.2 

-17.8 
-22.3 

.-22.0 
-18.7 

-13.8 
-7.9 
-1.6 
+4.6 

+10.5 
+15.6 
+I9.5 

1929 

1930 

1931 

1932 

1933 

1934 

40 

35 
a 

4 25 
20 

I5 
10 
5 

0 
355 
350 
345 

340 
335 
330 
325 

820 
315 
310 

DIU. 

. 

0.4 
4.2 

: 

O.3 

::: 
i:: 
: 
5. 

: 

DIE. 

lo. 1 

1 . 9  
' "O 

' : 

: 
: 

: 
: 
: 
g.7 

r 01.1 
--------. 

120.6 

E:: 
I 7 

165.0 

171.3 
177.0 
182.6 

1RB. 4 
1W.7 
m . 0  
211.1 

223.1 
279.3 
240.3 
2BI.5 

303.9 
319.5 
330.9 
339.6 

N 
-- . 

40 

35 
30 

. 25 
20 

15 
10 
5 

0 
355 
360 
345 

340 
335 
330 
325 

320 
315 
310 

~ o g  F(LSI. 

9.8823 

9.9U5 
Kg576 

.0.4184 
0.WO 

0.1614 
0.2202 
0.2218 

0.1846 
0 . W  
0.0145 
9.95119 

9.9157 
9.8895 
9.8776 
9.8i94 

9.8945 
9.922V 
9.8837 

I~P(M,). 

, 9.9184 

9 84BI) 
i 7 ~  
Qi;7Z?ro 
9.8850 

9. 0369 
9.6428 
9.6421 

9.6550 
9.0817 
9.7225 
9.7771 

' 8.6433 
9.9110 
9.9578 
9.9572 

9.9121 
9.8490 
9.7888 

DIU. 

, 

a . . 70s 
774 

' 

572 

781 
720 

:@ 
262 

151 

::: 

DIL 

ggs 

, 6 7 0  

, , l  i# 
181 

14: 

2 
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TABLE 13.-Valuee of u'and log F of Lj and MI for gears 1900' to 8000-Contd. 

Year. 

I944 

,1945 

1946 

1847 

1948 

1849 30 +13.4 172.7 5.i 1 0.1749 
25 +2.0 :::: 178.4 
20 -11 2 184.0 : 0.2046 
15 -101 t:  1 ~ 8 ,  6.6 

1950 10 -23.1 196.4 0.0643 9.8924 ' 10 

350 

1953 310 +13.U 354.7 
305 +3.2 ii:: 3 
300 -7.2 
295 -13.6 i:: 

280 

1055 275 -8.4 

1958 215 184.3 

N 

;lo 

105 
loo 
#Q6 
00 

85 
80 
76 

70 
65 
60 

50 
45 
40 
35 

u of Lr ----- 
k3.2 

-3.0 
. -9.0 
-14 9 
-17:'7 

-17.9 
-16.1 
-12.7 

-8.2 
-3.0 
+2.6 
8 1  

+13.2 
+17.4 
+19.8 
+19.0 

D l .  

6.2 

t:: 
"" 
0.2 

8 

: 
:: 

4.2 
2'4 

$: 

I 
u of Mi I Did. Log. F(h) Dlb. Log F ( M I )  Dlb. I N 

I-----:- 
h . 8  5 , ~  0.1002 9.7334 115 / ' 110 

S9.7 0.1149 . 9,7249 rn 10J 
9.7248 

'9.8885 9.7973 85 . :::: 9.94% iz 9.8467 80 
46.1 

83.1 
84.6 

107.2 
2 

140.7 
151.4 
169.8 
180.7 

i::: 

1::: 
: 
!;: 

9.9163 

9.8883 
9.8884 
9. &I84 
. W 3 0  

9.9312 
9.9740 
0.0319 
0.1025 

200 

$ 

:$ 

9.W50 

9.8877 
9.90% 

9.8362 
9.7734 
9. '1208 
9.8820 

653 

" 
75 

' 

60 
5.5 

60 

$ 1  2 35 



TABLE 13.-Valuea of u and log F of b and MI for yeare 1900 to 8000-Contd. 
- 
Year. 

1859 

1980 

1961 

1882 

1963 

N 

Is0 

175 
170 
i ~ r ,  
180 

155 
160 
I45 

140 
136 
130 
125 

120 
115 
110 
105 

u of 
---- 

-4a4 

-2.3 
0.0 

+2.a 
+4.6 

: 
+8.9 

+8.7 
+7.2 
+4.1 
-0.6 

-6 0 
-1110 
-14.6 

1884 

1985 

IQBB 

1887 

lW 

1889 . 
1970 

1971 

1972 

1973 

1974 

DIE. 

2.1 

Log F(Ls) 

9.- 

k: 

ti 
22; 

u of MI 

. 7 

28.3 
3 
52.9 
71.0 

05.7 

a.2 

Din. 
-- 

16.4 

::: 

;$:$ 
'82:: 
: 
5.g 
6.6 

i:; 
: 
:%$ 

6.8 
8.1 

2: 
::; 

1 1;::: 

9.8735 9.9555 0 

254.1 
m . 7  
291.0 
300.6 

318.9 

Dlff. 

71 

9. gBBO 
9.9370 
9.9126 
9.8889 

9.8921 
9.5981 
9.9161 
0.8170 

9.8817 
o.orsa 
0.1173 
0.1795 

0.2069 
0.1786 
0.1136 
0.0418 

9.9794 
9.9310 
9.8975 

0'0428 
0.0058 

90 
a5 

80 

arb 
340 
a95 
830 

325 
320 
315 
310 

a05 
800 
295 
280 

'235 
280 
na 
270 

Lag F(MI) ---- 
o.o8%? 

DIff. 

4w 

: 9.8785 

g: 

370 
368 

-10.1 
-5.9 

-1.1 
75 
70 
85 

60 
a 
50 
45 

40 
35 
30 
23 

20 
15 
10 

N 

Uo 

. 328.5 

9.8437 
%,M 
9.9523 

a "" 
9.8026 

g! 
4:: 

:g 

218 

q8 

,8, 

170 

5 -5.6 250.6 0.5 

4-4.0 
+9.0 

+13.8 

+18.5 
+17.9 
+15.9 
+8.9 

-2.8 
-14.2 
-21.2 
-23.1 

-21.3 
-17.2 
-11.8 

114.9 

+18.e 
+22.2 
+n.i 
+19.8 

+11 1 
-1:1 

-11 7 
-17:l 

-18, 0 
-16.9 
-12.2 
-7.6 

-2.4 
+2.7 
+7.3 

+11.3 

:I 
0.92~7 

oa2 

::: 
i:: 
t !  

100 
06 
90 
85 

80 
76 
70 
65 

60 
55 
50 
46 

40 
35 
30 
25 

PO 
15 
10 

'lo 
105 

: 
::: 

1.9 
1.8 

::: 
e.2 

265 1 +14.4 
+l0. 0 

P / 

$ 
t :  336.1 

%? 
363.2 
368.0 

2.9 
8.0 

13.6 

5 

9.9888 

131.9 
144.7 

IM. a 
1w.n  

,168.5 
174.8 

179.8 
185.4 
191.d 
188.2 

200.4 
217.0 
291.3 

i:! 
i:! 
;;:; '" 
0.0 

: :  
::{ 
!:$ 

g 
8.0320 

9.9457 
LDM8 

i: 

&? 

4; 
2" 

0.1096 
0.12. 
0.0851 8: 

Gi 
::: 
280 

gi 

0.W9 
9.9857 
9.8991 
0.11289 

9.7074 
9.7ins 
9.6832 
9.8814 

9.8528 
9.&577 
8.8769 
9.7081 

9.7M.5 
9.8137 
9.8807 

328.4 
333.2 
347.9 
360.4 

350.3 

7.4 
la .4 

20.2 
2 8 4  

38.8 
62.8 

71.3 
93. a 

114.9 
132.0 

0.0444 

175 
170 
165 
160 

155 ::%; 
0.8729 

9.8294 
9.7950 $: 

14g 
47 

6, 9.9880 

0.0170 
" 0.0465 

0.0728 

'2 9.9370 

144.8 
154.5 

9.7703 
9.7664 

2, 

150 
145 

140 
135 
130 
125 

120 

9 

1 :  

!;; 

"":: 
: 

:::: 
: 
: 

115 

3.0894 

O:g 

: '" 

: 1 
0.0628 
0.1365 Mg 

0.1838 1 121 

9.7816 
9,7388 
9.6886 
0.8883 

9.0540 

2% 
9.0912 

9.7306 
9.783 
9.81112 
9.9191 

0. 98M 
a. 00% 
9.9814 
9.9328 

:'! 
0 . ~ 7 4  

: 
9.9368 
9. W!l8 

9.8945 
9.eele 
9. won 
9.9188 

9.9462 
9.9805 
0.0185 
0.0549 

9.8760 
9.8269 
9.7895 
7 2  

416 

408 

::: 
2 ' 

304 

tg 

1% 

:$ 

345 
340 
335 
330 

325 
320 

310 . 
306 
3 m  
295 
280 

286 
280 
275 
270 

tE 
253 

288 
260 
256 
UO - 
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TABLE 13.-Values of u and tog F of b and MI for years 1900 to 2000-Contd. 
- - 
Year. 
- 

1814 

1875 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

lQs( I 
lQa i 
1988 

1987 

I 
1981, 

- 

110 -10.5 ' 3. 
105 -7 3 ( loo -3:4 3.9 
95 +O.Q ::; 

4.2 
3.5 

Dl& Log F(4) 
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TABLE 13.-Values of u and log F o j  Lz and MI jor Vears 1900 to 2000-Contd 
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i 

TABLE 14.-Factor j jor middle of each calendar year. 1860 lo 1999 . 
Component . 

JI ................... 
K1 .................. 
KI .................. 
LI ................... xi .................. 1.023 1.675 I 1.974 1.559 ~ l r x  1 . m  2 348 i . 872 1 ::: 1.776 

0.871 

............. 
51s .................. RBQ 0.915 . 36 .................. 0.971 0.927 0.892 0.809 O.HB1 0.@7 0 . W  

........ 0.888 ].a59 1.110 1.150 1.174 l.lR3 1.176 1.153 
0.631 ................. 0.9KI 1.204 1.422 1.808 1.735 1.7g31 1.746 1.627 

................. >IIC 
2M1< ................ 
Yf ............. ................. 

Component. IHOI / 1 ~ 2  1m3 11884 i a 5  
I - -  , 
JI ................... 
1c1 .................. 

.................. 
................... 
.................. 

............. 
ifs .................. 0.941 0.971 ( 1.011 1.049 1.081 1.105 1.117 1.115 1.100 1.073 
MI .................., 0 . ~ 2 2  0.868 , 1.013 1 . ~ 5  1.110 1.143 1.159 1.158 l . r r j  ].ow 1 
Oi Qi,ZQ, PI ........ 1.116 1.085 1 . 0 5  0.941 O.8RO O.M2 0.NR 0.812 0.813 O.hM 06 ................. 1.447 1.230 1 1.008 0.M7 

................. 
2MK 

~ f .  ................. 
Mm ................. 

Component . 1870 1871 1 1872 1 1873 lU74 1" , l U O l U 7 7  '"8 "78 
. I ...... - - 
................... 

4 .................. 
Kl .................. 

............... ... 
.................. 

............. 
M ................. 1.038 1.001 0.8851 0.933; 0.910 0.8W 0.894 0.004 0.924 0.853 d:  ................. 0 . w  i 0 . ~ 2  0 . ~ 4  0 . m  o . 9 ~  

OlQ,,ZQ, pi ........ I . l i0  , 1.162 I . 1M 1.140 1.098 
06 ............... 1.764 1.779 1.708 1.583 1.368 

MK ................. 1.071, 1.072 1 . ~ 8  1.058 1 . ~ 4  
2MK ................ 1.032, 1.032 1.032 1.031 1.027 

i 
MI .................. 1.442 1 1.4M 1.413 1.335 1.224 
h ................. 0.874 1 0.872 0 . WU 0.808 0.843 

.............. .. 
'Factor of MS 2SM and NSf aro each oyual to factor of US 
~ a c t o r / o f  Pt, A*, ~ 1 . ~ 2 ,  s,, so, T I ,  tia, end ssa arc each "nit; . 

18.54 I 18-51 1852 
I 

0.892 
0.922 
0.816 

I . 16.3 

0.848 11.007 
0.959 1 0.900 
0.867 1 0.977 

I 
0.805 0.725 

1853 1 1854 

1.001 
1.037 
1.075 

1.055 

1850 
-- 

. 1 141 
1.095 
1.254 

1.001 

1W 
I 

. 1 138 
1.082 
1.241) 

0.944 

. ' 1 105 
1.000 
1.168 

1.203 

I 
1850 1857 ! I*_Ui 

. 1 158 
1.107 
1.288 

0.469 

. . 1 16.5 / 1 100 
1.113 
1.317 

0.882 

1.108 
1.302 

1.283 



' 206 u . s . COAST AND GEODETIC SURVEY . 
TABLE 14.-Factor f for middle of each calendar year. 1860 to 1999-Continued . 

Component . 

h ................... 
KI .................. 
Ks .................. 
L* ........... ...-... 
MI .................. 

1880 

1.047 
1.027 
1.048 

1.246 
1.016 

............. 
.................. .................. 

O I Q I , ~ Q ,  PI -....... 06 ................. 
MIC ................. 
2MK ................ 

.. MI 0.651 0.721 0.828 0.959 

1881 
--- 

0.991 
0.988 
0.951 

! 1.020 
1.528 

................. 

Compon~nt  . 

jl ................... 
KI .................. 
KI  .................. 
h ................... 
MI .................. 
lfs*,Ns,PN, Xt,rt, vr . 
& .................. 
Mq, MN ............. 
&.- ................ 
MI .................. 
01 Qlr2Q, PI ........ 
06 ................. 
MK , ................ 
2 M k  ................ 
)If .................. 
Ym ................. 

Component . 

11 ................... 
KI .................. 
ICI .................. 
4 ................... 
MI ................. 
Ma*,N1,2N,Xt,r.,ur . 
& .................. 
M4,MN ............- 
Ma .................. 
Ms .................. 
OlQ1,2Q, pi ........ od ................. 
MK ................. 
2MK ................ 
Mf .................. 
~ r n  ................. 

*Factor of Id6 28M 

18R2 

0.832 
0.849 
0.888 

0.788 
1.824 

1885 

0.827 
0.882 
0.748 

1.171 
0.877 

~ a n o r / o f  PI, Ik, 81.81,84, Sa, TI, Sa, and 851 810 eaOh unit$ 

1890 

1.018 
1.028 
1.052 

1.153 
1.3D 

0.880 
0.993 
0.091 

0.987 
0.982 

1.048 
1.153 

1.024 
1.010 

1 . 0 8  
0 .9 8  

1903 

0.068 
0.873 
0.916 

0.7153 
1.802 

1.013 
1.020 
1.027 ' 

1.040 
1.054 

0.956 
0.850 

0.980 
0 . W  

1883 
. 

0.878 
0.914 
0 . OO 

0.944 
1.528 

1684 

0.840 
0.890 
0.7M) 

1.152 
0.970 

1888 

0.841 
0.891 
0.762 

1.006 
1.364 

1% 

and MSf are each equal t o  factor 

1887 
.__--- 

0.880 
0.915 
0.803 

0.824 
1.721 

1888 

0.934 
0.950 
0.809 

0.945 
1 . G93 

1904 

I . 
1.112 

I893 

I . 1:fi 
1.105 
1 . WQ 
1.18.5 
1.434 

0.987 
0.9% 
0.934 

0 . W  
0.873 

1.170 
1.713 

1 . MI8 
1.032 

1.416 
0.883 

1.03 

0 . 8 2  . 0 Mi5 
0.752 

1.117 
1.089 

I.@37 
1.056 
1.076 

1.115 
1.157 

0.811 
0.496 

0.918 
0.852 

1801 1 1892 

1 . m  I I . 132 
1.08211.OR8 
1.148 ' 1.230 

0.708 0.683 
2.001 1 2.1% 

0.0% 0.974 
0.R76J 0.961 
0.668 0.948 

0 .952!0 .923 
0.936 1 0.898 

1.100 : 1.142 
1.375 1 1.571 

1.045 ' 1.050 
1.028 1.031 

1.230 / 1.339 
0.841 0.907 

. 
1888 

0.994 
0.W 
0.955 

1.205 
1.075 

1901 

0.910 
0.934 
0.838 

1.030 
1.388 

1.024 
1.036 
1.049 

1.074 
1.100 

0.803 
0.679 

0.957 
0.980 

1895 
----------- 

1 . 102 
1.110 

i . lao 

of MI 

1902 

0.881 
0.803 
0.782 

1.193 
0.858 

1.032 
1.049 
1.W 

1.101 
1.138 

0.842 
0.659 

0.633 
0.963 

I . lie i.one 

1.316 

1.219 
1.369 

0.803 

0.925 

0.884 
0 . PB1 

1 . 182 
1 . 7 

1.072 
1.032 

1.461 
0.672 

1 
- - - - - - . -  

0.829 
0.86 
0.7m 

0.925 
1.507 

1.088 
1.057 
1.070 

1.117 
1.159 

O.WR 
0.480 

0.916 
0.961 

0.630 
1.052 

1890 1 1691 

1.303 

0.7134 
2.170 

0.804 
0 .846 '0 .047 

0.930 

0.864 
0.804 

1.179 
I . 7 

1.071 
1.032 

1.441 
0.875 

1905 

0 . W  
0.888 
0.774 

0.858 
1.043 

1.034 
1.051 
1.008 

1.104 
1.142 

O.rt34 
0.543 

0.928 
0.880 

0.673 
1.010 

1898 

].on 
1.048 

1.146 
1.OBg 
1.287 

0.007 
2.240 

0.968 
0, 954 
0.939 

0.910 
0.1?82 

1.100 
1.000 

1.M5 
1.032 

1.3S7 
0.882 

1900 

0.800 
0.828 
0.825 

1 . a51 
1.940 

1.020 
1.039 
1.053 

1.080 
1.108 

0.882 
0.652 

0.052 
0.977 

0.759 o : ~  . 

+ 

169D 

1.0% 
1.012 

1.108 

1 . m  
1.160 

0.888 
0.983 
0.977 

0.900 
0.955 

1.078 
1.281 

1 . W  
1.025 

1 . 7  
0.968 

I . 118 
1.078 
1.197 

1.141, 
1 . 11  

0.978 
0.887 
0.958 

0.634 
0.913 

1.125 
1.491 

1.054 
1.080 

1 
0.921 

1907 

0.957 . 0 64#5 
0.800 

1.221 
0.M6 

1.010j 
1.0B 
1.031 

1.047 
1.083 

0.944 
0.814 

0.9W 
0 . W  

0.677 

1.010 

0.897 
1.781 

1.001 
1.002 
1.002 

1.003 
1 . W  

1.020 
1.058 

1.013 
1.014 

1.038 
1 . 001 

5 

1908 / I 9 0 9  

1.016 
1.~15 
0.882 

1.M2 
1.479 

1.003 
1.005 
1.007 

1.010 
1.013 

1.008 
1.017 

1.0118 
1.012 

1.012 

1.089 
I Ma 

0 6 s  
2 112 

OM1 
0'6'88 
O:Q@ 

0973 
O W  

l W B  
1 : M  

1 IS1 
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TABLE 14.-Factor f for middle of each calendar year. 1860 to 1999-Continued . 

Component . ( 1910 

W .  NY. 2N.A.. rr. vy . 0.980 
aq .................. 0 . as9 
M4. M N  ............ 0.959 

I 
Component . ) 1920 

................... ' 1.198 ].a14 o.mo 0.932 1 . m  1.199 0.903 0 . ~ 9 1  0.075 1.no .................. 0.880 1.308 1.597 1.503 1.082 0.954 1.619 2.063 1.739 1.138 

1.028 1.035 1.038 1.036 1 . W  1.022 1.011 O.9QR 0.9W) 0.970 
1.042 1.&52 1.057 1.055 1.047 1.034 1.016 0.99s 0.979 0.w 
1.058 1.071 1.077 1.074 1.063 1.045 1.022 0.997 0.973 0.952 ............ . 

$6 .................. : 1.M 
' a  ................... 1.110 

........ 0 1 Q 1 2 9 . n  '0.871 ................. 06 I 0.620 

.\dK ................. 0.947 
211K 1 0.973 0.958 0.983 0.963 0.968 0.984 1.W' 1.017 0 I.Wl ................ 

- 
- 

.................. .................. ................. 
................... .................. 

............ 
.................. 
.................. 

................. 
................ 
................ 

.................. . . . . . . . . . .  0.1;1;7 0.913 ( 0.949 

Factor J ol hlS 2Sh1, end 31Sf aro oech c unl to Inclor J of YY . 
P ~ ~ t o r f o f  1'1, IL, SI,  Sl, S4, So, TI, 6a, an2 Ssn arc oach uniiy . 

l . 108 
1.140 

0.827 
0.528 

0.025 

1.118 
1.160 

0.U. 
0.487 

0.915 

1.114 
1.164 

0.815 
0.604 

0.920 

1.098 
1.130 

0. W 
0.579 

0.937 

1.088 
1.092 

0.Por 
0.710 

O.W 

1.033 
1.044 

0 . W  
0 . W  

0.882 

0.928 
0 . m  

1.13, 
I.KM 

1.016. 

0.995 1 0.959 
0.W:l 0.910 

1.032 
1 . lC? ].OM 

1.323 

1.018 . 1.040 



208 u . s . COAST AND GEODETIC SURVEY . 
TABLE 14.-Factor f for middle of each calendar yeat. 1560 to 1899-Continued . 

............... 

*Factor of hfS 2SM. and X6f are each e ual to factor /of bt. . 
Factor / of PI. kg. SI. 61. S + .  94. T.. Sa. an8 Ssn are each unity . 

Component . 
' J I  ................... 
KI .................. 
Kg .................. 
k ................... 
XI ................. 
M,*,N~,2N,Ax,~z,vi . 
Ma .................. 
M4, MN ............. 
Ms .................. 
&fa .................. 

1949 

1.157 
1.107 
1.205 

0.482 
2.339 

0, 966 
0.949 
0.933 

0.001 
0.870 

1945 

r.003 
0.996 
0.970 

0.748 
1.944 

1.006 
1.009 
1.012 

1.018 
1.025 

18M 

0.S8 
0 . W  
0.767 

1.173 
1.729 

1.069 
1.032 

1.424 
0.880 

1959 

0.829 
O.%q3 
0.770 

1.115 
1.053 

I . 638 
1.057 
1.076 

1.116 
1.158 

0.808 
0.491 

0.916 
0.981 

0.030 

1941 / 1 W  1 4  
.-- "1 

O.Fni.= 0 . W  0.944 
0.882 0 : ~ 8 4 ! 0 . 8 2 0  0.956 
0.748 0.7M 0.812 A 0.682 

Mm ................. 0 . m  0.877 0 . M  0.828 0.965 1.008 1.051/ 1.0% 1.110 1.130 

Component . 1880 1881 1882 1964 18BS 1808 1887 1808 I889 
-----.- 

.................. .................. 

.................. 

............. 
.................. 
.................. 

................. 
M I  ................. 
2hfK ................ 

.................. 
N m  ................ 

I- 

I M  I 1947 / ld48 

0 1  Qt,ZQ, ........ 
06 ................. 
MK ................. 
2MK ......... 1 ...... 

.................. 
Mm ................. 

0 . M :  1.021 1.180 1.144 O.Ri0 
1 . 0 s :  1.316; 0.879i l.CI70 1.7M I 
1.036 j l.03€3! l.035! 1 . 0 %  1. 018 

1.136 
1.081 
1.242 

0.884 
1.927 

0.972 
0.959 
0.946 

0.919 
0, 804 

1.147 
1.698 

1.061 
1.032 

1.354 
0.802 

1958 

0.8.55 
0.800 
0.770 

0.915 
1.527 

1.033 
1.051 
1.008 

1 
1.141 

0, 836 
0.510 

0.930 
0 . W  

0.075 

...... 
1.057 1.103 
1.034 1.087 . 1 1 I 102 

1.091 1.255 l. t801 1.138 

0.994 0.982 

1.055 
1.188 

1.028 
1.021 

Component . 

1.027 
1.030 

1.055 
1.074 

0.900 
0.887 

0.981 
0.W5 

1.107 
1.408 

1.017 
1.028 

1.055 1.0571 1.0531 1.012 

1951 j 1952 1950 

0.973 
0.964 

' 0.947 
0.9B 

1.074 ; 1.077 , 1.071 
i 

1.113 1 118 1.108 
I . 1 3 1  1:IMi 1.117 

1.057 

1.080 
1.117 

1953 

1.120 1 1.219 
0.970 0.935 

.................. 

............ ..... 
1.014 0.853 
1.778 2.161 

........ 1 183 1.177 1.155 1.119 ................. 11:784 1.750 1.637 1.459 

Mf .................. 1.452 1.435 1.375 1.278 1.154 1.010 

1.070 
1.013 
1.092 

1.001 
1.004 

0 . MI 
0.980 
0.981 

0.972 
0.882 

1.069 
1.248 

1.033 
1.023 

19% 

0.959 
0 . W  
0.903 

1.112 
1.270 

1.015 

MY ................. / 1.072 
2MK ................ 1.032 

1.002 
1.001 
0.995 

1.280 
0.964 

1.003 
1.W 
1.000 

1.009 
1.012 

1, 010 
1.023 

1.009 
1.012 

1954 1957 

O.W1 
0.929 
0.827 

0.1107 
1.W 

I . 020 

. 19% 
---------- 

1.070 
1.032 

1.023 1.039 
1.031 ) 1.052 

1.040 
1.m2 

0.945 
0.819 

0.981 
0.998 

1.063 
1.032 

1.079 
1.107 

0 . W  
0.0% 

0.953 
0.977 

1.051 
1.029 

0.R80 0.701 
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TABLE 14.-Factor j for middle of each calendar year. 1860 lo 1999-Continued . 

*Factor of MS. 28hI. nnd MSf nro onch oqunl to fnotor f of H. . 
~ n c t o r h f  PI. h. SI. &. 94. 90. To. Pa. nud 8 ~ a  nroonch unity . 



TABLE 15.-Equilibrium argument ( V ,  f u)  for nteridim oj Greenwich at beginning of each calendar year, 1860 lo 2000. 
K-2 
C1 
0 

I W  

340.1 
3.1 

167.0 
100.4 

MI 6.S E3.5 165.2 M.6 346.9 274.8 170.8 55.4 347.2 281.7 1789 61.0 341.0 280.0 179.7 YJ.8 311.8 235.5 1626 47.2 4 ........................... 
311 ........................... 
313 ........................... 

........................... 

N t  ........................... 
2 N  ........................... 
0 1  ........................... 
00 .......................... 
PI ............................ 340.7 3499 350.2 349.4 349.7 349.9i350.2 349.4 349.6 349.9 350.1 349.4 349.6 349.8 350.1 349.3 349.6 349.8 350.1 349.3 :, 
QI ........................... 270.1 2~rl:l 296.6 XB.5 2SO.0 289.9!299.! ZIO.4 279.8 2S9.3 299.2 271.1 282.3 281.7 3085 %4 3020 3l9.O 335.4 311.9 pj 
2 9  ........................... 210.4 16j.6 69.4 32a5 2422 163.4: 8 1 3  313.4 234.1 154.9 76.1 306.2 22%7 152.3 77.4 3126 240.5 leR8 96.4 331.1 .O 
Rt ....................... :... 179.9 179.7 1n.4 l a 2  179.9 179.6:1'19.4 1W.1 179.8 179.6 179.3 lRal  179.8 179.6 179.3 180.0 179.8 179.5 179.3 180.0 

s1 ............................ 
b,4. ........................ 
Tt ............................ 

............................ ., ............................ 
MK .......................... 
2YK ......................... 
MN .......................... 
MS ........................... 
2 ~ h f  .......................... 
MI ........................... 
MSf .......................... 
Mm .......................... 

I868 

240.8 
4.6 

190.0 
2R3.9 

1867 
-__--- 

157.0 
LO 

lWl4 
86.0 

I M  

W . 6  
2 

B9.7 
625  

Component. 
. . 

JI ............................ 
KI ........................... 
K t  ........................... 
b ............................ 

IS7 / 1858 IS59 / lR60 1861 1862 IS3  / IPw 
- - .-.. 

1% 

74.0 
11.7 

m . 2  
249.4 

I S 3  
- 

29.7 
3.5 

1R7.8 
155.7 

IS53 1 IS4 

327.3 
10.4 

200.9 
353.3 

I W  I I%% 
- 

307.5 
2 2  

184.0 
330.9 

59.4 
1 2 1  

'205.8 
234.2 

18.51 
- -4- 

129.4 
5.0 

169.5 
26.0 

3S.l 
3.3 

1S.0 
177.7 

151.2 
14.9 

210.4 
54.4 

1 2  

. . . . .  . * . .  
221.2 

'7.1 
191.0 
194.6 

347.4 
189 

2182 
280 

W26 
16.7 

211.0 
229.0 

116.0 2W.0 
1.61 0.9 

IR.R,1SI.S 
350.6i161.5 

77.0 
19.3 

2156 
229.0 

165.2 
187 

217.0 
722 

. . . . . . . . . . .  
251.7 
17.0 

213.2 
259.4 



TABLE 15.-Equilibrium argument (V ,+u)  for meridian of Greenwich at beginning of each calendar year, 1850 lo 8000-Cont.inu~d. 



TABLE 15.-Equilibrium argument ( V .  +u) jot meridian of Greenun'ch at beginning of each calendar year. 1860 to IP000--Continued . Is 
I-' 
ta 

Component . la90 / is1 1W lW1 1801 i s 5  IP* i s 7  
.......... - . -- ..... 

51 ............................ 
.I ........................... . 
XI .......................... 
L ............................ 
M, ......................... 
My ........................... 
& .- ......................... 
M4 ........................... 
Mr .- ....................... 
Ms ........................... 
Ny ...-.......-..........---- 

........................... 
00 ...................... 
PI ............................ 
Q ........................... 
2Q ........................... ......................... R . 

S, ........................... 
s, ,.,, ........................ 
TI ............................ 
& ............................ 
la ............................ 
........................... 

p.1 ............................ 
b l ~  ......................... 
2XlK ......................... 
11N .......................... 
31s ......................... 
2SM .......................... 
MI ........................... 
U S 1  .......................... 
Mm .......................... 
Sa ............................ 
Ss ........................... 

349.4 
17.9 

268.6 
179 . 6 

i8a0 
0.0 
0.4 

6 8 6  
253.0 

2 3  
4.0 

349.6 
5 

190.5 
1 . 3 

180.0 
0.0 
0.7 

340.1 
W.7 

2927 
2928 

51.1 313.3 
ZU.61133.6 
109.3 198.0 

I 
280.81250.4 
2 0 1 . 2 1 m 7  

349.9 
5 

111.8 
1 . 0  

1m.o 
0.0 
1.0 

251.8 
296.6 
223.4 
221.0 

3321 
290.5 

8.4 
327.6 
3 2 4  

217.1 
3 2 4  

!Xi7 

2R0.1 
20a3 

349.1 
8.7 

341.2 
1 . 8 

imo 
ao 
0.2 

150.6 
69.9 

118: 
112- 

349.6 
23.5 

1825 
179.3 

1m.o 
0.0 
0.7 

3315 
134.4 
340.4 
3114 

349.4 
19.1 

261.9 
1 . 5 

iwo 
0.0 
0.5 

6 2 5  
292.2 
49.4 
39.8 

5 2 1  
81.4 
60.5 
14.5 

315.5 

148.1 
315.5 
25.5 

280.9 
201.8 

239.7 
1226 
%9 
247.4 
1126 

31115 
1126 
206.0 

280.4 
2M.8 

155.9 
2S2.0 
174.7 
146.0 
214.0 

53.2 
214.0 
117.2 

280.6 
201.3 

349.8 
38.0 

103.3 
79.0 

1w.o 
0.0 
1.0 

246.5 
336.5 
211.2 
255.1 

3.3 
323.3 
43.0 

348.9 
11.1 

223.5 
11.1 

294.7 

250.2 
200.3 

349.1 
9.3 

3328 
1 . 7  

0.0 
0.3 

145.2 
129.8 
166.3 
146.3 

~ 3 . 1  
114.2 
95.0 
65.8 

294.2 

154.2 
294.2 

349.3 
19.6 

254.4 
179.5 

1 c o . o l s a o  
0.0 
0.5 

56.8 
331.6 
95.8 
74.8 

185.5 
315.0 
2OR5 
166.8 
193.2 

57.3 

349.6 
30.5 

176.6 
179.2 

1m.o 
0.0 
0.8 

3282 
173.3 
21.2 
4.0 

36.5 120.1 

2i9.7 250.9 
201.8 199.4 

~ 7 . 0  
1.56.1 
321.5 
267.7 
9 2 3  

3188 

349.8 
4 2 6  
99.9 

179.0 

1m.o 
0.0 
1 . 0 .  

239.4 
14.6 

317.3 
294.2 

24% 8 

m . 5  
199.0 

27.2 
357.7 
74.0 
8.3 

351.7 

217.8 

350.0 
.i6 .O 
24.7 

1787 

1w.o 
0.0 
1.3 

1.3.3 
215.8 
247.1 
225.8 

297.5 

n9.2 
19R5 

126.2 
199.9 
lS .0  
108.7 
251.3 

113.9 

3543.3 
71.1 

3110 
1 7  4 

1w.o 
0.0 
1.6 

61.0 
56.7 

li6.S 
159.1 

39.3 

m o  
2 m 0  

223.8 
4 2 9  

297.7 
208.9 
151.1 

6.6 
151.1 

3 a . 5  
fi7.5 

2%-6 
1782 

1m.o 
0.0 
1.8 

331.6 
257.6 
106.4 
93.7 

1280 

279.7 
199.5 

320.6 
246.4 
49.2 

309.0 
51.0 

256.4 
51.0 

350.8 
101.5 
167.0 
177.9 

1m.o 
0.0 
2 1  

242.2 
9S.4 
35.9 
28.9 

216.8 

m . 5  
199.0 

w.8 
90.3 

160.5 
49.0 

311.0 

145.0 
311.0 

350.0 
82.6 
43.3 

1 

1m.o 
0.0 
1.3 

139.7 
2j0.4 
289.8 
257.0 

%5  

m . 3  
198.5 

130.0 
244.2 
210.1 
124.7 
2363 

W.8 
235.3 

47.3 

mo 
200.0 

350.3 
98.0 

329.9 
1 7 4  

i m o  
0.0 
1.6 

50.4 
91.4 

219.4 
220.5 

~ 7 . 5  
h7.2 

321.8 
224.9 
135, 1 

3129 
135.1 

350.5 
111.7 
254.9 
1 7  2 

1~0.0 
0.0 
1.8 

321.3 
292.5 
149.2 
1525 

326.2 
2F&6 
73.8 

325.3 
34.7 

ZW-3 
34.7 

3507 
124.0 
1785 
177.9 

1m.o 
0.0 
2.1 

2324 
133.8 
70.3 
82.9 

350.0 
96.7 t) 
49.4 

178.6 

1m.o " 
0.0 3 
1.4 0 

130.6 
2S.6 
333.8 
335.6 2 

66.2 
131.3 
186.2 
6.58 

294.2 

108.9 
294.2 

1~1.1 5 
ZS.7 
237.2 
1422 
217.8 

34.3 
217.8 



TABLE 15.-Equilibrium argument (V.  +u) f o r  meridian of Greenwich at beginning of each calendar yew. 18b0 to ~000-c.bntinud. 

Component . I 1910 I 1911 1 1912 ( 1913 1 1914 j 1915 1 1916 1 1917 1 1918 / 1919 1 lBZO 1 1921 1 1922 1 1923 1 19% 1 1925 1 1926 1 1927 1 1928 1 1929 

PI ........................... 350.2 33.5 350.7 3.50.0 3j0.2 3 . 3 4  3j0.7 349.9 W . 2  35h4 3.5dJ.6 349.9 350.1 350.4 350.6 349.9 350.1 350.3 350.6 349.8 
QI ......................... ... 101.1 116.9 128.4 97.4 106.8 116.4 128.3 98.3 109.7 122.3 138.3 113.5 I n 2  147.2 163.4 139.7 1528 16L6 175.4 147.1 
2Q ........................... 331.1 2522 173.0 422 3228 W . 7  164.9 35.2 317.8 241.6 167.0 424 330.4 255.6 183.1 60.6 345.0 268.1 190.2 60.1 
Rz ........................... 1784 1781 K7.9 17K6 I783 17R1 177.8 1756 17K3 1780 177.8 1785 1783 17S.O 177.8 l i 8 5  1782 178.0 177.7 178.4 

SI ............................ 1~0.0 1w.o 1~0.0 1m.0 1ro.0 1m.o 1.w.0 1w.0 1~0.0 1~0.0 180.0 1m.0 l a 0  1m.0 1m.o 180.0 1~0.0 1m.0 1m.o l ea0  
Sl,,, ‘ ......................... 
Tt ............................ 
1, ............................ , n ............................ 
............................ 
............... ............ 

IIK .......................... Ut.3 349.4 929 1Z.3 277.1 m.6 ln .5  iXn2 333.2 43.0!141.4 215.2 311.7 4X.0 144.8 219.4 3186 59.2 160.8 240.0 
2WK ......................... 123.6 324-3 104-9 315.8 156.4 b7.0 1977 3489 120.2 320'234.5 27.9 91.6 75.4 2789 720 274.0 115.5 31L5 107.6 
H N  .......................... 350.6 104.4 2184 210.8 25.0 139.0 2528 301.2 57.0 169 .31~1 .2  331.0 824  193.7 %2 355.2 107.3 219.9 233.0 H.7 
M S  ........................... 243.3 344.5 85.9 163.0 a 5  5.9 107.1 1R3.7 284.4 25.01125.3 m1.0 NI.? 41.2 141.3 217.1 317.6 58.2 159.1 235.9 
2SM .......................... 116.7 15.5 274.1 197.0 95.5 354.1 2529 176.3 756 33.5.0 234.7 159.0 58.9 3188 2187 1429 424 301.8 200.9 124.1 

MI ........................... 297.1 201.3 1Ki.2 37.8 149.6 39.9 319.6 216.3 115.9 17.7 307.5 
MSI .......................... 116.7 15.5 27Ll 197.0 3188 2187 142g 424 301.8 200.9 124.1 
Mm .......................... 136.0 224.7 313.4 55.2 248.6 337.3 79.1 167.8 256.5 345.3 87.0 

Sa ............................ 279.8 m . 5  279.3 m . 0  ZS.6 218.4 280.1 279.9 219.7 Zi9.4 290.2 
Ssa ........................... 199.6 199.1 lQa6  200.1 199.3 19K8 200.3 199.8 199.3 19&8 200.3 



t 

TABLE 15.-Equilbriutn argument (Vo+u) for meridian oj Creenrvich at beginning oj each calendar year, 1860 lo 2-Continued. 

C'omponcnt. I lW I I S 1  I 1932 U31 1 1934 / 193.5 I lab / I937 I I938 I I939 / 1940 I 1941 I I942 I I W  I IOU I lW5 I I946 / 1 W  I 1048 I 1949 

it ............................ 181.0 79.11350.0 m . 8  
,c ............................ 3P.9 191.5 327 233.7 
E ............................ 40.0 291.51.224.4 1jl.1 
PI 1RO 271.3 2026 15.4 

MK .......................... 218.7 29.58 Li.1 1320 ZB.9 302.8 39.3'136.5 231.9 311.3 $22 1 x 3  257.2 337.3 
2hIK ......................... 228 174.5 16.6 219.4 628  216.8 60.6 233.8 106.3 2584 99.6 3JJ.6 141.3 2822 31s .......................... 39.8 90.6 2028 314.5 66.0 115.6 !Z26.9 33R5 a 4  140.9 23.7 6.9 l a 6  1728 

i m 5  276.8 17.2 117.5 217.6 293.2 33.3 133.4 m 8  a 9  a 6  u l .6  2.528 329.8 ..................... 159.5 83.2 3428 2425 142.4 66.8 3'23.7 226.6 126.2 5 a l  308.4,=4 107.2 30.2 

\If ........................... 216 309.7 206.4 99.9 350.3 26.53 154.4 43.8 300.4 224.7 1 5 2 i  27.7 291.6 2228 
MFf .......................... 159.5 83.2 342.8 2425 142.4 66.8 3'23.7 226.6 126.2 
Xlm .......................... 1.2 103.0 191.7 2R0.4 9.1 

S3 ............................ Zi9.5 2~0.2 m . 0  279.81279.5 241.3 
8-n ............................ 199.0 200.5 200.0'199.5i199.0 2m.5 



TABLE 15.-Equilibrium argument (P,+u) jor meridain at Greenuich a1 beginning of each calendar year, 1850 to 2000-Continued. 
- - 

Component. 

J I . .  ......................... 
I . . .  ............. 
Kr ........................... 
4.-. ....................-.. 
Yt ........................... 
MY ........................... 
Mx. .......................... 

........................... 
Mr .......................... 
Ma ........................... 
N a  ........................... 
2N ........................... 
01.. ......................... 
00 .......................... 
............................ PI 

Q.. ......................... 
2Q .................... ....... 
~k ........................... 
SI ............................ 
...................... ....... 

..... Ta ................. ... 

I950 1 1951 

225.2 317.2 
9.8 121  

199.5 204.4 

1952 

. .  r--- 
49.1 
14.2 

209.0 
147.4 
222 

274.2 
51.3 

1H.3 
1025 
16.7 

241.2 

? S O  
314.2 

350.4 
225.0 
1620 
177.5 

~ s a o  
0.0. 
2 5  

155.3 

71.3 
106.9 
1426 
213.8 
2S.1 

215.7 
0.2 

61.6 
137.6 

349.9 
2U6.l 
3.50.6 
1 x 0  

1m.0 
0.0 
2 0  

............................ I & 324.4 
.... p ................... ... - 1 4 2 6  

.......................... I n.- 358.2 
pl ........................ 4 3 4 8 . 6  

l4S.3 
157.1 
Z1D.I 
203.9 

BW.4 

S.612W-5 
91.6 

IT28 
79.2 

345.5 
1343 
331.1 

228.5 
N . 2  
133.8 
16.2 

m . 2  
215.5 
271.3 
177.7 

1m.0 
0.0 
2 3  

2Ul4 
344.9 
299.2 
276.2 

2MK ......................... 174.1 
MN .......................... 155.4 
MS .......................... 274-2 
2SM .......................... S . 8  

29R1 
K5.8 

....................... 33.0 

m . 6  
Sur .................... 199.2'ZW.7 

1953 

154.6 
17.0 

214.7 
306.1 
265.5 

351.0 
346.6 
342.1 
323.1 
321.2 

216.3 
2082'81.5 

331.2 
248.5 

319.6 
196.4 
61.6 

1 x 2  

1m.0 
ao 
1.8 

MK .......................... 

47.0 
340.3 
115.1 
95.3 

8 1  
325.0 
207.3 
351.0 

9.0 

223-6 
9.0 

1 x 8  

m . 4  

- 
I 

I W  1 1955 

. I  
2183,335.0 
1 8 3  1R7 

217.0 ' 217.6 
1185'322.8 
159.0' 55.3 I 
92.1:1929 

3181 m . 4  
181.21 25.8 
276.3 218.7 

8 4 1  53.6 

~ ~ 6 ' 2 4 0 . 7  

3186 
1821 
45.6 
23.8 

110.4 

83.3 
1 8 2  

216.0 
165.4 
21.9 

293.5 
X a 2  
227.0 
160.4 
93.9 

2525 
211.6 
271.1 
313.6 

X50.4 
230.2 
IS%? 
m . 4  

1m.0 
0.0 
2 6  

141.0 
W.0 
Z&O 
243.6 

311.7 

5.1 
70.3 

151.4 

3499 
206:s 
343.3 
1780 

1~0.0 
0.0 
2 0  

228.9 
a 7  

23.59 
313.1 

211.6 
155.9 
320.7 
921  

287.9 

131.6 
261.9 
ZB.5 

m1.1 
200.2 

aaP7 
lm.0 
2 m 5  
6Q.5 

291.3 
GG.5 
41.0 

279.6 
199.3 

2885 
170.1 
1S.4 

3.50.1 
217.9 
2S.7 
177.7 I 
IXLO 

0.0 
2 3  

7.1 
73.6 

192.9 
167.1 

327 
167.1 
3122 

m . 9  
199.8 

...... 
164.0 
17.6 

211 4 
3369 
266.9 

9.4 
1W.2 
159 
28.4 
3i.8 

P(i.7 
81.0 

34112 
234.4 

3496 
2&4 
027 
nsn 
1xo.o 

0.0 
1.8 

&<8 
17.4 

160.1 
1388 

27.0 
1.3 

ZM2 
9.4 

350.6 

213.1 
W . 6  
142.7 

m . 4  
2aL8 

249.0 
14.9 

209.0 
153.8 
155,7 

109.0 
164.5 
219.3 

3289 r&6 

238.2 
6.7 

92.2 
1228 

349.9 
W.7 
349.2 
m . 9  

1m.o 
ao 
21 

309.5 
21R3 
69.8 
723 

124.6 
!DL4 
347.8 
109.6 
250.4 

105.3 
W.4 
'231.5 

280.1 
20a3 

-- 

3325 
114 

!&6 
,424 
524 

209.7 
134.6 
59.4 

m . 2  
118.9 

249.5 
289.4 
197.4 

7.1 

350.1 
m . 2  
Z7.l 
m . 7  

1m.o 
0.0 
2 3  

320.1 
59.1 
19.3 
7.0 

221.2 
I S 0  
99.2 

209.7 
150.3 

354.8 
1j0.3 
320.2 

2~0.0 
199.8 

.%5 
7 7  

19;s 
179.5 
341.3 

309.8 
104.6 
259.5 
209.3 
159.0 

Ta.9 
2120 
31B.2 
2W.O 

350.3 
2 X 3  
20.54 
m:4 

1m.0 
0.0 
2 6  

1.70.7 
2i9.9 

308.8 
3022 

317.4 
2518 
210.6 
309.8 
50.2 

243,)) 

153.2 
5.3 

191.4 
5.4 

2522 

25.5 
38.2 
50.9 
76.4 

101.8 

Z L L R  
M.1 
'23.0 

1620 

3 9 6  
'2323 
316 

17d1 

180.0 
0.0 
L 9  

282 
520 

2027 
aaL2 

3Q7 
45.7 

%X.2 
25.5 

334.5 

1.59.5 
.W.21.334.5 
4891lXl.7 

279.7im.1 
199.3 200.8 I 

. 
2383 

2 7  
186.2 
191.0 
146.5 

125.7 
8.5 

251.3 
17.0 

1426 

W . 2  
6.8 

1%8 
51.1 

349.8 
247.4 

7 9  
177:9 

1m.o 
0.0 
2 1  

299.0 
213.0 
1324 
13.4 

1 x 4  
Y1R6 
11.9 

125.7 
m . 3  

521 
234.3 
239.4 

m1.2 
20U4 

. 
325.2 

1.2 
1828 

2 4  
3&5 

226.0 
339.1 
92.1 

3181 
1.44.2 

257.9 
m . 8  
229.0 
3a5.2 

3501 
2 6 0 : ~  
2927 
177.6 

190.0 
0.0 
2 4  

a09.9 
W.1 
622 
65.1 

227.3 
90.8 
24.0 

228.0 
134.0 

3OX.1 
134.0 
3!2R1 

279.9 
199.9 

53.7 
0.9 

181.6 
1W.4 
3026 

326.7 
310.0 
253.3 
260.0 
226.6 

269.8 
213.0 
329.8 
20L.O 

W . 3  
2729 
2161 
m.4  

1m.o 
0.0 
2 6  

121.0 
295.4 
3 i 2 3  
355.4 

327.5 
2924 
%4 
326.7 
33.3 

207.1 
31.3 
513.9 

m . 7  
199.4 

157.6 
2 4  

184.4 
30.4 

P 6 6  

43.1 
244.7 
56.2 

1D.4 
1725 

2.44.5 
B5.R 
44.1 

133.8 

349.6 
245.5 
fb3.8 

1781 

1m.o 
0.0 
1.9 

19.3 
R83 

2369 
247.9 

45.6 
$3.8 

287.6 
43.1 

316.9 

134.8 
316.9 
15R6 

m . 4  
200.9 

24R4 
3 8  

1&9 
230.4 
ln7.6 

144.2 
216.3 
24ZL4 
72.6 

216.5 

256.8 
9.5 

143.1 
39.0 

.3498 
255:s 

S4 
1 n . s  

l sao  
0.0 
2 2  

290.9 
290.1 
177.5 
176.4 

14RO 
2M.6 
41.0 

144.2 
215.8 

38-0 
215.8 
B7.4 

280.2 
200.4 

o . . . . .  

