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PREFACE . .  

This voluine was designed primarily as a. w o k n g  ‘niaiiunl for use 
in the United States Const niiil Geocletic Survey and clescribes the 
proc.eclure used in this office for the harmonic nndysis uicl predic,tion 
of tides mcl tidal currents. I t  is based largely upon the works of 
Sis Williaii Thonison, Prof. George H. Dzirwin, and D& Rollin A. 
Hamis. I n  recent ears there d s o  has been cmisiclernble work clone 

University of Liverpool. 
The first edition of the present work wne”puhl&xl’ in 1934. I n  

this revised eclition there has been a renimngement of the ninteriiil in 
the first part of the voluine to bring out inore clearly the clevelopniei!t 
of the t idd  forces. Tables of astroiioniical data niid ot1ie.r tn.tj1e.s to 
facilitate tlie comput.ationu have been reki.iiiec1 with a few revisioiis 
aiicl sclclitions aiicl there has bee!i aclclecl +. list of syiiihols used in 
t$e work. 

The collection of t idd haiinonic coiista.nts for. the: world that 
appeared in the earlier eclition has been omitted altogether because 
t,lie work of mn.irit:tiuing such a list has now been taken over by the 
Internntionn.1 Hydrographic B ~ i r e ~ i  a.t Monaco. These constants 
are now published in In ternatioiial Hyclrographic Bureau Specid 
Public.ation No. 86, which consists of it collection of loose sheets which 
peqiit  the nddition of new constants as they become. available. 
Q Specid ncknowl , associate mntlie- 
matic.im of t>he o ‘revie*.ccl. .the. 
manuscript of this unble suggestions. 

on this subject by il r. A. T. Dooclson, of the. Tidal Institute. of the 

I1 
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MANUAL OF HARMONIC ANALYSIS 
AND PREDICTION OF TIDES 

INTRODUCTION 
HISTORICAL STATEMENT 

1. Sir Williaan Thoinson (Lord I<elvin) clevisell the niethocl of 
rccluction of tides by linrinonic. annlysis about the year 1 SG.7. The 
principle upon which the system is hilsecl-viliic,h is tlint any peri- 
odic niotion or oscilln.tion c m  always be resolved into the surn of n 
series of siniple liarmonic n1.o Lions-is said to have been clisc,overecl 
by Eutlosns as early as 356 B. C., when lie esplnined tlie n.pparently 
irregular inotioas of the p1nnet.s by combini7.taions of miforin circu- 
lar motions.' In the early piart of the ninet,eenth century Laplace 
recognized the 'esistence of pnrtid tides tliat might be espressecl by 
the cosine of an angle inc.reasing uniforinly wit11 the time, n a c l  also 
rt.ppliet1 the esseii t i d  principles of the 1inrin.onic aiialysis to the recluc- 
tion of high and low waters. Dr. Thomas Young suggested the 
importance of observing nnd andyzing the entire t i h l  ciirve rather 
tlim the high mid low waters only. Sir George B. Airy also had an 
important part in lnying tlie foundation for tlie liarinonic. nndysis 
of the tides. To Sir William Thoinson, however, we mcy give tlie 
cmdit for haviiig placed the analysis on a practicd basis. 

2. In 1SG'i the British Association for the Aclva~iic.ement of Science 
appointed n corninittee for the purpose of promoting the csteiisioii, 
improvenl.ent, and hnimonic aliidysis of tidill obscrvatmns. The 
report on the subject was prepttrecl by Sir Willinin Thomsoii aiid was 
p iiblishecl in the Report of the British Association for the Bclvrtnce- 
nzent of Science in 1868. Supp1enwnta.i-y reporti were inncle from 
time to time by the ticlal comniittee and published in subsecluent 
reports of thc British association. A few years later a c.omni.itte, 
coiisistiiig of Profs. G. H. Darwin aiid J. C. Aclanis, drew up a very 
full report on the subject, wliicli was pnblisliecl in the Report, of the 
British Association for the'Ailvniiceii~.eiit of Science in 1883. 

3. Among the American mntli~iilllnticiaas who have 1iti.cl an iniportitnt 
part in the ilevclopment of this subject inny be iiani.ec1 Prof. William 
Ferrel and Dr. Rolliii -4. Hwris, both of whom were associated with 
the I T .  S. Coast and Geodetic. Survey. The Tidal Researches, by 
Professor .Ferrel, was published in 1874, and a.dclitiona.1 a,rticles on 
the harmonic analysis by tlie same author appeared from time to 
time in the annual reports of the Superintendent of the Const and 
Geodetic. Sim7cy. The best, laown work of Doctor Hrt.rris is his 
klaiiiinl of Tides, which wtis published in several parts as appendices 
to the annual reports of the Superintendent of t.he Comt m d  Geo- 
detic. Survey. The subject of the harinoiiic analysis 'l\ia,s treated 
priiicipally in Part I1 of tlie Mnnual which appeared in 1S9T. 

. 