340.0 
5.0 

190.8 
28.6 
40.3 

245.5 
I S 2  
1.30.9 
16.4 

261.9 

269.1 
293.2 
241.6 
306.1 

350.0 
265.5 
289.4 
m . 6  

1m.o 
0.0 
2 4  

2027 
1321 
1W2 
101.4 

251.1 

114.7 13.6 
334.3 127.8 
39.1 %4 
320 232.9 

354.7 75.1 
125.3 
154.8 
245.5 
114.5 

3023 
114.5 
336.1 

20.0 
199.9 

7l.9 
7.8 

195.4 
215.8 
302.7 

346.9 
160.3 
333.9 
320.7 
307.6 

2821 
217.3 

1780 
11.2 

2024 
57.9 

237.8 

64.0 
88.0 

128.0 
191.9 
25.59 

257.4 
90.7 

326.0 116.8 
269.0 321.4 
346.9 64.0 
13.1 B6.0 

339.8 
214.3 

350.3 
275.0 
210.2 
l n . 3  

1m.0 ~ s a o  
ao ao 
2 7  L9 

a07.2 
13.1 
64.8 

m . 7  
199.4 

138.9 
296.0 
l a 6  

290.5 
201.0 



t 

TABLE 15.-Eq~tilihrium argument (V ,+u)  for meridian of Greenwich at beginning of each calendar year, 1860 to 2000-Continued. 

J1. ........................... 270.0 1.8 93.1 
......................... K,.. 13.4 15.5 17.1 
......................... K t . .  207.2 211.5 214. 8 

4 ............................ 2628 60.3 Wi.2 
MI 155.2 4 8 6  307.8 

MI ........................... 165.4 266.8 8.0 
h4 mi  40.a 11.9 
M, ........................... 330.9 173.6 15.9 
Ms ........................... 136.3 80.4 23.9 
& ......................... 1 1 1  301.7 347.1 31.8 

ts 
t-' 
Q, 



TABLE 15.-Equilibrium argumenl (V.,+u) for meridian of Greenwich at beginning of each culendar year, 1850 lo 8000-Continued. 

i 
Component. 1990 1991 1992 1995 1996 1997 19% lQ9D 2000 

J, ........ 
.............................................................. 

............................................................. 

....................................................... 
& ........................................................... 
N4 .............................................................. ............................................................ ah.. 
&. ............................................................. 

...................... 

lz- ..................................... ............... PI .... 349.6 349.8 350.1 349.3 349.6 349.8 350.1 349-3 349.6 349.8 350.0 
Q .............................................................. 305.0 315.2 3 x 1  299.7 313.0 327.9 344.3 3229 339.5 3.54.9 2x8 8 

........................~................................ 9.9 291.4 213.6 4 10.0 296.2 8 100.6 x.5 315.2 240.3 
R; ............................................................ 177.6 1 ~ 1 . 4  177.1 177.8 177.6 177.3 177.1 177.8 177.5 177.3 177.0 rd . 
p I . . .  ...................................................... 

........................................................... 
T; 2 4  , ............................................................. 

..................................................... 
............................................................... 
............................................................... 

............................................................. 
66.0 325.8 225.5 $ 

253.0 144.9 40.1 
.- 3 % ~  225.5 ................. .................................... ..............-... -.- 3 l L o  39.7 1 x 4  ...... .......................... 

a .............................................................. 
................................ .................. 



TABLE 16.-Diflerences lo adapt Table I6 to beginning of each calendar month. 

Component. 
I Month of year.* 

I Jan. 1 R b .  1 M r .  / Apr. I May. I June. I July. I Aug. I Sept. I 0 I Nov. I Dec. 

.................................................. JI 
......................... & .. ........................ 
................................................... Iiy 
................................................... La. 

................................................ Mct.. 
31, ...................... .... ........................ 

.................................................. My. 

.................................................. MI. 
................................................... q 
................................................... M. 
................................................... .u, 
................................................... N, 
................................................... 2N 
................................................... 0, 
................................................. 00. 

................................................... PI 

................................................... Q 
................................. 2Q. --. ............ 
........................... R, ... ...........-....-..-. 
.................................................. st.. 
.................................................. TI.. 

A, .................................................... 
m. ................................................... 
m.. .................................................. 

.......................... .............-......- 6. .. 
............................................... 2MK. .  

&IN ........................ .. ....................... 
............................ MS.. ................ .... 

.................................................. ZSM 
MI.. ...................... .:. ........................ 

......................... .....-..--.-.-....-.. Msr ... 
.................................................. Mm 

Sa ................................................... 
Sss 

i 
.................................................. 

I I I I ' I 
* This table was designed for direct use lor common years. For a leap ear the values given for the months of March to December, inclusive, apply to the last day of the pre- 

cedin month but may tx used directly provided an allowance is made in t%e day d month as indicated in the lollowin table. 
+ $ h e  f i i l i n e  for component MI pj\& the diflerence ns bawd upon the formula in Table 3; the second line gives the AITerences as derived from the half speed of component M,. 
f The diflerences lor compcments 4, 4, &, s, etc., are each zero lor erery month. 



TABLE 17.-Diflerenc~s to adapt Table 16 to beginning of each duy of monfh . 

Day or month.* 

I I I I I I I 

*The table is sdapted directly f a  usa with mmmoo years. but if the required date falls between Mar . 1 and Dec . 31. inelusive. in a leap year the day of month should .b e increased 
by one before entering the table . M tTbe Brst line for component MI t v e s  the Umncesss  basad upm the formula in Table 3 the s e a a d  line.gives the dillrnnaes as derived from the halfspeed of eompment Ma . - :The aiflerences f a  armponents I. S1.S.. &. etc., are each reto foc the t eg imhg  of every day . cp 





TABLE 17.-Diflerencea lo adapt Tabk 16 to beginning oj  cach day o j  month--(=ontinued. 
- - 

I Day 01 month.* 
Component. 1 

.... - - .- - - -- .- - - .. - 

J1 .......................................................................... 
KI ........................................................................ 
Kr ........................................................................ 
L ......................................................................... 
M l t . .  ..................................................................... 
MI ........................................................................ 
MY. ....................................................................... 
M3 ....................................................................... 
M4 ........................................................................ 
M4- ....................................................................... 
Afa ........................................................................ 
Nr  ........................................................................ 
2N ........................................................................ 
0 1  ....................................................................... 
00.. ..................................................................... 
PI ........................................................................ 
QI ........................................................................ 
2Q. ....................................................................... 
R¶ ..............-......................................................... . st ................ ;. ........................ 2 . .  ........................ .-. ............ TI. .................. ... .................................... : 
As ......................................................................... 
m.. ....................................................................... 
r) ......................................................................... 
. I . .  ....................................................................... 

................................................................... ,kK I... 
2M K ...................................................................... 
MN ...................... .. .............................................. 
MS.. ...................................................................... 
2SM ................ ...... ............................................... 

................................................. MI ................... .. 
MSf ...................................................................... 
Mm ....................................................................... 
6a ........................................................................ ..................................... ............................ .. __________* 

*The table is adapted difeetl for us with common years but if the requimd date falls between Mar. 1 snd Dec. 31, incln~i~e,  in a leap year the day ol month should be 
increared b one before entenng d e  table. 

f The & tine fm mmpmtnt HI girm the difTen- at b e d  upon the farmula in Table 3; tho s-d line @F@ the dif?m~ g ckri~ed from the halfsprrQ ot cornpottent MS. : The diflereaw IN components 6, %. S4. St, etc., are each zero lor t& Wnoiag d every day, 



TABLE 18.-Di#erencea tq adapt Table 15 lo beginning o f  each hour of day. 

t Tbe flrat Une for component MI gives the diuerences as based upon the formula in Table 3; the second line gives tho diflerenw as derived from the half speed of com- 
poornt 16% 

Hour of day. 
Component. 

0 1 4 5 6 7 8 9 10 11 . 

J I  ......................... ... ...................... 
14 ............................................... 
Ka .............................................. 
k .................................................. 
M l t  .................................................. 
I& ........................... ... .................... 
M , ..................... ... ......................... 
MI ..................... ... .................... 
14 .............................................. 
M, ................... ... .................... 
&-. ................................................. 
NI ................. ... ............................... 
ZN .............................. ........ - . . . . . .  
q ................................................. 
00 ..................... .. ......................... 
PI .................................................... 
~1 ..................... .. ........................... 
2Q ..........................................-....... 
Ra ............................................. 
S, ................................................... 
4 .................................................... 
6 .................................................... .................................................. 
TI .................................................... 
& ..................~........................ .................................................... ,, .................................................... 
gk. ................. .- ............................. 
K .................................................. 

2MK ................................................. 
MN ................. ... ......... ......... . . . . .  
MS ................................................... 
2SK ............... .. ............................... 
MI ................................................... 
MBf ................................................. 
Mm ............................ .. .................... 
Sa ....................... ... ...... .. ........... 
sr ...................... ..: ....................... 
- 

a m  
a m  
0.00 
0.00 
0.00 
a 0 0  
0.00 
0.00 
000  
0.00 
(1 00 
a m  
0.00 
0.00 
0.00 
0.00 
a m  
0.00 
0.00 
0.00 
a 0 0  
0.00 
0.00 
0.00 
a m  
0.00 
a m  
0.00 
0.00 
0.00 
0.00 
0.00 
000  
0.00 
0.00 
0.00 
a m  

15.59 
1r.m 
30.08 
29.3 
14.50 
14.49 
za9a 
4348 
57.~1 
~ o s  

115.94 
zacp 
~ . B O  
13.94 
la14 
14.86 
lau, 
1285 
30.04 
1 ~ 0 0  
a 0 0  
eO.00 
90.00 
28.68 
29.46 
~ . Q I  
2 a s i  
13.47 
44.03 
a 9 3  
57.42 
58.98 
31.02 
1.10 
1.02 
0.54 
aor 

0.001 o..w 

31.17 
xos 
60.16 
59.06 
2R99 
Z!LW 
57.97 
S 9 5  

1 1 ~ ~  
i n m  
231.87 
ass 
5.5.79 
27.89 
32as 
29.92 
aam 
S 7 1  
60.08 
30.00 
a 0 0  

l!dl.00 
l a 0 0  
59.92 
s s e ~  
S M  
57.m 
zi.64 
a m  
85.85 

114 115 
117.97 
6203 
220 
2. 
1.09 
0.08 
0.16 

a 7 6  
45.12 
90.25 
a59 
a 4 9  
43.48 
a 9 5  

130.43 
173.90 

347.81 
s.32 
a89 
41.S 
dsrz 
44.88 
50.20 
3856 
90.12 
f i 0 0  
90.00 

lSJ.00 
m.00 
89.88 
sgn 
S.90 
ssc 
4 

13208 
l S 7 8  
17227 
176.95 
93.05 
3 . a  
& 
1.63 
a 1 2  
a r  

6x34 
60.16 

I n 3 3  
11811 
57.99 
57.97 

1 1 s ~  
173.90 
231.87 
347.81 
103.75 
113.76 
111.58 
55.77 
~ . s s  
59.84 
53.59 
51.42 

120.16 .. 
120.00 

TE 
119.84 
117.82 
1 1 ~ ~  
114.1~ 
53.88 

176.10 
171.71 
229.70 
235.94 
124.06 

4.39 
4.06 
218 
a16 
0.33 

77.93 
75.21 

150.41 
117.04 
7248 
7246 

144.92 
217.38 
2 8 9 . ~  
74.76 

219.68 
14220 
139.48 
69.72 
8o.m 
74.79 
6 6 %  
6 L Z I  

1.50.21 
75.00 

150.00 

% 
149.79 
147.29 
1 3 9 . ~  
14256 
67.313 

220.13 
214.64 
287.12 
294.92 
155.08 

5.49 
5.08 
272 
a 2 1  
0.41 

93.51 
90.25 

160.49 
177.17 
86.98 
86.95 

~n-90 
26Q83 
347.81 
16i.n 
33562 
170.64 
167.37 
£3.68 
eas3 
B.75 
m.39 
77.13 

1SO.25 
90.00 

1m.00 
0.00 

1m.m 
179.75 
176.n 
167.81 
1ii.m 
m.a 

264.15 
257.58 
344. 5( 
353.90 
1%. I0 

0 . r  0.57 

109.10 
1os.s  
210.57 
2 0 ~ 7 0  
101.48 
101.44 
m a  
304.33 
45.1% 

24807 
91.55 

iw.08 
1 9 ~ 2 7  
97.H) 

i ~ z m  
104.71 
s3.n 
89.98 

210.29 
losoo 
210.00 
€0.00 
moo 
209.71 

195.78 
iw.59 
3 . 3 0  

m i 8  
300.49 
41.87 
5ZS9 

217.11 
7.69 
7.11 
3.81 
0.29 

0.661 0.74 

. 
12168 
la=. 
240.66' 
B.P 
115.87 
11594 
231.87 
347~81 
1~~3.75 
33862 
207.49 
m.52 
~ 3 . 1 6  
111.54 
iw.11 
119.67. 
i07.19 
.32W 
240.33 
120.00 
240.00 
120.00 

am 
239.67 

2 0 8 . 1 9 ' ~ ~ ~ 6 5  
2~3.75 
22810 
io7.n 
35220 
343.42 
99.39 

111.87 
248 13 

878  
8.13 
4.35 
0.33 

o . s  

i40.n 
1 s . n  
2i0.74 
.365.76 
l a 4 7  
130.43 
260.88 
31:29 

161.71 
6257 

3323.43 
2jg.w 
~ 1 . 0 6  
125.49- 
1452.5 
134.89 
120.59 
115.68 
270.37 
1 3 s ~  
moo 
160.00 
90.00 
289.63 
a s 1 0  
251.71 
s . 6 1 .  
121.24 
xis 
ZS.34 

15681 
1iO.S 
279.14 

9.88 

0.90 

9.14 
4.90 
0.37 

1 5 ~ s  
150.41 
300.82 
295.28 
144.97 
144.92 
m.84 
71.76 

219.68 
149.52 
79.36 
ma 
n a g 5  
139.43 
101.39 
149.59 
133.98 
12854 
300.41 
1so.00 
moo 
240.00 
moo 
299.59 
294.56 
219.68 
x i 3  
134.72 
m.25 
69.27 

214.21 
229.84 
310.16 
10.98 

. .  
171.4 
iss.45 
330.90 
324.81 
159.46 
159.41 
3 1 a ~  
118.24 
m.65  
238.46 
I s 3 0  
312% 
31~s 
153.37 
177.53 
164.55 
147.39 
141.40 
330.45 
lss.00 
m.00  
3CO.M) 
moo 
329.55 
324.01 
307.65 
313.w 
148.19 
124.2~ 
11220 
271.66 
%£3 
341.17 
1205 

10.16 
5.44 
0.41 

.11.17 
5.99 
0.45 



- -. - TABLE 18.-Diferences lo adapt Table 16 lo beginning of each hour o j  day-Continued. , 
- 

Component. 

1 ..................................................... 
K t . .  .................. ...... .................-. 
K t  .................. .. .............................. 
L.-- ................ ..-.................... . .  
M i t  .................................................. 
MI ................................................ 
Mt.  ................. ..... ......... ...... ............. 
I& ................................................... 
Mc.. ................................................. 
?& ................. .... ...... .. ................... 
b& ................. ... ........ .. ................... 
NI ................................................... 
2N ................... ... ............................ 
01 .................................................... 
00 ......................... ... ...... .... . . . . .  
PI ................................................. 
QJ.... ............................................... 
2Q ................................................... 
R. . 
61 .................................................... 
& .................................................... 
S, ............................. ... ................... 
s. ............................. ......... .............. 
T; ............................ .. ............. 
h ............................................... 
a ................................................. 
....-................... -_ ..--. .............. 
n .................. . 
MK ................................. .... ........... 
2MK ................ ...... .... .. .................... 
BIN ................................................ 
MS .................. .. ........................ 
2SM .................. .... .......................... 
Ml .................. ........ .........-..-. 

......................................... 
mn ................. .. .............................. 
68. ................................................... _ ......................... ........................ 

tThe &st line fa com-t MI gives the dUlefenas Co 

J 
IIour of day. 

. ... ... .- - - .- - -- - - -. -- - - -- 
12 13 14 15 16 17 18 19 20 21 22 * D l  ~ - - ~ - ~ - - - ~ ~ ~  

0.89 31.07 61.15 91.23 121.31 151.40 181.48 211.56 241.64 271.72 301.81 331.m .. 
173.88 I S 4 6  a0295 217.45 231.95 2%44 W.94 275.44 . L .%Z  3M.43 31893 333.42 
173.8) l a 4 0  217.38 231.87 240.36 2€Q.H6 275.35 288.84 304.33 3 1 8 a  333.32 
347.81 16.79 74.76 103.75 13273 161.71 190.70 219.68 a 6 7  Zi7.65 308.63 & 
161.71 
33.5.62 
3 a 4 3  
311.24 
34L28 
33174 
167.32 
1P3.67 
179.51 
160.78 
154.25 

0.49 
1m.W 

0.00 
o m  
a m  

359.51 
L51.47 
m.62 
a 1 5  l a m  m.18 7 .  IZEI is.= m.74 21a25 7 .  m.3 
161.66 175.13 1FS.W a0207 2l5.54 Ps.02 U 2 9  255.96 269.43 28290 286.37 309.34 8 
16830 212.33 256.35 300.38 344.10 2843 7245 116.48 1M50 'AX63 M 5 5  29258 

E3 
as bssed upon the formula in Table 3; the r m d  line gives tbe diirenm as derived from tbo half speed b[ component Ma. 

' 

2ai.19 
33.59 
50.36 
67.17 
9.72 
264 

181.26 
aDB.81 
194.47 
174.18 
167.11 
sau 

195.00 
30.00 
ma) 
90.00 
29.47 
2292 
3.59 

25R67 
91.55 

183.11 
3816 
3a53 

195.20 
22.595 
209.43 
187..58 
179.96 
a 5 7  

210.00 
60.00 

1m.m 
1m.m 
59.43 
5239 
31.55 

29214 
149.52 

137.S-224.28 
299.05 
66.60 
5843 

206.15 
24209 
m.38 
2lO.98 
19281 
90.62 

22500 
90.00 

1~0.a) 
m . 0 0  
R8.38 
81.83 
59.52 

335.62 
207.49 
311.24 
54.98 
95.04 
a 3 3  

223.09 
258.23 
ZZ9.34 
214.38 
X67 
1m.a 
M.00 
120.00 
a a m  

0.00 
119.34 
111.28 
87.49 

19.09 
235.48 
3819 

17(L92 
123.48 
11122 
237.a 
274.36 
254.30 
P1.78 
218.52 
150.70 
Z5.i.00 
150.00 
m.m 
90.00 

149.30 
140.76 

6257 
32143 
125.14 
ZS.86 
151.92 
142 12 
250.87 
290.50 
269.26 
241.18 
231.38 
1m.n 
270.00 
lRQ00 

0.00 
1m.w 
179.6.26 
170.m 199.68 a . 1 1  25857 28902 317.48 

1m.05 
381.40 
21209 
4279 

1F0.35 
170.01 
2BL92 
335.64 
284.22 
254.57 
244.23 
2 io . r~  
%a) 
210.00 
moo 

270.00 
209.22 

149.52 
79.36 

299.05 
15873 
20879 
197.91 
278.86 
32278 
209.18 
m.97 
257.W 
mpr 
300.00 
H0.W 
1m.m 

0.00 
239.18 

1€3.00 
137.33 
28.00 

274.66 
237.23 
225.m 
29280 
a 9 2  
314.14 
281.37 
269.94 
nos 
315.00 
270.00 
1 m . w  
90.00 

269.14 

236.M 
195.30 
11295 
30.60 

2G.67 
253.70 
306.75 
355.08 
329.10 
294.77 
28279 
y a m  
330.00 
333.00 
m.a) 
1m.w 
299.10 

279.95 
253.27 b 

-199.90 rd 
146.54 fi 
m.11  m 
'281.59 
320.69 
11.20 

344.06 $ 
'30817 
m.65 
mu 
345.00 
330.00 !2 

-300.00 n 
n0.m I-J 
329.06 



U . S . COAST AND GEODETIC SURVEY . 
TABLE 19.-Product8 for Form 194 . 

[Multlpller-sln 16.-0.18.1 . 
0.00 ................. 

. O 1  ................ . 02 .................. . 03 .................. 

. M .................. . 05 .................. - W .................. 
-W .................. 
-08 .................. 
.08 .. ........_.. . . . . .  
10 ................. . 

.11 .................. 028 1 . 287 . .1e .................. a31 280 . ................. -18 .OM I 293 

-14 .................. 
1 . . . . . . . . . . .  
-16 .......... . ... 
.. 17 .................. . 562 . 821 1.080 - 18 ....I. ............. - 10 ................. -- 
-20 .................. 052 . 311 . 570 

.el ................. 0 . 313 . 572 
057 . 316 . 575 .................... 

-23 ................. @30 . 319 . 578 

. E4 .................. 082 . 321 
-I .................. OAS . 324 
-08 .................. 087 . 320 

. Z7 .................. 070 . 329 
n .on .an . ................. . I0 .................. 075 3 

. 3  0. ................ 

.81 ................. OW . 33q . 598 7 1.116 1.375 1.6% 1.893 2.162 2.411 

.re ................. .om ..R 42 . BOI .. 1 . 1 1  1.318 1.637 I . w 2.155 2.414 

.63 .................. 085 . W . 603 . 882 1.121 1.380 1.039 1.898 2.157 2.416 

.84 ................... 7 . Og . 855 1.124 1 . 1.642 1.901 2.160 2.419 

.88 .. .......-....... 1 . 3.59 . 1303 . 888 1.127 1 1.045 1.904 2.103 2.422 . ae .................. 003 . 352 . mo I . 120 1.w I . 647 I . wxt l 2.1m 2.424 

-87 .- ................. . 38 .................. .as .................. 
-40 .................. 104 

.41 ................. . 624 . 42 .................. 027 . -48 ................. 111 370 . 829 

. .................. . ................ . .................. 
. .................. 

................. . 

-44 114 373 
-46. 117 376 
-46 119 378 

47 IZ 

LB 

. . 50 ................ 1 . 388 8 m 1.188 

1--- 
0 1 P 8 8 0 

2 

0. 518 

8 

0.777 

. 780 . 782 . 785 

. 787 . 7Dn . 703 

. 795 . 788 . 800 

---- . 521 . 623 . 526 

. 52s 

. 531 . 534 

. 530 . 539 . 541 

003 
005 
008 

010 

6 

1.296 

1.298 
1.300 
1.303 

1.305 
1.308 
1.311 

1.313 
1.310 
1.318 

4 

1.036 

1.039 
1.041 
1.044 

1 . OUI 
l.MD 
1.052 

1.054 
1.057 
1.059 

. 262 . 264 . 267 

. 209 

1.321 1.082 =I== 

013 . 272 
010 1 . 275 

018 1 . 277 
021 . 280 
023 . 292 

6 ........ 
1.664 

1.557 
1.659 
1.562 

1.564 
1.587 
1.570 

1.572 
1.575 
1.577 

1.803 1.580 

0 

2.331 

2.334 
2.336 
2.339 

2.341 
2.344 
2.347 

2.349 
2.352 
2.354 

7 1 8  

2.357 

1.813 
, - - -  

1.816 
1.818 
1.821 

1.823 
1.826 
1.829 

1.831 
1 . R31 
1.836 ---- 
1.839 

2.072 

2.075 
2.077 
2.080 

2.082 
2.085 
2.088 

2.080 
2.093 
2.095 

2.085 



HARMONIC ANALYSIS AND PREDICTION OF TIDES . 
TABLE 19.-Producta jor Form 1Q4-Continued . 



226: u . s . COAST .AND GEODETIC SURVEY . 
TABLE 19.-Products for Form 194.Continued . 

[Multlplior- slo 30'- O.W.1 

-.- 

I -  

0.00 ................. 
.................. . O 1  .................. . 02 .................... 
.................. . M .................. . 06 . 06 ................. 
................. . 07 

-08 ......-......-... . 5B 

.................. . 10 OJO 

.................. .I1 0.55 .................. . 12 060 .................. . 13 065 

.................. . .................. . .................. . 

.................. .17 085 . 585 1.0% 

--- 

14 070 
15 075 
18 080 

4.085 4 . .% . .. . 18 ................. 1 1 %  : 1 %  1 %  4 4.590 .................. . . 18 085 585 1.085 1.595 2.005 2.595 3.085 3.595 4.005 4.595 1 1 ---- 
20 6001 1.100 1.8001 2.100 2.600 3.1001 3.800 4.100 4.000 . .................. I.-- ---- 
.................. . n .................. . .  n .................. . 23 

.................. . 24 .................. . 26 .................. . 26 

.................. . 27 . 28 ................. .................. . 29 
. 30 ................. 

.................. .31 .................. . 32 .................. . 33 

.................. . ar 170 .................. . 36 .................. .as 
. 37 
Y ................. . .................. . 30 I95 695 1 --- 

.................. .M 200 

.................. . U .................. . 42 . 43 ................. 2 1  

.................. . u .................. .46 
46 .................. 230 . 730 1.230 . 
.................. . 47 236 . 48 .................. 240 .................. . Q 245 

60 . ................. 
0 

. I 105 
1.110 
1.115 

1.120 
1.125 
1.130 

1.135 
1.140 
1.145 --- 
1.150 --- 
1.155 
1.160 
1.165 

. 105 1 au . 110 610 . 115 615 

. 120 020 . 125 625 . 130 630 

. 135 635 
4 0  . 640 . 145 045 

=I . 650 

155 
160 
165 

1.61~5 
1.610 
1.615 

1.620 
1.625 
1.630 

1.635 
1.640 
1.645 

1.650 

1.655 
1.880 
1.885 

. 655 . 800 . 685 

2.605 
2.010 
2.615 

2.620 
2.825 
2.630 

2.035 
2.640 
2.045 

2.693 

2.655 
2.680 
2.886 

2.105 
2.110 
2.115 

2.120 
2.125 
2.130 

2.135 
2.140 
2.145 

2.150 

2.155 
2.100 
2.166 

3.105 l 3.605 4 ,105 
4.110 
4.115 

4.120 
4.125 
4.130 

4.135 
4.140 
4.145 ---- 
4.150 ---- 
4.155 
4.100 
4.165 

3.110 
3.115 

3.120 
3.126 
3.130 

3.135 
3.140 
3.145 

3.150 

3.155 
3.180 
3.105 

4.605 
4.010 
4.015 

4.620 
4.625 
4.630 

4.635 
4.840 
4.645 

4.650 

4.655 
4.860 
4.665 

3.610 
3.615 

3.620 
3.625 
3.630 

3.635 
3.040 
3.645 

1 3.650 

3.655 
3.880 
3.865 



HARMONIC ANALYSIS AND PREDICTION OF TIDES . 227 

TABLE l9.-Produc18 for Form 194.Continued . 
(Multiplier-sln 30.-0.600.1 



U . S . COAST AND GEODETIC SUBVEY . 
TABLE 19.-Products for Form 194--Continued . 

[Multiplier- uln 45.- 0.107.1 



HARMONIC ANALYSIS AND PREDICTION OF TIDES . 229 

TABLE 19.-Producb for Form 184-Continued . 



U . S . .COAST AND GEODETIC SURVEY . 
TABLE 18.-Products for Form 194.Continued . 

INultipher-sin 80'-0.866.) 



HARMONIC ' A K ~ ~ ~ ~ ~ ~  AND 'PREDICTION OF TIDES . . 231 

TABLE lQ.-Product~ for F O T ~  194.Continued . 
IMultlpUer- sin 80'-0.881.1 



U . S . COAST A N D  GEODETIC SURVEY . 
TABLE 19.-Productu for Form 19&-Continued . 



HARMONIC IWdLYSIS AND PREDICTION OF TIDES. 

TABLE 191-Product8 for Form 194-Continued . 
[Multlpllsr-sin 76.-0.086.1 



' U. S. COAST AND GEODETlC SURVEY. 

TABLE 20.-Augmenting factors. 

SHORT-PERIOD COMPONENTS.*  orm mu la, augmenting factor,+. 
24 sln !$?? 

SHORT-PERIOD COMPONENTS.* Formula, augmenting ¶ & o r - a .  
?sin 

Augment- 

) 
Au~mont- Logarithm 
Ing lactor. b g  factor. LO@rithm' ~ e x b k s .  ------ 

... J I  ...... 1.0031 0.00134 PI.. 1.0028 0.00123 
...... .... K,. I. 0029 0.00125 QI 1 . W  0. W W  I .... ... Kn.. 1.0110 0.00W 2Q. 1.0021 0.OOOBl 

.... ...... 1.0112 0.00482 Rt. 1.0115 0.004W 

2:::::; i:gi; 2::::; ;:E$ Each component hour of observntlon arlod rocoivos one and only one of solar 
... ...... 3 . .  1.0244 0.01047 , 1. 0100 0.0048'2 R O , " ~ ~ C O ~ ~ ~ ~ B  ~~la:yO$",f 

.... ... ' M4.. 1.0140 0.01R68 n . .  1.0104 0.00449 represented 24 hou;l holgh:hts ... ..... 11s. .  1.1028 0.04251 PI .  1. 0023 0.00100 an$ component by roprertenred by 21 
&. .... 1.1834 0.070RO MK. ... 1.0250 0.01074 means* 
Nt ...... l.OlC3 0.00447 2MK ... 1.0'238 0.01021 

. 2N ..... 1.0099 0.00430 MS... 1.0431 0.01833 

0 1  ...... 1.0025 0.00107 MS ..... 1.0458 0.01936 .... 00 .... 1.0033 0.00144 2SM 1.0123 0.005% 

D l ~ r ~ 8 l J r  KI Mi 01 00 PI, QI 2Q PI 
& m l d u d l  d*, I;, dt, dt, 2N, kt, 'h, 
ltp n,2SM. 

~er ' lurnal  Ma, MK, 2MK ............... 
~ u n r t c r d l ~ ~ r n a l  M*, MN, MS.. ......... 
s %thdlumnl & ........................ 
Eighthdlurnal &. ..................... 

LONG-PERIOD COMPONENTS. Formula, sugmentlng lector-% . 
sln 12.3 

1.0029 0.00lWl 
1.0115 0.001872 

1.2082 1 0.082198 

*For component 81, &, 81, etc., the augmontlng factor is unlty. 

-- 
...... ~m 

Mf.. ...... 
MSf ...... 
Ba.. ...... 
8sa ....... 

&%:4: 
1 . 0 0 . ~  o.ocnia 

Dally sums usodas units In tbesummstion for the divisional means and 
all dally sums usad. oomponent month for Mm, XI, MSf, and cobPo- 
nent year for 8a a d  8sa represented by menns. . 1.0110 0.00109 

I 

LogBTlthm. Remsrb. 



TABLE 21.-Acceleration in  epoch of K, due lo P,.  

[Argument h-lv8refots to boginning of sork.] , -- - 
58 

days. 

- - 
87 

dsys. 

---- - 

105 1 134 I 163 1 l92 / 221 1 2YJ 
days. days. days. days, days. days. 

+ae +5.8 +20 -0.7 
C10.0 +5.9 +1.7 -0.3 
+10.1 I l l  +L1 +0.9 +0.2 

-- 

279 / a 7  I 326 
dsys. days. days 

TABLE 22.-Rdio of increase i n  amplitude of I<, due to P,. 



U. S. COA$,T AND GEODETIC SURVEY. 

TABLE 23.-Accelerat<on in epoch of S, due to K2. 

[Argument h-v?refem to beginning of series.] 

TABLE 24.-Ratio qf increase i n  amplitude of S, due to K,.  

[Argument h-V" refers to beginning of sories.] 

5~ 87 105 
daya. days. days. 

IM 
days. 

-a or 
-0.05 
-0.08 
-0.08 

-0.05 
-0.03 
-0.01 

+o. 02 
+o.m 
+o. os 
+O. 10 
+O. 11 
+o. 11 

+0.09 
+o. 07 
+o.or 
+0.01 
-0.02 
-0.04 

o 
10 
m 
30 

40 
MI 
60 

70 
BO 
80 

1W 
110 
m 
l30 
140 
150 

160 
170 
160 

n i  
days. 

--------- 
+o. 05 

+O. 04 
+o. 03 
+0.01 

0.00 
-0.01 
-0.02 

-0.03 
-0.02 
-0.01 

0.00 
+O.Ol 
+o.o3 

+O.M 
+o.os 
+o.w 
+O. W 
+o.m 
+0.05 

+o. ae 
+0.23 
+o. 18 
+O. 10 

+0.01 
-0.08 
-0- 17 

-0.23 
-0.27 
-0. 25 

-0.20 
-0.13 
-0.03 

+O.W 
+o. 14 
+o.zi 
+O. 25 
+o.n 
+O.% 

180 

190 
200 
210 

220 
?a0 
240 

250 
260 
no 
280 
2W 
mo 
310 
am 
aao 
340 
a50 
360 

1113 
days. 

4 . 0 1  

-0.01 
-0.01 

0.00 

0.00 
+o.oi 
3.0.02 

+o.m 
+aor 
+O.U 

+0.05 
+0.05 
+o. 04 
+0.03 
+o. 02 
+o.ol 

0.00 
0.00 

-0.01 

182 
days. 

+o. 03 

+4 03 +o.m 
+O.m 
+O.M 
+o.oz 
+O. 01 

+o. 01 
0.00 
0.00 

+0.01 
+O.Ol 
+o.oi 
+0.02 
+o. m 
+o.a 
+0.03 
+o.o3 
+0*CQ 

250 
days. 

+o. or 
+O.M 
a 00 

-0.01 

-0.03 
-0.04 
-0.04 

-0.m 
-0.m 

0. 00 

+0.02 
+O.M 
+ o . ~  
+0.07 
+o. 07 
+o.o7 

+O.W 
+O.W 
+O.M 

+o. ec 
+0.19 
+o. 12 
+O.M 

-0.05 
-0.14 
-0.21 

-0.25 
-a25 
-0.21 

-0.15 
-0.W 
+o.oa 
+O. 11 
+o. 18 
+O.B 

+O.% 
+o.ae 

+O.U 

0 

+o. is 
+0.08 

0.00 
-0.08 

-0.15 
-0.18 
-0.21 

-0.20 
-0. is 
-0.10 

-0.02 
+0.05 
+o. la 

+O. 18 
+o.n 
+o.u 
+0.23 
+o.m 
+0.15 

m 
days. - 
0.00 

-0.01 
-0.01 
-0.01 

0.00 
0.00 

+O. 01 

+o.oz 
+o.oa 
+o.w 
+0.M 
+O.m 
+o.w 
+O.M 
+o. 03 
+o.oa 
+0.01 

0.00 
0.00 

ne 
days. 

+a. 01 

0.00 
-0.02 
-0.03 

-0.04 
-0.03 
-0.02 

-0.01 
0.00 

+ a m  
+0.M 
+O.W 
+o.o7 

+0.08 
+o. 07 
+ o . ~  
+O.N 
+ o m  
+0.01 

287 
days. 

O .  

0.00 

-0.01 
-0.02 
-0.03 

-0.03 
-0.m 
-0.01 

0.00 
t.o.02 
+o. M 

+0.05 
+0.08 
+o.o7 

+0.07 
+o.w 
+o.w 
+O.CQ 
+o.m 

0.00 

0 

+o. 03 

-0.03 
-0. 09 
-0.13 

-0.15 
-0.16 
-0.14 

-0.10 
-0.05 
+o. 01 

+0.07 
+O.l2 
+o. 1.1 

+O. 19 
+o. 19 
+o. la 
+O. 14. 
+o.w 
+0.03 

0 

- o m  
-0.08 
-0.10 
-0.12 

-0.13 
-0.11 
-0.09 

-0.05 
0.00 

+o. 05 

+O. 10 
+O. 14 
+o. 16 

+O. 17 
+o. la 
+o. 13 

+0.08 
+o.a 
-0.02 
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TABLE 26.--Acceleralwn in epoch o j  S, due lo T,. 

[Argument h-pl  refers to beginning of ar1es.l 

16 
days. 

2Q 
days. 

87 I 105 I 134 / lr 1 192 1 zi 
days. days. days. days. days. days. 

m 1 a7 1 sr 
days. dapa. days. 



U. S. COAST AND GEODETIC SURVEY. 

TABLE 26.-Resultant amplitude of 8, due to T,. 

[Argument h-pl  refers to beginning of series.] 

28 
days. 1 d&. 1 2;s. 1 :$s. 1 k y s .  1 &%. 1 k y s .  1 d?$. 1 d g s ,  1 2;s. 1 cl?;s. 1 2:s. 
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TABLE 27.-Crilieal logarithms jor Form 846. 

Natural 1 h g a -  11 Natural / L o p  11 ?&ur$l. 1 r I .  11 Natural 1 -8- 1; Natnral 1 J,"k!a- 
number. rlthm, numbor. rithm. number. rlthm. number. r.thm . 



TABLE 2s.-Compvnenl speed diflmences (&a) and log (b-a). 

DIURNAL COMPONENTS. 



TABLE 28.--Componml speed diJeremes (bo) and log (&)--Continued. 

SEYIDIURNAL COMPONENTS. 



U . S . COAST AND GEODETIC . . .  .SURVEY .. : 

[Upper line for each component give8 the loparithms'ol the factors; middle Hne. cdrresponding natural 
numbers; lower Unc. angles in degrees.] 

EERIE8 14 DAYS . DIURNAL COMPONENTS . 

Component sought 
C.4) . 

J1 ........................... 

Kl .................. 

MI .................. 

o1 .................. 

00 ................. 

PI ................. 1. 

QI .................. 

2Q .................. 

81 ................... 

PI .............,..... 

Dlsturbing components ( B .  C. etc.). 

PI 

8.1357 . 014 
186 

9.3344 . 216 
276 

86530 . 045 
188 

9.8516 . 711 
281 

. 9 im 

.is 
2l2 

9.3331 
a 216 
rn 

9 . w  . 882 
12 

9.7298 . 587 
104 

9.3388 
217 
2 s  

........ ..... ' . .... - 

....... .... 
9.7888 . 628 

91 

8.2015 . 016 
3 

9.aiso . 207 
88 

9.7880 . 615 
28'1 

9.7203 . 525 
10.5 

83017 . MO 
7 

9.0913 . 123 
88 

9.7807 . 676 
98 

8 N 7  . 014 
176 

PI .......... 
9.7m . 525 

255 

9.8858 . BBO 
346 

9.8578 . 721 
78 

8.13~) . 054 
171 

a9571 
.mi 

342 

........ ....... .... 
9.3333. . 217 

82 

8.2581 . 018 
174 

9.BBBo . 988 
353 

9.3331 
1 

70 

F1 

9.7W 
6!B 
!HI 

........ ....... .... 
9.7968 . 628 

91 

a3839 . 024 
4 

a m 9  . 024 
360 

9 . WJ58 . BBO 
14 

9 . a ~ ~ )  . 107 
68 

8.3017 . MO 
7 

9.9880 . 898 
7 

9.3344 . 216 
84 

QI 

8.3017 . O!B 
353 

9.3150 . 207 
284 

8.3839 . 024 
356 

9 . m  . 628 
289 

9.0~78 
.in 

280 

9.3355 
217 
ns 

........ ....... .... 
9.7888 . 628 

91 

9.3283 . 213 
ni 

9.8861 . 982 
348 

2 4  

9.0913 . 123 
-281 

8.8017 . 020 
363 

9.3150 . 207 
284 

8.2015 . 016 
357 

8 . ~ 3 ~ 0  . 021 
348 

8.2581 . 018 
iss 

9.7888 
628 
289 

........ ....... .... 
7.1244 . 001 

o 
9.7198 . 687 

256 

00 

9.7880 . 615 
83 

8.319 . 024 
4 

9.3150 . 207 
OB 

aam 
024 

9 

........ ...... ..... 
8.9571 . 081 

18 

9.0~78 . 122 
100 

8.3320 . 021 
12 

8.7710 . 069 
11 

9.1066 . 1% 
88 

01 MI I * 

8.2016 9.3150 

81 

9.7807 . 576 
282 

9.B860 . 889 
353 

9.8290 
675 

85 

8.1381 
0 1  

178 

8.7710 . 0.58 
849 

9.8890 . 998 
7 

~.3283 . 213 
88 

7.124 
001 
0 

........ ....... .... 
9.3388 . 217 

77 

. . 016 / ZW7 
357 

9.7888 
628 
289 

........ ....... .... 
9.7880 . 616 

93 

~.ai50 . 207 
284 

9.8578 . 721 
282 

8 . 3 ~  . 0% 
4 

9.31Kl . !&7 
88 

9.8290 . 676 
n 5  

8.8530 . 045 
172 

7 

8.3839 . 024 
356 

9.7880 
615 
28'1 

........ ....... .... 
a3828 . 024 

351 

8.7358 . 054 
im 

9.7989 . 628 
91 

8.2015 . 016 
3 

8. 1381 . 014 
182 

9.8616 . 711 
79 



HARMONIC ANALY81S AND PREDICTION OF TIDES . 

Corn onont 
(A)'  

................... KI 

.............. L, 

............. MI 

............. Nt 

............. 2N 

............. RI 

.............. 81 

.............. TI 

.............. XI 

.............. fit 

.............. v, 

............ 28M 

.... 

Disturbing components (B, C, etc.). 

r 

87223 . 053 
33198 

9.3018 . 200 
259 

&lo41 . 016 
357 

9.8278 . 672 
275 

. 9 Wl . Wl 
13 

R 5420 . 035 
347 

8 1835 . 016 
SM 

7.6684 . 005 
162 

9.3301 
214 
272 

...... ...... .... 
9.7627 . 579 

282 

81928 . 016 
351 

TI  - -  
9.8882 

"28 

9 . W  . 722 
15 

6.4114 . 01(1 
175 

9.3204 . PB 
93 

8.4856 . 031 
11 

VI 

9 . W  . 188 
257 

8 1941 . 016 
357 

9.6276 . 672 
275 

. 9 8881 . 991 
13 

9.6823 
4 8 1  

111 

9.3188 . 207 
nU 

9.3301 . 214 
ne 

9.3364 . 217 
2RO 

8 15M . 000 
180 

9.7627 
679 

98 

...... . . . . . .  .... 
9.1043 
.in 

209 

th 

9.WJO 

'"5 

9.8276 . 672 
L!5 

8.1941 . 016 
3 

8.3018 . 200 
101 

88888 . 048 
19 

i t  

9.6707 

'%7 

9.8881 . OR1 
347 

9.8276 . 672 
85 

8 1941 . 016 
3 

9.3018 . !4W 
101 

2SM . 
__ 
8 8476 . 070 

168 

9.3301 . 214 
68 

8.1936 . 016 
6 

8.0793 . 120 
104 

8 5765 . 038 
22 

8.4114 . 028 
175 

8 1841 . 010 
3 

8.7281. . 054 
10 

8.3018 . 200 
101 

81928 . 010 
9 

9.1043 
in 

91 

...... ..... .... 

R, 

9.9986 

' y 5 3  

9.7927 . 620 
82 

87281 . 054 
10 

9.2760 . 189 
108 

8 8167 
066 

26 

9.7196 . 624 
2b6 

9.7627 

N 2 

9.2424 
176 . 
244 

8 8055 
.Of@ 

344 

9.7627 
579 
262 

...... ...... .... 
9.7627 . 578 

88 

Ms 

8 8437 
08% . 
.W 

8.7627 
679 
262 

...... ...... .... 
9.7627 . 679 

98 

8 SO66 
.OM 

16 

Kt  

...... .... 
9.754 
7 

1130 

8.9437 . 088 
18 

9.2424 . 176 
110 

8 BOBS . 081 
34 

...... ...... .... 
9.8887 

2N 
- 
88083 

'O!b 
8.2507 . 178 

246 

88055 . 080 
344 

B 7627 
679 
282 

...... ...... .... 

L, 
. 

9.7534 
567 
280 

...... ...... .... 
8.7627 . 679 

98 

8.8055 . 080 
16 

9.2507 . 178 
114 

9.8887 9.8860 
OD7 . 889 
353 345 

...... . 097 
7 

9.9950 . 988 
15 

9.7195 
.524. 

105 

RM#) . 035 
la 

8.3168 . m7 
05 

84114 . 026 
185 

8.2760 . 188 
252 

9.3018 

8 7281 

8 1941 

. 9 0886 

8.9087 ...... .... 
9.QWl . 987 

7 

8.7627 . 678 
98 

81935 . 016 
6 

9.3301 . 214 
88 

81941 . 016 
a67 

88167 . 088 
334 

ROllss 

. 7927 

881 1 . 578 
3a3 202 

...... k w 1 0  ...... 832 .... 289 

. ...... 9 f@10 . ...... 832 
91 .... 

7.0064 9 .W1  . 005 . 214 
178 88 

8.&W 87788 . 217 . 080 
80 170 

R7281 9.3018 . 0.54 . 200 
3 ~ 0  269 

. 200 
as9 

9 . 3 1  . 208 
207 

8 1941 . 016 
367 

9.8216 . 672 
8s 

9.BBB1 
.mi 

347 

9.9793 . im 
2 ~ )  

. 016 
aa 

84114 . 028 
185 

9.8276 . 672 
275 

89141 . 010 
3 

9.8276 . 672 
85 

Kld36 . 016 
as 

. 969 
15 

9.9892 . 975 
22 

8.0707 . 468 
113 

87223 . Ob3 
21 

0.W . 188 
103 

RE476 . mo 
192 

. 049 
341 

84856 . 031 
349 

9.3018 . 200 
258 

9.9901 . 061 
M 7 ,  

9.8823 . 481 
249 

86765 . oa 
338 

. 672 
na 

9.8686 . 722 
283 

9.9961 . 881 
13 

9.3018 . 11)0 
101 

8.1941 . 016 
3 

8.3301 . 214 
272 

. ? / 4 6 ~ 8 . %  
9.%50 9.8276 



244 u . s . COAST AND GEODETIC SUI~VEY . 
TABLE 29.-Elimination factore--Continued . 

9 

SERIES 29 DAY8 . DIURNAL COMPONENTS . 

Component sought 
( A  ) . 

Dlsturblng compo&ntv ( B .  C. etc.). 



TABL~ 29.-Elimination factors-continued. 

SERIES 29 DA'YS. SEMIDIURNAL COMPONENTS. 

Disturbing components ( B ,  C, etc.). 

.... ..... 

4 ............. ..... ..... 

............. ..... 

Ny.. .......... . . . .  ..... 

.......... .... 2N.. ..... .... 
..... RI.. .......... 9.8&54 9.8818 9.0538 7.2754 9.1807 1 8.7772 

.860 .859 .I13 .002 016 .OBO ..... . .... 346 331 336 359 188 169 

S,.. ............ 9.9318 I .W9 , 29 
Ty ............. !9.9587 

8.9810 
.OW 

1W 

'9.2512 
.I82 

210 

8.9837 
.IN38 

25 

7.7378 
.@XI 

3 

8.2616 
,018 

Xy: ............. 

m.. ........... 

va. .  ............ 

.BOB 
43 

9.lOW2 
.I62 

38 

.8.8224 
.021 

11) 

8.0542 
0 1  

R 26l6 
.018 

186 

8.7772 
.MM 

Q01 

8.9810 
.OW3 

188 

8.2016 
.018 

I74 

8.9810 
.OW3 

............ 18.M 

164 

9.0054 8.6248 8.2588 
.lo1 . ~ 2  .OIX 

215 202 193 

335 

7.5R00 
.UH 

183 

172 

8.772 
.OM 

3641 

3 2  

7.7379 
.@XI 
364 

7.7378 1 8 . ~  . 00J 1 .017 
357 348 

8.3278 17.4179 
.021 1.003 

9.8864 . B80 
14 

9.9818 
.959 

29 

9.0638 
,113 

24 

7.2754 
.OUZ 

1 

8.1807 
.016 

191 

8.2616 
.018 

186 

8.9810 
.OiM 

104 

8.8857 
.9@d 

158 

8.2816 
.OM 

186 

182 

7.7978 
.@XI 

367 

9.9857 . 903 
335 

9.1825 
.I62 

...... ...... .... 
9.9964 
.W 

14 

8.69.65 
OM) 

9 

8.2588 
,018 

167 

8.6248 
.042 

143 

8.3262 
0 2 1  

352 

9. W.54 
BBO 
346 

...... .... .... 
3.4418 
.028 

175 

8.6780 
.038 

153 

8.8324 
.OM 

148 

7.7378 
.mb 

357 

...... 
351 1::: 151 

8.2539 8.5015 
.oa 1 .a j ..... .... 

8.6955 
.050 

351 

8.4418 
.028 

185 

...... ..... .. .- 
8.6248 
.M2 

168 

8.8840 . WL 

8 . W  
.018 

193 

8.5780 
.038 

207 

8.6248 j 8.2616 
.042 .018 

202 i 174 

8.8324 8.3202 
,088 1 .ON 

1 217 l 
8 

8.6248 8. g840 7.7378 

...... ..... ... 
8.8955 ...... 8.3016 
.OM .032 
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TABLE 29.-Elimination factors--Continued . 

EERIE8 58 DAYS . DIURNAL COMPONENT8 . 

Component sollght 
( A  ) . 

. 

J1 ...... ..-....... 

K1 .................. 

MI .................. 

01 .................. 

00 ., ............... 

PI  ................... 

QI .. ., ............ ., 

2Q .................. 

SJ ................... 

pt ................... 

Dlsturblng components (B.  C. etc.). 

SI 
..--- 

e . 0 1 ~ .  . 161 
313 

'9.9818 . 959 
331 

R.4- 
.OW 

170 

U.3'224 . 021 
16 

8.W91 . 089 
287 

9.9818 . 959 
28 

8.4645 

. oa 
1M 

pl 

.a.3m . 
329 

&&5M . 011 
348 

7.9571 . 006 
188 

8 . W  . 082 
212 

8.4112 . 020 
303 

R56Q7 . a39 
22s 

9.9418 
,875 

PI 

8.1016 . 128 
m 

9.9254 . 842 
303 

9.0427 
110 
142 

8.2588 . 018 
167 

a m 4 9  
068 

...... ... :. .... 
7.7379 . 005 

8.2155 . 0111 
26 

9.9818 . 969 
331 

8.5807 
.on 

135 

Q 

~ 5 7 1 6  . (aP. 
ns 

86504 . 045 
287 

8.716 . 052 
316 

8.0896 
0 

341 

84875 . 028 
263 

7.7379 . 005 
354 

...... . . . . . .  
6 . .  . 

88888 . 049 
19 

U.4645 . 029 
325 

9.9418 . ms 
308 

JI 

......... ...... .... 
R8R08 . 049 

19 

88857 . MB 
G8 

8.6504 . 045 
63 

R.H(a9 . W 
1 335 

9.1058 . 1% 
76 

..... .... 

2Q 

8.4713 . m 
259 

8.5715 . 037 
278 

U.6504 . 065 
287 

8.6657 . 046 
322 

b3W7 . 020 
234 

a2155 . 016 
z15 

B 68% 
049 
341 

...... 
. . . . . .  .... 

8.4687 . 031 
307 

9 . m  
1 

290 
. m 

57 
1 .mod 1 0 1 1  

12 
.- . 

? 5  :: 8.4887 9.0808 . Cnl 125 
53 

00 

awe 
'.a# 

25 

8.7185 . 052 
u 

8.6504 ... 
63 

8.5787 
037 
88 

...... . . . . . .  .... 
8 F349 . 088 

101 

KI 

a m  a 018 
341 

...... . . . . . .  .... 
8.8888 . 049 

19 

8.71R5 . 052 
44 

8.716 . 052 
316 

9.9254 . I542 
57 

. aa 
174 

...... . . . . . .  
.... 

8.1761 

8.4675 . 029 
107 

83057 . 020 
128 

8.8391 . 089 
73 

84112 
.OR 

148 

8. 1761 
015 
180 

...... 

MI 

8 . ~ 7  . MB 
322 

8 . W  
049 
341 

...... . . . . . .  .... 
. 8 F 0 8  . W 

25 

8.6504 . M5 
297 

9.0427 . 110 
21s 

8.5715 86604 
037 1 045 . . 

$2 63 

01 
------ 

a . 22' 
287 

8 7 1 6  . a52 
316 

8- 
W 
335 

...... . . . . . .  
.... 

H.5737 . a37 
272 

8 . 2 M  . 018 
193 

8.71Q5 
052 . 

44 

8.AW . 045 
63 

8.4403 . W 
190 

7.9572 

8.4713 . 030 
I01 

9.0154 . 104 
47 

R.6888 
049 . 

19 

8.6657 
. 046 

38 

8.3224 . 021 
344 

8.6640 

8.5715 . 037 
82 

9.9818 . 959 
29 

P.3058'8.0520 



HARMONIC ANALYSIS AND PREDICTION OF TIDES . 247 

TABLE 29.-Elimination factors--Continued . 
8ERIES 68 DAY* SEMIDIURNAL COMPONENTS . 

Comnonont 
nought ( A )  . 

................... R, 

.............. 4 

............. MI 

............. Nt 

............. 2N 

............. Ra 

.............. 

.............. Ta 

.............. lr 

.............. , 

.............. , 

............ 2SM 

Disturbing components ( B .  C.  ctc.). 

n 

8.0520 . 011 
348 

8.2588 . 01R 
183 

S D I  . 
8.9185 . ns3 

I10 

. R 5Rn . OD9 
135 

r. 
---- 

8.3059 . 020 
329 

7.7379 . MI5 
354 

TI 

9.8217 . 888 
274 

9.2209 . 180 
120 

Kl 

. .... 
8.8039 . 044 

2.5 

R: 1 S: 11 

9.1056 . 1% 
2434 

9.9418 . 816 
308 

8.7185 . 0.52 
316 

8.8888 
049 
341 

- -  
8.8038 
m 
38.5 

...... ...... .... 

____--. 

9.9918 . 959 
331 

7.9579 . 008 
177 

8.2475 . 018 
154 

7.3198 
.001 

173 

7.7356 . 005 
12 

. 8 7490 . 0.58 

8.7185 . 052 
44 

. 8 a504 
045 . 
63 

. R 5715 . 037 
82 

9.9818 . 059 

9.9254 . 842 
803 

8.W0 . 082 
148 

8.3224 . 021 
16 

8.4645 . 029 
35 

8.4987 
031 

63 

...... ...... 
138 

8.2.598 . ole 
167 

8.3224 . 021 
16 

7.7379 . 005 
0 

8.22q6 . 017 
141 

8.4439 . 028 
I22 

...... ...-- 
.... 

8.7430 . 058 
138 

8.3193 . 021 
157 

7.4165 . 003 
176 

9.9254 
842 

...... 
...... 
.... 

. 8 BRBB . 049 
19 

8.0857 . 046 
38 

8.3224 . 021 

8.8896 . 049 
19 

8 .W7 
046 . 
38 

8.6244 . 042 
57 

7.8519 . 008 

8.2598 . 018 
167 

7.7379 . 005 
6 

. 8 21% . 010 
25 

9.9818 
959 

N: I 2N 

8.6504 18.5715 . 045 037 
297 1 ' 278 

. 8 8840 . 092 
148 

8.2688 . 018 
167 

7.7378 . 005 
6 

9.0164 . 104 

8.8057 . 046 
322 

. 8.2588 8 WO . . 018 092 
193 / 212 

8.9640 9.9418 

2 1 

8.0244 . 042 
303 

. R BRRB 
049 
341 

...... ...... 
. 

8.BR88 . 049 
19 

8.4645 . 029 

9.9418 . $75 
51 

7.2736 . 002 
357 

8.2476 . 018 
200 

8.6270 . 034 
234 

I 
29 

9.9254 . 842 

.... 
9.DRl8 . 959 

29 

0.8254 . 842 
57 

9.0154 . 104 
47 

7.2736 . 002 
3 

8.1701 

8.8857 . 046 
322 

8.8988 
049 
341 

...... ...... .... 
8.4887 . 031 

9.OW8 . 125 
70 

8.1701 . 015 
180 

8.5807 
.me 
T25 

8.7388 . 05.5 
253 

344 

8.2588 . 018 
193 

183 

. 8 B&U) 

.OW 

8.5807 8.8839 . 039 078 
225 1 244 

...... '8.aq88 . ..... ' 049 .... I 19 
...... 8.8986 ' . 049 

3 : :  
8.2286 8.4439 . . 

017 219, 8 028 231 
--.- 

303 313 

...... 9.9818 9.8888 ..... . 049 
.... 341 

325 

7.7379 . 005 
354 

9.9818 . 959 
29 

8.6886 . 049 
19 

8.2475 . 018 
154 

18.6807 . Olh . 038 
164 1 135 

. 808 
86 

9.1056 . 128 
76 

8.3059 . 020 
31 

8.0520 . 011 
12 

8.9186 . IW 

307 

8.2155 . 016 
( 335 

8.3183 . 021 
2a3 

. 8 W88 . 018 
la? 

8.0840 . 082 
148 

9.9418 . 875 
309 

7.5888 

. 004 187 

7.4185 . 003 
184 

7.7379 . 005 
3.54 

Q.9418 . 876 
309 

9.08R9 . 125 
2DU 

7.7356 

' 2 8  

...... ...... .... 
8.4402 . 028 

170 

. 180 
240 

9.8418 . 876 
51 

7.7379 . 005 
6 

8 . m  . 018 
167 

8.5807 . 039 225 

. 055 
107 

8.4402 
028 
180 

...... ...... .... 

8.7480 . 050 
222 

8.8840 
.OW 

212 

8.2588 . 018 
167 

8.8840 . 002 
148 

8.2475 . 018 2 0. 

. 078 
116 

. Y.7480 '9.2% X 3224 . ' % ( ' ~ f k I  021 344 

3.5270 8.5807 . 034 . 039 
126 1 I35 

3.7388 8.8033 

7.7379 . 
005 351 



248 U. S. COAST AND GEODETIC SURVEY. 

TABLE 29.-Elimination jactors-Continued. 

SERIES 81 DAYS. DIURNAL '@MPONEXTG. 

Component smght 
Disturbing components (R, C, etc.). 

n 

8.2760 
.om 

313 

2 9  1 81 
( A  1. 

MI 1 01 

................ XI.. 

7.0841 
.olo 

206 

00 ) P I  I 41 

I---'----- 
8.9481 
.aaP 

2b9 

8.5225 . 033 
285 

28 332 294 60 274 1 205 237 317 341 
.-.. I . ................ ...... MI.. 8.6244 8.6798 1 8.7G57 8.5225 9 . W  8.8807 8.5225 8.4376 7.9550 

' 
. .061 ,033 .lo0 .0(8 ,033 .On .009 
. . 322 95 123 294 205 105 I t0  

................ ...... 01.. 

.... 36 

...... ............... 00.. 8.3.377 7.8138 7.4337 8.0578 8.3116 ..... . oo7 .on .045 .m0 
.... 322 294 285 227 203 108 351 251 275 

...... .................. PI 8.9030 9. $237 9.W02 R2539 U.3377 ..... . OF0 .w . ICY) .01R . 022 
114 1Ui 237 188 162 .... 

...... .................. Q, S.6799 7.8138 7.7367 8.6708 8.4303 9. PO40 ..... 
28 161 

.048 .m7 .m .ME .on .ni 

...... ................. 2Q. 8.6244 8.4337 8.19C2 8.6798 8 4014 8.9381 . ..... .042 .on .016 0 4 8  ,025 OF6 .... 5 9 7 28 80 104 

...... ................... 81 8.94L.l 9.9587 8 4376 8.3155 8.0579 9.95b7 8.4303 8.4014 8. 1689 j .Mg .WB .on .ml .au .m .on .025 ..... .... 

' I ...... ................. 
71 43 195 337 108 317 306 280 2434 

p l . .  R Z7M) 8.0476 7.9556 8.8351 8.3116 8.6316 B . M W  (LBd51 8.1W . ..... . ,019 ,011 .009 @M ,020 .034 7 3  OR8 .016 .... 47 ID 170 132 / 1 113 284 256 150 
I 

........................ J1. 

8.6798 

8.3232 
.ml 

237 

h.7F57 
.mi  

38 

, 86798 8.6244 

...... 8.6798 88807 fLBB(n 9.1.237 8.5225 83232 9.9687 8.0470 
..... 

8.8030 
.ow 

246 
. . 0 4  1 0 4 2  
. . 332 303 



HARMONIC ANALYSIS AND PREDICTION OF TIDES . 
TABLE 29.-Elimination faders--Continued . 
S E R I E S  87 DAYS . GEMIDIURNAL COMPONENTS . 

Dlsturblng components ( B .  C. otc.).  
Corn onont 

, rn 

8.2780 . 019 
313 

7.7307 

'%I 

8.2539 . 018 
188 

8.9351 
.ow 
ns 

T 1 1 

_______----- 
8.6416 8.8030 . . 348 080 

231 246 

9.1055 9.8810 

I %  1 "24 
8. 6970 R 9351 

............. 2N 

R t  ............. 

n 

8.0470 . 011 
341 

SWQ 

O;k 
. 11 %I51 . 088 
228 

9.8840 . 731 
70 

lSY 

8. 7538 . 057 
75 

8.5315 

"23 

& 2288 . 017 
141 

7.5883 . oor 
170 

Rr 

9.8557 . 808 
317 

7.8576 . 008 
176 

8.3165 

2N 

8.3232 . 021 
237 

8.G247 . 033 
276 

8. 0244 

............. N* 

................... Kl 

k .............. 

............. MI 

& 3232 

6: 

8.8237 . 888 
274 

8.8361 . OR0 
132 

8. 2539 
048 . 

66 

8. 5225 . 033 
95 

...... . 
8.7857 . 061 

38 

8.8007 

8.5247 

I 
43 

.............. 6: 9.8237 

1s 

8.9351 

048 . 
1. 

K 0244 . 042 
57 

- -  
8.7857 

081 
322 

...... ...... .... 
8. 0788 

8. 6244 8.0788 

337 

8. 2539 . 018 

. 021 . 033 
1231 85 

MR 042 . 018 . 050 1.086 ...... . 
i 332 

303 .... 132 

8.6798 , ...... R 2539 ...... . . . 048 0411 .on on5 .om o u  .... 1. 1 332 62 148 161 

8.8807 , 8. 5% . . 048 033 
294 1 265 

8.0788 8.0244 
048 1 . 042 
332 , , 

...... '8.0798 

308 

7.7367 . M)5 

9.9597 
808 . 

...... 8.4014 

361 

8.70811 
.om 

214 

8.2539 . 018 
i w  

8. 9351 . W 
132 

. 8 0  
'.731 

284 

7.6883 . 004 
190 

. 042 , 
67 

& 3155 . 021 
280 

8. 1982 . 010 

7.9570 . 008 

Tt .............. 9.5416 . / 348 
110 

Xs .............. !&P030 . I 080 , 114 

.............. &27W I . CIlb 

vr .............. R 0476 
1 . 011 
1 19 
I 

2616 ............ 8.7538 

1 

. ..... 1 025 . 80 

8.4014 ...... ...... . 025 .... 317 

...... ...... 

. 048 
28 

R 4303 . 027 

0.9587 . 808 
323 

7.4105 . 
I 1  

7.7247 . m 
351 

9.88(0 . 731 
281 

81361 . 0288 
268 

7.7814 . 005 
342 

.... 
0.95c7 . e(w 

43 

8.6798 . MR 
1. 

8.2% . 017 
141 

8.6316 . 034 
113 

8.2539 . 018 
1QQ 

8.1982 

43 

9.R237 . e o ~  
60 

8.0481 
.om 

71 

7.2740 . 002 
4 

(L 1889 . 016 
158 

8.6976 . 0x1 
241 

'%I  1" 

9.1055 8.0970 . . I n  aso 
-711 242 

. 7.4105 7.7307 9 IW40 8.9351 7.7314 . 010 
37 

9.0687 
808 

274 288 

. 9 

8.8540 . 731 
70 

. . 003 . 005 . 731 060 . 
174 

9 . . . . . 880 .Om 002 015 050 

"7 

...... ...... ... 
8. 1370 
.on 

IIM 

R 4368 
.On 

98 

86521 . 036 
70 

8.3155 . 021 
337 

8.8351 
.OM 

228 

. 018 808 

?: 4370 
027 

195 

...... ...... .... 
8.5816 . 034 

113 

8. 76aB . GU3 
&5 

7.7387 . m 
8151 

7.7307 6.2538 . M)5, / . 018 
161 

. 048 

8.2538 . 018 
181 

8.5315 
w 
7 

. 017 034 

8.6351 . 086 
132 

8.22288 . 017 
219 

161 

8.3166 . 021 
1) 

7.7367 
.om 

9 

R 1849 . 016 
1:Z 

. 8 3401 
022 

83 

...... ..... .... 

3 3 2 2 1 9  

R4333 
.on 

2 

8.5316 
034 
247 

...... ...... .... 
Re798 . 048 

332 

8.1849 . 015 
238 

247 

R 5521 
.ma 
20) 

8.70% . osa 
ns 

fi 6798 
04E 

28 

...... ...... .... 
8.3401 
.on 

a 7  



SERIES 105 DAYS. DIURNAL COMPONENTS. 

Disturbing components ( B ,  C, ctc.). 
Component sougilt 

('4). 
01 00 PI QI 2Q SI PI 

........................ 51. 

................ ...... 1<1.. 8.0701 ..... 

................ MI.. 

................... 01 

................. 00 

................... PI 

................... QI 

................. 2Q. 

................. 91.. 

................... p, 

... 
...... 8.5'4.95 8.8704 04: 1 8 4953 8.4422 8.6219 

m u  I 0 4 7  I . m i  . mr I .on . mr 
8.5381 

1121 1 .  202 

.015 .02X .IN7 ,010 g o  .o% ... 194 228 52 286 

...... U. 0704 8.2380 9.7951 
. .W7 .017 .624 

... 214 38 92 

...... 7.1241 87943 
..... .001 .w2 ... 140 

...... 
4 58 

. . . . . .  

...... ..... ... 

8.4422 

xl 42 

...... ........ 
... 

8 . 2 W  
. O L D  

223 

8 . 1 m  

8.4422 
. a $  

&i9 

8.4953 . M1 
202 

8.8322 

2.38 

8,8704 
. M l  

214 

7.9.558 
.000 

327 

7.H500 

8.9545 

82503 
.ON 

07 

..... ..... 
. 

8,4500 

R 3879 

W.1W 
.015 

20 

8.4500 
.023 

313 

...... 

8.5381 ' 8.4953 

.mn 
n i  

8 . 5 W  
.(a8 

248 

0.4362 
.000 

181 

8.2007 
..... 

5 
124 

8.5391 . W5 
238 

9.7311 

138 

8.4422 
.028 

271 

8. 8219 

.ow 
w 

8.8113 . M l  
72 

7.5114 
.003 

185 

9.8393 . 

.uz3 
32s 

8.8929 
.078 

306 

8.1040 
.015 

239 

8 46% 



HARMONIC ANALYSIS AND PREDICTION OF TIDES. 251 

TABLE 29.-Elimination factors-Continued. 

SERIES 105 DAYS. SEMIDIURNAL COMPONENTS. 
- . - -- - - - - . . - - - 

Disturbing components ( B ,  C, otc.). 

K,. . .... 

k ............. ...... ..... 
. M*.. .......... ..... 

N1.. ........... ...... ..... 
20 306 82 6 

2N.. ........... ...... ..... 

R,., .......... ...... ..... .... 542 208 234 148 

81.. ............ ...... ..... .... 
...... 'Tz .............. ...... 

...... b .............. ..... .... 94 

...... y.. ............ ..... 

...... .............. 8.2581 ..... .018 .... 94 

...... 2511 ........... ..... ... 
-. - -- -- -- -- --- 

72934--24f-17 



U . S . COAST AND GEODETIC SURVEY . 

Component sough1 
( A  ) . 

SERIES 134 DAYS . DIURXAL COYPOBENTS . 

Disturbing components ( B .  C. etc.). 
-- 
11 I 01 00 

- , - - - ............. 
8.0361 A . 7345 8.2004 8 0930 . 011 . U54 . 016 . 012 

239 170 5 3  2G4 ill 

8.2628 0.5078 8.2895 8.2064 . oln . oin . 322 . oio . oio 
214 146 228 9 264 

...... a361 H.2F195 8 .488 8.2628 SU195 
011 . 019 .&TO . 018 . 019 
190 121 23 214 239 

....I 8.17% 7.9151 XI360 8.3946 R . (UGl 

111 14 205 229 

Y.2n05 K 1706 ...... S . 4760 U . 1133 7.9812 . 019 . 015 . . . . . .  (l30 . 013 . 010 
239 241, .... 262 273 ; 298 

11.4&3h 7.9151 6.4760 ...... 7.6424 7.9951 . . 030 . w . 1x30 . . . . . .  004 010 ...... 337 346 9R 191 210 

...... fi.2GZh 6.4300 F.1133 7.64" 8.4300 . 018 . 009 . . . . . .  027 
.... 146 '% 'O1;7 169 203 

...... 8.2695 6.3946 7.0812 7.9951 8.4360 . 019 . 025 . 010 . 010 . 027 : ..... 
121 131 62 144 155 j .... 

I 

8 . k500 8.5200 8.2158 9 . h W  8.2805 ! 7 (1233 . 071 . (W . 016 . 793 . 018 1 :OX 
271 2RO 32 204 305 ; 330 

8.2196 8.6897 7 . W15 8.2746 9.8387 j 8.7010 
. 017 . W7 . 007 . 019 . 435 OSS 

28 38 1 1  52 243 1 ' 268 



H A R M O N ~ C  ANALYSIS AND PREDICTION OF TIDES. 253 

TABLE 29.-Elimination factors-Continued. 

SERIES  134 DAYS. SEMIDIURNAL CONPONENTS. 

- - 

I Disturbing components ( B ,  C, otc.). 
Corn soug{t onent ( A ) .  

Kt:. .......... ..... ..... 

L,... ........... ..... 

MI.. ........... ...... 
..... 
... 

........... ... 
... 

...... . ......... 
. . . . . .  

2N.. , 
... 

Ra.. .... ., ..... ...... ..... 

Sn.. ............ ...... ..... ... 
Ta .............. ...... 

..... ... 
A,.. ............ ...... 8 2740 8 5850 7.0424 ..... . .061 .040 .071 .018 037 .001 .027, 101 41 1 . ~  80 ... a08 !B4 169 

r t . .  ............ .... R 4300 7 .W0  ..... .027 .W8 
159 109 1 14 3b 243 93 27 141 62 ... 155 41 

vt . .  ............ 

2SM ............ 

7.1819 . m 
4 

8. 5 2 .  
.034 

288 

7.9151 '3.0087 

. y4 1 .% 
6 2746 7.8028 
.019 I .W 

308 ; 333 

R.0387 
,435 
243 

0.77.53 
.W1 

358 

87010 
.ow 

208 

7.0344 
.004 

202 

8.3163 
.021 

118 

K 4022 

.021) Zi2 

- - 

8. 2740 . oio 
52 

7.8151 
.008 

346 

7.7834 
.a* 

188 

8. 5!B6 
.033 

280 

8.6R50 
7 

76 

7.0424 
.004 

181 
- . 

...... . . .  ... 
8 1118 
.013 

295 

8.4380 
.on 

206 

7.8820 
.008 

319 

8.1118 
o i a  
06 

...... ..... ... 



U. S. COAST A N D  GEODETIC SURVEY. 

S E R I E S  163 DAYS. DIURNAL COMPONENTS. 

Component sought 
( A  ). 

I,. ........ ........- 

Kl.. ................ 

M1 .................. 

0 1  ................... 

00.. ............... 

PI ................... 

QI ................... 

aq. ................. 

81.. ................. 

p1.  .................. 

Disturblng components ( B ,  C. etc.). 

P I  
- 

... .  

...... .... 
8.1495 ...... 

...... .014 1 
165 ! .... 

8.1311 8.1495 ...... 
,014 .011 ...... 

150 1 165 .... 

7.9150 7.7528 7.4365 ...... 
.m . m i  ...... 

153 18% .... 
'1.4% 7.7528 7.9150 7.7427 ...... 
.om . ooci .mu . .mi.. . . . .  

357 1% 207 204 .... 
8.4234 
.027 

14.5 

7.9579 
0 3 9  .WH .(HI0 .014 . (r 1 . M X %  ...... .014 .017 .245 

137 1% . 16% lrfi 140 172 .... 195 i 72 142 

. ...... 
.011 .M8 

...... 8.2582 ...... 
.... 

...... ...... .010 .245 .M8 .018 
2Ll 218 273 110 .... 

- -- . . -. - -- - . - - - - - -- .- - . . - . -- -- - - - 

9.0723 . IIH 
101 

7.9150 

7.ffiC-4 
.005 

3% 

7.7528 

7.6513 
.OM 

353 

8.1405 

P. 1140 
.013 

...... j 7.4230 7.7408 9.8470 7 . 9 W  

. . .  . W .000 7 .010 
. . .  

...... 7. P343 7.4230 8.1485 82410 9 . 3 W  



HARMONIC ANALYSIS AND PREDICTION OF TIDES. 255 

S E R I E S  1W DAYS. SEN1T)IURNAL CONPONENTS. 

Dlsturblng cnrupononts ( B ,  C, otc.). 

..... 

Kt.. 
..... 

L,... .......... 
..... 

ld8 W 29 

.... N2. ............ 
..... .... 

...... ........... 

............. ...... 2N 8. (L58X 7.7400. ' 4  1 3 7  7.4230 9 .3W 8.5709 7.4188 
..... .011 .OM ( .014 .MU ,245 .038 ,003 

137 ' 134 1%) 105 .... b7 116 7 70 172 142 127 104 
i 

R2.. ........... 9.8470 8s. 7464 R. 442? 8.2410 'x.OT,KN ...... 8.8470 10.0725 8.6570 8 1498 S. 2.5433 S. 4580 
7 .. 2 1 7  1 1 ..... .7U1 . 11s .045 .014 .OlX ,029 

80 I 257 .... 280 I 100 29.5 205 260 107 

...... ............ 
..... 

TI.. ......... ..... R 7020 R. 1008 8. lW 8.4422 
. 0 5 ~  .a15 .016 .028 .... 270 240 2)l 87 

I , .  ............. ...... ..... 
.... 

0 9 . .  ............ ...... 11.1495 7.5426 
..... .014 . MhY .... 105 21 

...... v g . .  ............ 7.8424 . . . . . .  ml .... 36 

...... 2SM ............ ..... .... 
-- - - . . - - .- - - . - . - - - - - .- ----. - 



U, S. COAST AND C:EODETIC SURVEY. 

T A ~ L E  29.-Eli~nination jactors-Contiriued. 

SERIES 192 DAYS. DIURNAL C0)fPONEKTS. ' 

Component sought 
Disturbing components ( B ,  C, r lc.). 
-- . -- - .- . - . . -- - - - 

. ( A ) .  
01 00 ; PI 1 QI 1 2Q 1 SI nl 

I_- -1 ...... i-- 
J r .  7.tXi9d I R.ti251 7.3303 

001 0 4 2  . Im 
In; ! 271 350 

...... g r . .  ................ 

...... 
..... 

....... ........ ._. 

...... 0 0 . .  ............... 
..... 

...... ................... 
3 

...... QI ................... ..... 
.... 

...... 2Q.  ................. ..... 
.... 173 179 i 

Sl . .  ................ ...... ..... 

...... .............. ..... 
I _ ......... 



HARMOXIC ANALYSIS ASD PREDICTIOK OF TIDES. 257 

SERIES 192 DAYS. SEXIDIURNAL COMPONESTS. 

Disturbing components ( B ,  C, etc.). 

I K, ! ~i MI I S, j 2~ RI 

.... 

174 ....I 1 

7 .... 174 2 

I 



U . S . COAST AND' GEODETIC SURVEY . 
TABLE 29.-Elimination factors--Continued, 

SERIES 22l DAYS . DIURNAL COMPONENTS . 

Disturbing components ( B .  C.  etc.). 
........ ...... ....... -- ..... 

K, 311 01 00 

...... ..... 
.... 

...... . . . . . .  .... 341 

..... 8.0179 8.2072 ....... . 010 1 . 019 1 .... 32 ; 28 

...... . 8.0179 , 7 W 8  7.0405 8.2351 7.8028 7.7846 8.0778 7.8188 
010 1 008 008 017 007 1 .  012 .007 . . . . . . . . .  . .... 3281 324 280 280 282 280 219 308 

9.2077 84180 7.3352 8.2351 ...... 6.7176 6.4350 0.6809 7.5854 . 161 . 0% . 002 . 017 ...... 001 . 000 . 498 -004 ..... 38 ; 214 180 70 182 358 109 195 

...... 7.8848 8.0179 7.4061 7.8028 6.7176 7.4081 8.1112 8.8310 . . . . . . . 008 / 010 003 007 001 ...... 003 013 068 .... I 32 
, 

4 1 68 178 368 107 18 

7.7900 7.8848 7.4052 1 7.7946 6.4350 1 7.4061 ...... 7.8148 8. 0013 ...... . . . . . 008 , . 008 . 003 I 006 000 j 003 008 010 .... 39 1 36 2 4 110 17 

...... 9.6W I 8.6172 8.2991 : Lm78 0.6989 1 8. 1112 7.9748 B 1495 . . . . . .  . . . . 498 . 041 . 020 012 . 498 013 008 014 .... 109 285 257 1 141 251 253 250 286 

7.7200 7.831317.8800l7.818) 7.5854 8.8310 8.0073 6.1495 ...... . OOR 1 . 007 . 004 . 088 . 010 . 014 ..... 
'00i2 1 170 1 54 165 347 348 94 ...- 

I . 



HAR~MONIC ANALYSIS AND PREDICTION OF TIDES. 259 

Disturbing components (B, C, etc.). 
Com onont 
souggt (A). 

........... 

K, ................... 
..... 

...... L.. ............ & 2072 ..... .010 
28 .... 

xg ............. ...... 
..... 

...... Nl.. ........... ..... 
.... 

2N. ............ ...... 

...... R2.. ........... ..... . . .  .408 . a 2  .020 ,013 .COD ,498 ,161 .... 108 261 2-57 iil 253 250 251 322 

...... S1 .............. 9.2077 7.HXM) 7.3352 6.7176 0.43.50 0.0970 . . . ..... .I01 OOH .002 W1 .000 .40S .498 M)3 .002 .004 .... 38 190 180 1%2 358 109 1 3 3  102 105 174 

...... Ty ............. &OK31 80448 K3m6 :P. 1229 7.W& 0.2070 0.0070 S. G172 7.0704 11 0814 E m 1  
.044 .M0 / ,013 .010 . 101 .49X ..... .lU1 .000 .012 .020 .... 

...... ... ... 
208 295 291 257 38 109 2x5 301 304 103 

h.. ..., ,. 7.58547 7.8736 0.7176 ..... 

pl.. ............ ...... 7.4051 7 . 3 N  ..... .OX' .002 .... 4 162 

...... vy.. ............ 7.4045 . . . . . .  .... 
...... 2SM ............ ..... ,010 .w .002 .... 



U. S. COAST A N D  GEODETIC SURVEY. 

TABLE 29.-Elimination faclors-Continued. 

SERIES 250 DAYS. DIURNAL COMPONENTS. 

Component sought 
( A  ). 

Y. CUM 8.14$0 
.Ol l  1 .014 
W 54 

Disturbing components ( B ,  C, ctc.). 
- .......... ........ -. ...- - . 

.... 

7. KHOX , 8. ME 8.3544 8.470s 7.9350 7.8438 
.OOs .011 .m .mo . .m 

334 ' 293 41 240 280 267 

7 : 0 1 4  0011 8 1489 8.1489 0.32% 8.0302 7.8750 
0 1 4  2 1 3  0 1 1  il 

347 306 54 294 293 2W 

...... 
..... 

...... 
.... 

I ...... 8.a3E 7.0171 . ..... .011 OOR .014 
2% 2-52 .... 230 

...... 

...... R. 1480 7.0011 7.7748. 0.23112 
.014 .W .00G .000 ..... 

Id 13 121 1 
' 

347 
.... i 

...... 8.M02 7. RS98 7.0181 7.3397 7.9011 1 

.011 .OOX .w .om OOH 
7 20 134 14 1 ' 13 1 .:::: 

16 1 155 i 83 142 321 1 30Y 1 



H A R 3 I O N I C  AKALYSIS A S D  PREDICTIOX O F  TIDES. 

TABLE 29.-Elimir~atiora factors-Continued. 

SERIES 2% DAYS. SE&fIDIURNAL COXPONEKTS. 

Disturbing compolletlts ( B ,  C, etc.). 

I 

- . - - - . - - - I I 
I -- 

................. ..... 
.... 

...... k... ........... 

.... ...... Mr.. ........... ..... 

.... .......... ..... .001 
108 

23 ............ ...... 

.... .... ........... R*. .  ..... 
.... 

St.. ............ ..... 
.... 

...... ........... ..... 

...... ............ ..... 
.... 

rs.. ........... 

...... " 1 . .  ............ 7.7071 ns . . . . . .  .... 130 

2SJI. .......... ...... ..... .... 



U. S. COAST AND GEODETIC SURVEY. 

SERIES 279 DAYS. DIURNAL COMPONENTS. 

Disturbing components ( B ,  C, etc.). 
Component sought 

( A ) .  

..... 
.... 

................ ...... KI.. 

................ ..... Mi. . . . . . . .  
..... 

01.. ............... 
.... 

...... .............. 00.. ..... 
.... 

...... 6. %(M 7.5574 9.4495 7.8090 

...... ............... Q,.. ..... 

...... ................ 2Q. 

...... S1 ................... ..... 
.,.. 2s 

p1 ................... ...... 
.... 

I -- .- - -- - .- -- -- -. - ... -. -- .- ... . 



HARMONIC ANALYSIS A N D  PREDICTION OF 'MDES . 
TABLE 29.- Elimination factors--Continued . 

SERIES 279 DAYS . SEhlIDIURNAL COMPONESTS . 
1 

Disturbing com[)ot~erlts ( B ,  C. etc.). 
Com onent .. 

.- - 
................... ...... 

.............. ...... ..... 

...... ............. Mt .... 

...... ............. N, ..... 

...... 2N ............. 
.... 

............. ... R, 

.... 
...... .............. 

...... Tr .............. 8.4891 0.87@3 7.5541 8.1523 ...... 031 . 001 . 004 . 014 .... 295 355 1% 119 

.............. b 

.............. p* 

.............. v l  

............ 28M . 

.-..- 

8.3841 . 024 
118 

, 7.8339 . 007 
7 

7.7947 . 006 
35 

8.2246 . 017 
294 

9.3242 . 211 
04 

6.8582 . 001 
4 

7.7343 . 005 
101 

7.gB00 . 010 
240 

8.3798 . 024 
221 

7.7343 . 005 
101 

8.3788 . 024 
139 

7.7105,7.2354 

7.7343 . 005 
118 

8.3788 . 024 
139 

9.3242 . 211 
288 

'%81'%5 
..... .... 

0.8582 . 001 
350 

9.3242 . 211 
290 

8.4421 . 028 
274 

...... 

7.0857 . 010 
180 

I 
7.0102 . OOR 

100 

8.0384 . 011 
77 

8.0810 . 012 
123 

7.7105 . 005 
142 

7.8880 . 010 
120 

8.4811 . (W1 
85 

0.8703 . 001 
5 

7.6541 . I334 
162 

...... ...... .... 
. 7 M)W) . 010 
120 

8.2553 . 018 
87 

7.8880 
010 
240 

...... ...... 
.... 

8.0810 . 012 
337 

8.2553 . 018 
283 

8.0816 
012 
23 

...... ...... .... 

6.8582 . 001 
4 

7.8087 . 0% 
124 

7.8280 
007 
101 



U . S . COAST A N D  GEODETIC SURVEY . 
TABLE 29.-Elintination jactors--Continued . 
S E R I E S  2R7 DAYS . D I U R N A L  COMPONENTS . 

I disturb in^ components ( B ,  C. etc.). 
Component sought ' .-- 

( A  ) . I 
P I  1 01 2 9  1 SI ! P I  

........ ..... ...... - . 
................... ..... JI ..... 

K1 ................,. 5.2770 1 0 ..... 

IfI .................. 

. ...... . 01 ............... ...I 7.OR99 i h.Wi9 7.5336 7 S63S 7.7467 8.2770 8.1022 1 7 M30 
' 

8.4724 . 010 : . 011 . 003 . . . . . .  007 . QX . 019 . 015 . .  003 . 030 
9 4 ;  1 173 .... 87 21 220 

...... 00 ................. 17 . 5339 I F.0269 7.9899 7.ffi38 . olw . 011 . 010 .OM . . . . . .  
.... 

P' ...... *.. ......... ...... 7.5300 7 . . . . . .  
.... 

Q, .................. S.2770 7.9031 9.3386 
' " 9  . 2 1 7  

101 .... 224 127 80 

. ...... 2Q .................. 7 h741 8, 2220 ..... 
87 40 

...... 81 ................... 7 . ~ 9 7  ...... 
...... PI ................... ..... .... 

........ . 
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TABLE 29.-Elimination factors-Co~ltinued. 

SERIES 297 DAYS. SEMIDIURNAL COMPONENTS. 
r 

Distilrblng compononts ( B ,  C, otc.). 
Corn orient 
sousit ( A  ). 

... - - 
K,: .................. ..... 

k.. ............ ...... ..... .... 
M,.. ........... ...... 

.... 
NZ. .  .......... ...... 

............. ,...... ...... 
142 

.... .......... 

.... 
...... 6,. ............. ..... 

...... T1 .............. 
.... 

A t .  ............. .... E. om 8.1647 7.5300 
.011 .016 .003 

...... ........... ..... .019 .005 .... 140 02 

...... at . .  .......... , 7.7984 
.002 .008 .NO .217 ..... .W 

14 21 00 2&l j 320 48 81 115 121 .... 102 

28M ............ 

-- - - -- - - - - 

8.2357 8.0288 7.7179 0.2014 !7.5050 8.1288 7.7407 7.5339 7.5300 7.8680 7.7984 
.017 .011 .005 .OM) 003 .013 .008 .003 .CMN .@XI .000 

...... ..... .... 



U. S. COAST AND GEODETIC SURVEY. 

TABLE 29.-Elimination jactors-Continued. 

SERIES 3% DAYS. DIURNAL COMPONENTS. 

Disturbing components ( B ,  C, ctc.). 
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TABLEI 29.-Elimination factors-Continued. 

SERIES 323 DAYS. SEXIDIURNAL COMPONENTS. 

Dlsturblng components ( B ,  C, otc.). 

.................. ..... K,. 

.... 
...... Lr.. ........... 7.4352 
..... .003 .... 0 

?dl.. ........... ..... ..... .... 
...... Nl.. ......... 

2N ............. ...... ...... 

R, ............. ...... ..... .... 
............ .... ...... 91.. 

T, .............. ...... 7.7488 (7.1359 7.8800 
.010 

in m 1 320 357 : :  1 1 2 2-82 

kt.. ............ ...... 7.9251 8 1912 ..... .008 .010 .... 
............ ...... 

201 271 

w.. 8. 1340 ..... .014 .... 28 48 59 150 

u, .............. ...... ..... .... 
ahf... ......... 

1 198 317 287 



U. S. COAST AND GEODETIC SURVEY. 

TABLE 29.-Elimination jaclors-Continued. 

SERIES 355 DAYS. DIURNAL COMPONENTS. 

Disturbing components (B, C, etc.). 
Component sought 

( A  ). 

......................... Ja 

.... 
...... Kl .................. 7.9464 ..... .w 

159 .... 
...... ?dl .................. 
.... 164 313 

...... ................... 
.OO1 . OO8 ..... 

'%7 178 19 .... 
00 ................. 7 . W  6.7004 7.5111 6.7080 

.... 
...... ................... PI 7.2057 1 7.5554 8.4508 7.7280 
..... . .a11 .m .rm .OM .m .m 

193 

j 
214 175 324 ..... 

...... Q ................... 7.6331 7.5111 G.7W 7.0404 7.32% 7.2857 7.9484 7.4212 9.14R2 ..... .@I4 .003 . W l  1 .W .W2 .002 .lWB .CO3 . l a1  .... 130 157 178 159 1,M ; 167 201 162 130 

...... 2Q. ................. 7.5084 34.3129 
..... .w . oz l  

...... s, ................... 

...... ................. P I . .  

.... 
- I - .  . .  - .  
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SERIES 355 DAYS. SEXIDIVRSAL COMPONEXTS. 

Corn onont 
Dist~~rbiug componouts (B ,  C, ctc.). 

-- 
sougEt (A) .  



IT. S. COAST AND GEODETIC SURVEY. 

TABLE 29.-Elimination jactors-Continued. 

SERIES 369 DAYS. DIURNAL COMPONENTS. 
- 

Disturbing c!ornponrnts ( 8 ,  C, ~?tc.). 
Component sought -- - -. -. ... - - . - 

( A ) .  
PI (ti I 2Q SI PI 

- . . . . . . . . .  - -- - 
........................ T I .  

290 ! 219 

...... K, . .  ................ 
..... 

. ....... MI.. ................ 7.8740 11.33X3 
.007 1 0 2 2  . . . . . . .  

I 
... . 141 70 I 248 73 ti7 158 

...... 01 ................... 7.8760 G.W_12 8.3371 ' 
.008 .m ; ,022 ' ..... 

.... 73 2 : 112 ; 

. ...... 00.. ............... 8.3371 6.6332 ; 7.8760 6. K329 7.0438 7.6584 7.3523 0.S924 i.6527 
.022 ,000 .008 ! .000 ..... .001 ,005 .002 / .001 ,004 

248 358 1 287 356 .... 354 285 i 3a 
PI... ................ 1 8.2962 8. m i2  . 8.4104 1.5537 7.0438 7.88% 7. M24 : 8.0074 7.9217 ...... . .020 .010 .026 ,000 .001 ..... .IMR .004 1 .010 .008 

.... . 74 4 2 182 6 2Ul 221 j 2 254 / ...... 7.5509 7.87fifi 6.6332 8.3503 7.6584 7. HYU b.3TA13 i 7. $824 9.0.329 
..... .001 .003 I .OM) .022 1 .M)5 .OO8 .022 .W8 .I08 
.... 143 i 3  . 2 ; 70 75 . ti0 290 71 143 

...... 7.4182 1.5339 I 7. PIM 7.87'40 . 7.35'23 7.L024 8 .3W 7.5772 8.0586 . . .om . oor I .WB oa .m, . OII .... 141 

...... 
33 

7.9055 ..... .W8 .... 252 

....... P I . .  ................. ..... .... 
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T A B L E  29.- Elimination factors--Continued . 
SERIES 309 DAYS . YEMIDIURNAL COMPOXENTS . 

.... .- .......... - .......... -. .- . .. .. - . . .  - 
I Disl~~rbing components (B ,  C, etc.) .  

Kn ............. 
.... 

............. I...... W 7  7 . 0217 . . . . . .  

............. ...... . . . . . .  022 
.... 

...... ............. 
..... 
.... 

2N ............. 7 . 5 W  7 . OlBU 7.8740 X.3rfi3 ...... h772 7 . 004 . 004 . 007 . 022 . 004 . 004 1.008 . 108 . 011 . 003 
143 31 141 70 . .I.. I ' % l  139 138 69 I43 33 138 

Rt ............. 8.0074 8.3758 6.7100 7.8824 7.'6772 ...... 8.0074 8.0372 '8.3235 6.1771 7 . W 5  6.8049 . . . . 010 . 024 . 000 . Oil8 . O(F1 ...... 010 . 010 1 . 021 000 008 001 
2 250 0 2110 219 .... 358 356 288 181 252 177 

91 .............. 8.0072 R.4169 6.5537 7.8886 7.0024 8.0074 ...... 8.0074 8.3MU 6.5649 7.9217 6.5537 

T; ............ ..I 

h .............. 

............. 

.............. 

28M ............ 

- .- 

. 010 
4 

8.0070 . 010 
6 

8.2882 . 020 
74 

.5.7MW) . 000 
0 

7.8892 . 008 

7.1088 . 001 
185 

. 020 
252 

8.4807 . 029 
254 

9.0329 . 103 
143 

7.HW 
. 008 

00 

. 0 5537 . 000 
178 

7.9217 . mR 
254 

..... 

. 000 
18" 

0.0048 . 001 
IIB( 

8.4184 . 020 
252 

0.5637 . 000 
178 

8.4168 . 026 
1m 

6.6549 
.OM) 

1H3 

. 008 
201 

7.8944 . O(l8 
203 

. 0 .553 7 . 000 
2 

8.41119 . 020 
108 

9.0329 . 108 
217 

7.6668 . w.5 
293 

- ....... 

. . ...... 
221 1 2 

7.0208 '8.0072 . 004 . 010 

004 010 . .... 
8.0074 . 010 

010 i.022 . 

2221 4 2 
I 7.8885 8.3235 18.3503 
. M)R . 021 . 022 

2 0 1  7 70 

9.0329 0.1771 I0 . 6549 . 108 . 000 / . 000 
217 1 179 1 171 

8.0586 '7.8055 17.9217 . . . 011 008 1 008 
327 j  lo^ , I. 

7.4452 . W? 
122 

- . .  - - .- 

. 
358 1 290 

...... 18.3702 . ...... 1 024 

000 
183 

6.7601 . 0 1  

008 

1 18.5 

7.9217 
008 
254 

...... ...... 
.... 

8.3503 . 022 

6.6542 . 000 
186 

000 

8.3792 . 024 
00 

6.7801 . 001 
175 

7 .%%TI . 000 . 
5.7100 . 000 

0 
.- - 

254 

7.0377 . 009 

...... ...... . 
7.0217 
, 008 

106 

7.8044 . 008 
36 

7.8886 . m 
291 

-- 

178 

5.7100 . 000 
256 

. 7 BW4 . 008 
324 

8.9503 
022 

70 

...... . . . . . .  
.... 

7 . 0 ~ ~  . 005 
255 

0 

7.8885 . 008 
69 

0.5542 . 000 
176 

7 . 6 W  
005 

...... ..... .... 



2 72 u. S. COAST AND GEODETIC SURVEY. 

TABLE 30.-Products of amplitudes and angular funclions for Form 8.46. 
--- -.-a - ----- 

1 I 3 
, - . . - - - e 

Sin. Cos. Sin. Cos. Sin. Cos. 

0.000 3.000 0.000 4.000 O.lXHl 6.000 90 

9 ,156 ,489 . a 0  3.051 .782 4.938 81 1 6 9 5  1 3.9.39 . (Ihl 4.924 80 

: , 3 0 
,954 4 79 

3.913 1. a 0  4,691 78 

I - .- 
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TABLE 30.-Products of an~plitudes and angular functions for Form 846-Con. 

7 8 I - ... - . - - 
Sin. Cos. Sin. Cos. I sin. Cm. 

6 .027 5.007 

7 .731 5.9.55 . .W 0.948 .975 7.940 ' 1.087 8.933 83 
' 

8 .835 5.042 1.113 7.922 1.253 
9 .93Q 5 . 9  : % I  1 . 1  7 . 9 0 2  1.408 % I  2 

30 

0. 0sq 48 

- _ _  . . . . .  -- 
Cos. I ~ i n .  / M. 

-. .- - .. - - . - - . 
0 7 9 

- -. - -. -- . . . .  . . . . . . . . . . .  .- . . . .  . . .  . . . . . . . .  .... 



274 U. S. COAST AND GEODETIC SURVEY. 

TABLE 31.-For construclion of primart/ stencils. 

Difinrenw. 1 Component 2Q. 



HARMONIC ANALYSIS A S D  PREDICTJOX O F  TIDES. 

TABLE 31.-For construction oj  primary stencils-Continued. 
-- - 

Diflerencc. ( Component 2Q. 

Hour. 
0 

+23 ' -1 
+n 1-2 
+21 ! -3 
+m 1 -4 
+10 , -5 I I 

+12 I-ll i 214 2* 21 2 228 242 I. 249 1*l 2 M  I 2R3 I I no o* n7 o* 
1 - 1  1 Q* 9 *./ 8.1 8 7* 7* 
+10 -14 l6* 16 1 15 14* 14* 
+9 1-15 1 23' 23 1 Dl 22 

+7 1-17 1 13* 13 13 1 12e1 12*1 12'1 12 
+8 -10 215 B* 222 6 ZZQ 243 a*! 250 5* 257 5 204 

12 11* 11* 



U. S. COAST AND GEODETIC SURVEY. 

TABLE 31.-For construction of primary stencils-Continued. 
- -. -.. . .. - . -. -. - - . ... - - -. - -. -. - . . - .. - . . - . -. . - . .- .. -. .. . . . - . - . - . . -. . . -. . . . . . . . - . - 

Difference. I Component 24. 
- 

9 
16 

23 23 22* 22* 

17 17 

11 0 

18 17* 17* 17 17 

. -. . -- - - - - .. . - .- - .. -- - - . - -. .. - - -. . - . - - - -. . -. -. . 

DiCrenn. 1 Component 2Q. Component Q. 

How.  
0 

a. h. d. h. d .  h . '  
350 10 357 10 364 9*1 

17 17 I 6*] 
351 0 358 0 23*! 

7 7 305 O*, 
14 14 13" 
21 21 2wj 

15*1 
4 1  1 

lo*. 
198. 

42 5 
14. 
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TABLE 3 1.-For construcfion of primary slenn'ls-Continued. 

l)incrcn,ncc. I Component Q. 



278 U. S. COAST AND GEODETIC SURVEY. 

TABLE 31.-For construction oj primary stencils-Continued. 

DiReronce. I Ct~rnl~~neo t Q. 

DiRcrencc. 1 Component Q. I Componrnt p.  

+lR / -0 j lh* 359 3 + 17 350 3* 1P 
22 

16* 
17 301 2 

12 
21* 

309 0* 
10 

370 1" 
......... 

+I2 
+11 
1 
+9 
+H 
+7 

1(P 
20' 

48 0 
18 

49 2 
ll* 

I ......... -12 ' 352 2'' 11* 
-13 1 UP ......... 
-14 i 1 302 0 ......... 
-15 353 0* 15+ ......... 

......... -10 1 

11 1 303 1 
-17 j 354 1' I0 ......... 

+0 

+4 
+3 
+2 
+1 

-IS I 101 
+5-191 20 

-20 355 .5* 
-21 ! 15 
-n i 350 o 
-23 ! 9' 

19* 
3845 

14* 
23* 

m Q 
lb* 

......... 

......... 

......... 

......... 

......... 

......... 
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TABLE 31.-For conslruclion of primary stencils-Continued. 

Component p .  

- 
I I 

d .  h .  d .  h .  I 
108 IX* 118 14 
1IX) 1* 110 il 

14* 10 
110 0 1Q.l 

10 1%) $*I 
l!l* 15 1 

2 1 1 x I 3 l l  j IJ*~ 11 155 o*: LO5 5 
22 0.1 13 I l 2 I  C 1313 1 3'; 10 14* 

07 X 1 107 :3*j Is*. 14 140 O* 150 b 1 100 0' 
7 I 7 * I 4 3 7  I *  1 g 

9'3 3* IX* 14 ( 
111 108 2: 1 118 4*1 1% U / IF 1: 1 IU* I07 I I I I 

I I -I 

DIRercnco. I Component p .  
. . - .- - .- -. -- 

I I I I I I I I I 



U. S. COAST AND GEODETIC SURVEY. 

TABLE 31.-For construclion o j  pr imar~  stencils-continued. 

DilTerenco. i Component P .  

- 

Hour. d .  h .  : 
0 363 22* 

Hour. i d . h . i  d . l t . 1  d . h . 1  d . b . 1  d . 6 .  d . h . !  d . h .  
o . 265 19 1 n:, i4* 28s lo I 295 5* 305 1 814 arl 324 10 

+23 1 -1 266 6 . 276 0+1 20 I 15*! 11 1 315 6*' 3'25 2 
+22 . -2 : 14*' 10 i 286 0 ( 206 l* 21 1 2 

-6 306 0 
fl7 -7 19 
+I6 ' -8 307 5 

-9 14* 
4-14 -10 388 W 
+13-11 lo*, 

d . h . i  d . h . 1  d . h .  
334 12 1 344 7* 354 3 

211: 12* 
335 7 345 1 22. 

21* 
44 12 i 
45 2 !  

16 , 
4G G*, 

+21 3 1 207 0*1 ' 20 15. 11 1 300 6*: 316 21. 17 1 12* 355 8* 
+U) ! 5 4  . lo*, 277 6 ( 287 I*/ 21 , lo*, 326 7*/ 330 3 22;) 18 
+19 1 -5 , 20 I 15*, 11 I 297 6*' 30i ?*. 22 17'1 13 1 340 8*1 350 4 
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TABLE 31.-For conslruction of primary stencils-Continued. 

DilTerenco. I Componont 0. 

308 4 ......... 
18 ......... 

307 H* ........ 
.... .... 

300 3 I......... 

d .  h. a. 11. 
1 0 1 4 3 *  

8 18 14 
22 16 4 

212' IS* 
3 2* 17 X* 
17 23 



U. S. COAST AND GEODETIC SURVEY. 

T A B L E  31.-For construction of primary stencils-Continued. 

Component 2N. 

Dilloronce. I Component 2N. 
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T A B L ~  31.-For conslruction of primary stencils-Conti~lued. 

d. h. 
16 11* 
10 2+ 

17' 
17 X 

23 
18 13' 

DUierenco. 
-- -- 

d. h. d. h. 
59 19 74 13 
GO 9' 75 4 
G 1 0 ,  IS* 

15 70 W 
62 0 77 0, 

20, 15 

lr' 
9 l 
10 13'1 
11 4*j 

Componcnt ZN. 

20* 15 
il ll* 80 5* 
72 2 20' 

17 87 ll* 
7 3 P 8 8 2  

22, 17 

Component ,u. 

--- -- 
Dlfforcnco. Componont F.  

--- 
Hour. 
0 

+ 20 
+19 



284 U. S. COAST AND GEODETIO SURVEY. 

TABLE 31.-For wnslruction of primary slencile-Continued. 

Dillcrence. 1 Component r .  

Difference. I Component N. 

d . h .  h  d l .  d h .  d . h .  
90 18* 116 0 136 b* lM 11 173 16. 
97 13' 19 136 0* 156 0 174 11* 
98 Q 117 14. 20 156 I* 175 8* 
99 4 118 9' 137 15 20' 176 2 
W* 119 5 138 101 157 15* 21 

100 18' 120 0 139 b*) 168 11 177 16* 
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TABLE 3 1 .-For construction o j  p r i m r y  stencile--Continued. 

DIncrence. 
-- 

IIont .  0 

+19 -5 

+I8 -6 
+17 7 
+10 1 8  

Component. N .  

+15 
+14 
+13 

+12 
+11-13 
+10 

+ Y  
+8 
+7 

+6 
+5 
+4 
4-3 
+2 
+ I  

-9 
-10 
-11 

-12 

-14 
-15 
-16 
-17 

-18 
-19 
-20 
-21 
-22 
-23 

d . h .  
385 23 
360 1R 
367 13* 
308 8* 
369 4 

23 

370 18 
........ ........ 
........ ........ 
........ 
........ ........ ...,.... 
........ ........ ........ 
........ 
.... .... 
........ ........ ........ 
........ 

Dlnorenco. 

Hour. 
0 

3.23 -1 
+22 -2 
2 1 -3 
+20 4 
+19 1 1 5  

C~mponont v .  

+18 
+17 
+16 

d . h  
308 6* 
308 l* 

21 
310 16 
311 l l *  
312 6* 

313 2 
21 

314 16* 
315 Il* 
316 0* 
317 2 

21 
31816* 
319 ll* 
320 7 
321 2 

21* 

322 16* 
323 12 
324 7 
825 2* 

21* 
328 16* 

-8 
-7 
-8 

d . h .  
192 21* 
193 17 
104 12 
195 7* 
196 2* 

22 

197 17 
108 12* 
199 7* 
200 3 

22 
201 17 

202 12' 
2 0 3 7 *  
2M 3 

22 
205 17* 
200 12' 

207 8 
208 3 

I . h a . * .  
209 19' 288 1 
270 15 20 
271 10 200 15* 
272 5 201 10+ 
273 0.1 202 6 

+15 -9 
+11 1-10 
+13 -11 

+12 1-12 
+11 (-13 
+10 -14 
+9 1-15 
+8 -16 
+7 (-17 

+6 1-16 
+5 -19 
+4 I-20 
+.4 -21 
+2 -22 
+1 -23 

I 

d . h .  
231 81 
232 4 

23 
233 18* 
231 13* 
235 9 

236 4 
23 

237 18" 
238 13* 
239 9 
240 4 

a* 
241181 
242 14 
213 9 
244 4" 

23* 

245 18* 
210 14 

d . h .  
212 3 

22* 
213 17, 
214 13 
215 8 
216 3* 

22* 
217 18 
218 13 
210 8 
220 3* 

22* 

n t  I R  
22213 
221 R* 
224 R* 

23 
225 18 

226 13, 
227 8* 

. h . ! d . h  
327 12 346 17* 
328 7 347 12* 
329 2*1 '118 8 

19' 

274 15 
275 10 
276 5'1 
277 0* 

20 
278 15 

279 IP 
2 8 0 5 *  
281 01 

20 
282 15 
2@3 10. 

d . h .  
101 11 
102 7 
103 3' 

23. 
104 19' 
105 16 

100 12 
lm 8 
108 4* 
108 0. 

201 
110 17 

111 13 
112 9 
113 5* 
114 l* 

Oi* 
115 18 

116 14 
117 10 
118 6* 
119 2+ 
Z?* 

120 19 

d .  h.  if. h .  
l$l !i 1 $1 !i 1 181 23 1 182 3 
122 11 142 16, 102 1BC 23* 

- 
d . h .  
254 14 
251 9* 
252 4* 
2U 0 

10 
264 14 

255 9* 
2% 4* 
257 0 

19 
2.54 14' 
250 8, 

2oo 5 
201 0 

19. 
262 14. 
283 9' 
204 5 

265 0 
19' 

22* 
200 17* 
210 12' 
211 8 

21. 
330 17 
331 12 

332 7' 
333 2*l 

21* 
334 17 
335 12 
338 7' 

337 2* 
22 

308 17 
330 12* 

293 1 

20' 
294 15* 
295 11 
Zr6 6 
297 l* 

20' 

298 is* 
20811 
30U 11 
301 l* 

20. 
302 16 

d , h .  
1 0 

11 
2 7 
3 3 

?A* 
4 18, 

5 15* 
6 12 
7 8 
8 4 
9 P 

20+ 

10 10. 
11 13 
12 Y 
13 5 
14 1* 

21* 

16 IT* 
16 11 
17 10 
18 6 
19 2* 

22, 

217 0 
248 4' 

23* 
249 19 

228 3* 
23 

220 18 
210 13. 

340 3 
22* 

350 17* 

351 13 
352 8 
3% 3 

?2* 
!54 17' 
q55 13 

358 R 
% 7 3 *  

22* 
j158 18 

2R4 6,' 303 11 
2&5 

1 1 3M 6* 

d . h .  
XI 18* 
21 15 
22 11 
7.3 7 
24 3' 

2.3, 

25 19* 
26 16 
27 12 
28 8 
29 4* 
30 U* 

21 
31 17 
32 13 
33 D+ 
34 5* 
35 l* 

22 
38 18 
37 14 
38 1@ 
30 6* 
40 2+ 

12" 7* 143 11* 

20 , 305 I* 
287 10 286 15* 21 
288 5 287 10. 300 16 
269 0. 288 6 307 11 

""'*! I 

d , h .  
81 7 
82 3 

23 
83 l l*  
P4 15. 
R5 12 

88 8 
87 4 
88 0. 

W 
80 16' 
W 13 

91 D 
92 5 
83 l* 

21' 
94 17* 
06 14 

96 10 
97 0 
98 2* 

22* 
W la* 

100 15 

d . h .  
40 23 
41 19 
42 15 
43 l l*  
41 7* 
;45 3* 

46 0 
20 

47 16 
48 12' 
49 8* 
50 4* 

51 1 
21 

52 17 
63 13* 
M 9* 
55 5* 

5Ll 2 
22 

57 18 
58 14' 
50 10. 
00 6* 

183 1W 183 19' 
121 3* 

23, 
125 20 

128 16 
127 12 
128 H* 
128 4* 
190 0. 

21 

131 17 
132 13 
133 8, 
134 IV 
135 I* 

22 

I36 18 
137 14 
138 1W 
139 6* 
140 3 

23 

340 

ill 

.I59 13 
341 3 :lBO 8* 

d . h .  
61 3 

27 
62 10 
63 15. 
04 l l* 
65 7' 

66 4 
67 0 

20 
OR 16' 
Pm 12. 
70 8' 

71 5 
72 1 

21 
73 17, 
74 13' 
75 8. 

76 6 
77 2 

22 
78 18' 
79 14' 
80 10. 

114 11. 
105 8 
180 4 

167 0 
10+ 

188 16* 
169 LZ* 
17P 8 
171 i 

172 3: .-l* 
173 11* 
174 13* 
175 10 
176 4 

177 3 
22* 

178 181 
179 14* 
lk!Ll 11 
1H1 7 

I44 7* 
145 4 
148 0 

20 
147 16* 
148 12* 
149 8* 
160 5 
151 1 

21 
152 17' 
1b3 13* 
1M B, 
155 6 
1.58 2 

22 
157 18* 
158 14' 
169 lW 
100 7 
161 3 

22 
342 17* 
343 12' 
3.14 7* 
345 3 

22 
------ 

184 IS* 
185 12 
188 8 

1fi7 4 
188 

2W 
189 16* 
190 13 
191 9 

192 6 
193 l* 

21* 
194 17* 
195 14 
106 10 

197 6* 
198 2* 

22' 
199 19 
200 16 
201 11 

361 3* 
22* 

302 18 
,3C3 13 
364 M* 
385 3* 
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TABLE 31.-For concrlruclion oj primary nlencils-Continued. 

......... 1Or 368 14'; 
7 35911I ......... 
3 

;rm; , ......... 23 , ......... 
....... ID* 23*1.. 
....... 15' 362 1Wi.. 

Difference. 1 Component 2MK. 
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TABLE 31.-For conslruclion of primary stencils-Contin,p-?d. 

Component 2MK. 

I I I I I I 
1- 

~itlcrcnrc. 1 Cornponont MN. 

13' 
13 
12 
11* 
10' 
10 

1P' 
II* 
11 
10 
9' 
0 

11 
lo' 
10 
9 
I* 
TL 
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TABLE 31.-For conslruclion of primary alencils--Continued, 

Dlflerence. 1 Component MK. Component A .  

I - I I I I I I I I I 

Hour. 
0 

I '  I I I I I I I 

Dlfl?rence. / Component A. I Compwfmt ME. 

Hour. 
n 

e la* 
12 2*1 

28 8 88 W 147 11 ?MI 1 F  285 14 324 1.5' ........ 
31 19 w 20+ 149 n mu a* 2ss I 327 a* ........ 
34 6 93 f* 162 9 211 10L 270 12 328 13* ........ 
30 17 95 18, 1M 20 213 21* 272 23 932 0' ........ 
38 4 98 F 167 7 216 8* 275 10 334 ll* ........ 
41 l5* 100 16* 159 18 218 18, n 7  21 336 P........ 



290 u . s . COAST AND GEODETIC SURVEY . 
TABLE 31.-For construction of primary stencils--Continued . 

DltXoronce . 

Hour . d i : l  & h i  
d . h .  d h  . d . h .  d . h .  d . h ,  & h  . 

0 128 23 190 14 254 5 317 20 1 0 3% 10 1 0 
+23 -1 2 8* 05 23' 120 14* 193 5* 2% 2 P  320 11* 8 1 9  373 21 10 6 
+n -2 s o RR 15 132 o 195 21 259 12 321 3 21 2 w  ......... 46 16, 

......... 77 3 

......... 107 13* 

......... 1380 

......... 

......... ....... 229 7. ........ 259 18 

......... 1 290 4* 

......... 320 I 5  

......... 3-71 1. 

......... 381 12 

.................. 

.................. 
................ 

.................. 

.................. 
.. .................. 

......... ......,........... 

......... .................. ......... ........ ......... 

I I Dlflerencc . . Component I< . Component 2Slf . 

Component L . Component P . zspg 



HARMON10 ANALYGIS AND PREDICTION OF TIDES. 

TABLB~ 31.-For construction of primary slencils-Continued. 

Dlfferenco. Component 2SM. 
I Component J. 

-- ! .  I I I 

f -- 
DlBorence. 1 Component J. 

i I I I I I 

+6 -18 100 tl* 135 01 
+7 1-17 1 I10 11 1 130 

2 1 +B -10 111 12* 137 3* 

107 I I lm  l o  zla a/ uu n* aa9 IF/ 
108 PI 19317* 219 B* 24423* ?TO14 
109 4 104 19 no 10 240 1 n i  10 
170 0 195 20* 221 l l*  247 2' 272 17'. 
171 73 1 9 O W  22213 248 4 273101 
172 0 1 198 0 223 16 249 0 214 20*, 

m 7* 
251 9 
252 lo+ 
253 12* 
2M 14 
W lb* 
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TABLE 31.-For construction of primary stencils-Continued. 

Dlfloronce. 

Hour. 

Comp. J. 

d h  
359 5 
380 6* 
381 8 
382 9' 
303 11* 
384 13 

385 14* 

0 
+I  
+2 
+3 
+4 
+5 

+6 
+7 
+8 
+9 

4-10 
+I1 

+12 
+I3 
+I4 
+I5 
+I6 
+I7 

+18 
i-19 
+20 
4-21 
+22 
+W 

-23 
-22 
-21 
-20 
-19 

-18 
-17 
-I6 
-16 
-14 
-13 

-12 
-11 
-10 
-9 
-8 
-7 

-0 
-5 
-4 
-3 
-2 
-1 

~ l f f e r e n n .  1 Component 00. 

Componont 00. 

Ifour. 
o. 

+ I - 2 3  
+2 1-22 

d . h  
1 0 

7* 
UP 

2 9' 
23 

3 12 

4 1 
366 16 14* 
387 18 ( 5 3* 
368 182 16* 
368 21 ( 6 6 

d h .  
16 s, 

1W 
120 9 

370 22* 

......... ......... ......... ......... ......... ......... 

......... ......... ......... ......... ......... ......... 

I9 

7 8 
21* 

8 1W 
25t 

9 13 
10 2 

15 
11 4* 

1'1, 
12 Br 

20 
13 9 

+3 -21 

d . h . 1  h . h .  

IS* 
18 7* 

2W 
19 10 

23 

20 12 
21 l* 

14* 
22 3* 

17 
23 6 

19 
24 8. 

21* 
25 10* 
28 0 

13 

n 

d . .  
40 6* 

182 
41 8* 

22 
42 11 
43 0 

l3* 
44 2* 

155 
45 5 

18 
40 7 

2W 
47 82 

22* 
48 12 
49 1 

14 

60 3* 
16* 

61 b* 
19 

52 8 
21 

d h .  
68 14* 
67 3* 

18+ 
88 6 

19 
69 8 

21* 
70 lo* 

2 3  
71 13 
72 2 

15 

73 4* 
1'1, 

74 6* 
20 

75 9 
22 

76 11* 
77 01 

1 
78 3 

I6 
79 5 

13 22 
14 11" 
15 W 

13* 
16 3 

16 

17 6 
22' 

31 112 
32 1 

14 
33 3 

16* 
34 55 

1% 
35 8 

21 
36 10 

'23 
37 12+ 
38 I* 

15 
39 4 

17 

d h  
l i  C 

20 
188 9 

d A .  
132 IW 

23* 
133 13 

1 . 1 .  
53 10* 
a* 

54 1W 
66 2 

15 
56 4 

I7* 
57 6* 

19' 
68 9 
n 

59 l l  

80 rP 
13' 

61 2' 
16 

02 5 
18 

63 7* 
20+ 

M P 
23 

66 I2 
68 1 

d . .  
79 18+ 
80 7' 

20r 
81 10 

23 
82 12 

R3 I* 
14, 

81 3* 
17 

86 6 
I9 

80 8* 
2l* 

87 11 
88 0 

13 
89 2* 

Ib* 
90 4* 

18 
91 7 

20 
92 8* 

h . h . 1 d . h .  

I8* 
97 8 

21 
98 10 

88 12' 
1M) l* 

15 
101 4 

17 
102 6* 

19' 
103 8* 
a 

104 11 
105 0 

13* 

27 2 
15' 

28 4* 
171 

29 7 
20 

30 9' 

d . h  
16s ih 
1 5 9 8  

21 
n 

200 11. 
201 0. 

14 
302 3 

I6 
203 5. 

181 
2M 7* 

21 
m 10 

23 
208'1P 
'XI7 I* 

14* 

##1 4 
17 

7.09 6 
18. 

2 1 0 1  
21* 

d h  
u5 
1 4 0 4  

17 
1% 2 

I5 
135 4* 

1'1, 
136 Br 

20 
137 9 

22 
138 11. 

139 0. 
13* 

1 4 0 3  
16 

141 6 
18, 

112 7. 
W 

143 10 
2a 

1 4 4 1 ~  
145 I* 

92 22* 
93 11* 
94 1 

14 
95 3 

lo* 

80 55 
22* 

110 11 
111 1 

14 
2 3 * 1 1 2 3 *  

16. 
113 55 

19 
114 8 

21 
I15 lo* 

23* 
110 12* 
117 2 

16 
118 4 

17* 

ieo lo  
23. 

161 12. 

162 I* 
15 

183 4 
17 

104 6* 
I82 

!65 8* 
n 

16811 
167 0 

13* 
168 P 

15. 
I69 6 

18 
170 7 

#* 
171 8+ 

147 6 
1C 

148 8. 

2l* 
14911 
150 0 

13 
151 aZ 

1G. 

162 4* 
18 

1 5 3 7  
20 

154 P 
W 

1M 11* 
16s 1 

14 
167 3 

IW 
11% C 

I22 0. 

13, 
123 2+ 

16 
124 5 

18 
125 7. 

201 
128 B, 

23 
ln 12 
128 1 

14, 

129 3* 
lfP 

130 6 
19 

1 3 1 8  
21* 

+5 -19 
I 

+6 '-18 
+71-17 

108 2* 
IS* 

107 5 
18 

108 7 
20* 

108 W 

d . A .  
nn 19 
238 8 

21 

d . h  
211 ~i 
212 0 

13 

d  h  
17i rir 
17212 
173 1 

+8 
+9 

4-10 
+I1  

4-12 
-1-13 
+14-10 
+IS 
+16 
+I7 

+I8 
+I9 
+20 
+21 
+a 
+?a 

239 lor 
23* 

240 12* 

241 2 
16 

242 4 
17* 

243 6* 
19' 

244 9 
22 

24611 
240 O* 

13. 
247 2. 

16 
1.8 5 

18 
1.0 7* 

#* 
2M) 9' 

d . h .  
224 16 
225 4 

17 
213 2* 

16. 
214 4* 

18 
215 7 

20 
216 P 

22' 
217 11* 

218 1 
14 

2 1 ~ a  
168 

220 6. 
10' 

221 8 
21 

222 10 
23. 

zza l f  
2% I* 

d h  
I& i* 

I6 
180 6 

14 
174 3* 

16' 

175 6. 
19 

176 8 
21 

177 101 
23. 

I 7 8 1 P  
179 2 

15 
180 4 

17* 
I81 P 

18+ 
182 9 

22 
183 11 
18101 

lP 

-16 
-16 
-14 
-13 

-12 
-11 

-9 
-8 
-7 

-6 
-5 
-4 
-8 
-2 
-I  

e* 
19' 

227 W 

22 
228 11 
328 0 

135 
230 2* 

lb* 

231 6 
IS 

2 3 2 7  
20+ 

W3 OI 
n+ 

234 11 
235 I 

14 
238 3+ 

18, 
237 b* 

18 
187 7* 

2 P  

1SB C 
23 

189 12 
180 1 

14. 
191 3* 

18, 
182 6 

19 
193 8 

21" 
lM lP 

23' 
196 13 
198 2 

16 
187.4. 

l7* 
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TABLE 32.-Divisors !or primary stencil sums . 

COJIPONENT J . 

Series . 29 58 87 / I05 I34 163 I92 221 250 1 279 ' 297 326 1 355 309 

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

Hour . ............. o ............. ............. ............. 
............. 
............. ............. 
............. ............. ............. 0 ............. 11 

I2 ............. 
13 ............. 
14 . . . . . . .  
15 ............. 
Ib ............. 
17 ............. 
18 
19 
............. ............. ............. 20 

21 ............. 
22 ............. 
23 ............. 28 

COMPONENT K . 

1 29 58 87 105 134 1 163 192 221 250 279 297 320 1 355 369 

_ -- __ _ _ - -  

...... 
14 30 69 88 1013 135 104 183 222 261 279 297 
15 30 59 88 106 135 164 193 221 250 279 297 320 

...... ...... 14 29 59 88 106 I35 104 I93 112 251 280 298 369 

...... 3 14 29 59 88 108 135 164 193 222 251 D O  298 327 356 370 
4. 14 29 57 87 105 183 192 221 2.50 1 279 287 369 ..... ...... 5 14 28 68 88 105 163 192 221 zso ne 297 328 1 355 309 

...... 6 ...... 

12 320 355 309 ...... ...... 13 ...... 14 ...... 15 ...... 16 ...... 17 

18 ...... ...... 19 ...... 20 ...... 21 

---- .- - 





U . S . COAST AND GEODETIC SURVEY . 
TABLE 32.-Divisors for primary stencil eums-Continued . 

COMPONENT N . 

192 221 260 279 ' 297 320 1 355 1 309 

Hour . 
0 ...... 
1 ...... 
2 ...... 
3 ...... 
4 . 
5 ...... 
0 ...... 
7 ...... 
8 . 
9 ...... ...... 10 

11 ...... 

15 
15 
14 
15 
15 
15 

192 

193 
194 
183 
193 
190 
192 

194 
183 
192 
191 
193 
194 

im 
180 
191 
192 
182 
192 

189 
191 
193 

.. . 

111 

222 
223 
222 
Dl 
220 
222 

222 
223 
220 
no 
223 
222 

2-21 
219 
220 
222 
221 
220 

219 
220 
222 
221 
m 
219 

..... 

297 1 3243 

1 2  . . 

28 
29 
29 
30 
30 
30 

355 
I... 

357 
357 
353 
360 
353 
358 

356 
351 
356 
3.54 
367 
365 

a64 
364 
355 
356 
301 
365 

364 
355 
1 7  
364 
am 
364 

299 
299 
297 
298 
295 
298 

XI8 
287 
20 
290 
298 
298 

295 
288 

287, 298 
297 
290 

296 
287 
299 
297 
zee 
285 

15 28 
28 
28 
28 
29 
28 

28 
29 
28 

.. 

la9 

371 
371 
368 
170 
308 
389 

370 
368 
308 
309 
370 
300 

308 
a88 
870 
870 
388 
a 0  

388 
389 
371 
337 
380 
a88 

105 

105 
100 
105 
100 
104 
105 

108 
100 
1W 
104 
108 
100 

108 
105 
104 
105 
101 
105 

104 
103 
108 

134 

135 
135 
134 
130 
132 
134 

135 
I36 
1% 
133 
l85 . r  
135 

135 
134 
133 
133 
134 
134 

132 
133 
134 

21 ............. ............. 
23 ............. 

I 
250 1 279 

327 
329 
325 
326 
325 
328 

328 
325 
326 
320 
327 
328 

aw 
326 
320 
327 
325 
328 

325 
328 
328 
326 
3211 
325 

21 ...... 
22 ...... 16 .. 

I 

58 
58 
58 
58 
58 
MI 

103 
........... 

103 
105 
164 
104 
101 
183 

104 
105 
183 
102 
104 
104 

105 
102 
161 
183 
183 
103 

101 
101 

28 58 87 104 134 

28 W 85 103 , 131 189 

..... .- .. 

Sorim . 
Rour . ............. 0 ............. 1 

2 ............. 
3 ............. ............. 4 
5 ............. 
0 ............. 
7 ............. 
8 ............. 
9 ........... ............. 10 

11 ............. 
12 ............. 
13 ............. 
14 ............. 
15 ............. 
10 ............. 
17 ............. 
I8  ............. 
19 ............. 
20 ............. 

2.51 
252 
250 

59 
58 
57 
58 
58 
58 

68 
59 
57 

13 ...... 1 15 14 ...... 14 

5s 

68 
MI 
58 
69 
57 
68 

58 
59 
59 
57 
58 
68 

69 
67 
68 
MI 
58 

69 
67 
59 

28 
30 
28 
30 
28 
28 

30' 
28 
28 
29 
29 
29 

28 
29 
29 
29 
29 

29 
29 
a0 

280 
281 
279 

COMPONENT 2N . 
-- 

88 
88 . 

87 
87 
88 
88 
88 
88 

16 ...... 
10 ...... 
17 ......, 
18 ...... 
19 ...... 
2C ...... 

81 

80 
88 
87 
88 
86 
80 

88 
88 
88 
ae 
87 
87 

88 
87 
88 
87 
87 
88 

87 
88 
88 

87 
80 
86 
88 
80 
86 

87 
87 
88 

14 
15 
15 

15 
15 
14 

251 / 280 
249 278 
261 280 

103 
108 
104 

105 
105 
107 
105 
105 
100 

252 

2; 
250 
251 
231 

249 
248 
250 
ZN 
261 
249 

248 
249 
251 
250 
u 8  
248 

100 
104 
104 
105 
104 
104 

105 
105 
104 

281 
280 
279 
na 
280 
280 

277 
278 
278 
280 
279 
278 

278 
278 
280 
279 
na 
277 

133 
137 
133 

133 
133 
135 
134 
134 
135 

134 
133 
133 
135 
134 
134 

134 
134 
133 

101 
105 

103 
103 
164 
103 
103 
105 

I64 
101 
101 
104 
162 
102 

164 
103 
101 

192 
4 
191 

191 
191 
194 
192 
191 
193 

192 
191 
191 
194 ' 
191 
191 

193 
192 
191 

220 
2'23 

221 
220 
223 
nl 
nl 
224 

220 
219 
220 
2'22 
no 
220 

222 
22JI 
219 

249 
250 
251 
249 
249 
262 

250 
249 
250 
251 
249 
249 

252 
250 
249 

$! 
m 

278 
279 
281 
279 
ne 
281 

328 
328 
325 

297 
298 
295 

288 ' 
298 ' 
299 
287 
297 
299 

I 

354 
356 
353 

27" 

277 296 
279 
280 
277 295 

325 
324 
326 
327 
32.5 
an1 
327 
325 
325 

388 
370 

ns 
280 
278 
277 

324 
328 
327 
325 
sm 
328 

zoo 
298 
2W 
295 

355 
354 
354 
365 
353 
355 

3% 
354 
363 

308 
388 
309 
370 
308 
370 

371 
307 
307 

354 
357 
356 
354 
s a  
357 

307 
370 
370 
308 
370 
371 
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T A ~ L E  32.-Divisors for primary etencil eume--Continued . 
COMPONENT 0 . 

COMPONENT 00 . 



U . S . COAST . AND GEODETIC BURVEY . 
T A B L ~  32.-Divisors for primary stencil sums--Continued . 

Hour . 
0 ............. 29 58 87 ............. 1 29 58 87 
2 ............. 29 58 ' 87 
3 .. .., ....... 29 59 88 
4 ............. 29 58 87 
5 ............. 28 58 87 

COMPONENT P . 
105 134 103 192 221 '250 279 207 320 

........... 

105 135 104 193 222 251 280 298 327 
105 134 103 192 221 250 279 297 297 

COMPONENT Q . 
- 



HARMONIC ANALYSIS AND PRICDIDTION OF TIDES . 

TABLE 32.-Divisors for p r i m a r ~  stencil sums--Continued . 
COXPONENT 2Q . 

COMPONENT R . 



U . S . COAST AND GEODETIC SURVEY . 
TABLE 32.-Divisors for primary stencil sums--Continued . 

COMPONENT T . 

COMPONENT X . 





U . S . COAST AND GLODETIO SURVEY . 
TABLE 32.-Divisors for primarl~ stencil sums-Continued . 

COMPONENT p . 
.... 

COMPONENT MK . 



HARMONIC ANALYSIS AND PREDIOTION OF TIDES. 303 

TABLE 32.-Divisors for primary stencil sums-Continued. 

COXPONENT MN. 



8 04 U. S. COAST AND GEODETIC SURVEY. 

TABLE 32.-Divisors for primary stencil sums-Continued. 
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TABLE 33.-For construction of secondary stencils . 

Compcr 
nont A . 

Compcr 
nont R . / O0 1 1 K n n d P  I R a n d T  

~lflor!~ompcr ~ l f l o r - ~  Compc- Dlflor- Compb 
onco nent A. enco. nont A. enco. nont A. 

houd . I I I I / I  hours . hours . hours . hours . hours . 
DIffer-I~ompc+ Dlflor- 
onro. nont A. onco 

hours . I hours . / hours . 
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TABLE 33.-For construction of secondary stencils--Continued . 

a m p *  / 
nent A i M  i I N I 0 

Camp* Differ- Compo 
Page . nent A .  ence. nentA 

hours . tlours . hours . I I !  
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TABLD 33.-For construction of secondary stenn'le--Continued . 

Component u ....... l P I Q l  24. 

12- 0 19 1 1- 6 20 
22-10 7 1 ll-18 8 ........ I : I........ 
1 5 - 8 1  20, 4 - 7 i  21 

$ I %  lo 12-21 2-9 23 11 
23 I.'....... ........ 
11 l 20-21 12 
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TABLE 34.-For summation of long-period components. 

ASSIGNMENT OF DAILY BUMS FOR COMPONENT MSf. 

ASSIGNMENT OF DAILY SUMS FOR COMPONENT Mf. 

Componont dhlslon. I- 

Componont division. 

Days of serioa. 

Days of series. 

I 
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-. I --- -- -- .- - - 
ASSIQNhfENT OF DAILY SUMS FOR COMPONENT Sa. 

TABLE 34.-For summation of long-period components-Continued. 

ASSIGNMENT OF DAILY SUMS FOR COMPONENT Mm. 

- -  ___  ~~~~~~~~~~ - -- -- - - 
Cornpo~io~it division. Cornponc~~t dlvlslon. I)nvs of sohos. 

. .- . - - 
Compo~iont division. 

0 .................................... 
1 .................................... 
2 .................................... 
3 .................................... 
4 .................................... 
5 .................................... 
6 .................................... 
7 .................................... 
8 .................................... 
0 .................................... 
10 .................................... 
11 .................................... 
12 .................................... 
13 .................................... 

.. _. . - 

Dnys of series. 
. - .- --. - -- - - . - - 

1 W 50 R3 111 138 108 103 221 2481 270 304 331 .WO 
2 20 57 84 112 13W 107 1951 272 2% 277 305 332 300 
3 30 BP 85' 113 141 108 196 223 251 278 3 W  W3* 301 
4 32, 60 87 114 142 100 107 224 252 2%' 307 335 302 
5 33 60 0 116 143 17W 1011 220* 253 281 30tl 330 303 

0 M 61 89 1101 144 172 108 227 2% 232 309 ~ 3 7  a ~ *  
7 35 03* 00 118 145 173 200 X B  2.55 2 U  311* 33s :188 
O* 34 64 91 110 146 174 201' 229 257' w t  312 330 307 
10 37 05 02 120 147* 175 203 230 258 28.5 313 340 308 
11 38 00 04' 121 140 I76 204 231 250 250 314 3421 360 

... 12 4 W  07 05 122 150 177 205 232, 280 2S9+ 315 343 
13 41 09 06 123 151 178* 208 234 201 289 3316 344 ... 
14 42 60 07 12P 152 180 2M '235 202 280 317 345 .. ... 15, 43 71* 98 120 1SJ 181 208 230 2032 291 . 3181 346 

14 ..................................... 17 44 72 oo i n  154 182 now 237 28s 202 sm 347 ... 
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TABLE 35.-Products a.. for Form 444 . ( 1"5) 

Component . / 1.003 1 2.W / 3.000 1 4.W 1 5.@M / 5.500 I 6.030 1 6.m 
-- 

11. ................... 
9. .................... 
Ns ................... 

Products. in dogroos . 
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TABLE 35.-Products (.$) /or Form 444-Continued. 

I Tlmo moridian In hours-S+l5. 

Componont. I - 
Products In dogrcos. 

I 

Ms. .................. 
&blK,~. .............. 

4 ......... r . . . . . . . . . .  
(MN14.. ............. 
I t . . .  ................ 
66. .: ................. 
I r a .  .................. 
(2N)a.. .............. 
(00 ) l . .  .............. 
As. .................. 
91.. .................. 
MI.' .................. 

in. 53 
324.01 

169.40 

JI .................... 
hfm .................. 
ssa .................. 
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TABLE 36.-Angle differences for Form 446 . 

Fob . 1. Oh . to Dec . 31. 24h . Jan . 1. Oh. to Doc . 31.24h . I- 
Common year . / r ~ p  year . I common year . I h p  year . 



TABLE 37.-U. S .  Coast and Geodetic Survey tide-predicting machine No. 8. 

GENERAL GEARS AND CONNECTING SHAFTB. 

Faro Number Portod 
(IWS an. (U1afts.I or / of I Pitch. I of 

diameter. tooth. rotatlon. 
Remarks. 

Hand crank shaft. for operating machine. 
Spur p a r  on .shaft 1. 
Spur-stud gear. 
Snur sear on shalt 2. 
Short horlzontal shalt. 

novel pear on shaft 2. 
Pnvnl roar nn rhafl 3. 
1)Iaronal shalt connecting wlth front cnm. 

ponent swtion. 
novol Rear on shaft 3. 
Bovel gear on shaft 4. 

Short vortlcal shaft through dosl: top. 
Bovol gear on shaft 4 .  
l3ovol near on shaft 6. 
Short horizontal shaft. 
Dovd gear on shaft 5. 

Intormodlate shaft to minute hand. 
l3cvol gear on shaft 0. 
IlovrI $ear on s l~a l t  10. 
Mlnuto.hand shaft. 
Itoleasable bovol pear on shaft 0. 

0-14 ...... ...... . 
0-15 .... . . . . . . . . . 
8-8.. . . .. .. . . . . . . 
0-16 ............. 
0-17 ..... ... .... . 

novel gcar on shaft 11. 
Intermedlato shaft to da dial. 
Worm sorow. 0.M Inch d;ametcr. 1s threads t o  

inch on shnft 11. 
Worm whwl. 6.47 Inch diameter, on shalt 12. 
Day dlal shsft. 

0.17 
0.17 
0.15 
0.17 
0.17 

l30!~el gear on shaft 13. 
Main vortlcal shalt of front component soctlon. 
Rpur Rear on shsft 13. 
Bpur 8tud Rear. 
Spur stud gear on shaft 14. 

Fmnt vortlcal shaft of rear componont awtlon. 
130~01 gear on shaft 14. 
no\-el gear on shaft 16. 
Maln wnnwtlnq horlzontal shaft of roar com- 

ponont soctlon. 
novd pear on shaft 16. 
novol gear on shaft 18. 
Rear vortlcal shaft of rear oomponent awtlon. 

84 
84 

. . . . . . . . . . 
180 
00 

4R 
48 . . . . . . . . 
48 
48 

24 
24 
24 
12 
4 

novel gear on nllaft 7. 
novel tear on shalt 8. 
Uo~lr-hand shaft. 
Roloasnblo bovol gear on slialt 0. 
Bevel pear on shaft 0. 
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TABLE 38.-U. S . Coast and Geodetic Survey.tide-predicting machine No . 2 . 

COMPONENT GEARS AND MAXIMUM AMPLITUDE SETTINGS . 

I Terth In gear wheels . I I 
Theorotlcal Vcrtlcal 

Component . I s p c d  I 
per hour . s'mrts' 

Compw 

I shafts . hour . . 

*Doslgned for one-half of speod of Mt . 
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TABLE 39.-Synodic periods of componente. 
IIIURNAL COMPONENTS. 

SEMIDIURKAL COMPONENTS. 

I I Kt 1 4  1 b t x I  NS 1 2 ~  I RZ i ~n I T S  I *s I m l t r  

TABLE 40.-Day of the common year corresponding to day of month. 

L, .... . . 
B4 ...... 
Nx. .... . 
2N .... .. 
Rx ...... 
%... ... 

[For loap yonr Incrmo all numbors ultnr Fobnlcry 29 by ono day.] 
- 

Day olmontl~. I Jon. Feb. M8r. A].. May. Juoa 1 July. A u g  Sept. Ocl. Sor.  &c. 

I I- I- - . - - - - -. . - 

para. n. 003 
13.001 
9.133 
0. H59 

3W.225 
lb2.021 

a .  .. . . . . . . . 
27.655 
18.777 
9.1% 

29.203 
31.812 

Dav8 
. . . . . . . . 
27.555 
13.777 
14.11)2 
14.706 

D a r  
. . . . . . . .. 
. . .. . . . . . 

27.555 
0.307 
0.014 

Dora. 
. . . . . . . . . ................................... .... . . .. . .. . . . . . . . 

8.991 
7.127 

D a r .  a .  
. . . . . . . . . . . . . . . .. . 

i . . . . . .. . .1... . . ... . .... .. . .. ..... . ... 
... . .. . . . .. ... . .. . 
305.259 .. .. . . . .. 

Dava. 1 h p .  
I ~- - 

. . . . . . . . 

. . ..... . 

. .. .... . ... . ... . 

... ..... 

DOC. 
. . . . . .. . 
. .. ... .. ... ... .. ... .. . .. . . . . . . .. 

. . . .... . ....................................... ... ..... 

... ..... ........ ..... . .. 

Dava. . . . . . . 
... ... 
... .. . .. .... 
... ... 
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TIDAL HARMONIC CONSTANTS. 

The tidal harmonic constants given on the following pages have 
been compiled from various sources, which are indicated by the 
references at  the bottom of each column. All amplitudes have been 
reduced to feet, and the epochs have been referred to the local 
meridians. Values inclosed in parentheses have been inferred. 

The combined length of the series, together with the first and last 
year of the observations from which the constants were derived, is 
Indicated for each station.. In  combining the results from several 
series of observations at  any place the usual ractice has been to take 
separately the direct means of the nmplitu 8 es and epochs. 

A more precise method was used for combinin the results for the 
components Mf, MSf, and Mm as derived from t !? e different series of 
observations at  the stations in India, where observations coverin 

the use of the 7 01 I' owing formulas: 
S periods of man ears have been analyzed. This method consists o 

Mean amplitude of component A = .\/(& 2&cosxa)l i (i ZHa sin ~ ~ ) l  
and 

ZH. sin K. Mean epoch of component A = tan-' 2Ha COS Ka 

n being the number of individual results combined and Ha and K? the 
amplitude and epoch, respectively, of any component A as derlved 
from each series of observations. 

The sources from which the constants have been compiled, to ether f with the corresponding reference number used in the compi ation', 
are given below. The cooperation of all those who have so cour- 
teously furnished the harmonic constants for various ports is very 
much a preciated by the U. S. Coast and Geodetic Survey. I t  is R hoped t at  this cooperation will be continued, and all persons who 
may secure additional constants for an station are invited to send a 
co y of the same to the Director, U. Coast and Geodetic Survey, 
&hington, D. C. 
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ARCTIC REGIONS. 
...-. - .- - - -. - -- 

I Greenland. I Grant Lend. Janlh -- .- .- ........ ........... 1s1aog I -. - -- 
I I 

hmwent (71. m' N. ! Neunmtolik &zydh Port FouIke I RImlmr I P01m-k Bay Cape Brpnt / Ca Shelidan F d  CDngwl Point AIM& 
8 * W  w.).' 1 (60'OR1N. (7fT 18' N. (7P  37' N. (81e36' N., ; (80.21' N. ( 27  N. (81' 44' N (We 07' N. / ~ 1 6 ' w . j .  $y2?zj: -~~*o(Yw.): i 70'53'w.f. 6 i 0 w w . ) .  55.ww.j. 1 61*2ifw.j. w ~ ~ w : j .  6geUfw.j .  

.-I - ,  .. 
H I l H  I I Il I j I i  E ) H  
- . ... . .  - -- - -  - - --.. ! Fui. Dq. j Fui. Dq. Ful. Deg. Fed I Re.. Dq.i Fd. 

11 .......................... ......., .............................. (0.0%) ?%)i (0.048) (215) (0.023) (!M) (0.018) (299), (0.009)' (307) ...... ....... 
KI ................ 0.105 a o . 6 a  114 a69  i n  1 . a .  181 0 . ~ 1  1 %  0.403 M 0.323 mi 0 . 1 ~ 1  29s 0.18) m 0.171 311 
Kt.. ............... 0.117 18 i.. 0.43 227 (a414 (5 1 (0.466) (12); ( a  225) (33) 0.063 (47 0.104 348 0.300 17 (0. M4) ( 2 . )  & ............. 
~1.. ................ aal 357 : ....-.-........ o. 13 a 1  (0. im] (%I/! ( o . w I  (4). 0 . m  34 {o.olzi (14 0 . m  329 0.m 1s 0.011) (mi 
MI. .............................................. ,. ( a  052 (I66 (0.046 (172)' (0 .m)  (227) (0.016, (E4) (0.008)l (2%) O.OG9 276 b o l o )  (2n) .............. 
Mx.. ............... 1.319 312.83 1 6 1 4 . 4 6  1111 3.640 311 3.374 333 1.795 352 0.4B 4 O . W 3 /  3&3l 1.962 335 0.3771 230 i.e 
b4 ......................................................................................................................................... 0.032 235 ............... 
M c . .  ............... 0.004 358 0.048 108 0 0.58 I S  0.017 31 0.018 320 0.013 354 0.018 322 0.008 285 .............................. 
&-- ............... 0.017 210 0.060 166 0.039 142 0.006 118 0.008 274 0.008 la 0.001 11% .............................. ............... 

........................................................................... 0.018 145 
...............-. ...-..........- 
................. 

........: ..--. ............................. 
PI... .........-..... am n ........I - -  
Q, ......................................... j :::: 
2Q. ....................................... ...... ............... 
4 ............................................... ............... 
S1 ................................................ .................. 0.430 18 1.24 a03 

............... 
..................................................... 

............... 
u.. 
pa.. --.--.-.-.---... " .................. ............... 
n 

Berig..: ........... 1883 1882 la3041 
Length ............. 104f days. 
R e l m c a  .......... (1) 

1 For oompound and lmg period components see p. m. 03 
C1 
<O 



ARCTIC REGIONS--Coathunued. 0 
- la 

0 
Battln Land. Alslcs.1 

... 

-- 

............... 
4 .................. ............... ............... MI.. .............................. 

................. 
A h  ................................ 
MI ................................ 
14 ................................ 

.............................. Ms.. 0.001 1W o.oao 21 

............... 
............... ............................. 

............... ...... .... .... .............................. 

............... ....... ...... 
.............................. ....... ..... 

.............. .... ........ 
0.709 .................. 

.............................. St.. ............................... 0.017 158 ...................... 
................................. 

......... .... ................................. ....... ...... T, 

............... A,.. ............................... ....... 
........ ................................ ,. ............... .................................. 

............... .................................. 
Series .............. 18gJ 1922 185849 1853 1848-49 1859 1820 1908 
Length ............. 8 w 29 days 1 1 9  29 days / 9 10~tlu. 29 daYS 29 days. 
Reference .......... (2) (1) (3) (1) (3) (1) (1) 

1 For other stations in Alaska see pp. 336-340. 8 For other stations in Siberia see p. 340. 





BRITISH AMERICA. W 
t\3 

I Hudson Strait. Enst coast. 
ta 

Port Bur- 

scg at wi). 

8erios .............. 1886 1886 18% 
Length... .......... 2 weeks. I 1 no$th. 1 2-ks. 
Relerenoe .......... (2) (2) 1 (2) 

Fortesu Bay,] 
Belle Isle 

Strait 
(51. n1 A. 
56- 23' w.'). 

1898-1901 
5 years. 

(7) 

......... 

H x 1 1 1 r  
-- 

Frei. D q .  Fed. Dcg. 
............... 0.039 223 

0.245 10s 0.592 M7 
0.120 2-59 0.128 23 
0.020 211 0.047 36 

............... 0.028 207 

18&0 1 1894-1-1898 
%days. i 4 years. 

(1) ! (7) 

Fnther Point I 
St. L y r c n d  

........ 

........ I:::::: 

Quebec,' 
St. La_wrenw 

K. 
(46' 492 N., 
71e 11' v .). 

........ 

........ I::::::: fi 

O.M9 25G " 
1.375 235 

............... 

............... 5 

........ I....... - 

1ES-1914 - ~ 

14 years. 
(7) 

1 For compound and long period components sae p. 403. 



BRITISH AMERICA AND UNITED STATES. 

I Bdtlsh America, EBst Carst--Continued. I I Wne. I ~ c h u s e t t s .  

I Baston 1 Corn- Cape Cod Cape Cod 

1 E p"'g;p- port~andl rnoniea~th canal, exst canal, rest  1 (44. N., 1 93-39' N I Pier No.. 1 entrance 1 entrance ! me w w:i. m. %' W.). '00 15' w:i. (420 21' N.. (41- 461 N. (41044' N., 
71°03'W.). 7O030'w:). 1 70°37'W.). 

Series .............. 1913 ' 1913 
Length... .......... 58days. %days. 
Referam. ......... (1) j (1) 



UNITED STATES, EAST COABT. 6j 
Is 
I& 

1 For compound and Img  period c w p m e n t s  see pp. 403-404. 

Component. 

H K H ~ H ~ H ~ H ~ H ~ H ~ H K H ~ I ~ ~  ---- - . ---- 
Fed. D L ~ .  Fui. Dcp. Fed. Dcq. Pui. Dcp. Fui. Dcq. Fcd. Dcg. Fed. Dcg. Fed. Dcg. Fed. Dcq. Put. Dcq. 

.......................................................................................................................................... (0.018) (106) ( a o i i )  (2%) 
K ............... 0 .  96 0.2011 94 0.237 99 0.249 112 0.225 109 0.339 119 0.322 104 0.325 106 0.327 106 0 . m  231 
&.. ............... 0.098 pB 0.130 241 0 . 1 P  247 0.065 2% 0.072 279 0.146 359 0.140 240 0.118 2-55 0.107 2-55 0.053 210 
b... ............... 0.016 210 0.021 173 0.078 226 0.057 339 0.028 357 0.300 3 0.103 232 0.129 249 0.077 246 0.134 172 
MI ................. 0 . 0 0 ~  70 .............................. 0 . 0 a  300 0.008 l~ 0 . m  1% 0 . 0 0 ~  105 0.016 104 0.011 205 0.016 
Ms.. ............... 1.661 218 1.896 P3 2019 229 1.136 a74 1.157 278 3.649 329 2210 221 2 153 231 2 112 233 1.018 172 
Mt ........................................................................................................... 0.026 202 ............... 0.033 198 0.014 244 
&. ................ 0.179 la 0.292 135 0.344 150 0.084 62 0.077 79 0.096 211 0.029 339 0.081 332 0.055 333 0.130 Zj.4 
M, ................. 0.011 in o . m  acs 0 . m  265 0.039 l a  0.043 164 0.210 84 0.052 35 0 . m  89 0.071 81 0 . w  171 
& ............................................................................. 0.013 80 0.012 86 0.023 %kj .............................. ............... 
NI ................. 0.365 2Kl 0.421 206 0.192 208 0.286 2 4 7 ' 0 . 2 4 3  2% 0.744 301 0.478 204 0.496 211 0.487 213 0.1fB 154 
2N .............................................................. (0.035) (2P) (0.CB2) (228) ............................................. (0.065) (193: (0.025) (136) 
0 1  .................. 0.164 124 0.158 131 0.158 118 0.181 137 0.168 138 0.198 150 0.172 98 0. 161 104 0.176 106 0. 143 275 
00 ............................................................................ ..............................-.....-....................... (a 010) (loo) ( 0 . m )  (m) 
PI .................. 0.089 115 a090 94 0.089 l m  0.074 113 0.097 121 0.091 1 3  0.098 106 0.105 104 0.loz 106 0 . m  285 
Q .................. 0.047 116 ............... 0 . m  i m  0.0% 132 (am) (152) ......... 0.031 m (0.031) (103) a048 138 0.015 283 
2 9  .................................................................................................... I::::::: .............................. (0.005) (106) 0.004 270 

........................................................................................................................................ It,. (0 .W) (259) a001  203 

4 ................................. 0.m 110 0.04s 57 ............................................. 0.0.10 64 ............... 0.019 67 0 . ~ 8  184 
s, .................. a w  m a435 24.5 0.440 .ro 0.214 as8 0.216 m 0.641 352 0 . 4 . ~  2 a  0.413 257 0416 259 0.124 m 
& ............................................................................................................ 0.038 70 ............... 0.043 58 0.009 288 
............................................................................................................ & 0.004 141 ............... 0.005 186 0.004 124 

Te ..............-.. 0.023 237 .............................. 0.013 288 (0.012) (290) ............... 
h.. ................ .............................. 
,!,. ................. 
................... 
,. - . 

Series .............. 1920-21 1914-15 
Length... .......... 369 days. 369 days. 

.......... Reference - (1) (1) 

New Yak. 

~ ~ e t s  point 1 
O.S.E. ~ d f  

(40' 48' N. 
73. 4, w . j .  

Rbode Islsnd. 

PmIIamiltml 
N'* "ow W.1. 

Ney ~ o r t  daL 

j 

Conmctlcut. 

New FmbFm- 
* 

-- 

~ e w  ~ o n d w  1 
  am) stall& 
(41' 24' N 
7 y  mt Hi:). 

BrUoll 
(41. N 
71. 16' wJ. 

New York 1 
 orem ma f. 
(40. 41' N 
74- 01, w.x 

ROrldencel 
(41. 4(Y N, 

71' 24' w.): 

New York 1 
 be   at& 
(40' 4Y N 
.74.01, W:j. 

Albany 1 
~ u & m  k. 
(42' 39' N., 
m e  6, w . ) .  



Mr. ................ 
............... ............................................. 

0.529 290 0.501 337 1.421 226 
&-. 

............... 
0 . 0 1 ~  in 0.033 191 0 . m  355 

............................................. 
0.006 117 0.013 306 0.021 82 

0.112 261 0.114 322 0 . m  zoo 
............. (0.015) (226) (0.015) (305) (0.055) (la) 

............... 0.075 190 0.087 194 0.100 292 
.............. ............... ............... ........................... ... (0.004) (244) 

.................. 
................. 

(0.028) (133) (0.026) (157) 0.031 !Z74 
(0.015) (n9) (0.017) (213) 0.015 'B'i 
.............................. o 002) (31n ................ ........... 

Rr.. ............... ............... .............................. 10:002) (283) 
.................. .............................. ............................................. 
................................. ............... ............................................. 

289 0.248 150 0.083 325 0.085 357 0.201 270 
0.018 223 

& ................................. 0 . m  3 ............... o.m 22 0.002 63 am 22s ............................................. 
Tr .................. (0.025) (248) 0.092 238 ............... (0.019) (88) 0.071 296 (0.014) (160) (0.005) (325) (0.005) (357) (0.026) (330) 

............... h.. ................ ( a  016) (231) (0.013) (US) ............... ( a 0 l ~ )  (67) 0.044 2es (0.012) (139) (0.004) 309) (0.004 (30 (0.073) (258) 
............... . m. ..-..........-.-. a oss m a m 2  iw, ............... a la, 171 am m (0. om) (m) (0. wi)  (w) (a0131 1266) (0.012j (318) ,. ................. 0. 096 lea 0.076 I@ ~ 1 4 0  ( 23 Q 147 22 0.096 2~ (0.054) (228) (0.082) (100) (0. ~ 2 )  (285) (0.022) (324) (0.036) (1%) 

.............................. ....... m . .  ................ ( a m )  (m) (aolo) (a) ............... (aoio) (196) (0.010) (im) ,.,,, (0.006) (272) ( a m )  tm) 
&ries .............. 187S1888 19141915 1891-1882 19Ol-1902 1918-1920 1885-1677 1-1904 1898 1888 1WlE94 
lea* ............ 8 yean. 388 days. 393 dsys.. 2 years. 369 days. 2 years. 369 days. 23 days. 2 years. 
Reference .......... (1) (1) (1) (1) (1) (1) (1) (1) 

, 

e n .  

- - - - -- 

1 F a  annparad and long-period amqmmts sea p. 404. 

New Jersey. Pennsylwnia. 

pww9 P m d e W a  1 
wBllunCon Ave. 1 Chstnut St: 
(39.5~ N., (X N.. 
75. 09' W.). 75* W.). 

y$y$Gtl 
74- m1 w.). 

Atlantic city ' 
Pier D"" 

(w 21. N., 
74' 26' W.). 

Delawm, 
Breakwater 
h 1 

(3s. 4Rp N. 
75.06' WJ' 

virginis. 

Great Old Point 1 Richm-d.1 i 
Comlmt 1 James Rlrer 

: ? '  (37- 4s. N., 76-16, W.). 

District of 
Columbii 

Washin 0 6 1  

:s.,$,t 
n- w w.j. 





UNITED STATES, EAST C O A S T - C ~ ~ ~ ~ ~ U ~ .  

Georgia. 
-. .- - - 

Quarantine 

SagEg~nd 
(::: $ g:). 

Series .............. 1898 1 ~ 1 9 0 9  1 lS9-1903 1&33-1890 1914-1915 1914-1915 1902 lBBO-lRB1 1 1699-1800 1857-18% 
h @ h  ............ 29d.p. SBbp 2 .  1 369$~. 1 !$F. / =$F. 1 (,) . I J B ~ I I -  j 3'jQd.p 369d.F. 
Rd ......... 1 (1) 1 (1) j (I) 29 days (1) I (1) 

1 F a  compound and long-period components see p. 404. 

JI-  ................................ 
I ............. 
Ks ................. 

Florfda. 
- - 
Fernandina 

(30.41' Fort ~lincd N., 
81. 28' W.). 

b.. ................ (0.0271 (*) 0.111 3m 0.132 2% 0.135 198 0.259 2% O.ZO1 233 (0091) (231) 0.284 0.146 222 0.0231 277 
MI ................. (0.020). (322) 0.004 261 0.020 106: ............... 0.028 166 0 . W  li61(6013) (Bn ............... 10.0131 137 ............... 

Femndiaa 1 Rep West,l 
(30: Desota 41' N., st.' I (ao Fort 33' Taylor N., 
81 28' W.). / 81' 48' W.). 

Fcd. 

0 
(0.046 

Dcg. 

307 
(284) 

----- 
Fed. 
(0.010) 
0.173 
0.W2 

Dq. 
(167) 
168 
339 

Feet. 

0.318 
0.090 

. - . . 

H ~ H ~ H ~ I L I ~ H ~ H ~ H ~ H K H ~  

Fed. 
(0.018) 
0.311 
0.109 

- 

Drg 

114 
2% 

- .. 

----. 

Drg. 
(140) 
142 
28-3 

- 

Dq. 

126 
238 

. -  .... 

-- 
Fed 

.............................. 
0.341 
0.12 

_ _  

Fcd. 
((1017) 
0.311 
0.086 

DQ. 
(149) 
149 

Fed. 
(0.014) 
0.176 

258 (0.175) 

Drg. 
(41) 
69 

(2%) 

Fed. 
............... 
0.339 
0.156 

Dcg. 

120 
275 

Fcd. 
(0.020) 
0.345 
0.133 

Dcg. 
(126) 
127 

Feet. Dw. 
............... 
0.274 274 

267 0.049 281 



UNITED STATES, O ULF COAST. 

Component. 

Florida-Xontiined. 
Alabama 

Mkisippi. 
- Mobile ~ o i h t  Loulsrcma TOXBS 

Key West 1 / i Port ~ads.1  $%?$:( 
curry's d r f  : (2e;F9 (30' Bilori 24' d ; (30' Cat Island? 14' N. ( ;; N. (29. 20' N. 

(2: $ gj. sr 5.3' wl,. 88' 54' W'I). / ((9. 10' w:). 94' 46' w.). 
I 

J I . .  ................ 
KI.. ............... 
K1 ................. 
Ix ................. 
MI ..........,...... 

H  K / U  K 11 K I H  9 

............... 0.002 229 0.006 106 
............. ....................................... ............. 0.013 151 + 

0.015 2 8 7  .............................. ' ............... 0.016 zs8 ............... 
& ................. 0.555 274 0.478 278 1.061 24 1 .  44 0.062 317 0.072 301 0.112 11 0.116 11 i 0.059 316 0.308 108 ' 

....................................................................................................................................... Ms.. ............... 0.005 178 
M4 ................. 0.aW 305 0.010 297 0.054 276 ............... 0.00B 31s 0.016 331 0.019 138 ............... 0 006 91 0.008 226 

+ 
N1 ................. 0.014 113 0.001 1 s  a012 90 ............... 0.031 359 ............... o . m 2  xx ............... 1 o : M ~ .  46 0 . m  14 

....................................................................................................................................... ................. Nn 0.002 m 
N* ................. 0.019 256 am zx 0.162 z, 0.151 n 0.008 318 ............... 0.034 32 0.026 33 0.022 ~1 0.074 91 
2N ................. ......................................................................................................... (0.010) ( 7 0  
01 ................. 0.286 

................ ........................................................................................................................ 
0.365 2i2 0.492 309 O.,% 30s 0.406 310 0.369 308 0.514 309 0.479 315 0.407 295 0.358 U)O 

00 (0.009) (210) (0.012) (322) 
0.161 311 0.172 3'dl 0.121 324 

.............. 0.073 292 
............... .............................. ........ ....... ............... 

............... 81 ................. 0.044 10 0. 00s W9 
9. .................. 0 24 0.MS 298 0.094 111 
s,.. ................ ,:...., ........ ,..--.. 

............... 
........ .... 

.................. ............... 
................ ............... p.-  

....... vs.. ................ .... ..................... 
..................................... ................ A. .  ............................ .:. ....... 

Series .............. 1914-15 1EW-61 1848 18954% 1803M ................. 
Relerenoe. ......... 

. ...... ... ..... . .- -- -. .- - - . -. .. - - -  _ :.-_ , --- 
I Fm compouqd and lew--pert@ PompP4ents see PP, W-405, 



UhTTED STATES, G U L F  COAST T O  WEST INDIPG. 

I Texas--Continued. I I 
Mexico. I i I I Porto Rim. 

JI ............ , ...... 
KI ........... , ..... 
K t .  .......... , ..... 
b. ................. 
MI .......... -, ...... 

Component. 

Fed. ! D q .  Fed. 
-..... .!. ...... (0.028) 
0.346 321 0.361 
0.018 1 132 0.013 
0.014 l i5  0.011 
....... I.. ..... 0.014 1 

D q .  Fed. 1 
(328) ....... ./. 
323 0.347 
172 0.014 
zti (0. ooz) 
328 ....... .!. 

D q .  I Fed. I Dcp. I 

- -. -- - 

':&%%I 
Wharf 

(2). N.. 
wo47,W.). 

Fed. Deg. Fed. Dcg. 
........ .............. 

- - 

GBIVeston~l 

($:g~k 
9(.48'W.j. 

Drg. Fed. 
....... (0.014) 

150 0.237 
324 (0.006 

(256 (0.001] 
(3451 0.015 

Tam ico 
( z *  1 8  N 
91-4ww.j. 

D q .  

'2 
224 

(2 

Canal Zone, 
Cristobal 
(9' 21' N. 

ma w.j  

Series 1852-53 1891-82 1857 
Length 

......... . 

- 

Vera Cruz 
(19- lr N 
96°8 tw. j .  

............... 

............... 

............... --- 
1 W  1899 1889 

369 days. 58days. 87 days. lBlfdays. 
1906 

(1) (1) (1) (1) 

Bahsmas, 
Namu 1 

( 0.5 N 
no 21. w.i  

Campochc 
(1. w N 
w " 3 ~ w . j .  

- - - - - -  - -  
1 For compound and long perigd components see p. 405, 

Haiti,, 
Port au Princa 

(I&* 34' N. 
72- z w.l. 

Ponce 
(17. 5w N.. 
W ~ W W . ) .  

San Juan 
rlr w N. 
66-07'w.l. 



WEST INDIES AND BOUTH AMERICA.' ed 

Fed. Dcg. Fed. 
....... ....... ........ ................ 
Dcg. Fed. Dcg. Fed. 1 

JI I 
KI.. ............... 23 0.187 1 36 0.102 . Kl. .  ............... .............. ............. 152 
L, ................................................ ....................... ............... ....... ............................ 

....... ............... ....... ....................... MI ....................................................................... ! I i ! 0.013 

- - 
03 

Dtg. Fed. Dcg. Fed. Dcg. 
..... 0.011 1 315 ............... 
64 0.209 I 148 0.098 284 
148 0.182 1 88 0.026 22 
1 s  0.052 . n ............... 
PS 0.019 ! 159 ............... 

I Culobn 
Island 

I arcat 

R&mTdr &mponeot. N., 
65" 17' W.). 

.................. (0.W) (162) 0.078 176 
............................... 

.............................. 

.................. 

.................. 

.................. 
0 . m  349 
0 . w  160 

b .................. 
JU.. ................ 0.014 244 .............................. 0.085 111 

.............. 
pi .................. ........ ... : ...... :: .... 
Series .............. 
Length ............. -.-- 
Reference.. ...... . . I  (1) (9) (9) (9) 

I For British Guiana see p. 402. 

0 

- - -  

1 For componnd and long-period components see p. 405. 

VIr*lslands, 

St.Eby ' 
(18" N. 

s t  ~ n c i a  
PO* castrib 
(14' 01' N '"'"' "". I 1 Recife Arsenal Arsenal 1 do Sula 

56, W.)I 

 ranch ~uiana,  
ISIS du ~ a l u t  
(5' I?; N. 

Brad. 
- - - - 

Pernambuco,r Rlo de Janeiro* Rio Grando 
61- W w.7. 

I $?.$$:\. i 40. 52' w:). 38-34' w:). 34. 53t W.\. W;j. 520 04, w.). 
52' 5 w!). M ~ ~ ~ '  1 (2- 55' S (8' 04' S. (22' 54' S (32' 07' S., 



6 - - w co Mar del Puerto Faro de Re-- MueUe 8.n FM SegmM& B u n  de Rio 
(34' Ii3' 8. M& Plats 1 Blas Bafianca Negro 1 & w e n t .  w 1, w.\. 

( B L ~  s 47, s (41. m 
IP w w.. 57- 3x w.J. :Fly;:I. 62- w w.1. 62. 14' w:\. 62. 16' w:\. 62. 48' 6.1. 

T - -- H I .  H I S  H I S  H Z  .-____--__ H I S  H ~ . , E ~ K  _ H I .  H I S  - - 
€3 

J1 .................. 
l i l  ................. 
Kt. ................ 
b.. ................ 
M, ................. 

Fed. I 
10.002) 

Fed. I Dcg. I 

....... I..... .. I 

Series 1813 1915 1912 190.5-1W8 

- I I I I I I _-__ --  I I . . -. . -. 

1 For wmpmnd and long-period armpooents see p. MS. 



- SOUTH AMERICA--Continued. 

Argenth-Cmtinued. 

-- . 

H  I f r H r k I ~ H l z H  z ! H  r 

.................. h 
4 ................. 
Ks ................. 
L .................. 

..................... MI. ................ .................................................... ................. 
M: ................. 

............... 
122 5.922 100 6.854 89 5.838 5 

14.. 0.128 211 0 . m  320 
................. ................................................ M *  0.167 as8 0.360 173 0.291 2(U 

........ ........................................ M. ................. 0.364 249 1::::: 0.132 112 0.073 41 
Mn ......................... (.. .................................................. 
Ns .................. 2 156 260 ............................................................................ . . .  0.W 46 1.430 322 
2N.: .......................................................................................................... 
01 ............_ 
00.. .................................................................................. . . .  
Pl ....... 0 .  1 1 161 0. !Z? 150 
I.?,, .................. 0.066 326 .................................................................... ..‘ .................................. 0.049 20 0.095 
2Q. ................ 1.. .................................................................................................................................................... 
R: ................. 350 ......................................................................................................... 0.013 209 0.074 23 I 0.023 ......................................................................................................... SI ................... a m  76 
4 .................. 2146 17 1.31 218 1.39 286 1.54 252 0.85 239 1.21 216 0.71 11.5 1.m lW1 
.......... .-...................................................................................................... 

Se. ................ 0. IM 350 ..............-.......................................................................................... 
Ts .................. 0.138 18 .....................................................................................-................... 
h .-...................................................................................................................................................................... 

................ 0.213 359 .................................................................................................. ......., a 125 199 0.051 n t  
us.. ............. ... 0.564 291 0.411 59 0.462 196 1 ......................................................................................................... 
m ................................................ 1 .......................................................................................... ............................... 
Series .............. 1912 1916 1 l9l&ll7 1916 1917 19164917 1916 1915 1913 1913 
Length.. ........... 1 year. 2 months. 6 months. 15 b y s .  15daps. 3 months. 15 da . 

(10-Y Reference.. ........ (10) (10) (10) (10) (10) (10) (10) 
1 pear. 

1 For compound and long-period components seep. a. 



SOUTH AMERICA AND PANAMA CANAL ZONE. 

For compound and long-mod components see p. 405. 

- 
A r g m t i n a ~ t i n u e d .  

Port Lmk 

:$%%. 
%. W.\, 

-- - -. .- --- 
H J K  

J I 
YI ................. 
K t . .  ............... 
G 
MI 
MZ ................. 
&. 
HI.. 

South 

( 
36. 01, W.). 

N* 0.335 WO 0.16 199 0.3111 72 0.491 W ........~....... O.&W 248 1.M 54 
2N.. .............................................. ........I. ................................................... (0.065) (27) ........ I.. ..... (0.048) (217) ............... 
01 ................. i 0.67 35 0.7211 21 0.tX8l 16 0.451 4 0.33 18 0.412 345 0.W 347 0.590 335 0.328 286 0.135 344 

............... 0 0 . .  .............. !.. ..................................................................................................................... (0.015) (14) 
PI.. ................ 1 0 . 2 6  69 0.2981 72 0.282 63 0.141 81 0.05 50 0.186 55 0.175 30 0.262 41 0.161 322 0.123 342 
Q, ........................................ 1 .................................................... aom 310 (o.iir) (323) ............... 
2 Q  ........................................ I ...................... I ............................................................................ ............... 
R, (0.ocrr) (300).. .............. 
&... : 0.2s 2j .............................. : 0.013 19 .............................. 1 ............... 
a .................. 2% 351 X30 3.510 312 0.492 195 0.38 236 0.224 143 : 0.302 134 0.525 

............... ............... .............................. 
I l l  

0.466 3001 1.13 144 
& a m  61 0 . m  39 i 0 . m  .59 
SI .............................. 0 . m  s o ;  ............... 
T, .: 0. OW a60 ............... (0.027) (300)1. .............. 

- 
H 

Fed. 

0.17 
0.11 
0.04 

o.n 

0.01 
............... 

Fcd. 

0.78 
0.61 

9.n 

1, 
m.. 
,. 
,I 

Series .............. 
Length ............. 
Reference .......... 

Chile. 

- 
s 

- 

DQ. 

52 
2%3 
a19 

213 

308 

....................... 
MI 1 ....... 

....... M, 

Canal Zone 
Naos lsland'l 

/:.*$$:j. 

D q .  

69 
351 

............................................................... 
.............................................................. 

300 
............................................................. 

......................................... 
....................................... 

........................................ 
......................................... -- 

Cape Han 
Hermite (55. 51' S., 14 
67.33' W.). 

- 
H 
- 

Ftd.  
............... 

0. UO 
0.392 
0.226 

............... 
&om 
0.21s 
0.011 

I 

0.012 
0.010 

LK 

Fcd. 

0.33 
0.061 
0.04s 

.............................. 
2017 

0.09j 

r 
- 

Dpg. 

340 
142 
167 

n 
358 
276 76 

1 s  

! 
, I 
1.. 
I.. 

ytP8$g1 
71' ~ . j .  

- ... - -- - . - 

H ~ K  

Caps Born 1 

Orange (55. 31' ~ a k  S 
68- 05' w:\. 
- - - - .- - - . . - 

H ~ K  . 
K 

DQ. 

5.5 
148 
138 

105 

216 

Fed. / D q .  

: 7 2  
330 

1916 
2 months. 

(10) 

0 . W  333 1 

Fed. 

0.75 
0.951 

i z m ~  izu2 

............................................................ 

.................................................. 

PoUo Wand 
~ m i t h ~ i u n n f l  (52' 23' S. 

7 3  1 w.. 

n 

1916 
1 month. 
(10) 

H 
. 

Fed. 

0.707 
0.064 

Dep. 

63 
312 

w 

................................................................... 

.................................................................... 

r 

Frd. 

0.820 
0.131 

............... 

............... 
1 . m  

............... 

D q .  

36 
121) 

l9lS16 
3 months. 

(10) 

109 1 3.50 
I.m1/ iw 

.......................................................................................... 
0.016 1M 
0.017 313 

............... ! 

=do 
I 
1 D q .  

............................................................................................... 

Dcg. 

41 
11 

a 

...................................................................................................................................... 
0.358 
0.170 
0.0s 
0.024 
1 . u  
0.018 
0.068 

1842 
1 year. 

(3) 

........ ! ....... 
i 

37 
206 
135 
78 
157 
S3 
3.57 

0.060 

I - -  
Fed. Dcq. l -  (Kt& '2% 

1883 
8 months. 29 days. 

(2) (1) , 
- - -- 

0.142 
0.041 
0.021 
1.410 

0.007 
0.001 

................................................ 

: (0.014) 
(0.M) 

76 / (0.095) 
- - .- 

288 
229 
2S7 
n g  

147 
107 

1 W  

(118) 
(741 
(71 

1892-93 ; 188243 

............... 
:: ............. ............. 

(0.010) 
(0.W) 
(0.069) 
(0.012) 

{289)! 0.e 
2-59). 0.1h 
(2i2) 0.151 
(267)'. 

z*I 
33 
59 

.............. 



PANAMA CANAL ZONE TO UNITED STATES, WEST COAST. C* 
0 

1 For compound and long-period components see pp. 405-406. 

Msrico. CaUlornis.  
. . . . .  . Canal Zone- - 

XIorro San Rancisco,I San Francisco> Sausalito 
(35' '22 N. Fort 

(3pg!'?$, (37. SO. N., 120' 51' w!). 1% :: 27, W,). 120. 211' W.). 

. - - - - - -. . 

K H K I I K H K H X  
........ 

, I . . :  ............... ............... ............... 
KI.. ............... 1.218 loo 1.208 loo 1.582 110 
Kt.. ............... 
4... ............... 
MI ................. 
Aft ................. 
M,. ................ 
M4 ................. 
Ma ................. 
Ms ................. 
Nt ................. 
2N ................. 
01 .................. 
00.. .............. 
PI .................. 
CL .................. 
2Q.. ............... 
RY.. ............... 
SI .................. 
%.. ................ 
& .................. 
h... ............... 
T1 .................. 
L.. ................ 
.................. 

e .................. 
................ 

%'is .............. 
Len @I... .......... 

.......... Reference 

a a37 1x1 
0.214 3 
0 . W  . 286 
0.012: 305 
1 . % 0  58 
a l6i 25 
0.1281 355 

(0.014): (m) 
0.135 344 
0.020 39 

(a@%) (8) 
(0. 013) (16) 
0.026 j 59 
1.616 146 

0.D771 
0 . m  is 
0.216 ! 245 
0.031 I 92 
0.197 35 
0.p51 60 

(aoo5)l (1) -. - 

1912-1917 
3 years. 

(1) 

0.014 
0.012 

0.241 

0.453 

0.256 

0.743 

294 
30 

254 

75 

69 

254 

1878-59 
369 days. 

(1) 

0.39 

0.56 

0.28 

1.01 

- - 

1894 
1 month. 

(12) 

246 

77 

71 

253 

- . -. . - 
1883 

51 da . 
(1225 

............................................. 

............................................. 
............................................................ 

0.34 
............................................................ 

0.29 
............................................................ 

0.13 
............................................................ 
............................................................ 
............................................................ 
............................................................ 

1.02 
............................................................ 
............................................................ 
............................................................ 
............................................................ 
............................................................ 
............................................................ 
............................................................ 

1890 
36da . 

(62F 

............................ 

2+7 

55 

63 

252 

1884-1871,1917 
4years. 

(1) 

1919 1863-1870 
183days. 

(1) . 

0.70 

0.17 

0.14 

1.07 

,0.026 
0.010 
0.003 
0.408 
0.047 
0.697 

( 0 . ~ 4 )  
0.354 
0.131 

(0.018) 
(0.006) 
0.027 
0.898 
0.005 
a ooc 
0.035 
0.022 
0 . a  
0.068 

( a m )  

..... 

202 

88 

90 

275 

1904-1913 
6 years. 

(1) - 

1W) 
107 
124 
256 
232 
79 

(109) 
' 9 3  
W 

(62) 
(271) 
197 
274 
183 
107 
29 

212 
245 
257 
(71) 

1884-90 
369 days. 

(1) 

0.053 
0.013 
0.007 
0.280 

(0.W) 
0.608 

( a m )  
0.274 
0.107 

(0.016) 
(0 .m)  

0.320 
0 . W  
o.m 

(0.019) 

(0.W) 
0.025 
0.065 

( a m )  

171 
254 
1133 
2R4 

(280) 
99 

( i z )  
10s 
99 

(87) 
(w) 

.............................. 
3M 
177 
148 

(304) 
(307) 
174 
2P5 
(%) 

0.086 
0.012 

............... 
0.364 

................ 
0.766 

............... 
0.368 
0.124 

............... 

............... 

0.077 
0.009 
0 . m  
0.376 
0.041 
0.756 

(0.038) 
0.377 
0.128 

( a  OZO) 
(0. 003) 
0.020 
0.404 
0.002 
0.002 
0.064 
0.021 
0.029 
0.073 

(0.039) 

32 
342 

304 

88 

104 
83 

3% 
............... 
............... 
............... 
........ 
........ 1::::::: 
............... 
........ ...... I. 

25 
22 
64 

304 
276 
89 

( i n )  
104 
82 

(72) 
(335) 
147 
335 
2l6 
112 
194 
335 
!Z?A 
311 
(62) 

............... 
0.033 
0.021 

............... 
0.333 

............... 
0.717 

............... 
0.371 
0.124 

............... 

............... 

............... 
0.354 

............. 

............... 

............... 

............... 
0.049 
(1044 

............... 

55 
338 

310 

94 

109 
82 

348 

218 
297 



UNITED STATES AND BRITISH AMERICA, WEST COAST. 

Fed. I 
(0. CEO) 
1.241 

0.035 

Dcq. Fed. Deg. Fed. Deg. 
(124) ....................... 
in 1 . 3 ~  1 s  2511 - i i i . j  
350 0.220 24 0.157 
4 0 . 7  11 0. i ti: i 

100 0.052 152 0.108 162 

-1- I Cdilwnia- 

Fed. DQ. Fed. Dw. Fed. Deg. Fed. Dep. F c d . l D c g .  Fcd. DQ. Fed. Dcp. 
............... (0.151) (167) 0. Ill la 0.175 1 1% 0.138 (0.170)' (174) (0.119) (1%) 

26617 1% 2078 1s 219U ' 162 2704 17: 3.01-3 163 26(6 147 2 120 144 
0.212 157 ' 0.064 9.4 0. a03 1 174 0.221 1% (0.222) (174) (0. 169) (100) (0.256) (TI) 
a ~ s s  1% I a045 185 a 079 178 0.143 170 ( a m )  (170 ............... (0. O S ~  (80) 

............... a084 145 , 0.M2 154 0.100 1 137 0.117 201 (0.170)1 (15ij (0.117) (130) 

Washington. 
Continued. 1 Humboldt 

Ray 1 

component. ' %t,"&jr 
! (40° 45' N 
1 1%. 14' w:). 

M a s  ..............' 1911-12 
Lea@ ............ 
Reference .......... 

British Columbia. 
Oregon 

2: 

I I I I I I I w 
1 For compound and long-period component8 see p. (08. 

w 
cn 

Port Town- I Sfattle 1 1 Victoria 1 Sand Heads 1 Vancouver 1 W e t o a n  Chatham 
(4psgdfl, j Madisonkt ~ a n c o u v e ~ I s .  Fmser RIV& Burrand ldkt G ~ r g i a  S V . ~  N ~ O W S  &Zi7giit 

(47' 37 N. (48- 25' N.  1 (49' 07' N 1 (49- 18' ti. 1 (50- Oil N 1 (zri: 1 
12P 45' w:). ; 122' 2Q' w!). ( 123' 24' w.'). 123. 16' w:). 1'23' 07' W!). 125' 04' w!). 125. 23' w!). ig: 2: 

I 



BRITISH ATdERICA AND ALASKA. 0 
w 

I 
QJ 

Bdtiih Columbii-Continued. Southeast Alaslra. 

Component. 

-- 
H , I I ~  K ? I X ~ I H C ~ ~ K I ~ K I ~ K  

- -  

JI  .................. 
x ................. 

................. ............... 
............... ............... ............... 0.029 150 ............... 

................. 6 ...................................... ............... 

................. 

................................ ............... 
Nt .................. 
aN ................. 
0, .................. 
00 
.................. PI ............... 4450 124. ..... _ ...................... 

B ................. ............... a 157 98 0. i n 
2Q. ..................................... 

........ ....... I*. ................................... 
.............................. 

................. 
................................. 
....................................... .............. ............... 

il .......................... 
................. 0.m 295 
...-.-.....-...... ........ 

....... ............... ....... 

1901 

... - - 
1920-21 1901 

1 For compound and long-period components we p. 406. 

Clayoquot 1 
~aneouv& 

Is. 
(49. 09' a. 
1wo SS' w:). 

Craig,l 
(55' W N. 
133' 09' w:). . 

Wadhms,l 
Rivers 

(51°1i?th. 
12i0 3s' w>. 

Prince Rupert,] 
Chatham 
Sound 

(54' 19' d;. 
130" 19' R .). 
- - - -- 

Port Simpson,] 
Chatham 
Sound 

(51. 33' d 
1300 ~ i '  ti). 
- -. - 

Ketchikan 1 
(5.5. 21' N.: 
131' 32 W.). 

-- 

Port Ute, 
Divldson 

Inlet 
(SS 48' A. 
133. 36' w:). 

Sitka.1 
(57' (U' N. 
1 %  W ) 

~~$o",,, 
Peril Strait, 

S , 
Granite Cove 

$ ~ E T ~ :  
24, W:). 



I I 
Southeast Alaskaantinued. I Copper Rirer Delta. I Prince William 6ound. 

Cape Whit- Orca Ores Camp April, Rocky Polnt, KokinhenioIs. P~k:&M shed, Orca 
(60' 18' N. Inlet Ores Bay Valdcz Arm ~ d e t  
145*03r w:), N.. * I , (m: 35' N (me 32' N. (me 57' N.. 

145' 24' W.). 55, W.). 145 41' w!). 146. 00' w:). 146. 42' W.). 

Series .............. 1901 1901 1911-12 ' 190S-9 1SlS 1 1898 1899 1902 
Lmflh... .......... 29 days. 29 days. ,, .......... 

1 FOI mmpound'and 1onp;perixi components seep. 406. 





ALASKA, BERING SEA. 

NushsgaL Bay. 
b 

Kuskokwim Bay. Yukon River Delta. Norton Sound. 
PribiiofIslands, -.. - - - - -- - - - - - . - -- 
( Clark Point, Gocdnews Goodnews Bay Apokak Kwlklokcbun Avo$o 1 St. Michael, Nome 
170' 18* W.). (58:*$tk (59. j(Y N. 'Outh 'pit, No*h .?Yo 0.ip% (&lo 08' fi., ! (62' 34' N. (62' 37 N: I (63. 29' N. (64- 30' d., 

41, W:j. 1%' 33' w.$. jg $ $[). 47, W:j. 162' 17' W.). 164. 51t w.). 164. 51' w.'). 162' 02' w:). 165' 26' W.). 
--- - - 

LK r  
... .. 

n j r  H r  H r ' H  1 
- - - I---------- 

11. ................. 
............... Kl.. 

Kt.. ............... 
LI ....-............. 
MI.. ............... 
Mr ................. 
Ma ................. 
Y,.. ............... 
&. ................ 
Ms ................. 
Nt ................. 
2h'. ................ 
Or.. ............... 
00.. .............. 
PI .................. 
QI.. ............... 
2Q. ................ 
R.. .. .. 
81 
St .................. 
.................. 

&.. ................ 
T* .................. 
.................. ir ................... 

v,. ................. 
m . .  ................ 
Series .............. 
Length ............. 
Reference .......... 

0.839 
0.010 
0.011 
0.013 
0.002 
0.268 

(0.038) 
0.612 

( 0 . ~ )  
0.310) I. 125) 
0.017) 

............................ 
........................................... ...................................... 0.098 ‘2%; ............................................................ 

0.055 2% 0.005 14Q 0.18 269 0.158 321 0.- 54 0.050 217 0.050 a87 0.121 338 0.042 1% 
.............................. 0.005 136 0.014 m'............... 0.010 4 

0.003 0 
(0.003) ( r ~ )  

.............. 

- 

1 

1912 1913 
61 days. "days. "days. 28 days. 58 days. 

(1) (1) (1) 
I 

122 
17 
8j 

117 
240 
77 

(31) 
1 

(171) 
(158) 
(138) 
(132) 

5.800'  

a m  
0.074 

1.4.50 
(0. I?) 
1 . 7  

(0.0~7) 
0 930) 
'6340) 
(0.048) ...:. 

6.983 

0.227 
0.076 

1.93 
(0.25i) 
1.703 
0.088 

(0 944) 
(0:330) 
0.044) 

b.001) 

23 

261 
342 

330 
(276) 
232 

(28)) 

(258 
(2191 
(Pg) ......... 

33 

na 
107 

340 
(288) 
235 
290 

(263 
(2211 
108) 

1149) 

2622 
............................................................ 

............... 

............... 
............................................................ 

0.560 
(0.074) 
1.241 

(0.061) 
(0.647 

(a W I  0 032 
IO.M1) 

198 

138 
08) 
263 

(323) 
(293 
(2481 
233) 

&93 

2680 '  

0.138 
0.098 

0.522 

(y:?;) 
(0.0.~) 
(0.628) 
(0.2571 
(0.034 
(0.001)' 

4.082 
0 . W  
0. rn 
0.127 
0 . m  
1.018 

(::%) 
( 0 . 0 ~  
10. i02) 
0 . ~ ~ 3  

(0.a3J3 
(0.003) 

ZOS 

139 
320 

133 

g) 
(331) 
(300 )z~zI 236 
(327) 

302 
63 

IM 
227 
146 
231 

(lm) 
312 
(19) 

(345) 

0.006 78 
........I ....... 
........ ....... ! 
....... ...... .!. 
........ ....... 1 

0.002j 35 
........ .... i... 

0.461 163 
(0.020)~ (253) 
0 217)' (218) 

310 

0.535 
0.oSS 
0. 100 
0.019 
0.003 
0.154 

(0.020) 
0.3i8 

(0.015) 
(0.162) 

I0:OF) (166) (0.073) 
(0.010) (279) (0.0121 (148) 

(54) ........I.. 

94 
328 
119 
123 
210 
38 

(342) 
194 

(247) 

)I$ (168 

0.554 

0.012 
0.018 

0.179 
............... 

0.761 
............... 

8%] 
............... 

........................................... 

235 

150 
%6 

178 

247 

297 M 

0.316 
.............................. 

0.008 
0.007 .............................. 
0.176 

(0.M) 
0. 189 

(a0131 
0 135 

71 

ILX 
260 

856 

(2 
(88) 

{dm71 
(0.W 

(a:! 
(188 

- - - - -  .. 



1 For add~tional stations in Alaska andfsiberia see p. 320. 1 For compound and long-period components sea p. 407. 

ALASKA, SIBERIA AND JAPAN. CO 

Component. 

H K H ' K  H K H K 
H I x  a . H ' -- - -- - .- - -- -- - - -. - - - - - - - - - - . P 

............... 
................. 

.............. ................. ..................................................... 
MI.. ............... 

................... 
................. ...................... 

b6. ................ 0.002 155 
Ms. ................ 
N s  ................. 0.144 133 0.56 222 96 0.56 247 ......................... 

................ 2 ~ .  
01.. ...-........... 
0 0.. ............... 

.................. 
.................. 

-............... .................. .......................................... 
................. ....................... .................................................... ...................... 

0.038 
% .................. 0.029 346 1.48 222 0.76 325 0.43 149 0.393 1% 0.457i 147 0.429 144 0.538 155 0.402 & 3 223 

..................................... 0.003 
0.002 2; il 

.............. (0.002) (346) .................................... 0. 043 162 9 
k .................. .................................................... 
I ........-. ...................... ............... 0.017 131 
C .................. 0.0% 86 
p .................. ....... I....... .......................I.. ............. ................................. 

-- 

&Zit% .............. 1887 1887 1886 1886 1897-1902 I 
Length. ............ 2 months. 3 months. I month. 1 month. 5 years. I (14) Reference .......... (1) (13) (13) (15) (15) I (15) (15) (16) 

I 
Alaslra, 1 
Port 

Claronco 
( a 0  13' d., 

1 X W.). 

0 
Japan, Hoknahu Island. Siberia.1 

-- 
Tomari 
~umashira 
(4.3. (Or h.. 

145e 29, E.): 

Nagaew Bay, 
Tauslr Bay 
(59- 31' N. 

F,,). -- 

Shakotan 
Shikotan 
(Go 52' &. 

146. 4(Y E.): 
(a* 3" 

146. W E.j: 

-- 
Lan Island, 
Gul~%l Amur 
(53' IP. ?J 

141. 26t ~ . j :  

Saisho lma 
(y N. 

146 52' E.): 

Castries Bay 
Gulf of Tart& 
(51' !B1 N. 

52t E.j. 

Nomuro 
27' 

145- 40' E.X 
' 

(a 17' 
145. 35' E.X 



I HoLushu Island. 

Kirita u Atwteshi KuFuri Mororan Suttsu Twanai Ratgishl Otaru 1 Hammashi Rumo e 
(!OIWOllent. I (43. mP!4 1 (43' 0'2' N. I (42' 58' N. I (V 33' N. 1 (42' 47' N. I (42- 59' N. / (43: W .i / (43: 13' N. I ' 36' N. I (43' -bl k 

145. I@' E.: 144' 51' E.$. 144' !B E.): 141' 07' E.I. 140' 16' E.$. 1M033' E.S. 140 24' E$. 1 141 01' E.S. l(:* 23' E.I. 141.39' *:I. 

a ................ a* ios 0.9~1 107 o.wj 106 i.iaj im 0.161 116 a s 1  i s  a i 5 / i i 2 l  aiu 
MA ....................................................... I ............................... r ..................................... am 
Af4 ...................................................................... .__.__ I ....... 0.004 
Id'................. ............................................. ........I ::::::: :::::::: ::::::: :: ............. :::::::: ::::::: 0.001 
Ms. ................................................................................................................................ I NI.. ........................................................................................................................ 0.037 
2N. ................................................................................................................................ 
01 ......... ....._ 0.62 161 0.538 150 0.541 133 0.664 119 0.16 518 0.14 322 0.15 324 0.151 
00.. .............................................................................................................................. 
PI ....... __.__ a 2 2  152 0.255 149 0.255 156 0.263 153 0.05 342 0.05 331 0.06 145 0.045 
QI ........................................................ 1. .................................................................. 0.m2 
-2Q ............................................... ........I .......................................................................... 
RY .......................................................................................................................... 0.009 
61.. ...................................................... .................................................................. 
& .................. 0.4" 144 0.423 149 0.403 158 0.520 138 0.06 158 0.07 155 
........................................................................................................................... 

L- ........................................................................................................................... 
O. 070 

si 0.002 

........................................................................................................................... 
sa 0.001 
Tl 0.010 
A l . . .  ................................................................................................................................ 
................................. !... ....................................................................................... 0.011 

n.. ............................... I ....................... 1 ............... ; ................................................... 0.007 
,A .................. ........................ ............... I... ........................................................................ , - -  - 
Series... ............... .......-I 1692 1892 
Iangth ............................. 7 months. ..... ..... ..... .. .... 
~elerence .......... (14) 1 (15) (19 

I I I I I I I I I I 

1 For onnponnd and long-perlod components see p. 407. 



Hokusbu Island--Continued. Honshu Island. 
- - - - - -. -- .... . 

Moura. 
Component. A lkawa 1 I Orinoham8 Hiraknta 

(3$ 18, N:, (a* Bt N., (36' 51, N., 
141°31' E.) 141. 26' 6.). la* 48' 8.8.). 

-. 

R E K  K H L L K .  
.. .. - . . .  -. .- - - - 

................ 
.............................. 
.............................. 0.029 176 

............... 
.............................. 
...... ............. 

Mr. ............. 

................................................... ................................................................................ 
PI .................. a ........................... 

......... ... ... .,. ............................. ..... ...... .............................. ............................. 
SI. ....................................................... ......, 1 ......., ............................................. .,. .... 0.025 .............................. 31 
SI .................. 0.08 159 0.06 156 0.07 135 6.31 140 0. '2% 134 0.297 134 1 0.42 144 0,471 152 1 0.52 152 0.48 14.5 

............... .............................. i 0.003 212 
.............................. ....... ss ................. L ..... ..: .............. ......., ....,.. ............... 0.002 176 

TI I:::::::: ., ..... 0.029 195 .............................. 
1 ..................................................... 

......................... ..................................... ........ ........................... ........................... ............... 
s 

........................ 
I::::::: 0.019 in 

.................. * .......,...... .......I 0.0% 109 I::: 
p l .................. ............................... ....... ..................................... ...................................................... . _- - - ' :...... - . - - . . - -- - , - - . - 
series. ............ .I ............... 1 w  1::::: ......... lapelom 1.. ............................ 
V n @ I  ............ :::::::::: :::::::::: ::::::::~ ............... 1 month. 3 months. ............... 5 y n n  ............. ., ..... iiij.. ... 
Relerenm.. ..... ...I (14) (11) (14) 1 (14) (15) ' (15) 1 (14) (16) 1 (14) 

- 
1 For compund and long-psipd components sm p. 407. 



JAPAN-CatQued. 

~om~onent .  

H . E . H .  
E 

. H . H . H . H x H x H . O  
----- 

Fed. Dq. Fed. Dq. 
h... ........................................................................................................................ 0. M 2  195 ......... ..-.. ................ 
K ............ 0.63 174 0.78 1% 0.69 la 0.71 169 ! 0.83 164 0.817 im 0. n 161 o.n 169 % K*.. ............... (0.06) (173) (0.14) (170) 0.15 : la, (0.23) (191) (0.22) (181) 0.231 181 (0.19) (181) 0.18 1 4 ........................--..-.............................................................................................. 0 1 171 .............................. 

.......................................................................................................................... .............................. 
MI 0.67 133 1 l3S 1.10 143 1.178 147 1.46 149 1.60 159 1.45 140 1.591 154 1.43 152 1.36 
4 0 . m  196 +4 ................. 
& .......................................................................................................................... 0.035 161 .............................. 
aq ........................................................................................................................... 0.049 a .............................. 
M, ........................................................................................................... 1 0 . m  la3 * ............... .............................. 
Ms -....--...............................--................................................................... ' .......................................................-.... 
K¶ ......-..................--.-........................................................,.................................... 0 . m  lrs .............................. 
2N ....................................................................................................................................................................... I z 

'd 9 ................ 0.44 1% 0.56 154 0.60 155 0 .  156 0.58 l l  0 . 6 1  160 I 6 3 2  159 0 . 6 1  137 0.64 158 i 
0.63 00.. .................-.............................................................................................. .................................................... n 

P, .................. 
..................... ...... 0: 132 152 z 3 

0.014 2 0 
g 

.................. 
0 ........................................................ ............................................................ 

Tx. .................................................................................................................... ........ ...................... 
........................................................ ' ............................................. 1 ............ 1.. ........................... 1 ...................... 

:::I +.:..-- 0.049 in i 
Y 

......................................................................................................... ....... ........ ...................... 
W¶ ........................................................'............................................. ,.. .................... 0.080 144 ........ i ................. 
................................. ..... ....... ................................... ....... ............................. ................ - -- -. . -- , ......-. I:: ........ ..: : ........I. I:::::.. 

Me3 ........................................................... leDl ............................................. 1900-1905 .............................. 
Length ......................................................... 2 month% ............................................. 6 years. .............................. 
Referenca .......... (14) (14) (14) (15) (14) (10 (14) (16) (14) (10 

0 
1 Far armpwnd md loag-pxhl C Q ~ B  sea p. M. I+ 

0 

Honshn Island4!antinaed. 
- 

Choshi 
~awaguchi, 

E:).  
ST;!; 

17, E.$. 
(%. %, 
I -  j 

'P$gz, 
g & g;j. 

w 
gyyF? . , j .  

S h n  wa Kanagswa 
~ o k y o % a ~ ;  Tol ip  ~ a j  
(35* 37' N., 
139' 45' E.). 

Bu6irlrnitzu. 
Tokyo Ba 
(6, 15' 8 

139' 44' E.j: 

Yokoh.rm,l 
Tokyo Ba (t 27' 8 
139 38' ~.j. ' 

(35 23' h.: 
139' 3 9  E.). 

Yokosuka, 
T o 9 0  Ba 
(% 18' fl 

139 39' E.j; 



JAPAN-Continued. W 
I& 

~ ~ m ~ o n ~ n l .  

R r H ~ H r I f r t I c H r  

Fed. Dcp. hd. Drg. Fcd. Dcg. Fed. Dcg. Fed. Dcg. Feet. Dcg. 

................ 
................. 

L1. ................................ 
MI ................. ............... 

1.24 146 1.1% 1j2 
............................. 0.015 1x1 ................................................................................... 

0.w3 104 .................................................................................. 1::::::. .-......... .......................................................................................... 
.............. .......... 

XI--. ............................. 0.1% 1.50 
2N 

................ . . .  . . .  ..................................................... ....... 

....................... ............................................................ ..................................... 
................. . . .  ....................... .......................................................................... ...,... ............... 

....................... , ............... ...................... ................................................................... ....................... 
! ............... ............... TS ............... ............ ......................................................................................... .............................. 

................. ,.. ............. .....,.. ............... ............... ............................... ........................................................................... ............... 
... ...... .... 

.............................. Series. ............. ............. 
Length ............. ............ 5 ywrs. 
Reference. ..... , ... 1 (14) (16)  (14) 

1 For oolapocmd aad long-period annponents see p. 407. 

bP 
Honshu Island4ontinued. 

. Togo, 
Sum@ Bry 
(31* 48' N. 
138' 47' E.:. 

 shim*^, 
Samrn~ Sea 
(34' 40' N., 
138' 57' E.). 

Tokyo B2y 

' 

Abr~3t~ubo.I 
Karatsu Bay, 

(3.5' 10' N.. 
139' 37' E.). 

Yeno-11ra Shimitzu, 
S u m p  B& S u m p  Bay 
(35. 3' h'., 
138' .Up E.). 

--- 

(35' 1' N .  
138' 31' E.I. 

Sakushima, 
Mie Bl 

(3.1' 44' hy 
137' 2' ~ : j .  
-- 

- 
Toln, 

Yie Bny 
(34' 23' h ., 
1 . 
- 

Yokh-ichi, 
Nie Bav 

(3.1' 57' fl. 
136' 38' E.I. 

.--- 

Yotoya, 
Totom Sea 
(a0 22' N .  
136' 52' E.$. 

...- - .... - - 



Honsha Island-Continued. 

............................................. 

............... ............................. ............................................. 
M 1 ................................ ............................................. 0.029 m ........ 

............................. .............................................. 
& ................................ 0.003 198 ............................................. ............... ............... ............................................. I&................................ 0.003 104 ............... 

....................................................... Nt ................................ 0.2'76 171 ............................................. 
w ........................................................................................................... ....................................................... 
ol ................. 0 . m  171 0.5s 106 0.55 in a s 7  l e s  o.es 180 0.630 1 w  0 . G  205 0.70 208 0.74 177 
00. 
PI .................. 0.232 

0.116 158 ............................................. 
................................ ............................................. ........ ..................................... ............... 
.................. 

............................................................ ............................................. ................................. 

............................................................ .............................................. ................................. 0.002 180 0.002 4 
................................ ............................................. ........................... ................................ ...... Tr. 0.054 194 0.049 238 ? 

At. ..... ............................................. ................................. 
!......... 

R 0.041 169 0.147 164 ............................................................. r, ................................. 0.051 160 0.038 205 ..................................... ........,....... .............................. ' ............... ... - - ..... - - . - - / -- 

............................................ .............. ............. 1897-1905 1 ~ 1 9 0 6  .). 
6 years. .............................. ............... 

(16) j (14) (14) 1 -  (14) (14) 
-- -- I .- 

JAPAN-C4mtlnued. 
-- 

z * g 
z 
0 

i * 
C 
ro 
9 z 
+d 
Y 
M '8 
r 
0 
H 
0 r 
r 
i3 
rn 

0 
1 F a  w q m u ~ ~ d  md l~ng-pdod c0mp0n~ntd %XI p. 4&'. I& 

Q1 



Shimo-tsu Tomo, Inland 8etoda Mitsugi 1 Mitarai Karoto Shims, Kure,l Inland Hitsukino Higashi Yokohama 
~omponent. A &a Inland& Inland& Inland& InlandSea 

(34' 26' N., (34'B1 N (34' l8' N (340Df )I., (34' 10' N (U" 04. N (34*% N (?%$ r- 133' 48' E.). 133' 22' ~ : j .  133" 5' E.Y. 133- 6' E.). 132' 52' ~ : j .  133' 33' E.:. 132' 3 r  E.$ 
, : l(go=g,;'). 132' 30' E:). 

. - 
Put. Deg Fed. Dep F A  Dep. Fut. Fui. Dep. Fed. Dep. Fed. Dq. Fed. Dep. Fcd. Dep. Fed. DQ. 

h. .............................................................. 0.042 D% .............................. 0.035 288 ............................................. 
KI ................. 1.w2 2m 1.174 2a3 0.91 224 1.040 234 0.96 203 0.89 213 0.973 318 1.04 215 1.11 216 1.02 119 
K ............... 0 217 0.380 6 0.33 343 0.337 348 0.34 323 ............... 0.382 305 ............................................. ............................................................... 0.172 350 .............................. 0.128 285 ............................................. 
MI.. ...............I.. ........................................... 0.041 W) .............................. 0.038 aSO ............................................. 
A& ................- 2838 327 3.575 327 X48 307 3.349 316 3.59 289 2.98 276 3.365 279 539 283 3.19 274 3.51 n 6  ............................................. & .............................................................. 0.013 104 .............................. 0.0'20 34!2 
Id, ............................... : .............................. 0.013 68 .............................. 0.086 44 ............................................. .............................. ............................................. .............................................................. 0.011 203 0.118 162 ....................................................................................................................................................................... 
Ns .............................................................. 0.585 !29S .............................. 0.670 268 ............................................. ....................................................................................................................................................................... 234 
o1 .................. 0.851 m 0.810 aos a m  zos 0.7% lee a g o  mi ass iw 0.688 195 0.83 192 a 7 0  173 0.79 m ...................................................................................................................................................................... 00 
p1 .................. a357 220 a m  ~3 a30 au 0 . m  uo aaz xu ............... am m ............................................. 
I& ............................................................... 0.149 198 ....................... ..: .... 0.116 181 ............................................. 
R, ................................ ...................... 0.011 148 .............................. a026 25 ............................................. 

............................................. .............................. 81 .....................-......................................... 0.048 111 0.055 68 
& .................. 1.102 22 1.392 6 1.n 343 1.281 250 1.26 SZ3 1.29 307 1 . 3 9 2 ' 3 0 8  1.18 311 1.25 306 1.35 3(38 .............................. ............................................. a,... ............................................................ 0 . m  199 0.008 s .............................. ............................................. s.... ............................................................ o.ooa 105 0.006 in 
T , ............................................................... 0.099 1 .............................. 0 . M  301 ............................................. 

........................................................................................................................ A* ................... .... ...................... ... ............................................................... 0.175 80 .......................................................................................... ............................................. .............................. ............................................................... 0.220 276 (1231 %8 ... PI . . . .  ........................................................................................... ."". """" """" 0"". ......-. ..-.-.' - -. 

&&a ............. 1893 1883 ............................... .......................................................................................... ............... W h . . .  .......... 1 month. 2 months. Z y e a .  1 month. 1 month. 1 1 
nm&. Reference .......... (15) (15) (14) (17) (U) (17) ( 17) 

1 F a  mmpaund and long-period components see p. 407. 



Shimminslo, ; Rasakejina, 1 H i  1 Obatate I I 
hfilrotsu 

Inland & I Inland Sfls Inland & 
I $!%! 1n1a.d $a (33. r,, : c33. U.I x, (... :,,, N. 

31 
4. 132. 23' E.$. 1 1320 2s' ~ . j .  : 1:12* 1%' E.). i 132. 10, ~ . j .  132' 07' ~ . j .  

z + 
E 
0 z 
0 

& * z z 
(I) 

* x 
u 
Y 
!a 
m 

8 
2 
0 
2 
0 r 
Y 
C( 

u 
M 
(I) 

.I.. ............ .I.. ............................ ! ..--.......... .:. ............................. 
............ ............. 4 months. ' 2 months. 3 months. 6 montlv. 

......... ( 1 9 ,  (17) j (17) / ( 1 0 ,  (17) (Id), (17) 



JAPAN--Continued. W * 
I 

00 
Honshu Island-Continued. 

- - - -. -- - - -. - . -- - 
Hedaman. 

... 

............... 
................. 

............... 
Ms. ................ 

... .......-..--. ... ....... 
.................................................................................... 

Nf ................. : ........................................................... ........................................................................... 
2N-. 
01.. ............... 
00 

............................................................................ 

............................................................................. 
......... 

................ 
s4 .............................................................................. ........................................................................... 
% .............................................................................. ............... ............................................................ 
TI- ............................................................................. ............... ........................................................... 

....... ........ XI ....................................................................................... .......I.. .......................................................... 
........................................................... ............... ............................................................................ r t - -  0.020 j 371 ;. * r - - - - - -  ........................................................................ 0.011 4 7 ............................................................................ 

P I - - - -  .................................................................................. I ...................... : ............................................................ i_.- - _. _ - -- . - .... - .. 
Series. ............................ 1869 1889 1889 lSS.s-lwi 1891 1891 1 a2 ............... l!m 
L e n a  ............................ 3 months. 2 month-. 2 months. 6 years. 1 1 o n .  ~.......ii...... 1 o h .  m o n t h .  3 months. 
Reference .......... (14) (15) (15) (15) (16) (15) (15) (15) 

1 For compound and long-period components sae p. 407. 



JAPAN--Continued. 

I Iionshu Island-4ontin11ed. !. . - - .  . -- . . .  . .  .- - 

Rajinla 1 Nanao Ao (Yatchn) h'aoctzu A maze Futami Bbisup I Kamo (l'lm) F~makarx ' 2 .  
(51e241 N. (37' 3' N. (36.53' N. (37' 11' N., (37' 32' N., D' 

135- 19' ~ . j .  136- 54' E.I. 136" 57' E.I. 136" 59' E. j .  138" 11' E.). 138" 41' E.). 

- . - . . . . .  - - - - . -- - . - - . -- -. - - - ... -. .. - - . . .  . . - -. - - -. - - -. . - - - - - - 
H . H . H .  

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

.................. 
................. 
................. 

..... ...... .................. 
...... ................................................................... ................ ............... 0.010 301 

................. ............... ....... 
............ ... aOQ5 46 .................................................................... ....... 

....... 0.001 19 
Y ..... ............. . . .  

............ 
.... .............. .. .............. ............................ 

............. -...... ............... ...... 
... 

....................... 
................. ........ ............... 
................. ........ ....... ....................... 

....... .............................. I ................ ....... ....................... 
X , .................. ........ ........ ...... 

........ ........ .............................. ' ...................... ....... ...... ....... ....... ........ ........ ....... :::::::: ::::::: :::::::: j ::::::. ...................... .................... ....... ....... ................. ....... -. - . -. - - - . . . .  .- -. -- . .  . .. ... 

............................................. Series .............. .............. 1901-1905 ............... 1892 1692 
Length.. ......... ............................................. 
Reference. (14) 

. .  

8 For m p o w d  wd lor\g.perl~d Components ma P. 407, 



1 For compound and long period components sea p. 407. 

H . 6  Ii r 

...................... 
...... 

........ ............... ............... .................. 
.... 
................. 
................. ....................... 
................. 

............... 
............... ................. ........ 

............... ........ ............... 

........ ..... ..-.. ....... ........ ....... ................. ........ 
S1 .................. 
SI... ............... 
.................. S4 .................................... Ss .................. ........ 

T, .................. 0.005 145 ...................... 
A 3 ................................. ..._ . . . ._ . . .  
c. .................. 0.011 47 ........ 

........ ................ rr . .  0.008 9( 
PI..  

............................ Series.. ............ 
................................................... ,,h ............. .............................. ............ ........................... 

Reference .......... (14) (14) (14) 

Compone~it. 

Shikoku Island. 
- . - . - 

Awaji Island. 

Donoura, 
Naruto Pass 

( ~ ~ ~ . ~ ~ , ~ : j ,  
-- 

Honshu I s land4nt inued .  
- -. .- 

(:!%$': 
134*Si)'~.j. 

Tosadomnri, 
Nnmto P a s  

I(E::i:g:j, 
... - . - - - .  

- -- 

Anaya 
N., 

134'40'E.). 

-- 

hlagasaki 
Nnnlto PAS 
~ $ : ~ ~ 9 " ~ ~ j :  

- 

Swaya (% s6, N 
135 I'E.~: 1.io01i,~.). 

- 

-- 

, 
1 3 9 ° ~ 1 ~ . ) .  

F u h r a  
(340 N,,  
134'43'E.). 

( U  
139~.59~~.j. 



JAPAN--Continued. 

Shikoku Ieland--Continued. 
.. --- . .  . . .  

... . _. ... .. . 
................ 1 1 . -  

Ki . .  ............... 
K1.. ............... . . .  

................ ........ 
................... . .  

................. 

........ .. ................................... 

........ 
........ ...... 

SY ...................... ....... . . . . .  
2N ......................... 
01 ............. 
00. 
Pi .................. ........ 

....... ............ 
............... ........ 
................. ........... ....... ........ 
.................. 

........ 
......... 

............... 
................ , 

.................. 

m .................. ' ....... , 
Series. ............. 

............. . Length 
.......... 

I 

1 For compound and long-period components see p. 407. 



1 For compound and long-period components see p. 40;. 

JAPAN-Continued. 
- .... - - , . - 7 .  - - - -. . - -- . 

Shikoku Island--Continued. Klushu Island. 
- -. - . . - .. -. - - - - - . -. . -. --- 

. -  - .  ..... .... . -- ............ -- - 

0.33!  z 1  

....... 
................. 
......................... ....... ........ ....... 
................................ .............................. 
................................. .............................. ' 

....... ...... 
.................. 

00.. ..................................... ..... ............... ; . . . .  ............... 
PI ................ 

...................... Q, .................. ............... ........ 
2 6 .  ................ ........ ...................... 
14. ................ .............. ........................ ...... ....... . ...................... 

............... 
.............. 

SI ..................! 0.0481 134 

..................... 
...... ............... .................. ........ 

........ ............... 
............... 

........ ...................... 
. . .  ...... ...................... 

....................... ....... ... ...................... ........ .............-. ............... pl .................. ! ... - -- .- 

.............. ............................................ ............. .............................. 
.............................. Length ........................... .!. .......................................................... ., ................ I month. , 4 yeas. 

Reference. ......... (6) (14) (14) I (1.1) ,! (15) (16) - (14) (14) 1 ( 1 0  1 -- 



! 
Tomiokn . Ihenolrra "ke 1 Sh~rnabara 1 I<uchi-nc+tsu Amakusa fs. 1 hrnnkusn is. 
(32" 31' N. , (32'21' N. (:ae 47' N. (32' .w N., 

2, E . j  1YIo21,  E , j  , 1m0mt ..I. 13n0 11.1 . ) .  

Series.. ........................................................ 
Iength ......................................................... .: 
R e f e r e e .  . . . .  (14) 1 (14) I 



JAPAN--Continued. 

I Kiushu Lsland--Continued. 

-- -.. 

.. ..- 

Fed. Dcg. Feet. 

................. 
K, ............. 
LI .................................. ........................... ...... ............ 
MI.. 

................. 

......................... -..... 
............... ...... ........I ......................... ....--.- ...A.s. 

......................... ............... ...................................... ..................... 
....... .............. NS ................................ 

2N 
01 ................. 

............... ....................... 00 
PI .................. 
91 ................. 
2Q. ............... ... 
R, ................. 
Sl.. ......... ...... .......I ........ ......-- 

A I ............... .... ............... 
............... 

.................. pl ............... 
i - . -.. ...- .... .... 

Series... ...... .....! 1 8 1  1897-1905 1891 : .............................. 1 .............. 
.............................. ...-..-....... Length ............. j 2 months. 3 months. 

Reference. ......... (14) (15) 

Kurotojimn, 
Airloura Hirado 

(33' 11' d., Kaik o. 
129' 39' E.). (330 23'~. 

129- 33' E.): 

Feel. Deg. I Feel. I Dcg. 

1 For compound and long-period components see p. 407. 



JhPA?u'-XontinueJ 
- 

I kiushu I<land--Contmued I- - -- - -- - - - -- - - .- - - . - 
Ho:hi@ura, ( Fuku-him?, j Gonour.l Knzomoto Fuza.skim~ira,' Ksnekiwki Izuksra, 

&myonent. I Immr~ r a n  Imiri wm 133F;i,:,., IW 151~nb 1 1ki Is~tnd' . 1 F~it i lnk!  1 ~ x 1  I mirrl (330?!;jk., 1 TSLI Islands 
(33"23'K. / (33" 21'N. I 0 , ,  j I . 2 : .  1 : 0 B . 1 , : I:<"" 33' E.). i;: :;;. i 



JAPAN-Continued - 

I Kiushu Island--Continued. I Nansci Islands (Loo Chw). 
-- -- . -. ..... - ...................... 

Unten Sesoko 
Component. 0kins;a I 0kina;a 

- - - - - -. . - . . - - -- 
H 

............... ............... 
................. 
.................. 
................. 
................. 

............... ................. 
.................................................................... ................. ............... 

Ms. ................ ................................................................... 
X' 

Ma ................. 
................. 
................. 
................. 

..: .............................. 

......................... ........I....... 
............................... ........ . . . .  ...... ....... 

.................. 
s , 

.................. ...... ..... ............................................. 
I f . .  ........................ ..................................... 

........ 
....... ........................ 

....... I . .  ................ (._ ....-. 1::::::. ............... .... .... 



JAPAN--Continued. 

Xansei Islands--Continued. Taiwan Island (Formosa). Pescadores Islands. 
.. - . - ...... - .... - - - .. - . . .  - - - - .- . - - .. - -. .. -. - -. . - -- -- - -. -. - - -  - . - - - ... .-. . 
Taketonlijims, Funauke Tamsui Kiirun 1 S o 0  Toko Takaw 1 G y m t o  Santahwto Hatto retto Campoqent. CBeyama (?g$, (25' 11' N .  (25' 9' N .  (U035 '  N. (ao B' N., (22" 3i' N. (23' 37' N.. (23' 38' N.  (23' 21' N. (2(D9' N. 

5' E.j, 123044, E,); 1210 E.I. 1210 45' ~ . j .  1210 52' E.I. 120° Z i p  E.). 1200 18' ~ . j .  119" 31' E.). 119" 31' ~ . j .  1 1 9 ~ 3 1 ~  E.I. 
- . . - - - - . - . - . - . - - . . . .  .. --. - . .  . . - .  . .  .- - - - - - - - - - - - - . . . . . .  - - 

-. ... 
s I I r  

.- -- -- -- - 

e . . . . . .  Deg. . .  
..................................... ...... 

................. 
....-.. ....... . . . . .  ...................... 

....... ........ ....... 
.............................................................. 0.029 307 ........ 1 ...................... a m  !zz? ....................................... ! ....... 

....... M6 .............................................................. ~ O I I  ax .............................. 0.006 41 ....................................... j 

....... ............... ?& ................................................................................................................................................. ; ! 

....... .............................. Nr 0 . 1 0  268 0.112 238 
2N ....... ....... 
01 ................. 
00 ....... 

0.21 209 0 . a  
....... .............................. 
....... . . . . . . . . I  

..... .............................. ........ ...... .............. 1.. 

SI ............................. 

.......,.... .... . . . . .  ................... ..... 
....... ....................... 0 . m  1. 
....... ....................... 

....................... ................ .. .... , -- - 
............................. .............. ............................ Series... ........... 

Iangth .......................... .-. ............................................. 
Reference .......... (14) (14) / (14) (14) 

- - - - - - - .- - 

1 For compound and long-period components see p. 407. 



ASIA. EAST COAST. W . ~ 

ul 
00 

Chosen (Korea). 

Feet. I D.. 
11.. ........................ 
KI o.U i"--jj ................. 

............... Ka.. 0 W 24G 
L .......................... 1 ...... 
MI. ............... .I.. ..... .l.. . 
31, ................. I O . M (  m 
lh. ................ i ..... .. ... .... 
U4 ................. I ........ i ...... 
M" ..........-.-.. .. 
Ms. ................ 
Na.. ............. ..I.. ........... 
2N..  .............. .!. .............. 

.................. 01 0.Oi 1 346 
00. .:...... 
PI.. ................ 
Ql.. 
2Q. .............................. 

...... 
Sl.. ............... .'. ............. 
st .................. 0.22 246 
& .......................... ! ...... 
SS ........................... I..../...... 
Ta.. ................ /. .... ... .....- 
A t  ...... 
pt 
Y. ................................ 
P I - - - - .  . ......................... 

~ 

Component. 
1 Tsu Shima, 1 I hfa-sun-pho !centre ~urbor, '  Car odo Gulf, ; Shadaell ~ u l f , ~  Sylvia Basin, S lvia Basin 

; ? Korea Strait D(?$lis$let Reach (l;oJ;o 1 fo j i  YO , Koji Do Koji Do Xorth shore) 
(34' 50' N. : (34' j3' N. ! (340 55' K. (35' 4' N .  lae 2' E.) j .  1%' 48' E.\ igz j 126 ~ , j .  1%. 1st ~ , j .  1 % ~  ~1 E.I. : 126  M, E./, 1 8). 

:;$'&F$"' 
12g0 25' ~ : j .  

! ............. .............................................. ............... ............... ............................................................. I ............... I 
Series. 1 I 1 1 

! ! Length... ...................................................... ............. ,-. .... ................................................. ............I.. ............. 
Reference.. ........ i . ( 1  4) (14) / -  (14) (14) (14) 1 (14) (14) j (14) 



A S U ,  EAST COAST-Xontmued. 

- -- 

I I 
i ! D.,., , sinlo , . i , l e  , i o ! : i  I . ,  : r i a  I . ,  1 Chrirhloo '"" Ir. ' Fimil'G'O1ll" Gu,,nr:. . I Ilarho7 I ~? .?h imick  lV:h~nrlon 

3"57'S., 131°51'S. 13!'44'5. 1 ( 3 0  .%7, N, : (14*2S15. 1 21, s. (710 2 2 , ~ .  1 (310 fi' N.. ' (;elf Gull 
28. 20' I?.! 126" 11' I.!. 127. l j t  E.!. , 1271 &, E , i ,  I liia 23' ~ . j .  1 ,26. ,, E . j  a, L. j 126. 38. ; (3.1. 27' C. 134' 24' x., 

I : 126" 23' E.). 126O 19' E. I .  

.... 
. . . . . . . .  Go 
................ 

.... 

........ ........................ ....... ....... . . . . . . . . . . . . .  

........ ...-...- ...... 
............... ....................... .... ................ 

............... 
....... ............... ....... ....... 

............... 
... ............... ............ . .  ..... 

................. 

........................ ....... ....... ..-.... ......................... 
...................... 

............... ........ 
............... 

...............__...__ .............. ............... I........ 

____........_ __._... 

............... ....... 
I ...... ........ ........ ...................... .............. ............... ! 
I 

Series. 
LP"@h .. 
l e  ......... 

... .... ... - 



ASIA, EAST COAST-Continued. =U 
- Q) 

I 
0 

Chosen (1iores)-Continued. 
-- .- 

................. 

................. 
................................. ........ . ............... 

.............................. ............... ................................ ........ MI i 

................. 

................................ 
....... ....... 

................. ............... ...................... 
...... 

0.079 7 
.......- 

................. ........ ...................... .............. ........:..... 0.031 15 
................. 

.............. 
0.35 XG 0. ,503 307 

.............................. ........ 0.138 205 
............................... ............... ............................. 

............... ............... ......--......- ........ ......................... .......I 
....... -.. .... 

.................. 

................................ ........ 
....................... ....... 
............... 
....................... .......................... ............... h ..................... ,,, ................................. ........... 0.226 
............... ................. ............... ....... 0.324 1 84 

pt. ................. _..... ........ .......... ..... ..................................... . . .  ... - - - - - 
Series. 

.......... 

1 For compound and lmgrperiod fomponents see p. 407. 



ASIA, EAST COAST4ntinum.i.  

Chaurn (Korea)--Continued. China. 
. ._ _ - - ._ .--- - - 

Component. 

-- --- 

....... ............. 
............... 

............... ....... 
................. 

............... 

01 .................. .............................. 00 

..... 
...................... ........ 

.............................. 
............... ............... 
............... 

............ ............... 
I ............ x , ................. ............... ..... 

....... ... 
Series.. .......... ........ ................................... 
I&h ............. ................ 
Relerenm .......... (14) 

1 For compound and long-period components sea p. 408. 
Q, 
P 



FcL1. Deg. Fed. Deg. Fut.  D q .  Fed. Deg. Fed. Deg 1 Feel. Deg. Feet. 1 Deg. Feel. Dep. Feel. 1 Dep. 
............................................. (0.132) (119) ........ I ....... 1 ............... ........I....... ............................... , .................. 

KI.. ............... 1.175 1.068 354 1.345 310 3.379 76 2.362 91 2 . W  0.591 277 0.984 , 295 1.W 1 296 2.297 ! 309 
............... 0.2% 64 0.295 345 0.098 209 0.033140 0.0331 I:t/o.M 325 O . M /  344 O . M  330 0.361 95 
.................. ............................................ ............................................. ............ ... ........I. . 

........................ ........ hil.. ............... .............................................. ............... .......,........I... :... 1 .  :.:::: 

ASLA, EAST COAST-Cantinued. 

I 

..............- .... 
............ ........ ....... ....... ....... ........... 

....... ................ 
.................. ....... .... .................. 

............. .................. Ss ....... T, .................. ........ 
X , .................. . . ....... ....... 

............... ....... .... ....... ....... - ...  ..- . . . .  

............... ............ Series .............. 1 1% 
I m e t h  ............. 3 years. 1 year. . ........ refer en:^. .! (2  I) (19) 

China--Continued. 

1 For -om-wnnd jnd 1mz-ne-iotl -ompimen's ee n 44% 

Fwncb Indochina ( h a m ) .  
- 



ASIA,-EAST COAST, AND PHILIPPLVE ISLANDS. 

French Indo Philippine Ishnds, I,uzon Islmd. 
-J 
to - -. 
(3 w sual 

......... 

.... 

............... b... .............................. 
MI.. 318 ...................... .'. .............................. .-.-.. ..... 

.......................... 
................................ ............... 
............................................................................................ 34 ............... 
............................... 

o1 ................-. 
........................................................... ....................... 00.. (0. W) (3%) 

.................. 
Q ................................. 
2y .......,....... . ................. 

............... ............... R,. 
..................................................... 

.................. 

.............................. .-  .............................. 

p-- 

.......................................................... 
................................ 

*.. ............................... 
............................................................... ........ ..... m 

Series ......,....... 1'502 1910-1915 1-1909 1681 1W1 
Lenfih ............................ 5 yws. 2 years. 

.......... Reference (21) (22) (23) 

1 For compound and long-priod components sea p. 40%. 
W 
Q, 
0 



PFIILIPPINE ISLANDS. 0 
Q, * 

. . . .  . .  . . .  --. 

J l .  ................ ............... ..-..... 
K , . .  ............. 
s,.. ............. 

...... ......... ..;.. .... 

................. 

............... ................. 
01 ................. 

............... .............. 00. .  ..... ..... 
PI 

... 
.... ..... 

............... 
....... 

.................. ....... ........ ....... 
..... 

Series. ............. 1802 1901 
Length 5S daw. 

....... Reference.. 
I .......................... _ . .  .. _ ..... . . .  .. _ ._ . _ -  . . 

1 For compound and long-period components s t ~  p. 406. 

Conlponrnt 

Samar Island. I . .  
Snnta Rita Is. 

-. .- - 8nn ~uanico st! 
C a l b ~ p 0 ~  Cathalo n 1 (11" 27' N., 
(IT *. c, 1 fia. , lu" 57' E.). 
1 2  E.. 1240 52' E.). j 

L I I W ~  1s.- 
Conthucd. 

(13°22  N.. 
1%' 4" E.). 

&mar Is. 
Santa ~ l e &  
(11' 21' N. 

Leytc Is. 
~nclobad 

( l o  1 . 
1~ 5w ~ . j .  lziO MY E.I. 

I 

Cebrl Is 
~ebu;" 

*(lo' 18' N.. 
123~ M, E.). 

G~limaras Is., 
Point Gimalik 
(10' 40' h'., 
ine 3~ E.). 

Jolo Is. 
~ a i b u i  

(5' 56' N 

Culion Is., 
Hnlsey Harhr 
(11' 4 q  N., 

1210 02' ~ : j .  1190 57' E.). 



J I ................. 
X I .  ............... 
K 2 ................ 
L ................. 
Dl1 ................ 
31:. ............... 
Ms. ............... 
Y c -............... 
M s .  ............... 
Y 8 .  ............... 
N2..  .............. 
2N ................ 
0, ................ 

............... 00 
PI.. ............... 
Q I ................ 
2Q. ............... 
R1 ................ 
S, ................. 
Sl ................. 
& ................. 
Ss ................. 
Tt.. ............... 
At. ................ 
p1. ................ 
.?. ............-... 
PI. ................ 
Series. ............ 
Tfigth.. .......... 
Heference ......... 

Borneo. 

(5.2" N., ( t i . lCK.,  

... 

II r Il r H r -- 

....... ........ 
........ . ......: 

0. S I ~  321 0. ('$99 312 0. iM 
........ .............. 

....... ....... 
1::::::: ........ .. 

....... ....... ....................... ....... 
........ ....... 

....... ......................... ....... 

....................... 
.............. .. .... ..... 

............... ... 
............... ............... .............. . .  .......,....... 

....... 
............... ............... ........ 

...................... ... .....'....... .-...... ....... 
........ ............... ............... ........ ....... 

...... ........I....... ........ ........ j .......__._..__....... 
...... .. .. ... 

............. ............ . 1896 1896 1896 18% ..'. . /  lm-1" 
.... ............... ..... ............... 1 p a r .  l year. 1 ymr. I )-ear. ;. .*. .: 2 yeais. 1 year. 

(24) (?.I) (24) (2.1) (25) i2.0 j (24) (24) 



Srn.lrind.r, Bslik / A%%k' 1 P~rnoehn  
I R .  Pfpp,m Pnterno-cter Bny 
(0' :%On S., (1 16 S., Is. (2. B0 S., 

117. r E . )  l leO .tsl a . )  1 (2.2: s., 1 lld.i" B.). 
116.6 E.).  

................................................ Series .............. ! 1@8 1 1R99-19@1 1901-1% 1W-1W ........ 
Length ............. 8 month.  2 years. 2 ye.ars. ................ 2 months. ............... 2 .  
Reference ..........I (24) 1 (24) I 124, 1 (251 1 ('24) / (24) 1 (24) 



.U4LAY ARCHIPELAGO-Continued. 
-- 

Romeo-Continued. 
... .- .... . -- -- - -- -- .- -. - - .- 

Convoncnt . 

....... ...... -- 
If / K 

................. 
....................... 

.......................... ........ ....... .............. ....... ........ ........ ....... ............... 
................. 
......................... ........ ..................................... ............... 

........................ .............................. 
.............................. ............... .............. O.Oi2 1% 

.................. 
........................ ....... ........ ............ ...... 

.... 
................ 

... ...... .......................................................................... 
.............. ..... 

................. ....... 

.................. 

.................. 
1 .  .............. 
p, .......................... 
VI .......................... 
PI.-- ..................... . . . .  ........ ..... . .- -. - 

...................... -- .. -.- . 

.............................. .......... (24) (3) 
. . - _ *  . . . .  . . . . . . .  _ . ......... .- -- . . 



MALAY ARCHIPELAGO-Continued. 

Bomeo-Continued. South Natuna Islands. Celobes. 
Natuna Is., N. Natuna Is., -. - -.. - - . . -- 
Sodanau 

S e m  Is. Soebi Is. (3.8' N., (4.7' N. Do Rril blakasser hlodjene 
(2.5'N., (2 .g0N. ,  109.OoE.). 1 0 7 . 9 ' ~ . j .  (6.0°S. ,  (5. l o  S., (3.5" S. ,  

109.0" E.). 10S.9' E.). 118.9' E.). 119.4e E.). 119.0' E.). 
--- - 

~ l r  H I K  H I .  r H r H r H ! *  __ -I_._ -_ ... - -  . - R/- --I . .  -I_ 
Frd. Dtg. Fed. D q .  Frd. Drg. Frd. D .  d .  Drg. 

....... ................. 

................. 0.212 70 0.341 150 
..... 

............... .......I ...................................... ........ ....... ::::::: 
N, ................. 
2N ....... 

0.505 
.............................. ....... 

PI ............... 
............... 

..... ............... ....... R, 
...................... 

.................. 194 0.i8i  . 190 

.................. .................... 

........ 
........ 

........ I....... ........ ............... ....................... .......I ........ ............... ................... -.. ......-. . . . .  

-I 
- - -  - -- --- .- -. .- 

Series .............. 1892-1861 .......................................................................................... ............... 
Length.. ........... 2 years. .............. .'. .......................................................................... 7 years. .............. 
Reference .......... (24) (a) ( a )  ( a )  (24) (24) (24) 



MALAY ARCIIIPELAGO-CoutiioJd. 

C e l e ~ o u t i n u e d .  - . . . . - ... - . .  -. . .  - - . . . . . . .  -- ---- 

Tontoli Talisai 

... 

- - . .  

................. 

............... .............,. 
L, ................................. 

................................ ....... MI 
Mr ................. .... 

............... .... ........ I . - - . - - -  
....... 
....... 

....... ....... ................. 
................................ ...... 

o1 .................. 
00.. ............................. 
P , .................. .-..... 
QJ ................................. ... .................. .......-..... --.. 

................................ 2 Q  

.................. 
............. I.. ::::::: :::::::: ::::::: :::::::: ............. 

................................. ..................................................... 
*-. ...................... .......I... ................... ................................................... 
p,. ....... 
n ....... ....... . . .  
P I - . .  .-..... 
Eerie .............. 18951899 18954899 ............... ............... 1895.1902 ............... 
h p r h  ............. 4 years. 4 years. 28 days. % days. 5 years. 28 days. 
Reference .......... (24) (a) (24) (24) (2.0, (27) 



MALAY A R C H I P E I J A G O - C O ~ ~ ~ ~ U C ~ .  

Kintong Bank i, , '"00 ';*la 1 BII", 1 Wadjo Bay, I Bola ~a rnponaWoh,~Pwbe  Bnlenra, 
GmPOncnt. Polan13 sv$& ~anrp l%ch l . ,  1 T i o i t ,  . Buton I?.., Baton i~ . ,  Muna Is., Kahrrna 1.. 1 ( 1 . 2 ,  1 (1.6'S. 1 1 122.5. E.). 123.5. ~ . j .  121.9. E.). 122.0' E.). (4.9' S. (5.5. S., (5.7. S., (5.2" S., (5.2O S., ! E(). 122.6' E.). 122.6' E.). 122.6' E.). 122.3O E.). 121.8' E.). 

Scries ....................................................................................................................................... 
Length 28 days. 23 days. ZS days. 112 days. S! days. .x days. 57 dnl-?;. 8 dav?. I (27) I W) j (27) 4 1 (2i) / in) / (27) / ( ~ j  

A - 
Fcd. Dcg. Fed. Dcg. Frrt. Dtg. Frtl. { D c g .  Fcct. Dcg. Fen. Ucq. Fed. Deg. Fccl. Dcg. Ftrl. Ulg. FtN. ; D c g .  

............... 
................ 0.11s 116 0.164 97 ............................................. 
............................................................. 

........................................................................... ..................................................................... ....... ............................................. ................ 
........ ........................................................................... ........ ... 

................ N!. ................ 0.138 &?I 
2N.. 
0 1 . .  ............... 

........ ........................ 00 
PI  .................. 

......................... ...................... ........ 
2Q. 
QI i 
RY. ....................... ... 

........ . . . . . . . . . . . . . .  ....... :::::: 
................ 

.................... ............... 

. . . .  ........ .............................. 
..................................... 

....... 
,,.. 

- - - . . - ? -. . - - . - ....-. . - 

r 
- 

II r 
. - 

_ 
II 

- - - 
r 
- .- 

I 

II I x '7- 
- -- - - . -. - - 

II 
... ... - - - 

II 
- - - -. > .  - 

r 
- . - -  - 

- - 
r 

- . - . -- - 
II - 

-- .......... 

- - .-..... I r 
-- 

II 
.. - 

r 
-. .. 



- .- 

Celebes--Contintled. Cilolo Isl.~ncl (Halmahera). 

Saleyer Iiadjnng Bonthain natj,n Ternatr Ie. Galela -ponent. (6.1' S., (5:Ie S., (5.V 6.. (0.6' S. (0.8' N., (1.8" N., 
120.5" E.). 120.4' E.). l19.9°.). 127.5' E.'). 127.q" E.). 127.6" E.). 

... - 
H r 

.... .... 

............................................. ._._........I J r  
............... 

................. 
.......................................... . ....... 

................. 

....................................... ............ ......................... 
.................................... ....... 

............................................................. .............. 
Ifr..  ............................................................ I....... ....... 

4 ................. 

............... 
.................................................................................... ............... ...................... 

............... 

.............. 
...................... 

................................................ .................................. I::::::: . ....... ...................................................................................... ........ 
kt  ...................................................................................... ............... 
u1 ..................................................................................... 
* ..................................................................................... 
I .................................................................................... I : : .  . - -- -- - - - - - -- - - - . - . - - - - - 
Series .............. 1.935-1900 lW1900 1 1%1800 1E%-1800 1 ~ ~ 1 ~  1893-1188 
Len gth... .......... 5 years. 5 years. 3 yeam. 5 gears. 5 years. 3 yerrrs. 
Reference .......... (21) ( 2 l j  (21) (21) (24) (2') 



MALAY ARCEXPELAGO--Continued. 

I Sumatra. 

................. 

................. ............... 0.131 ....... 
....................... ....... 

................. 
:::::::: ............. 

........ 
........ .--.. ....................... ........ 

0.364 ................. . ............... ........ 
.................. 

00 
...............-.. . 
.......................................... ...................................... .... 2g.. ............... ...............__.____. 

R* ................. - . .  .............. .............................. ......-. 

............... .......................... 
4 

.............. .................................................................................................................. ,,... ....................... - - -. -. . - - - . - - - - - . - - . -. - -. . -- - - - - . - 

Series .............. lS951SSi 1695-1900 ................ 189745 ................................ 
Length ............. 2-ears. 8 cars . . . . . . .  iiij ...... 1 year. ................................ 
bfcrenw.. ........ ($4) (24) (28) (2s) (24) 1 



YALAY ARCHIPELAGO-Continued. 

I Goenoen Tclok Dslam, Simanari Bay, 
iornpncr~t. iit0.l r,%.  is 15. 1 ria 1.. I , I , 1 i !  1 ( !  1 m 1 $ $ p h  1 P$$ F.1 

(1 .3"N. ,  (0 .6 -N . ,  ( 1 . 4 - N . ,  w.n.s. E,). 9j.8. E.). 9i.2. E.). 98.8' E.). 917.4- E.). %.4* E.). 91.8' ~ . j .  9i.2' E.). 96.1- E:;. 95.4. E.). - 
-_-I .. _ -. . _- - . .  .- - - -  . 

H I '  
- .  -- ... 

............... 
............... ............... 

................ 
........ _.........___.___..... 

................. 
............... ............... 

.............................. ........ .............. 
...................................... 

........................ 
............... ............... 

........I..... ......................... ...... ....... 

............. 

.............. 

........ 
......- ........ ....... 

S r i n . .  ........... .! 1697-1900 16%-1800 I............... lf@.%Iff)S j lff):.r96 
I ~ n g t h  ............. 3 years. 3 years. ............... 3 years. 

...... 
2 years. 

References.. .i (a) (24) j (28) 



............ .... - - .-.......... .. . -. .. . - ..... - ....... 
Telok, ,rv;;rl nrli, ! ~""djnns Tirun I Api B-IF.<~ 11 i 

'la;?j?$ ?.Tit ~ e l a r r  sir. it  ~ l o b c r ,  &;.lit 
; 2 ,  lw,so E,). 

( 2 . 2 O  N., 

H H I I I  r I t I  

Fed. Dep. Feel. D y .  Fed. .&. D q . f i & .  .... 
-...... .............-. ........I ..-.... 

............... 

............... ............... 
...................... ........I....... ............................................................... 

............. ..... ............................................................ ....... .............................................................. _ / _ _  

1.05') 200 0.981 1 8  0.751 263 1.106 2i5 1.516 2i9 1.535 310 

Ns ....................................................... 
........ ............... xrs .............................................................. ..... 

.............................................. N,. 0.089 

............... 

.............................. 
............... 0.226 30 0.Ti2  268 

Q,.. .............. ...................... ....................... ................................................................. 
2q ......................... 1 .............................. ....... ..................... ........ 
R: ......................... i .............................. ' i ......._...___. i ........_.__.......... . . . . . . . .  ............ .............. ...... 
S1 .......................... I ..................................... ........I....... .................................................... 1 ..................................... 
St.. ................ 0.459 . 'W i  0.361 24i 0.436 1 329 O . M  / 333 0.771 315 0. F8j! 318 0.810 &j2 0.850 ( i9 1.066 1Zi 2.9% 19s 

.............................................................. S 4 .................. ........I .................................... ........!.... ............... 
& .......................... /....... I ............... ........I.. ............. 1 ....... ....... ....... . . . . . . . . .  ....... 

............... ...................... ..................... .......................... ............................... , 1 :: : ...... ::::: .......... Tz I 

kt .......................... I .............................. / ............... ! 
' ""0" .." """ ... '."'.. ""'.. 

........I....... ... ..... ..... ......... 
-- . . . . . . . . . . . . . . . . . .  . ............... ........,....... :::::::::::: :::::::: : : :  :::::::: : :  :::::::: :: . . .  :::::::: . -. - - ::::::: - -- .. I . . . . . . .  -- . :::::::: ::::::: 

Series ........................................ lE151697 lRa-lfO9 I8n;lWl 1695-1931 I 1895-1WI 1896 
Length ........................................... 2 years. 2 years. 3 years. .i years. 3 years. 1 9 7 ~ ~ .  1 yoar. 
Referenre .......... (28) (28) (24) (24) (21) (24) 



Sumatra--Continued. 
. - - . - - - - - 

Poeloe - 

11 c H K 11 K 11 .  c 
-- - . .  ... - - - - - .. -. . - - - - 

........ ............... 
4 ........ 
MI.. 

................. 

......................... .............................. ....... 

............................................... ..................................... 

....... 
01 .................. .% 
00 
.................. 0.413 . 

....... 
............... ............... 

........ ....... ............... 
s 1 
4 .................. 

....... 
.............................. ............... .......I ........-...... ....... ......-........ ............... .----.-........ .-..-...-..-... 

A* ......................... ............... . . .  
p .......................... ....... 

.......,.. ............. .......................... 
............... ............... 

............... Sories .............. 1895 
Length ............. l year. 4 years. 4 years. 

......... Reference. 
- -- -. - - -. a 



MALAY ARCHIPELAGO-Continued. c'? 

I Summatro-Continued. I Jovn. 
- 

Tondjong I J t ~ m ' s  Fourth Bntnvls,l 1 u b x n  Point, Suoda Duizend Is. E m  I d  Tandjong 
(6.4°S, I Stmit (5.6' I., 1 (6.0' 1. Priok 1 105.2'E.). (GI0S. ,  1013°B.). I .  (G0ClfirS. 

105.9'' E.). lmO 3' E.') 

............... ............. Series. ..-.........--I 1W.1901 ILiW 1922 
Imgth ........... ...............I 11 y m s .  ............... 
Reference. ........ 124) I (21) j (24) 

I 

1 For compound and long-period components see p. 408. 



M.4LAY ARCHIPELAGO-Continued. 

Java-4~ntinued. 
- .- -- . . . . . . . . . . . . .  . . .  .... . . .  ..- ..... ... 

..... 

. - 

............... 
................. 
................ ....................... ............... 
......................... ............... ........ ............... 
................. 1.453 351 

B ................. . . .  ............... 
Mc. ........................... 

....... L 
Ms..... ...........-... ...... ....... 

................. 

.............. 

PI .................. 
QI ................. ............. .............................. ........ 
ZQ ................. ....................... ....'....... 4 ...... ....... ........ 

....... ........ ....... RI ................. ............... ............... 
.................. 
.................. 
.................. 

...... 
... .... .............. 

................. ... ....... 
............. 

....... 

..... 
......... (24) 

- - - - . . -- 



MALAY A R C ~ P E L A Q O - C O ~ ~ ~ ~ U ~ ~ .  

I Java4ontinued. 

Component. 

JI ................. 
R I  ................ 
6,. ............... 
h.. ............... 
MI ................ 
M, ................ 
Ab ................ 
M 4 ................ 
Ms. ............... 
Ms. .-............. 
N,.. .............. 
2N ................ 
01.. ............... 
00.. .............. 
PI. ................ 
cf, ................. 
2Q. ............... 
Rt ................ 
S1. ................ 
S1. ................ 
& ................. 
ss ................. 
T.. ................ 
Ar ................. 
p, ...............-. 
P I .  ..............-. 
PI. -.-...........-. 

Series. ............ 
Lon@h.. .......... 
Reference. ........ 

- -- 
Pa~oeroenn, KarsnE Kleta, Gnding Znaantjes Anlboenten, Maringan, I Poela' Telnn,,a : lfrinderts 

Madurn Madurn ~ a d u d  Shoal M n d m  Y 3 d m  Mndura Snpodi 
S t  1 S t  1 S t  I drni t  1 1s. 1 Is. 1 ~ a ~ a ' d i f s .  1 (i.i2's,, ; (:iyi. 

(7 4" S., (7.3O S. (7.2" S. (7.5O S. (6.9" S. (7.1' S., (7.1°8., 
112:7' E.). j 112.8' E:). 112.g0 E.'). 113.1° E:). 113.7O E.'). 113.9' E.). 114.3' E.). 114'80 ")' ! '"." 

-- 
x , x s ~ r c i i . ~ ~ i r r ~ ~ I x ~ ~ ~ ~ : ~ ~ ~  .. ..... 
- - .. - - . - - - ... -- .................... - - - i 

F f d .  Dcp. Fed. Dcg. Feet. Deg. Fed. D g .  Fed. Dcg. F t d .  Deg. Feel. Drg. Feel. Dfg .  Fed. Deg. 

........ .......I........ ...... 

............... !........ -..... 

........ .......,........ ...... 

............................. 

-- 

1 year. 
(24) 

..................................................... ............................... ...... 
1.942 3.14 1.394 319 0.14s 329 0.761 320 0.853 339 0.837 333 0.SO 327 1 ............................. ...... ........ : ...................................... .......;........ 

I ..................................................... ....................... .......,........ ...... 1::::::: .......I ..................................................... ....................... , ............-. 
..... ............... ...... ...................................... :...... .......,........ 

...... .......,........ 
0.4% 306 0.298 2M 0.413 281 0 . m  *2b7 0.361 2cJi 0 .31  2N 1 0.391 2% 

.......................................................................................... / ______._....... 
...... ................................................................................... .......,........ 

........................................................................................................ 
0.M9 40 ........ 1 ................................................................... ' ............... 
0.997 316 0.804 1 342 0.253 312 0.413 342 0.427 342 0.50'2 329 ) 0.3131 XI6 

...........-... ........!....... ...................................... ....... ...................... 
I ..................................... ........,....... I:::::::: I ....................... ....... ............... 
i I ...................................... ............................. 

. .  /....I........ I . I . l:::::::I::::::::l:::::::l::::::::I . I .  I . .  ..... i I : : : : : : .  

....................... 

....................... .... 
- - - .... - . . .  

1888-87 
1 year. 4 yenrs. 4 year?;. 4 years. 10 yesrs. 4 years. 4 years. 

(24) (24) (24) (24) (24 J, i26) (241, (26) 

Duiven 
I4?rld 

B I l i  Strait 
(8.0' S., 

111.5' E.). 

............... 
0.453 332 

............... 

............... 

............... 

............... 

............... 

.............. 

............... 

1897-1801 
3 years. 

(24) 



MALAY ARClZlPEUClO-Coot111ued. 

Bali Island. h b o k  Island. Sumbswa Island. 
2 Jaw--Coo. Paternoster Postil on 
% Ban.oewangi, Islands IslanL, 1 ~ m p o n e n t .  %bgpt Boeleleng TeIoek Psdang Bay or Sanoer Ampenan L a b - ~ n g  ! 6.p"P - B i m  W ' W ~  1 (8.5. S.. I (8.7.8. (5.5' S. (7.1. S., 114.4. E.>. E . )  llll. 6>. 116.11 E3. I E I E )  $. 1 -  lik$ :;)- 

W 
Ei 



-- -- - - - --- 

S~imbn Island. F l y ~  Island. Tiger Island.~. 
- .- 

Co~nponcrit . 

I I K I I c  H c  I I r  

........ 
.............................. ............... 

.................. ................................................. 
................. 
................. 

.................................... 
......................... 

............................................................ ...................................... 
................. ............... ............................................. 
................. 
................ ....... 

.................. ............... 

................................. ........ ........... '..."' """0 ..." " ........-.. A".'.' """. 
... :::: ::: :::::::: ::::::: Ii , .  ... 

.................. 
S# ................................. 
Ss ................................. ,::...... ............... ............................. 

............................. T1 .......................................... ............... 
A: ................................. 1 ...................................... 
P 1 - - - .  ............................. .............................. 

....... ....... 
PI.. 

%ric;. ............................ 
............... 1~!1igth. ........................... 

Reference .......... (24) 



MALAY ARCHIPELAGO AND SfE1,ANESIA. 

I - _ 
........ 

.................... ............. ............. 
1; ................ 

........ 
.....;...... ...................... 
. ............... 

....................... 
3, ........................ ._ ._.___ 0.318 302 0.210 aw ............................................. 0.253 32 0.295 a, 
2s ................. : ........ 

............... ............... ......................... 
.................................. .......................... 

l i t . .  

................. 
Sl . .  -............. . - .  . . . - . . - .  
S" .................. _..___.___.._.. ....... 
T?. ................. ..... ............... 

....... 
....... ....... . .  . . .  

PI .................. ! ............... ....... ...... 
8 

I . . 

i Timor Ielnnd. 
j ronlar [.land, l hlor klaland, -- - - -. .- .- - 

l a i r  I Kalabahi I 
(F .Pe  S., \ t a p p a :  i Kupane. ; .  . Yera~kc Etna Bay Kaimans Fak-f-laL McClner hnlf 

i 128.2' E.).  ! 125.5' E.). 1 ' ( 9 . ~ ~  S., 1 (10.2's. (8.5 S., / (4.0eS., 1 (3.7. S., 1 (3.0. i. 1 
1 124.9' E.). ( 123.G0 E.1. 140.4" E.). 134.6' E.!. 133.i0 E.). 132.3. E:). lgi: 

Da-Island 

Iicw Guinea. 

Kohu 



MELANESIA. 

New Ouinea-Continued. 
--- 

Mdnn Kais Peli, . Soronp, P. SB"ekl Moetoe besar 
Component. McCluer dull, McCluer bull, ?:@; ~ ~ ~ ~ f s  Sele Strnlt, Sde Strait, Dtt",p:er waiaeo i~lsnd, Hoemt Mangkoh*p 

(2.6' S., (1.3" S. (0.9" S., (0.7' 6. (1.2- S., 
(0.5' S: ) 181.5' El). 134.3' E.). 

,.go E . )  9::: $ ' 130.P "')' 30.9 . 1 3 1  E .  
130B. j. 

-- 
H C H C H C H  ~ H I  H r l l z H c  - - - - - -- - - 

................ 
............... ................ 0.361 285 ............... 

............... ...................... 

...................... 
....................... ....... 0.- 0 

...................... 
0.164 258 0.230 ZCW 0.161 49 

...................... 
Rt ............... 
s1 .... , .... .............. 
st ....-.............. 43 
&. 
& .............................................................................. 1 .................................................................................... 

........................................................................... T, .............................................................................. 1 j :::::.. 
XI.  ....................................................................................................................................................................... 
PI.. . .  .................................................................................................................................................................... 
I 1  ........................................................................................................................................................................ 

....... 

PI. ....................................................................................................................................................................... 
saias 
Length 
Reference .......... (33) (33) 

1902-1w 
2 years. 

(2.4) 



MELANESIA, POLYNESIA, AND AUSTRALIA. 

New Guinea-Continued. Queensfand. 
New Britain Samoan Hawaiian 

Jende nobndia Bay 
(P. Rwn) (Kumboldt 

(2.4- S., (2.5' 6 I 134.6' E.). 140.7' i!). 

- - - 

1 Pa armpound and long-period amponant, see p. 408. 



AUSTRALIA AND NEW ZEALAND. 05  
00 

Now South Wales. Western Australia. 
Queensland- Victoria Sonth Aus- 

~fclbourde tralia, port -- North Island, 
Continued. (Williams- Adelaidel New Zealand 

0 )  (&mphnre) P r i ~ ~ h ~ : ~ a l  mmantle l  port &d]andl R ~ * ~ ~ '  
(32" a?' S.. (20- 22' S., 16' 

) g: b, O$ b. 1 1 s  ly e). 1 1 s  36, E.) 174. 18' 0- I I 
I F C ~  I Dre. i Fgrl I Dco I Ftrt / Dro. ! 

Ms.. 

................ 

Series .............. 1908 1900 191041 1889-1893 1 187677 1908-1911 1913 1841 
2 yesrs. 58 days. ............ 

Referenca .......... (1) 
- 

1 For compound and long-period components see pp. 403-409. 





ASIA, SOUTH COAST. 
- - -  - 

1 F a  wmpoond and long-period annponents sae pp. 405-410. 

Component. 

.................. JI ................. KI 
L4 ................. 
4 .................. 
MI ................. 
MY ................. 
& ................. 
Ma.. ............... 
I&.. ............... 
M, ................. 
N% ................ 
2N ................. 

................. 
00. 
PI ................ 
Gb .................. 
2Q. 
&..- .............. 
61 .................. 
& .................. 
St .................. 
4 .................. 
TS .................. 

................. h. 
pr .................. 

-- - . - - 
.............. ............ 5yuus. 5 years. 5 years. 5 years. 

Relerenw .......... (42) (42) (42) (42) 

India--Continued. 

~~~~' 
R. 

(16. 29' N 
97- 37' ~ . j :  

Wd. 
a Q Z ~  
0 . m  
0.356 
0.317 
a019 
3.926 
o.on 
0.921 
a m  
0.044 
a6RI 
0.11 
0 . W  

0.140 
0.042 

0.145 
0 . m  
1.414 
a071 
a007 
a198 

D g  
38 

153 
135 
113 
1U 
IN 
167 
193 
118 
97 
91 
47 

58 
58 

73 
I& 
147 
2l2 
2 . 5  
131 

Elophayt 

g17zj: 

:wlcno 
0 .7a  
0.752 
0.395 
am 
5.802 
0 . m  
0.281 
0.244 
0.104 
1.111 
0.178 
0.3% 

a163 
0.W 

0.077 
a096 
23Sl 
QW 
0.010 
0.230 

R K H K H K H  

Dcg. 
87 
19 

137 
127 
69 

103 
325 
88 
336 
328 
88 
59 

30 
351 

104 
114 
I40 
176 
m 
139 

(E?fEd 
Qg' 10' E.j: 

- - I  Ftd. 
0.036 
0.881 
0.608 
0.468 
0 . m  
5.881 
aw 
0.453 
0.23 
0.089 
I.&% 
0 . m  

6 ' 0 . 2 8 9  

0.174 
0.026 

0. 108 
0.115 
20% 
0 . W  
0.014 
0.231 

D g .  
8 )  
a 

168 
146 
111 
131 
&i 

168 
~8 
97 

116 
E3 
26 

M 
41 

79 
130 
I69 
280 
a 

152 

Bassein I 
(16- 47. N 
94. 45' E.$ 

Fed. Drg. 
0.015 239 
0.374 a 
0.161 97 
O.li0 62 
0.021 m 
2.272 

Akyab I 
(W w N 
92. 54' E.): 

0.007 
0.236 
0.098 
0.017 
0.350 
0.128 
0.186 

0.128 
0.010 

0.068 
0.746 
0.014 
0 . m  
am 

I n  
323 

39 
3 

39 

51 
48 

1.16 
91 
S9 

175 
ci 

Chit on 1 
(PO% d .  
81. 5(1 E.). 

-- --- 

Dublat I 
~augo; 

~mghb k. 
(21. 38 N., 
a* 6' E.). 

- 
Frd. 
0.025 
0.446 
0.321 
0.107 
0.014 
2555 
0.017 
0.007 

% 
0.518 
0.076 
0.18 ..................................................................................................................................................................... 
0.137 
0.010 

...................................................................................................................................................................... 
............................................. 

0 . ~ 8  
1.132 
0.007 
am 
0.070 

Diamond 
Harbor 1 

~ m ~ h ~ ~  k. 
(22. 11' N. 
88- 12' ~ . j .  

- 
Drg. 
&?2 
343 
306 
292 
345 
278 
a 

274 
123 
147 
271 
W 
338 

345 
XI 

79 
309 
196 
N, 

315 

CB'cUttal' 

&tdzm 
Z(Y E.j: 

- 
Fcd. 
0.039 
0.593 
0.431 
0.338 
0.029 
4.444 
o.m 
0.406 
0.140 
0.031 
0.841 
0.1% 
0.291 

0.1% 
0.023 

0.066 
1.572 
0.055 
o.m 
0.113 

Falw Point 1 
(m" r N. 
86. 47' E.I. 

. - 

Drg. 
52 
n 
67 
55 
74 
35 

192 
W 
190 
124 
25 
4 

I2 

a1 
3 

115 
69 
61 

IN 
iw 

- 
Frd. 
0.031 
0 . 4 ~  
0.623 
0.192 
0.017 
4.608 
0.048 
0.0.0 
0.011 
0.010 
0 . W  
0.1.S 
0.189 

0.151 
0.011 

0.157 
O.M 
2107 
0.016 
n.m 
0.156 

- 
Dm. 

339 
352 
32.5 
296 
3% 
291 
13.5 
149 
nl 
!294 
285 
281 
338 

347 
353 

298 
124 
328 
223 
111 
im 

- 
Fed. 
0.030 
v .m 
0.676 
0.2% 
0.029 
5.164 
0 . m  
0.752 
0.150 
0.058 
0.9.5.5 
0.148 
0.228 

0.176 
0.028 

0.186 
0.091 
2231 
0.123 
0.012 
0.1% 

- - 
D 9 .  

8 
14 
25 

350 
183 

I 344 zw 
217 
108 
347 
W 
.W 
346 

10 
350 

13 
15.5 
% 

327 
w 
71 

- 
Fert. 
0.023 
0 . 4 ~ ~  
0. 447 
0.218 
0.027 
3.712 
0.042 
0.754 
0.159 
0.072 
0.682 
0.112 
0.210 

0.146 
0.025 

0.145 
0 . m  
1.53% 
0.065 
0.005 
0.142 

- 

37 
.a 
93 
67 

112 
57 

310 
35 

320 
251 
44 
22 
21 

u 
358 

78 
19s 
98 

109 
29 

IU 

.-... - 

0.026 
o . 4 ~  
0.272 
0.070 
0.010 
2.251 
0.014 
0.035 
0.010 
0.001 
0.4% 
0.068 
0.176 

o . l n  
0.010 

0.012 
0.011 
1.007 
0.038 
0.004 
0.029 

- 
D% 
w 
29D 
265 
324 
269 
31 
2!dl 
78 

226 
Z64 
M 
335 

a s  
281 

125 
n 

302 
320 
1% 
107 



ASIA, SOUTH COAST--Continued. 

I India--Continued. 

Compment. Vitap,a tam 1 Cocanab 1 Madrss 1 N@pat.m 1 Psmban P a s  1 Tnticorin 1 Trinczte.l Colomb0.l 1 g$zj: 1 gszE 1 "1:; ::; 1 (C"$Ei 1 g'xP- 1 1 ( p a *  N., 1 (6?31g, 1 ($$%., 1 g'''''; 
81° 13' E.). 80° 13' E.). 7Q0 51' E.). no 3' E.). 

' H ' I ? . H . H r n r H ! . I r r  - -- - - - - - - - - -- - -. - - - - - - - 
D q .  PC&. Dcg. Fed. DW. Frd. Dcg. Fed. D q .  Fcrt. Deg. Fed. Dcg. Fbd. Drg. 

JI .................. 34.5 aoza 335 0.020 318 0.013 353 0.014 48 a017 XI 0.014 305 0.010 36 
K ................. 3.42 0.347 339 0.295 339 0 . m  x 7  0.294 46 am n 0.214 a 1  0.167 18 
K ................. ns a l s s  2% 0.118 m 0.0% 2 s  0.112 90 0.129 83 0.062 253 n.110 95 
b ................. 2-59 0.068 252 0.042 277 0.034 203 S 0.031 52 OW 255 0 . W l  48 
MI ................. 303 a018 m 0.015 322 a010 20 0.011 as a010 65 0.008 310 oom 323 

&uiar .............. 1 1879-1885 1 S 1 8 9 1  1T;1914 1Wl-1688 IR?LI8J32 l(BF1W 18!3&lPI( 1884-1890 
Lea@.. ........... 25 ears. 4 years. 
Rehence .......... / I I (42) (42) 

5 Y M .  I I 5 r g y  I 5 7 2 y  1 6Y-. 

Dcg. Ftrf. D q .  
37 Q W  72 
a am 11 
90 0.065 15 
51 0.027 13 

3?7 0.020 73 

1 FIX m p o u n d  and long-period components see p. 410. 



ASIA, SOUTH COAST--€ontinrled. W 
cn -- 00 

I India--Continued. 
! 

Bombs 1 Bombay 1 Bhavnsgsr 1 I cOchinl Beypael mi.rul hfsmas.ol p"nm.s &,-k &dar Cambay D$I Co,"~ydUlf, E?gdgl :$2BqOgl1 Component' (9O.58' N., (11' 10' N., l o  48 3.. 
( Z j  ( . 76. 15' E.). 75' 18' E.). 74' 06' E.). 7 2  , j ::: g: E:j. ( 2 .  (20' 5s' N.. 69' 37' E.). 69' 05' E.). 

71-  33' E.). 

- - - - - .. - - - -. .. ....... . 

................. 

............... 
................. 
................. 
................. 
................. 

N, ................. 
2N._-._ ............ .................. 0, 
00. 
PI .................. 
Q .................. ..,........ 

................................ ....................... .............. ............... 
SI 177 .................. 

................. 
............... ................. 

................ 

................ 
.................. ,, ,.. 

Series .............. 
Length ............. 
Reference .......... (42) (42) (42) (42) (42) 

1 For compound and long-period components seep. 410. 



ASLA AND AFRICA. 

IndikGootinued. 1 Arabia. 

Persia Turkey, ! - 
Nawnat  IXansthal ~ u ~ &  1 Bd 

Point Point 1 Karachi1 (29' 00' N., shattal-~;gbltl h k h t  1 Aden' Compoosnt. Cu.Vh Cvll Cut& C d l  (24' 48' N JO" 52. E.). !Kyzj; (23' 37' N., (lZO 47' N ,dPO 44' N., (22' 56' N .  GG" 58' E.X 58035, E.). 44059, E.j: 
69' 43' E.). 70' 21' E.): 
-- 

H K K a K H K I r ( K  - 
Fcd. 

D% :g5 1 Df& Fed. 1 Dcg. Fcd. Deg. 
J I .  ................. 0.147 om a 0 . w  ns . K1 ................. 1.538 81 1.495 81 1:ml 46 0.976 ?ao 
Kz ................. 0.372 63 0.527 81 0.272 : 319 0.132 263 
LI .................. 0.505 u 0.570 n o.ns; n 0 . m  pr ............... ............... ................................ 0 . W  O . W \  49 0.037 1 

7 8 ,  ................. ............... ....... rn ............... ...... ................. ................ ........ ...... ................. ............... ............... ................. 0 .W 312 0.002 97 0.001 84 0.002 157 

2N 
............... ............... ................. 

............................................... ................ 
Oi ................. 0.W 66 0.754 
00 .." ". 
.................. 

....... 
......................... 

............... 
............... .................. 

............... ............... ............... ............... 
0 

0.002 260 0.- 208 0.007 213 0.002 321 q 
............... .............................. 0.062 1 0.052 U4 0 .W 243 0.063 23 

Xt .................. 0.152 70 0.235 39 0.013 2U) ......................................................................................................... 3 ............. ............... pz.. ................ 0.43) 185 0.595 178 0 . m  267 0.012 295 0.054 217 0.072 190 0.&2 191 0 . W  228. .  0 ............... ............... .................. 0 . m  4 0 . m  47 0.143 m am l u  o. lmj  n l  o.Wl ns 0.077 lor o.in m ....................................................................................................... ... ................ - - - - - - - - 
.E 

p, "'.." .. ..... . . 
Series.. ............ I Y 5 - -  1874-75 1868-1912 1892-1900 191b19 1893-94 187%1913 1899 
Len gth... ......... .( 103 days. 1 ear. 40 ears 3 YesrS. 2 years. 2 years. 30 ean 17 days. 
Relrence ........... (42) 62)  &) . ((2) (42) (12) 52)  '. 
-- I ... .. -. - - - - - CS 

1 For compound and long-perid components see pp. 41MII. 1 For Shatt-a\-Aml, Hw SEC p 4VL. WJ 
co 



AFRICA. Cu 
CD 

Compoaent. 

JI 
KI ................. 
KI ................. 
4 ................................. 

...................... U 1 ......................................... .... ................................................................................... .. 
Mr ................. 3.707 121 2.100 111 0.722 4 2.592 l a  3.679 133 4.1011 119 3.740 121 2- 116 0.459 79 0.43 23 3 

....... ....... Mt ................................. ............ ...... ........I 0.016 167 
Y4 ......................... 1::: .... :::I .... ....................... 1::: .... : ...... :::::::: : ...... :::::::: ::::::: :::::::: ::::::: ::::::::I ................... R m l  
................................................................................................................................................... i ....... 0.005 
MI ....................................................... I... ......................................................................... ' ....... 0.001 168 
NI ................... : ............ 0.591 70 0.558 132 ....... 
2N ........................................... 
01 .................. 0.285 61 0 . m  
00 ............................................... ..................................... ...................... 
PI .................. 

...................................... .................. Q, 
2Q ....................................................... ....................... 
R,. ...................................................... .... 
& 
& .................. 1.739 163 0.951 
4 
4 0 . m  
T,. ........................................................................................................................................................................ 

.......................................................................................... ................................................... 
A,.. 1. 0.018 298 ......................... ................................... 0.164 100 ..................................................... I"":.. 0.019 317 
R .................. ... 0 . W  7'0 ........ 1::::::: 0.312 148 ..................................................... 1 :::I . .  :::::::: ::::::: 0 . W  / 257 , .................. I:::::::: :::: ........................................................................................................................................... 
.Series .............. 1900 1907 1903 Its1 ................ 1 W  .. ................ 

lea0 1€3%39 
Length ............. 15 days. 

I ;%. 1 
I month. I month. 1 month. 22 da-s. I month. l year. 

Relerence .......... (43) (43) (43) (43) (14) (43) (43) (3) 
-- 

1 For compound and long-period components sea p. 411. 

Cornon, 
Islands 
Afayottk 
Island 

(12" 47' 4 
(50 17' E.: 

0 

Fed. 

0Stq 
0.459 

Dcg. 

163 

Madagssarr. 

Diepo Suarez,l 
(12" 15's 
4g0 30' E.T 

Misdaneous Islands. 

Reunion Is., 
(21° 16's 
5S0 35' E.? 

Tamatave, 
(IS0 08' S 
4g0 26' E.? 

Mnuritus Is.,' 
(20° 08'S 
57O 29' ~ . j :  

---- 
Frd.  

4 9 0 . 3 8 1  
0.262 
0.262 56 ............... 0.066 132 ........................................................................... 0.033 

Drg. 

155 

Tulear, 
(23O 21's 
4 3 O  39' E.X 

- 
Fcrt. 

5 5 0 . 0 6 6  
0.066 

--- 
Fed. 
0.009 

1 5 9 0 2 4 4  
013s 

9 
DCPis .v) 

121 
23 0 

Courrier Bay, 
(12" 13's 
4 P  10' ILK 

Drg. 

77 

H I H . H I H . H I H K H K H I R I H I  

Hellville, 
(13O 20' S 
4S0 12' E.Y. 

Mnintirano, 
(19  09' S 
M0 E.? 

Dcg. 

67 

Najunga 
(15O W S' 
46' 21' E.: 

-. - .. 

Fee.  

5 6 0 . 1 9 7  
0.459 

D f q .  ......................................................................................................................................................... 
IS7 

Fed. 

l l l 0 1 6 4  
0591 

Deq. Frd. 

8 6 ' 0 4 5 9  
16sI0.590 

Dcg. 

167 

FetL. 

5 6 0 4 %  
0.492 

Drg. 

51 
168 

Fcd. 

0.525 
0.459 

Drp. Frrt. 

41 
1.33 

0164 
0.066 



South Africs. Equatorial Alriar. 
Senegal 

~arnbank 

P ~ l ~ ~ ~ : h '  (I 5s' 8.. 
CaTp"ba (33. %IS. pB,' pointe iioim  ti^ ~ o i n t e  owendo * $22 (V 33' N., 

1;: $ I (0 (8. 8 ( : (40 K, 13. we\. 16. W 
25.37' E.). 18*5' E.'). 8. 4Y E.). 9. W (YE.). 

H C H X H L  
.. 

.... ..... Fed . . . .  D.. F... ... 
................. 
................. 

ow. 

.............................. 4 0.072 47 148 
MI.. ....................... 
M* ................. 
M,. ............................................. .............................. M4.. ............... ....... 

............................................ ....... ............................. 
MI 

............................................. ................. 0 . m  330 0.30 102 0.344 !ZZ 0.361 152 .............................. 

.................. 
c0.010) (300) ...................... ............... 

........................................... ............ 
Sl ............... 
Sr .................. 
a.. ........................ ....................................................................................................................... ... ... ............... 
P .................................. ;.. ............................................. ............... 
4.. 
)r 
e.. ........................ 1 .............................. I:""-: : ............-............-........... ............... 
fl .......................... ... I ....... 
2 .......................... I::::::: ::::: ... ::::::: ::::::::I.:::::. 
%lies .............. 1671-75 ............... 1886 188pc59 ............. ...... 1898-1802 ............... leOB 
Length ............. 74 days. ............... I month. 36968dnys. ............... 
Referenee .......... (2) (44) (45) 
-- -- -- -- -- -- .. - - - -. - . - - -. - . .  - -. .. -. -. 

1 For cornponnd and long-period components see p. 411. 



AFRICA AND EUROPE. 

I I I Rrc;tAfriac. I - Morocto. Tunis. I 
I Yugoslavia. 

..................... ....................... .................. ....... .......................... ! ........I :...... I /....... ........,....... ........,............... ....... 
M r . .  .............. .;. ...... .' , ............................................ . ...................... I .  ....................... . ._._ ._ ..... L ...._..._.......... 
Kz ................. 1 ....... :' ................................................................... 0.053' 242 ............... 0.039; 308 ........ ' ....... 0.049 98 
2N ................. I ........ 1 ..-. ......................................................................................... ........I ..................................... 
01 ................ 0. I31 226 0.066 . 306 0.197 283 0.131 297 0.197 316 0.038 126 ........ 1 ....... 0.M 271 , ............... 0.070 48 

; ...... 00.. ............. - 1 . .  ......I.. ....................................... ..,. ............................................ I . .  .............................. 
.................. ......... - . . . . . . .  

Q1 .................. .......I ............... ........I 
................. ..................... ................A*.... .............. ....... ..................... ............... ....... ...................... 2'2 1 ..I. i . .p- - - .  I.. I .......,. : 

....... R, ................. I-. ....................... ............... ........I ............... .......I ....................... 
I I Il ......................... - . . . .  ........ o.7n I"',. 

. ................ Tt.. 0. :St7 264 
F , .................. 1 ........................ 
Fr .................................... i..-?--- 

.................. ...... . .  ....... T , I::::: ...; : :  ........,.... _ 
-..-.............. ........ ........... ................._._. Ar I ...'....... ...... pt. ................. 1::::: .................. 1 ............... 

I*.... ............. . l . . . . .  ----. . . . I  ....... 
P I . .  --.......... ....I... ........ ...... & .- ....... 
?cries ............................. 1909 ............................................. 1921-22 1910 191M7 .............................. 

......... I.cagth.-. ./ I month. I6 d a g .  ......................................... 6 months. 6 months. 1 ear. I 1 ear. 1 ear. 
Referonce.. ....... .I (43) I (fi) / (8) 1 (8) 1 ' (9) / (48) 8) (48) 1 /k 4 I (491(50) 



- - 

Yugoslavia-Continued. Italy. 
- - - - -. -- - 

- -- - . -. - -- 

.................. J I  
................. li I 

K¶. ................ ............... 
............................................ 

........... ... ............................................ 

............... 
aft. ........................ .........-. ..-.. ............................................. 
~ r ,  ......................... ............... ........................................................................... 
At ......................... 
?.ls.. ...................... .i. ..... 

................... 
........ ................................................. ........ 

0.063 241 0.077 272 

............... 01. .  0.130 55 0.163 62 
..-..-.. ........ ..................................... 00.. ....................... 

.. I ............. ........ .............................. 0.141 64 0.162 69 
........ 

....... ......................................... 
.................. 
......................... I.. 

...... 
........ ....... 

..... ......................... ............... ....... ........ .......... 
....... 

....... ....... ............... .............................. ........ ............... ....... ........ - - -. . -. -. . - - . -. - 
S c r i s .  

... 
....... 

EUROPE, MEDITERRANEAN SEA. 

W 
b 
E 
0 z 
C, 

Q 
F 
K! 

$' 
9 

3 
9 
M 
S 
0 
Y 
5 z 
0 
'4 

3 
I/, 

W 
CD 
'3 



EUROPE,  MEDITERRANEAN SEA-Continued. 

H I H K H K H  K H K H I  - ------- 
Ftd.  Dq. Fnt. Dql. Frd. D* Ftct. ................................. a w l  343 ....................... 

ICI ................. 0.568 69 am 79 a137 m 0.061 
KI ................. 0.171 278 0.131 294 0.054 112 0.W 0.038 98 0.016 148 0.047 274 0.033 110 0.W !297 
4 ................................. 0.014 306 ....................... ...................................... 1. ...... 0.016 110 ............... 

....................... MI ................................ 0.015 81 ...................................... 1 ....... 0.005 txl .....--......-- 
MI.. ............... 0.863 276 0.771 282 0.298 106 0.213 0.217 9s 0.142 is a m ~  ax 0.197 a a361 , MI ................................ 0.020 228 ....................... ...................................... 1 ....... 0.002 !a4 ............... 
M4.. .............................. 0.012 331 ....... .'. ................................................................... ........I.. ..... 0.003 350 ............... 
Ms.. .............................. 0.002 72 ........I.. ............. 1 ............................................................ 1 ....... 0.001 26 ............... 
& ....................................................... 1 ............... i 0.003 121 .................................................................... ............... 

..... NI.. ............... 0.141 285 0.133 292 ........I.. 0.019 1 118 0.020 32 0.031 111 154 0.043 259 0.a31 114 0.065 246 
2N ........................................................................................................................................................................ 
01 .................. 0.165 57 0.174 63 0.035 93 0.026 51 0.028 73 0.038 66 0.054 74 0 . W  135 0.024 83 0.025 1% .............................................. ....... ........... .................................... .............................. 
PI 0.156 13 0.190 67 0.046 65 0.m 50 0.021 

i 00 .......-I ........I :... ............... 
.................. ............... ................................. ............... 197 0.011 58 0 . m  2~ 

QI 0.031 88 0.006 68 
2Q .................................................................................................... 

....................................................................................................................... RI.. .............................. 0.W 13 
............... St ................................. 0.038 91 ............................................................ 0.003 162 

St .................. 0.519 283 0.459 300 0.197 110 0.1B 107 0.081 49 0.125 9 5 :  0 . W  
................................. ............... 0.148 285 0 . 1 ~  100 a133 zw 

6 4  0.004 14 O.Wl 37 
& ................... TI ................................. 0.039 347 ................................................................................................... : 

............... A¶.- ........................................................................................................................................ 0. W7 72 
pa .................. I .......I....... 0.015 325 ............................................................ ; .............................. 0.003 73..: ............ ............... v,... ............... ....... 0 . m  341 .......................................................................................... 0.003 188 
P I - .  ................ i...... .. .............................................................................................................................................. 

I........ Scrips .............................................. 1EM 191415 1917 1914-15 19161912 1914-15 1871 1914-15 
Lexgth... .......... 1 ear. ............... 30 d . ~ .  6 m o t .  6 months. 6 months. 12 months. 6 months. 1 year. 6 months. 
&remace. ........ .I (497, (50, (u) (52) 1 (48) (a) (48) 1 (48) 0 8 )  (3) (a) 

1 For componnd and long-period components ase p. 4l1. 



EUROPE, MEDITERRANEAN SEA AND WEST COAST.1 
* 

-% I Italg-ntinuod. I France. I Sosin. I I France. 

I E3 
a 

............... 
Kr .... ............. 
k ................................................ 
&-..--. .--.-......-............................. 

............. 
s ............................................... 0 004 174 0.005 1 185 
M. .............................................. 0.014 3.52 0.019 1 0 1:: ............................ 
MIL. ............................................. 
Mi .................................................... 
Nr ................. 

.... ............... ...................... 

.... ............................... 82 0.025 n 

....... ...................................... 
................................................................... 

, 
TT.. ................................... 

.............................. .................... 

.............................. 
.................. _......... _.-. __.... ...................... 

1896 
1 year. 

......... (55) 

8 For Gibralter see p. 102. 2 For compound and long-period components see p. 411. For 1,irboo (Caaris) see p. 402. 



EUROPE, WEST COAST. a 
I w 

Component. 

Franm-Cantinued. 

H r ' H x H r H r I I . c H r I I r H c H c H r  9 

Belt$um; 
Ostend 

(51° 14' k 
55' E. j: &Pos?$' 

~ ~ o s ,  w.j.' 

h .................. 
Kl ................. 
& ................. 
L .................. 
16 ,.................om 
Mt.. ............... 
1r4 ................. 
M4 ................. 
16s ................. 

St. Nazaire 1 
mouth of h h e ,  

6 j  

Q, 
Holland. 

F u i .  
0 . W  
0.205 
0.559 
0.126 

5.719 
o 092 
0.804 
0 . W  

MB ........................................................................................................... 
N, ................. 
2~ ................. ............... 

........................................................................................... 
PI ........-....... . 
Q ................. 0.076 275 0.061 289 0 . W  278 0 . m  337 0.075 324 0029 '344 0.113 133 0.170 132 0.149 138 0.160 147 
2Q. ........................................................................................... U. CX-4 257 ............................................................ 
Rx.. ............... 0 039 181 0 014 354 0.027 121 0.079 245 0.007 328 O.aW 8 .: ............. 0.024 285 0.011 238 0 033 
SI .................. 0 311 37 0 0% 12 0.019 17 0 041 50 0.022 92 0.049 37 0 067 296 0.026 ocfs 0.052 BRi 0.041 331 

(ST!&., 
40 29' w.). 

Hwsweert,' 
(510 
40 ow ~ . j :  

Vlissinpen 1 
(510 N:,  
30 34' E.). 

- . 

D q .  
154 
72 

126 
111 
lor 
93 

321 
2 

316 

& .................. 
.................. Sg 
.................. ss 

: Tt .................. 
' A t  
. px . .  ................ 
. m. ................. 
- -  n 
. . 
.- Series 
: Length .......... . .  Reference 

Neuzeo,l - 
(510 20, 
30 50' ~ . j l  

Servmll 
St.  mlo. ' 

!$G?9;Y!jI 

Fed .  
0.012 
0.193 
0 . W  
O.Im 
o . m r  
5.672 
0.114 
0518 
0.079 

1 For compound and long-period eomponurts see. pp. 411-419. 
- 

2 02) 
0013 
0.004 
0.119 

0 . 1 5  
0.148 

Chcrbour 
(4p 39' #' 
lo  37, w.jl 

D?i 
78 

133 
I11 
r 

101 
3s 
43 
50 

126 
259 
326 
l!B 

4(C6 92 
81 

Havre,' 
(490 29' N., 
o0 06' E.). 

............................................ 
........................................... 

(55) 

Feet. 
0.012 
0.207 
0.712 
0.214 
0 . w  
6 763 
0.071 
0.182 
0.116 

1.977 
0027 
0005 
0.072 

0.141 
0.062 
- - - 

(55) 

Dcq. 
139 
69 

137 
96 

i m  
99 

241 
85 
325 

136 
269 
100 
120 

.......................................................................................... 
126 
89 ............................................................................................. - 

1wTr1875 
3 years. 
(a) 

Fed. 
0.025 
0.297 
1.383 
0.527 
0.290 

12450 
0.137 
0.855 
0 . W  

2.471 
000s  

0.129 

0.246 

1876 
1 year. 
(53) 

~ 4 .  
166 
95 
223 
171 
rs 

174 
168 
271 

3 

130 
301 

12s 

S9 
0.381 , 57 

---- 
1893 

l year. 
(51) 

Feet. 
0 m0 
0.299 
0.626 
0.216 
0.014 
6.15s 
0 . w  
0.450 
0 081 

4.RO1 
0006 

.............................. 
0.248 

1.037 
0.14s 

- 
I S 5  

1 year. 
(53) 

Drq. 
131 
IM 
268 
218 
pl 

225 
a07 
345 
91 

225 
90 

212 

I91 
86 

lS3-IS85 
3 yean. 

(2) 

Fed. 
0 010 
0.297 
0846 
0.601 
0.011 
8.745 
0.039 
0 7 %  
0.571 

2.232 
1.839 
1.773 
0.125 

0.277 
0.406 

1Wi 
I ycar. 

(56) 

Drg. 
164 
119 
331 
302 
1.7 
2% 
25! 
8.1 

301 

269 
75 
92 

262 

!B9 
184 

1906 
I year. 

(56) 

Ffrt. 
............... 

0176 
............... 

0.507 
............... 

5.917 
0.020 
0.364 
0.232 

2 2FB 
OW 

O.lM 
(0.061) 
0.358 

lWa1908 
2 years. 

(58) 

0.462 

Deg. 

3.2 

54 

12 
n 

34.5 
315 

333 
227 

323 

(302) 
320 
Z!LS 

Frd.  
0.011 
0 . m  
0.431 
0.399 
0 . w  
5. j0S 
o . m  
0.373 
0.301 

(0.00R)1 (320) 

1.796 

............... 

............... 

............... 

............................................................ 
0.348 

Dtq. 
229 

6 
99 
46 
2 

42 1% 
77 
52 

M 

343 

Frrl. 
0.029 
0.238 
0.494 
0.478 
0 . 2  
5.812 
o ass 
0 . m  
0 .U7 

1.503 

........................................................................... 
0.110 
0.151 
0.364 
0.297 

Drg. 
152 
15 

112 
79 
71 
5R 

170 
10R 
103 

97 
............................................................ 

79 
72 

154 
350 

F t d .  
0.033 
0.219 
0 . W  
0.620 
0.02) 
6.125 
0 . 0 s  
0.168 
0 ZXX 

1.541 

0.113 
0.149 
0.451 

Dcp. In 
166 
24 fl 

128 0 
79 

tx 5 
68 

I n  s 
132 
16'3 3 

0.323 

113 

91 
90 

I67 
354 

1.571 

0 098 
0 231 
0.575 

128 .s 
4 . 163 

62 
. 169 

0 . 4 3  36 



EUROPE, WEST COAST-Continued. 
- 

Holland-Cantinucd. 
- . - - - -- --- . -. - -. - . - - 

. Qmnomnt. "imeldinqe I Pietilcm? 1 IVil Iem~t~d I Hei:~y 1 Rotterdam 1 ljmuidon 1 Helder 1 \Tieland 1 
(51' 31' N., (51' 3s' N., (5:?z?i., (51' 42' N., a1.W N. (52' 28' N (52' 58' N. (.UOe 18' N. 

3. 59' E.). 3.54' E.!. 3. E.), 4-26' E.). ('la N., (;= 29' E.): (:rzzj; 4 3 E 4' 46' E.1. 4 04' E.): f 08' E.). ---- 

................. 

................. 

................. 
J I .  

.................. 
MI ................. 

................ 
................. 
................. 
................. 

................ . " ". ""." 
0.249 198 C2D8 211 .................. 

PI.. ................ 
.................. 

2Q. 
R, ................. ............... 
61 .................. O.Cn2 325 0.035 326 0 . W  310 0.019 37 0.032 &il 0.013 44 0.m8 298 0.033 301 0.036 300 0.029 322 
& .................. 1.1% 1133 1 . W  121 0 . m  121 0.690 176 0.m 145 0.468 194 0.606 128 0.534 181 0 . a  138 0 . M  292 
S4 .......................................................................................................................................... 0.013 3% ............... .............................................................................................................................................. .......................... Sr I 
TI .................. 0 . 1 ~ 1  114 a m  im 0.062 101 0.033 I.% 0.073 0 . ~ 5  175 0.058 110 0.041) in 0.043 m 0.062 w 
1;. ................. 0 I 112 0.129 10% 0.121 95 0.102 1, 0 . W  :: 0.0M 1.42 0 . W  118 0.074 149 ............... 0.M7 257 1 m. ................. 0.411 1% 0.3S3 11s 0.310 lF9 0.295 229 0.273 a08 0.25 254 0.252 Z91 0.264 220 0 . m  266 0.2311 344 , .................. 0.311 l i  0.251 8 0.240 31 0 . m  6.3 O.li2 39 . 0.112 $2 0.146 22 0.143 65 0.102 125 0.124 173 ............................................................................................. ..................- ................ p, ' ...... " "."' ............... - - - . - - -. -. - - 

. ................ Series .............. 1906 1906 1900-1m 1906 1'3n6 1% lBOD 1 1806 
LeagCh.. ........... 2 @ern. 1 ear. 1 year. 1 ear. 1 year. 4 years. 1 ear. 
Reierencs.. ........ @.. (56) b) 1') (56) (14) 

I 
1%) 

Par compound and long-period components see p. 412. 



EUROPE, WEST COIST--Continued. 0 

Series .............. 1906 19034906 191.8-19 1918 113132-1895 1SS2 1903 19M-05 
...... ii -....- 

Com..(J:lent. 

- -- 

1 For compound and long-period components see p. 412. 

Holland-2ontinu~d. 
- -- . -. .- - - - 

Hsrlingrn 1 1 Dlilzijl 1 . , , (;.a -w N., ,. %, .., I r. .., 
Germany. 

-- - - - 
'vLmelm'- Bremcrhnren 1' ~ ~ $ ~ H ~ $ ~  Hrlahnd Is.1 Hamburg haven 

(.. 31. .,, . =  ; ; 51t .,, (7. ; ; ; ; I 1 I*/U' 8.). 1 1 . Y' 00' E.). 

Denmark 
copenha ;n 
(W 12' i. 
Ir 351 ~ i .  

zFg",n 
(59* 19. N. 
P I* ~ . l .  

Sweden 
Ratnn ~ d l f  
Of B0ih.i8 

N.p 

20' 55' E.). 



EUROPE, WEST COAST AND BRITISH ISLES.1 
.- . - 

Sweden. Norway.1 England. 
. . . .  . .. . . . . .  . ! 

- - - - - - - - - - -. -. -- - - - -. -. - .- 

i Dr:TE!;n, I Rjorn, Gull01 Kristiania 

' 

West Shcemcss,l 
Componrnt. Bothnin Oscmsbor 1 hrendal 1 Stavanger,l Bergen 1 HmHG'kiv., Thames Rir.  

1 , ,  iyj~"~'&., 1.2'2)'; ? ( &  * y  ; ;  (3 4 N.' (3' U' N., (511$t 
1 1 w.. 0' zw W.). o. 4y Esj: 

.. -- .- ! -- - -  - -- - 
I ~i~ f f I r  H r  H ! ~  11 1i . N z H r  11 
I - _  . _-._-.I- -. ..I- -- -- -, I Fcd. Drg. d .  D .  Fed. D q .  Fed. Deg. Fed. ( D e g .  Ed. D q .  Frd. Deg. E'cd. Dcg. Rut. Dcq. Fcd. DW. 

11.  ................ .# ....................... 0 . m  P) .............................. 
....... ................. l 0 . 1 ~  rzt 11.197 ....................... I 0.049 1m 0.107 170 o.m 246 0 . m  252 0.377 14 

k:.. ............... 1 0.013 4 0.075 0.m w I 0 . m  71 0 . ~ 2  3m 0.131 336 0.4a 1133 ( ~ 6 3 6 )  (2211) 0.470 47 ; L: .................. 1.. .................... - 1  i ....... 0.036 209 0.049 2 3  0.043 198 0.1333 232 0.410 331 0.200 111 0 . m  198 0.347 6 
. 31; . . . . . . . . . . I  ......................................................................................................... 0.0% 10-2 ( a m )  (200) ............ : 

.r ................. 1o .m 3\ 0 . m  14 0 . m  l B ' 0 . m  130 o m  im 0.476 a 2  1 . m  los rla r l r s a l  176 am 1 
M-. ........................................ ..-............ ................................................................... .............................. 

............... ............... ............................................... I 
I 

0,m2 1 0 . W  114 
314.. 6 0.072 3 0 . W  252 0.095 101 0.345 2.53 0.296 44 

............... ............... .f.................................l........~.. o.on 75 0.026 75 o.wa 93 0.074 43 0. IM 2.1 0 . m  60 
31. ................. / . ....I...... 1::::: ..,........ ................................................................................................................ 
K ............................................... 0 . 1 1 ~  92 a ~ m  s 0 . m  M 0.105 264 am no 0.98~ 71 1 . w  164 1 . M  337 

................................. .......... : 
......................... ...... ............................................. 
................... 
........................ .............................. ............................-. 

.................. .............................. 0 . W  152 .............................. 

.................. 
.............................. 

I .................. .......................................................................................................... 
.......... ...... 0.010 296 ............................................. 0.279 271 0.140 188 (0.138) (22s) ............... 

15 .................. .'. ............... 
.................. 

z - - - -  .............. 
01 .................. .................................................... ...................... ........I....... ............... 

............ 1E99-18)1 1P8elW . .1%!3-1E61 1 M  18IMS44 

............. 1 year. , 2 y=m. 2 pears. 3 years. mdays. 3mdsys. 
(5) (5) (5) (3) (1) (1) - -- - 

- 1  For cornjmmd and loneperiod component3 see p. 412. *See also p. 321. 



EUROPE, BRITISH ISLES.; A 
0 
0 

England--Continued. Scotland. 

Component. 

o* 07' w. j. 
H ~ H ~ H ~ H  H r K H K H K  - - -- -- - 

Fed. Dcg. Fttl. Dcg. Red. Deg. Fed. Dq. F I .  1 Dg. Fed. Deg. Fee. D n .  9 ............................... J I ............................................................... ............... ............... (0.049) ( n i )  rn 
Ki.. 0.408 U 0 . m  19 0.139 39 0.355 191 0. 1 2a4 0.316 2~ 0. 18( 
Ry ................. 0.649 102 0 . 5 ~ 1  n o . w  m 0.936 1 0. 1 27 (0.545) (88) 0.330 356 Q ............... 4 .................. 0.635 ki 0.447 19 0.493 328 0.529 329 0.259 1 316 (0.167) (70) 0 

................ ............... ................ M1 . . 0 . 0 4 1  I .............................. o.ml  (0.034) (137) + 
................ V, 

M,. 7.574 40 6144 344 7.361 330 9.975 321 4.357 ! 337 6.938 48 4.38 314 
...................... ....................... M3 ................. 0.063 20 0.W1 60 0.032 9 0.109 315 I ............... M& ................. 0.581 28 0.548 248 0.794 219 0.691 211 0.3.16 0 . 1  178 9 ............... ................ M. ................. o.m 171 0.1641 135 a l e ,  93 0.196 331 0.243 ............................................. He ................. 0.091 162 0.0.54 65 O.U76 358 0.088 ,&.F, 

............... NI. ................ 1.215 21 1.084 1 315 1.401 310 1 . m  0 . m  309 (1.152) ( n )  n 

............... .............................. ............... 2 N  ................. 0.318 296 187 216 ( 0 . 1 . ~ )  (6) h 
01 .................. 0.449 213 0.3421 181 0.231 175 0.371 88 0.241 54 0. F,23 70 0. 365 4 0 

.............................. 00 .............................................................. ............... 
PI .................. 0.136 12 0.073; 334 0.058 36 
Q 1 ......................................... ...................... ............... ............... 
2 4 .  ................ ............... Ry ........................................ .................. 0.092 40 
SI .................. 

................ 
S‘ .................. ............... 

.... 6 ................................. ...... 
TI .................. 0.121 107 ........ .................................. (0.118) ............... (88) 
At ................................. ............... ............... 
.................. ............... 
................................. ............... 

............... 
.............. Series 1911-12 1561 ............... 

Length.. ........... 
Relerenw .......... 

1 See also p. 402. For compound and long-period components see pp. 412-413. 
-- -. 



EUROPE, ANTARCTIC-REGIONS, AND LAKE SUPERIOR. 

Ireland--Canthoed. Antarctic region. Late Superior. 
- - 

' Wi Bay, 
Laurie IS. / Port Faster Port C m t ,  Pggyn- Ron lshd 

Marg;~ta, 
Dduth, 

Component. s.!;?,' Q ( y . e p l  South Orkney ' Deception d. WandeU Is. Is. (7s. 4v s. Minn. 
Is. 1 ( 6 t  3's.. (65*MrS. 6' ' W.'. 6' 1" w.1: 

(,job s., a- at w.,. a. m w). gliy$:\. l16. E.j. $3y$j. M' (46.32 !Be W N., .). 92' (46. 05' 47' W N., .). 
44' 3Y W.). 

N I H I H Z H I  K H ~ H K H K H K H I  

Frd. D r .  Fret. Dcg. Ftd. D q .  Frd. Dcg. Frr t . lDcg .  Fcd. Dep. Frd. Dcg. Fut. D q .  Fcd. D q .  Rut. Dtg. 
JI .................. 0.007 -53 ..................................................... ................................................................................... 
KI ................. 0.149 180 ............... a m  15 o.m 1 1.0% 16 1.027 21 0.770 14 o.m 7 0.007 aac 0.032 wa 
Rl ................. a m  Js, 0.- rm am ir 0.157 tn 0.1671 257 o.iii a 1  0 . m  272 a l l 5  as o.m syi am 70 
b... ............... 0.249 321 0.12D. 137 ................. .... ....................................... .. ..... ...... . 0.015 W1 .............................. 
MI ................. 0.016 210 . . .  ................................ID...i 0 . 0  67 .............................. 0.002 0 . N  I69 

M. MI.. ............... 4.171 313 i215 135 1.522 172 1.604 0.666 161 0.164 10 a755 19 a013 299 (1064 72 
Mr.. ............... 0.061 302 .................................................................................................................................. 
M4.. ............... 0. W 31s 0.110 18) ........................................................................... 0.012 138 0.004 ltW ............... 
~i66 ................. 0.054 335 .......................................................................................... 0.008 in a m 1  to 0 . m  ier 

....................................................................................................................................... ............... MI.. 0.018 286 
NI. ................ 0 . W  291 a857 118 0.298 l54 ............... 0.033 61 0.115 25 ............... 0.195 337 ............... 0.010 78 
2~ ................. 0. 1~ m ..................................................................................................................... ;.. ............... 
0 1  .................. 0180 49 ............... 
00 ................ a m  m 
PI .................. 0.045 131 ............... 
Q , .................. a031 m ............... ............... 
2Q ................. O.OC3 241 ............................................. 

............................................. .... R2 ................. 0.019 2 :::::::: ::::::: :::::I:: :::I:::/ 
..................................... S1 .................. 

.................. 

.................. 

.................. 

0.009 12 0.012 89 
4 266 0.095 n z  0.393 101 aooe 349 am 
St 
SS 
.................. .............................................................,................. T* amo 3~ 

L. .............-... ,,. ................. .............................. 
.................. 0 . w  357 
.................. .................... ... ...... .-.... -- 

Series. 1902 1-5 1801-2 
Length 

.......... 
1624 days. 369 days. 2 years. 

Refemme (62) (1) (1) (1) 

1 Foraompolmd and W p a l o d  mmponents sea p. 413. 



TIDAL HARMONIC CONSTANTS.-SUPPLEMENTAL LIST. 

[Recoived too late for insertion in regnlar order.] . - 
-- 

. . . . 
Asia. 

South Amer- 
England. ' 

ice, aeoqo 
nil,raltsr Port~lgal, 1,is- R~~wia.  Kern,[ 

town.[ hon.1 Caeais Whita Sea Imm~ngham, Avonrnoutl~,l COmPIDent' Dr. Ouiana ';%:kl . Fs7;f.;: (38'' 42' N.. (U059' N. llulnha Serern I l i y n  
(6' 49' N.. Settlrmcnts 0" 23* w.). 340 w R.).' Rlver (51' 30' N.. 

(W" 58' N., z0 43' \V.). 
o° 11' W.). I -- -- ... .- - 

Frtt. Drg. Frd.  Dct. Frci. Dcg. Fcct. Dcg. Fret. Drg. Frcl. Dcg. Fret. Dcg. 
JI  .................. 0.016 154 0.055 40 0.067 282 ............................................................ 
KI ................. 0.374 197 0.572 345 1.632 295 0.984 I T  0.200 .SO 0 . m  S3 0.479 280 
ICr ................. 0.285 142 0.312 32 0.3% 350 1.118 78 0.320 80 0.130 175 0.657 20( 
I4 .................. 0 . M  132 0.055 3.53 0.181 317 ...... : ........ 0.105 80 0.200 174 .............. 
MI ................. 0.0'23 ............................................................................ 0.030 324 

971 hft ................. 2.884 128 1.972 4 2760 311 12 576 47 3.335 SD 1 . m  128 7.018 157 1 Ms ................. 0. IS5 1 287 1 ............... 0.042 214 ....................... 1.. .. ...,........ 1 ....... 0.035 146 

Stromness.[ 
Oban I . Orkney 

( 5 6 O  25' N Islands 
so 281 w.j.' ( s o  57' N.. 

a" IS' W.). 

i ................. ............................................. 
M . .  0 .  79 0 .083 'ZVl  0 . M  2 1 1 1 0 . 8 0 4 ' 1 5 9  0.060 155 O.l(i0 1W) 0 . M  142 0.622' 3 
Ma 0.046 82 0.011 152 0.070 95 0.050 !Z! 0.382 275 
M .............. 0.034 28 .............................. 1 ............................................. 0.042 138 0.080 31 
1 ................. 0.57 110 0.434 0 0.M5 279 1 2 424 34 0.750 32 0.390 8i 1.321 138 2 677 188 
2N ................. 0.086 -42 a034 353 0.054 324 ............... 0.060 348 ............................... 0.083 345 
01 .................. ............... 0.560 1 I14 0.288 1 

PI .................. 
...... ............................................ 9 I........... 

24. - - . . - - . . -. - - - . -. 
........ 

.................. 
................. ,........ ......................................I........ .................................................................. .............................. 

0 ml ........ 1.1 .....? TI ................................. 
At..-. 
rt .................. 

1 For compound and long-period components see pp. 403 to 413. 

............................ 
0.027 

.................. 0.221 118! 0.134 
p I . . . . . .  ........................... ' 

i 
-1.. 

212'0.151 
352 

....................... 

scrim .............. 1915 19061 j h . .  l year. 
Reference ..-----.-- (V,) 1 

....................... 
6 

1918-9 1 
I year. , - - -  ............ 2 years. l year. 
(a) (66) (66) 

0.074 3291 ............... 0.150 55 0.120 104 ............... am 17 
.......I .....................................................................-.... 

0.084 

---.---I ............................................................. 4 xu 259 
I ...................................................................................................... 

451 ............... 0 . M  21 0.140 308 0.208 205 1.696 257 



HARMONIC ANALYSIS AND PREDICTION OF TIDES. 403 

Compound and long-period componenta. 

[Upper line for each station eves the nmplltuda~ R) In femeet: lowerllne glvss tho apochs ( u )  In dogrecs. For 
other components an6 rdcrencea soo pp. 319 to 402.1 

- 
.- -- 

Compound componmta. Long-perlod components. 

Statlons. 
2SM Mf MSf Mm Sa Ssa 

I drdk rcpfow. 

Fort Conger, Orant Land.. 0.109 0.143 
203 355 

Ekaterinslraya, Russla.. ..................... ..... .......................... 
Kem,Russla 

Vardo, Nonvay.. .................................... 
Flneido, Norway 

Kabelvaag, Nonvay .............. 
Bodo, Norway. .............................. ....... ....... 

Bri1lsh.A merica, Eadf Coast. 

Fortoall Bay, Bollo Isle Strait.. 

St. Johns, Ncwfoundlarld 0.200 0.071 .............. ....... 2 8  217 

River. 
Quoboc, St. Lawrcmro Rlvcr. ... 

St. Paul Inland, Cahol Stmlt.. .. 

........... H ~ I . I I I u , N o . I L ~ c o ~ I ~  

St. John,,Ncw Ur~~nswick..  .... 
Uvllui Slofts, J?ad Ccasl. 1 114 129 125 120 

I 
E:astport, hfc.. ................ ......... .:. 0. 105 0.044 .... ............ 1 311 301 ............. 
Plrlpit Harbor, Yc.. 

....... 
Portland, hlr .............. 
Boston (Cornmonwoalth Pler), 0.022 j 0.151 0.049 

Mass. 143 87 
Ncwport (Fort Adam),  R. I... ..... 0.144 0 . ~ 7  ........ 
Bristol, R. I .............. . . .  . . . .  ....... 

........... ............. ............... Prorldencc, R. I i0.244 0.044 
107 18 ............ 

............. ............. 

Ncw London (naval station), 
Conn. .... . . . . . . I . . .  

I 



U . S . COAST AND GEODETIC SURYEY . . : 

Compound and long-period components-Continued . 
[For other components and references see pp . 319 to 402.1 

- 

Btstlons . 

United Slatea, Eudf Coarl.-Con . 
WilletsPoint (U . 8 . E . Wharf), 

N . Y . 
. Fort Hamllton, N Y: 

New York (Oovernon Island), 
N . Y . 

New York (The Battery), N . Y 

Albany, Hudson River, N . Y 

Bandy Hook, N . J 

Atlantlc City (Mllllon Dollnr 
Pler), N . J . 

Phll8delphla(Chestnut St.), Pa 

Breakwater Harbor, Del .............. 
Old Point Comfort, Va 

Richmond, James Rlver, Va 

Washington (navy yard), D . C 

Washington (7th St . Wharf), 
D . C . 

.. ... .- .......... - 

Baltimore (Fells Point), Md ............... ............ 0.280 

Compound components . 

0.080 

Longporlod components . 

MK I 
Pf 1 I S 1  ; )b. 1 Sa 8.8 

0.113 
111 

2MK I MN 

0 .OW) 
'56 

0 . 1 1  
a20 

0.308 
70 

0.103 
25 

0.084 
320 

0.010 
95 

0.188 
37 

0.308 
207 

0.075 
86 

0.086 
98 

0.212 
359 

0.128 
35 

Baltimore (Fort McHenry), ............. ........... ............ 0.501 
Md . .............. .............. .............. 128 

I Wilmlngton, Cape Fear River, .............. !. ...... 0.411 
N . c . .............. ! ....... 147 

I 
wharf), 8 . C . .............. Charleston (custom house 0.244 

141 ....... ....... 
Tybee Llght, Savannah River, 0.217 

Oa . .............. .............. ....... 124 
Bavannah (Fort Jackson), Qa ................ 1 ....... 0.108 . . . . . . . . .  j . .  232 
Savannah (waterworks), Oa ................. 1 ....... 0.083 0.089 ..................... ..............I....... ....... , 288 
Fernandlna (Fort Clinch), Fla ........................................................ 0.237 

-----.- 1 1 i I I /-I-,-- I 
........................................................ 0.153 ....... ....... ...,. 1 j 1: ......I 110 

?dB 2.M 

. 

Femadina (Dewto Strwt), 
Fh . 

Key Wait (Fort Taylor), Fla 

Ke West (Curry's Wharf), . 
Pensacoh (Warrlngton Navy 

Yard), Fla . 
Cat Island, MIS 

.............................. 
. ...... .............................. 0.046 ! 0.287 0.081 ..................... 283 

.................................... ....... 0.109 0.138 ....... ............................ 108 82 

............ 
..... '. ....... 

.............................. 

............. 

............. 

..................... 

............................ 
....................... 

..................... ..................... 

....................... ..................... 

............................ 

.............. ....... 128 

............................ ............................ 
............................................ 1 ....... 0.068 0.085 0.084 ............................ 1 ....... 134 330 304 

0.040 
284 

...................................................................... ........................................................ 

103 

0.244 
W 

0.274 
145 

....... .............. 

.......I ....... i 
1 ............................ 

....... ..................... 

...... ..................... ., ....... .......I... 

..................... 

.......................... ............................ 
............................ 

........................................................ .......I.. 
I 

0.010 I 
311 1 

105 
0.409 

188 
0.377 

216 
0.273 

166 ............................ 

I 

........... 

, 
. 

1.955 
2.5 

0.254 
143 I I 0.002 ............... rn 

0.760 
48 

0.101 
68 

............. 052 j 1. 
................. I ) ............................ 

.......I. !.......I.. 

.......I ....... ....... 0.024 .............. '. 
............ 
............. 

0.100 

..................... 

....................... 

0.038 
163 

0.417 
146 

0.288 
151 

0.320 
126 

0.482 
48 

0.166 
121 

0.272 

............................ 

111 
0.342 

325 
0.140 

63 
0.109 

161 
0.213 

35 
0.047 

105 
0.194 

............................ 
.......................... 

248 1 

.......I.. 

..................... .'.. ..... 

........................................................... ........................................................ 
0.024 

.: ..................... 

........................................................ 

207 1 ....... 



HARMOKIC! ASALYSIS AND PREDICTIOB O F  TIDES . 
Compound and long-period components-Continued . 

[For other components and references aee pp . 318 to 402.1 

hlK Mf 

......................................... .......................................... 
.......................................... ................................... 
........................................ 

..................... 

.......................................... 

0.049 
359 

. 0.078 
324 

. 081 
328 

0.058 
158 

0.133 
BIB 

0.042 
141 

0.087 
198 

0, 101 
177 

..................... 

Compound components 

Ststlons . 
. Longperlod components . 

2hfK / MN ! YS 2SM 6sa 

0.180 
81 

0.382 
354 

0.332 
44 

o.212 

................................... 

......................................................... 

0.084 
2 

0.082 
11 

0.016 
356 

........................................................ 
0.023 

314 
0.026 

311 
0.080 

2el 
0.167 

228 
0.177 
350 

0.M2 
. I67 

................................................... ........................................................ 
.......................................... 

....... 1 

bfSf 
.,....... 1 I ,  

United S~atea, East Chat--Con . 
Port Eads, La ................................ 
Oalvoston (Fort point), TOX 

Oalvnton (DosweUJs Wlluf), 
Tox . 

OalrostOn (mth St.), Tex__ 

Wcst Indies . 
Nassau, Bahamas 

St . Thomas Harbor, Ylrgln 
Islands . 

Smith America . 
... Oeorgetown, Urltish O u l a ~ ~ a  

Itequi, Maranhao, Bradl 

Pernambuco (Rocifo Arsenal), 
Brazil . 

Rio del Jenelro (arsenal), Bradl 

Rlo Qrande do Sul, Brazil 

Buenos Alres, Argontlna 

Mar do1 Plata, Argontlna 

Puert0 Quoquon, Argontlna 

PuerteBe@ano,BahloBlanca, 
Argontlne . 

Ban Antonlo, Argontlna 

Comodoro Rlvadnvla, Argon- 
tlna . 

Puorta Deac8clo , Argmtlna 

Capo Horn, Prango Bay; Chilo 

Valperaso, Cblle ...................... . . 
Pananlo Canal Zone, Weat 

CoaEi . 
Naos Island, Canal Zone 

Balboa, Canal Zone ..... 

Mm Sa 

0.381 
173 

0.399 
112 

0.5. 
170 

:::::::I ............................ 

1 
................. ............. 

....... 

................. 

............................ 

0.033 
290 

............... 

.............. 

............................. 
............. 

.................. .............. 
.... :. 

..._... 

1 
0.446 

.., 

0.088 
46 

......................................... ......................................... 
..................... ..................... 

0.114 
130 

......................................... ......................................... 

0.085 
75 

0.171 
20 

0 .1P  
BM 

0.088 
334 

0.048 
351 

0.200 
928, . 

1 

135 ! 74 

0.312 i . i. ...... ........... 

0.087 
44 

0.040 

' 

0.145 
178 

0.102 
, 114 

0.081 
23s 

0.102 
107 

0.117 
166 

....... ....... 

....... 

144 
0.022 

288 

0 . W  
243 

0.028 
76 

0.088 
33 

0.388 
321 

01 3133 
I6 

0.177 
313 

0.318 
i l l  

0.351 
331 

0.181 
353 

0 . f24 
355 

0.1% 
- 92 

0.151 
351 

0.885 
170 

0.483 
I67 

................................................ 
2&3 

.......................................... 

0.155 
120 

0.341 
206 

0.072 
98 

0.078 
174 

0.079 
237 

................................................................ 
0.032 

17 
0.13.5 

85 
0 . l n  

212 
0.036 

285 
0.Ml 

la3 
0 . U2 

3.57 

........................................................ 

............................................................... ........................................................ 
0 . 1 2  ..................... i 

33 
0 . m  

152 

0.142 
128 

0.026 
100 

0.058 
172 

0.166 
336 

0.175 
180 

0.112 
172 

0.112 
173 

0.116 
244 

0.084 
181 

0, 023 
16 

0.013 
37 

0.091 
228 

0.478 
114 

o . m 
14.5 

I /  
'. .............. , 
i : ...... .. .......I.. 
i: ...... ....... .............. , 

1 
.............. 1 

i 

.......,....... I €4 

0.013 
348 

............................ ..................... 
..................... ..................... 
..................... 

.......................... ..................... 

.......I.. ..................... 
......................... ..................... 

..................... ..................... 

..................... 

O.OL1 
0 

, ....... 

..... 

.I ....... ..................... 1 0.036 
30 

.*.....I 
........................... 



U. S. COAST A N D  GEODETIC SURVEY. 

Compound and long-period components-Continued. 

[For other compononts snd references seo pp. 319 to 402.1 

Stations. 

illezlco, Urea; Coast. 

Mazatlan, Moxlco.. 

Unifui Sfntca, Widt Cmst. 

6an Diego, Call1 

Compound mmponent~. 

San Francisco (Fort Point), 
Calif. , 

............................ EanFraneisco (Pre'sldio),Calil.. 0.024 ............................ 
................................................ Sausalito, Callf.. .......... ..... ...... .:. .................................. ..... ..1.. ..... .......I 

............................ Humboldt Be (South Jetty ............................   an ding),  ah. 179 

............................ ..... Astoria, Orog.. 0.054 ............................ 340 

............................ ..... . Port T0~1190nd. Wash... .._. ..... 0.067 . ..................... ........... , 313 .... :.. 

............................ ............. seattie ( m i s o n  St.), Wash.. ...I.. .:. .. 0. ............................ ................... 110 
Brifbh Amcrlca, 1ve8f Coaaf. 

Victoria, Vancouver Island ..... 0.077 0.075 0.016 0.054 0.029 0.010 0.052 0.079 
9 344 252 3 08 142 256 138 

Sand Heads, Frasor Rivor, 0.033 0.015 0.013 0.047 0.035 0.077 0.059 0.077 
British Columbia. 171 224 109 I84 14 149 280 103 

Vancouver Burrand Inlet, 0.081 0.124 0.027 0.070 0.048 0.101 0.007 0.078 
Britlsh shlumbia. 273 273 180 182 3.56 130 335 316 

Clay uot Vancouver Islnnd, 0.023 0.023 0.019 0.087 0.051 0.088 0.80 0.081 

Stephens Pwagc.  i.. ............ 205 147 199 
................... ........... ..... 6kagwap, Ly~ul canal.. ...... .,. 0;lOB 0.233 

181 312 
Anohorage.. .......... 0.478 

241 ....... .............. 
I""-: 

Long-perlod 

2SM 
- 

MK 
- 

..................................... ....... , 
0.398 

150 
0.110 

04 
0.150 

244 
@~.312 

249 
0.244 

284 
0.270 

288 
0.287 

298 

0.324 
284 

0.207 
253 

0.248 
274 

0.408 
280 

0.411 
280 

0.372 
288 

0.420 
270 

0.380 
252 

0.486 
227 

0.261 
284 

0.252 

~ r z s h  dolumbla. 
Wadhanls R i v o r s  I n l o t ,  

Britlsh blumbla. 
Pr lneo R u p o r t  Cha tham 

sound, Brltlsll b lumbia.  
P o r t  81m sod C h a t h a m  

Sound, ~ r E l v h  dolumbia. 

Alaska. 
................................................ Craig 

Ketchlkan.. 

81tka ..... ...................... 

Mf 
- 

............................ ............................ 
0.184 

221 
0.154 

304 
0.043 

233 
0.085 

108 
0.267 

151 
0.131 

225 
0.088 

224 

0.117 
240 

0.181 
217 

0.176 
217 

0.150 
204 

0.090 
1.1 

0.166 
102 

0.200 
. 129 

0.187 
BO 

0.18R 
133 

0.055 
336 

0.104 

components. 

Sa 1 Baa 
- - 

I 
ZMK 
- 

.............. 

0,126 
153 

0.233 
183 

Juneau,' Castlncau Channel, 0.072 

MSf 

0.133 
248 

0.101 
289 

38 9 282 
0.008 0.018 0.013 

2 8 5  3601 262 0.1331 0.026 0.015 

bfm 
-- 

MN 
- 

347 
0.120 

320 
0.164 

280 
0.097 

259 

0.005 
201 

0.033 
150 

a38 
0.040 

359 

........................................ 

MS 
- 

.................................................................... ........................................................ 
0.014 

180 

189 
0.079 

I31 
0.082 

145 
0 . W  

44 

................................................. 

174 
0.026 0.015 

357 

..................... 

:::::::I 

100 

. . . . . . . .  

114 
0.076 

141 
0.083 

108 
0.087 

183 

166 I 267 
O.OM 0.070 
187 1 1. 

0.085 0.080 
174 234 

0.082'0.009 
180 

............................ 

78 

............................ ............................ 

............................ 



HARMOKIC ANALYSIS AND PREDICTION OF TIDES . 407 

Compound and long-period componenta-Continued . 
[For othar components and referonm see pp . 319 to  402.1 

I 

Stations. 

A hdka . 
Kodiak 

Japan, Ifokwhu Island . 
Hannsakl 

Otaru ............................................... 
Japan, Honahu Ialand . 

Ayukawa 

Yokohama, Tokyo Bay .............. 
Aburatsubo, Kawatsu Buy 

Kushimoto, I<li Channol 

Kobo, Inland 808 

Mltsugl, Inland Baa 

Kure, Inland Sen 

Tonoura ............................................ 
Wallma ............................................. 
J w ~ a k i  ............................................. 

Japan, Shlkoku Iahnd . 
Mltau~ahnmn, Inlnnd Sea 

IInshlhamn, Inland Sea 

Awaahlma, Inland Ban ................ 
Japan, Kiuahu Ialond . 

HosoJims ...................... 
Fukobori ............................................ 
Japan, Toitcan Ialand (For- 

moaa) . 
Kilmn .............................................. 
Taknw ......................... 

Chbaen (Korea) . 
ChomulMo ........................... 

MI 

0.003 
172 

0.100 
200 

0.032 
151 

0.050 
101 

0.041 
93 

0.040 
202 

0.004 
149 

0.043 
156 

0.030 
14 

0.040 
169 

0.070 
1W 

0.091 
209 

0.048 
134 

0.052 
1 

0.047 
87 

0.031 
159 

0.014 
190 

0.044 
63 

0.024 
3.18 

............................. 

Compound 

MK 12MK 
-!---; 

I 
........................................... ..................... 

..................... I 
........................................... 1 ..................... 

., ; 

components. 

MN 1 MS 2SM ! 

....... 

................................... 
................................. 

.................................... 

Long-porlod 

MS1 
....... 

......................... 

0.030 
00 

0.0% 
116 

0.023 
107 

0.019 
01 

0.046 
09 

0.037 
62 

0.028 
124 

0.088 
32 

0.050 
47 

0.038 
179 

0.033 
188 

0.038 
82 

0.028 
230 

1 0.020 
252 

0.044 
133 

0.043 
n 

0.042 
28 

0.028 
12 

0.028 

................................... 

1 

.......................... ..................... 
............................ ..................... 

..................... 

...................... 

..................... 

...................... 

1 

0.017 
72 

0.005 
3 

0.023 

0. 032 
0 

0.024 

1 10 
0.027 

345 
0.043 

170 
0.128 

183 
0.108 

181 
0.000 

144 
0.001 

72 
0 . W  

63 

0.007 
210 

0.127 
189 

0.140 
103 

0.033 . 321 
0.048 

5 

268 
0.0013 

254 

................................................................................ .............................. 

0.028 

..................... 

..................... 1 
........................... ..................... 

............................. ....... I ..-... 
1 .............. ..................... 

..................... ..................... : 
1 ....... .............. 

I 
.......I .............. 
.......I.. ..................... 

I , .............. .......I.. 

Mm 

0.047 
71 

0.0.10 
a% 

0.027 
180 

0.000 
2RB 

0.133 
180 

0.051 
183 

0.040 
340 

0.034 
186 

0.104 
70 

0.038 
5 

0.049 
341 

O.a% 
63 

0.053 
200 

0.037 
212 

0.051 
364 

0.064 
281 

0.032 
96 

0.0% 
20 

0.040 

.............. .............. 

........ 

............ 

............ 

131 
'0.005 

105 

0 . 030 
121 

0. 101 
133 

0.041 
144 

0.048 
158 

0.W7 
148 

0.109 
283 

0.004 
284 

0.014 
284 

0.012 
71 

0.008 
109 

0.100 
260 

0.114 
288 

0.150 
208 

0.027 
160 

0.050 
I W 

O.MBj0.021 
3 

0.019 
227 

ane 
146 

components . 
8a 

0.335 
100 

0.135 
233 

0.281 
105 

0.370 
170 

0.344 
108 

0.3a" 
175 

0.470 
. 108 

0.558 
149 

0.478 
1 1  

0.558 

Ssa 

0.176 
112 

0.094 
B4 

0.220 
176 

0.095 
214 

0.074 
1IU 

O.OBR 
208 

0.125 
342 

0.109 
308 

0.123 
340 

0.lC-l 
152 1 343 

0.006 
193 

0.546 
185 

0.420 
168 

0.482 
1 

0.E88 
15" 

0.002 
148 

0.448 
148 

0.550 
140 

0.414 
136 

0.071 
202 

0.128 
217 

0.118 
207 

0.090 
7 

0.107 
314 

0.110 
325 

0.158 
42 

0.080 
349 

0.10.5 
302 

0.303 1 0.074 

.......I.. L 4 7 1  .... JT2 ..... :. 

I 



408 U. S. COAST AED GEODETIC SURVEY. 

Compound and long-period components-Continued. 

[For other components and references see pp. 319 to 402.1 

I ..........................................  PO^ H I B ~  0.017 0 . h  1 0. l v a  0.057 : 0.101 0. 727 1 o. im 1 ....... 1 ....... 1 ....... 1 ,471 w ,  3 1 1  2s2; a1 2 %  im 
Malay Pmindula. I 

.................................. ............ Kuantan Harbor.. 1.. I.. ..... .......I 0.040 ' 0.584 .......I 1 .............. 8 1 281 

Singapore.. ................... .......I.. ........... -1.. ..... 0.308 
i I .............. ....... 

Philippine Iulanda. I I 

I Compound components. 

Manila, Luzon Idand.. ............ ...... 0.3" ....... 162 
Olonga o, Subic Day, Luzon 0.480 

rs1an8. ................... 102 
Cebu, Cebu Island 0.438 I ..................... 159 

Jaw. 

Long-period components. 

I 

....... ................... I Honolulu.. 0. m 1.. 0. .............. ....... ....... ..................... 159 ' 1 178 
Awlralia. i 1 Port Darwin, h'orthern T e d -  ..................... 0.16 0.17 0.13 0.47 1 0.a 0.97 

tory. ..................... 30 13 I 333 

Cooktown, Queensland.. .............. ... ............ 0.340 
320 

Cairn's Harbor, Queonslsnd.. ..... .0.202 ....... ....... 9 

Brisbano Bar, Queensland.. ..................... ............ ...... 0.108 
nrfsbane, Queenslnnd .......... 

Stations. i 

1 PK 
China. I 

............. . Ballina, New Bouth Wales ........... .). 0.013 0.037 j 0.007 O.IO 0.102 0.413 0.083 
213 1 314 

46 1 2 1 1 257 

..................... 
........................ . Kewcastle, New South Wales 0.082 0.026 0.051 0.030 0.082 0.232 0.071 1 ...................... 1 1 i m  0 3301 198. #)I 

Ym 1 Fa 888 

I ! 
Mf 

............................ 0.197 ............................ 
0.110 0.029 ..................... ..... ...... ..................... ni no 149 I 

............................ 0.40.5 
18 ............................ 
200 91 120 

....... 
106 ....... 64 

0.144 .......~....... 
359 .............. ....... 

I 

2MK 

TientsinEntrance (Taku North 
Fort). 

Wei-ha-wel ................. ... 
I 
! Shanghai ..................... ..;. 
I 

Swatow ........................ ! 
Hongkong.. ................... 

I::::::: 
China. 

Macao (Inner harbor), South ! 
1 
I whfsIIIpO8 ....................................... 
1 

Siam 

..................... ..... ....... Spdnev Fort Denison), New .... 1.. 
8011th &ales. ....... ....... ............................. I I I 

1 8 1  28P  
I - -  

MR 

..................... ..................... 
.................... ..................... 
................... ..................... 

.................. ..................... 
............. .............. 

..................... ..................... 

..................... 

P S  



HAnhlONID A.NALYSIS AND .PREDICTION O F  TIDES. 409. 

Compound and long-period components-Continued. 

[For other oompononts and references see pp. 318 to m2.1 

Statlons. 

Audlralla --Contlnucd. 

Port Adelaide (Semaphore), 
South Australla. 

Princess Royal Harbor, West- 
em Australia. 

Remantle, West Australia 

Port Hedlnnd, West Australia.. 

Nctc Zcaland. 

Auckland,NorthIsland 

....... Wellington, North Island 

port ~y t l c l ton ,  south Island.. 

. Port Chalmom, Sonth Island.. 

Dunedln, South Islnnd ......... 

Compound components. I Lonpperiod oomponcnts. 

B l m ,  South Island.. .......... 

2RM 
_ _ _ _ _ _ _ _ - - - -  

0.10 
07 

0.027 
71 

0.008 
193 

0.101 
333 

0.064 
304 

. . . . . . . . . . . . . . I  140 7 172 m 148 m go 

Westport, South Islnnd. 

Asia, South Coast. 

Ponang, Btralts Sottlemonts 

PortBlair,AndamanIslanb.. 

................. Mergui, Indla. 

Amherst, Moulmein Riror, 
India. 

Moulmoin, Noulmoh Rlvor, 
Indla. 

........ ZlephantPolnt,Indla.. 

............... Rangoon, India. 

.................. Basseln, Indla 

Akyab, Indla.. ................ 
............. Chittagong, Indla. 

Dublat (Bu er Island),Hooghly 
~ i v e r ,  I n k .  

Diamond Harbor, Hooghly 
River, lndla. 

Calcutta (Kiddcrpore), Indla... 

MI 

0.08 
131 

0.084 
175 

0.044 
151 

0.022 
307 

0.044 
2-32 

MK 

............................. 

6 s  

0.80 
120 

0.328. 
111 

0.346 
244 

0.372 
172 

0.223 
46 

NN 2MK 

..................... ..................... 

..................... ..................... 
......................... ..................... 

..................... 

..................... 

..................... 

.............. .......I ....... 
............................. ....... 1 

......... .! ...................... 
0.020 0.000 

ID0 1 211 

668 

0.22 
88 

0.296 
87 

0.118 
170 

0.148 
75 

0.065 
113 

0.073 
2% 

0 . 0 ~ 7  
217 

MS1 

0.12 
365 

0.024 
240 

0.083 
340 

0.048 
187 

0.054 
182 

M U  

0.09 
99 

0.016 
288 

0.008 
332 

0.073 
272 

0.1PQ 
185 

0.072 
204 

0.088 
170 

0.020 
150 

0.181 
130 

0.1M 
3 

0.138 
37 

0.130 
38 

0.175 
M) 

0.078 
. 302 
0.034 

20( 

0.131 
300 

0.000 
202 

0.070 
276 

0.081 
10 

.............. 

.............. 
0.036 

126 
0.140 

180 
0.214 

210 
0.218 

70 
0.191 

88 
0.176 

101 
0 . W  

908 
0.080 

116 
0.124 

244 
0.120 
365 

0.118 
62 

0.187 
87 

0.058 
172 

0.091 
335 

0.167 
87 

O.DB2 
27 

0.141 
7fl 

0.090 
301 

0.027 
136 

0.100 
314 

0.062 

0.117 
281 

0.118 
31 

0.103 
145 

0 . 0 s  
140 

Mm 

0.07 
200 

0.085 
135 

0.102 
338 

0.081 
87 

O W  
1A5 

0.0i3 
M 

0. 129 
1MI 

0.031 1 0.052 
352 / 1 4  . 0 . ~ 0  0.003 
20 1 .......I.. ...................... 

.......I. 

.......I.. ..................... 

....... I. ................. 

0.103 
3m 

0.091 
321 

0.016 
217 

0.157' 
176 

0.318 
76 

0.739 
208 

0.291 
I n  

0.428 
210 

0.184 
8 

0.014 
274 

0.340 
23 

0.074 
170 

0.706 
287 

0.889 
70 

0.012 
184 

0.050 
315 

0.113 
68 

O.W4 
363 

0.118 
61 

0.072 
288 

0.014 
61 

O.M9 
280 

0.036 
129 

0.081 
217 

0.037 
313 

0.087 
308 

0 . ~ 8  
137 

............ 0.075 0.000 0.142 0.Wl 0. 100 0.102 0.110 
92 09 228 31 32 362 142 

............. 0.10i 0.040 0.077 0.051 0 . W .  0.120 O.W1 

0.042 
331 

0.082 
3% 

0.046 
14 

0.040 
25 

0.062 
3 

0.310 
38 

0.008 
20 

0.170 
34 

0.124 
U 

0.040 
331 

0.132 
16 

0.058 
63 

0.151 
43 

0 . a  
34 

............ 
............. 

0.035 
I35 

0.102 
124 

O . W  
133 

0.088 
231 

0.008 
14 

0.040 
27 

0.032 
ne 

0.127 
44 

0.208 
42 

0.477 
46 

0.261 
62 

0.Q99 
67 

0.428 
40 

0.018 
74 

0.460 
86 

0.916 
42 

0.030 
80 

0.064 
118 

0.023 
10 

0.061 
18 

0.Wl 
19 

0.375 
12 

0.085 
365 

0.193 
la  

0.133 
35 

0.035 
347 

0.188 
968 

0.U7 
76 

0.116 
14 

0.'291 
7 

0.083 
1 

0.%9 
186 

0.205 
140 

0.589 
140 

0.768 
u o  

2.353 
149 

0.842 
140 

1.295 
I47 

1.041 
157 

O.W4 
145 

1.607 
134 

0.876 
161 

1.068 
142 

2.712 
164 

0.131 
102 

0.1(U 
168 

0.111 
181 

0.168 
I13 

0.149 
145 

0 . 0 5  
290 

0.128 
160 

0.164 
335 

0.390 
342 

0.194 
180 

0 . 1 9  
105 

0.186 
141 

0.087 
129 

0.814 
832 



410 U. S.'COAST AND GEODETIC SURVEY. 

Compound and long-period components-Continued. 

]For other components and references see pp. 319 to 4M.l 

Compound components. Long-porlod components. 

Stations. I 
MK 2MK MN MS 28M Mf 

_ _ _ _ - -  

Aala, South Coaal--Contlnued. 

.............. False Polnt, India 

............ Vizegapatam, India 

Cocanada, India ................ 0.710 0.392 
202 105 

Madras, India .................. 
.............. Nagapatam, India 

........... Pamban Pass, IndL 

................ Tuticorin, India 

Trlncomaleo, Ceylon, India ..... 
............ Qallo, Ceylon, India 

....... Colombo, Ceylon, India. 

................. Mlnicoy, Indla 

... Cochin,Indla : .............. 
................. Beypore, India 

................ Kawar, Indh.. 

............... Marmagao, Indla 

Bombsy(Prlnco'sDock),Indla 

Bombay (Apollo Bandar), 
India. 

Bhavnagar, Cambsy Gulf, Indla 

Port Alhert Victor, Combay 
Qulf, India. 

Porbandar, India.. ............ 
Okha Point, India ............. 
Hansthal Polnt, Cutch Gulf, 

Indla. 
Karachl, India ................. 
Bushlre, Persla ... .............. 
Shatt-nl-Arab Bar ............. 
Basrah, Shatt-8)-Arab River, 

Turkey. 

0.004 
279 

0.005 
128 

0.008 
201 

0.004 
43 

0.008 
116 

0. 007 
143 

0.030 
131 

0.014 
51 

0.021 
28 

0.0'26 
57 

0.066 
161 

0.003 
157 

0.227 
119 

0.000 
310 

0.006 
285 

0 . W  
62 

0.004 
52 

0.004 
34 

0.003 
214 

0.019 
107 

0.010 
71 

0.008 
81 

0.007 
50 

0.067 
74 

0.001 
71 

0.138 
348 

0.018 
200 

0.028 
79 

0.008 
148 

0.044 
347 

0.008 
186 

0.034 
64 

0.101 
37 

0.022 
8 

0.024 
108 

0.012 
198 

.................................................. ., ...... 

0.002 
59. 

0.04.5 
57 

0.082 
09 

0.137 
170 

0.221 
42 

0.018 
nz 

0.052 
214 

0.021 
302 

0.109 
244 

0.189 
13 

- 0.004 
267 

O.M1 
38 

0 067 
28 

.,.... 

0.032 
233 

..................... ..................... 
0.021 

12 
0.074 

40 
0.075 

128 
0.189 

9 

0.010 
333 

0.018 
70 

0.020 
200 

0.018 
212 

0.022 
273 

0.020 
270 

0.020 
103 

0.033 
350 

0.054 
198 

0.040 
353 

0.064 
338 

0.073 
280 

0.287 
92 

0.007 
312 

0.017 

O.W 
347 

0.008 
335 

0.004 
315 

0.004 
28.1 

0.005 
308 

0.007 
27 

0.0M 
136 

0.042 
108 

O.M7 
108 

0.075 
355 

0.010 
226 

0.027 
149 

0.008 
287 

0.121 
14 

0.010 
24 

0.050 
88 

0.189 
248 

................. 

0.012 
258 

0.011 
242 

0.007 
255 

0.008 
253 

0.007 
49 

0.020 
140 

0.010 
74 

0.026 
67 

0.024 
48 

0.124 
40 

0.12' 
29 

0.681 

0.067 
90 

0.051 
85 

0.032 
200 

0.030 
145. 

0.042 
360 

0.040 
358 

0.054 
14 

0.034 
12 

0.030 
359 

0.051 
7 

0.040 
358 

0.0.50 
83 

0.040 
1 

0.045 
5 

0.046 
11 

0.037 
10 

0.040 
358 

0.133 
237 

0.078 
280 

0,142 
84 

0.024 
195 

0.142 
72 

0.288 
149 

0.370 
132 

0.051 
118 

0.351 
12 

0.032 
318 

0.027 
34 

0.155 
287 

.................... 

0.012 
109 

0.176 
133 

0.144 
146 

0.164 
144 

0.090 
1M) 

0.164 
162 

0.122 
224 

0.057 
210 

I.....' 
I...... 

0.034 
268 

0.135 
288 

0.019 
114 

0.012 
132- 

0.075 
220 

0.008 
280 

0.012 
282 

0.009 
235 

0.010 
293 

0 . W  
20 

0.022 
294 

0.034 
210 

0.007 
246 

0.019 
302 

0 . W  
74 

0.01:i 
16; 

0.139 
40 

0.042 
26 

0.020 
41 

0.019 
18 

0.030 
24 

0.022 
34 

0.022 
01 

0.004 
108 

0.083 
32 

0.056 
20 

0.016 
62 

0.036 
311 

0.022 
330 

0.097 
10 

0.149 
302 

0.157 
108 

0.299 
310 

0.251 
203 

0.350 
308 

0.313 
308 

0.357 
364 

0.337 
302 

0.308 
311 

0.352 
310 

0.289 
313 

0.100 
354 

0.111 
1 

0.246 
108 

0.140 
84 

0.203 
134 

0.127 
116 

0.133 
111 

0.138 
244 

0.118 
150 

0.166 
206 

0.008 
228 

0.116 
138 

0.146 
183 

0.138 
190 

0.159 
149 



HARMONIC ANdLYSIS AND PREDICTION OF TIDES . 
Compound and long-period component-Continued . 

[For other componants and mferencas sea pp . 319 to  (02.1 

Stations . 

Aah, South Cwst--Continued . 
................. Maskat, Arabia 

Aden, Arabia .................. 

Idng-porlod components. Compound components . 

Perim, Strait of 
Arabia . 

A Jrfca . 
sum, ned Sca, ~ g y p t  .......... 
Diego Suarez, Madagascar 0.112 

280 

.... 

Nm 

0.043 
19 

0.021 
8 

MI 

0.030 
6 

0.012 
17 

MK 

0.018 
188 

0.025 
0 

Sa I Ssa 

! 
HS1 

-__----. 

0.012 
263 

0.002 
248 

MS 

0.014 
306 

0.015 
159 

0.138 
97 

0.372 
350 

.................................................. 

2SM 

0.008 
205 

0.021 
103 

ZNK 
- -  

0 . W  
345 

0.007 
5 

0.140 
187 

0.126 
131 

Mauritius Island 

MN 

0.000 
284 

....... ....... 

Cape Town (Tablo Bay) : 

Duala, R a m e m  

Europe, Medilcnoneon Sea . 
Vonlce (Porto Malamocco), 

Italy . 
Toulon, France 

Marsollles, France 

Europe, Wut Cwat . 
Lisbon (Cnatis), Portugal 

St . Jonn de Luz (Fort Socoo), 
Fmnce . 

MouthoftheC3irondo, Franco 

................................... 
.......................................................... 

.............. 

..................... 

..................... 
................................................... 

................................................. 

..................... 

..................... 
........................ ................... 

'. 

....................................................................... 

................................... 

................................... 

........................................ ................................... 

Fort Doyard, Ftanc0 ........... 
Rochelle, Frsnce 

St  . Nazalro (Mouth of Lolro), 
France . 

Brest, France ..... ..-. ...,..... 
St.Servnn (St.Nalo), France 

Cherbourg, France ............. 
Lo Havro, F m c o  

Ostond, Belgium 

Vlissingon . Eolland 

Neuzen, Holland 

m3e-24 t-n 

228 

..................... 

..................... 

..................... 
...................... ..................... 

........................ 
..................... 

0.031 
233 

.............. 

..................... 

..................... 

..................... 

321 
.................................... 

0.009 
17 

............................ 
.................................... 

................................. 
.................................... 

0.124 0.111 
......................................... 250 76 

0.301 0.164 
........................................................ 208 58 

294 231 333 

0.176 
07 

0.200 

300 

....... ....... 
0.304 

64 

....... 87 2 200 2K3 203 182 

0.108 
01 

0.115 

82 
0.513 

88 
0.384 

I22 
0.264 

107 
0.267 

321 
0.078 

60 

0.4M 
170 

0.234 
63 

0.220 
142 

0.172 
174 

229 

0.032 
280 

0.016 
160 

0.030 

49 
0.103 

30 
0.103 

10 
0.130 

22 
0.472 

052 
0.023 

271 
0.314 

198 
0.147 

310 
0.128 

350 
0.174 

369 

41 

0.012 
37 

0.041 
200 

....... 

148 
0.033 

20 
0.001 

208 
0.043 

173 
0.085 

230 
0.010 

102 
0.011 

360 
0.174 

106 
0.171 

61 
0.161 

65 

283 

0.030 
20 

0.050 
327 

0.125 

343 
0.104 

30 
0.170 

33 
0.052 

76 
0 . W  

238 
0.080 

159 
0.058 

2 

0.118 
63 

0.148 
31 

185 

0.185 
172 

0.180 
217 

0.217 

M3 
0.110 

239 
0.099 

37 
0.085 

316 
0.004 

164 
O.M2 

100 
0.101 

273 
.............. .............. 

0.150 
200 

0.153 
272 

118 

0.170 
DO 

0.107 
80 

0.098 

102 
0.401 

257 
0.423 

250 
0.203 

ne 
0.320 

222 
0.109 
200 

0.311 
218 

0.161 
222 

0.240 
251 

0.237 
205 

129 
O.ORO 

123 
0.180 

05 
0.080 

1% 
0.128 

83 

0.081 
158 

0.148 
151 

...... ...... 
0.132 

200 
0.133 

201 



412 u . s . COAST AND GEODETIC SURVEY . 
Compound and  long-period components-Continued . 

[For othor components and  releronces soe pp  . 319 to 402.1 

I 
Compound components . Loupperiod compononts . 

Stations . 

-- 1 
E u r g c ,  lVut Coast -Continued. 

IXnnswoert, Iiollnnd ............ 

Wemoldinge, IIolland .......... 

Zlerlkzm, IIollnnd 

Browcrshnven, Holland 

.................. Willomstad, IIollmd 

Hollovoetsl~~is, IIollnnd 

.. Rotterdam, Holland : 

Hook vnn IIollnnd 

IJumuldcn, liollnnd 

O.(!30 
13 

: 

.................................. 

............................. 

............................ 
.............. 

........................... 
. .___ _ 

211 43 53 40 257 254 223 
....... ....... Holdor, Holland 0.054 0.341 0.135 
....... 303 ....... 213 205 

............................ Vlicland, Holland 
.............. 

Earlingcn, Holland ................... 
............ 

....... ............................. I Dollzijl, Eollnnd 0.053 0.178 0.369 0.132 
.............. 121 247 223 174 

.................................. .................. Wilhclmrhnvcn, Gonnnnp 

0.079 
215 

.................... 
..................... 

..................... 
............................ 

..................... 
I ..................... 

..................... 

........ Bromorhnven, Germnny 

Rothon SnndoT,ighthouso, Cler- 
many . 

Ilolgolnnd Island, Qermnny 

Kristinnin, Norwny 

Oscnrsborg, Norway 

Arcndal, Norwny 

Stavangor, Norway 

Borgcn, Norway 

0.077 
8.5 

............. 

........-..... 
0 WG 

305 
.............. 

................................. 

................................ 

................................. 

............................... 
.............. 

1 ....... ...... 1. _ .___.__ ,___.___ 

Europe, Drllidh Islea . 
West tIartlepool, England 0.014 0.026 0.016 0.137 0.127 

308 206 00 93 
Bhoerncss (Thnmrs River En- 

trance), Enplnnd . 
Idondon Brldge, England ..................... ..... 0.054 ..................... 

.............. ..... 285 ..................... 

0.0&3 
200 

0.142 
229 

0.122 
180 

0.200 
185 

0 255 
244 

0.2'35 
U)I 

0.225 
261 

0.335 
1% 

0.331 

. 0.2133 
210 

0.209 
196 

0 . N  
220 

0 MO 0.052 
148,  184 

....... i 

0.182 
12 

0.148 
10 

0.141 
0 

0.144 
24 

0.072 
47 

0 083 
38 

0 2% 
316 

0.115 
244 

0.124 
230 

0 
101 

O.n3:< 
108 

0.030 
317 

0.377 
318 

0.007 
m 

0.048 
1% 

...... ...... 

..................... 
......................... 

..................... 

..................... 

..................... 
................................................. 

..................... 

0.050 
73 

0.091 
. 2R 

0.052 

................................... 

0.058 
70 

0.162 
48 

0.102 
50 

0.094 
107 

0.1% 
47 

0 174 
05 

0.171 
308 

0.125 
258 

0.518 
274 

0.007 
103 

....... 

....... 

....... 

....... 

. . . . . . . . . .  
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Compound and long-period compone7~ls-Co~itinrled. 

[For otl~er components und rolcrcncos sge pp. 310 to 402.1 

Ytntions. 

......... Ramsgnto, En~ lund . .  

Dover, England.. ............. 

Compound components. I Long-pcrlod compononts. 
- ....... 

hfSl / hfm 
-- I - .  - 

..... .... ........................... I'ortland Ilrm~!;wul or, Englund. ...... .I. .I.. 
....... : ....... ; ........................... I:::::: 

.. Nowlyn, England ............................ ! . . . . . . . I  0.100 .............. 1 .......I :::::.. 2s 

Avonmouth, li'ngland ........................ 0.2011 0.504 0.470 0.153 ...... 
...... ............ .I 3:O 1 2,) 8 101 

............. . ................................ 
.............. ....... .............. .................. Hdbre Isl~md, England.. . . . I  0 I 0 110 

: 25.1 215 1:: 
Llverpml, Englnnd.. ............................ 0.41Xi 0.1:17 0.011 O.OS6 0 120 0.362 0.142 

..... ............. .;. ., 251; 216 2 21 270 239 189 
! Orconock (Firth of Clyde), 

Hcotlnnd. 
Oban, Scotland. 

Edlnburgh (Lolth), Scotland.. 

BMmnoss, Orknoy Island..  ......... ...- 
....... 

....... ............................. 
........................... ............. ...... 

Kingstown, Ireland. 0.346 0.061 
252 :. 232 170 

............................. , . . .  rn...... Queenstown, Ireland.. ........................... .: 
........................................................ 234 ...... 

A ntarcllc Renians. 

Port Clrconelslun, Potormann ................................... 0.184 ........................... 
Island. ...................... ....... . ....... 218 ........................... 
- - - - ... - .. - -- .- .. .- . -- ... - 
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................................ Sumbn Islnntl 380 
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Sweden ...................................... 308 
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........................................ Texas 328 

Tiger Islnnds., , ............................. 380 
................. Timor Island .......-. 381 

........................................ Tunis 302 
...................................... Turkoy 389 
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..................................... Uruguny 331 
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Red Bcn ..................................... 380 
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