1 Nautical Science, p. 3 9 ,  by Charles Lane Poor. 
1 
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GENERAL EXPLANATION OF TIDAL MOVEMENT 

4. That the ticlal movement results from the gravitational attraction 
of the moon and sun acting upon the rotating earth is now a well- 
established scientific, fact. The inoveiiient inc.ludes bo tli the vertical 
rise and fall of the tide and the horizontal flow of the tidal currents. 
It will be shown later that the tide-proclucing force due to this attrac- 
tion, wlieii taken in connection with tlie attraction between the par- 
tides of iiiatter which constitute the earth, can be espressecl by mathe- 
iliatical formulas based upon the well-known laws of gravita.tion. 

5. Altvliough the acting forces are well uiiderst.ood, the resultant 
tidal moveinelit is esceecliiigly coniplicsted because of the irregular 
distribution of land and water oii the enrtsli and the retarcling effects 
of friction and inertia, Contrary to the popular idea of a progressive 
tidal wave following the moon around the eartsli, the basic ticlal 
movenient as eviclencecl by observations at iiuiiierous points along tslie 
shores of the oceans consists of a number of oscillating areas, the move- 
nient being somew1in.t siniilar to tliat in a pan of water that has been 
t,iltecl. Such oscillations are technically known as' stationary waves. 
The coiiiples nature of t,lie iiioveiiientr c.an be appreciated .when con- 
sideration is given to tlie fact that such stationary waves may overlap 
or be superimposed upon each other and may be accompnniecl by n 
progressive wave movement. 

6. Any basin of water has its naturd free period of oscillation de-. 
pending upon its size and clepth. The usud foimula for the period 
nf osc.illatioii in a rectangular tank of uniform cleptli is zL/J& in 
which L is the leagtli aiicl d the clcptli of the tank and Q is tslie uccelera- 
tion of gravity. When a disturbing force is applied periodically a t  
intervals corresponding to the free period of a body of water, it tends 
to build up nn oscillation of much greater magnitude than woulcl be 
possible with a single n.pplicstion of the force. The ninjor tidal 
oscillations have periods approximating t.he half mcl tlie whole lunar 
day. 

HARMONIC TREATMENT OF TIDAL DATA 

7. The harnionic nnalpsis of tides is. haec1  upon an assiiniption that 
t,he rise mcl fall of the tide in any locality 'can be espressecl matlie-. 
iiint,icdly by the sum of a series of hmiiionic terms having certain 
rela.tions to astronomical conclitions. A siiiiple limnionic function is 
a quantity that varies as the cosine of an angle that increases uniformly 
with time. In t;he equa,tion y=.S cos nt ,  3 is an hqnionic function of 
the angle at in which. a is a constant and t represents time as measured 
from some iiititid epoch. The generd equation for the height (h) of 
the tide a t  any time ( t )  may be writhn 
h=H,+A cos ( d + a j + B  cos ( b t + D ) f C  cos (ct+rj+ etc. (1) 

in mhicli Ho is the height of the mean water level above tlie datum 
used. Other symbols are esphinecl in t,he following part-gmph. 

8. Each cosine term in equation (1) is known as a constitu.c.nt or 
componeri,f ti+?. The coeficients -4, B, (2, et,c. we the cr.jnplifu.des of 
the const3itueiits .. a,nd are. clerivecl . from observed ticlal clsts in each 
loka.lit,y. The expression in parentheses is a uiiiforiiily-vciIig. angle 
and its value a t  any time is called its plmv.. Any constituent term 
has its maximum positive vdue when t,he phase of the angle is zero 
and a niasimuni negative value ~vlien the pliase equals 18O0, slid the 
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term becomes zero when the phase equals 90' or 270'. The coeficient 
of t: rebresents the rate of change in the phase tmc l  is called the s p e d  
of the constituent and is usually espressecl in degrees per hour. The 
time required for '5 constituent, to pnss though a complete cycle is. 
know;i .as its period .wid. may be obtained by dividing 360' by its 
speed. The pekiocls. hncl corresponding speeds of the constituents are 
derived from astronomical data ancl are indepenclent of the locality 
of the tide station. The symbols a, 8, y ,  etc. refer to the initial pha,ses 
of the c.onstaituent angles a t  the time when t equals zero. The initial 
phases clepenrl upon locality a.s well ns tlie instant from whicl? the 
time is reckoaecl and their values  re clerived from ticlad observations. 
Hu,rmon.ic malysis as applied to tides is the process by which the 
observed tichl data a t  any place we sep:wtl.atecl into n number of 
harmonic constituents. The quanti ties sought, are known ns h.armon:ic 
consfmts and consist of the aiiipli tucles and certain plme relations 
which will be more fully esplniiieil later. Hurnioiiic prediction is 
acconiplisheil by reuniting -the e.lenien twy constituents in accorclnnce 
with as trononiicd relations prevailing at8 the t h e  for ~ h i c h  the 
predictions are being macle: - 

ASTRONO~ICAL DATA . 

9. In ticlal work the only celestial bodies that need be considered 
are the nioon and sun. Although every ot81ier . c.elest8iinl body whose 
gravit~n.tiona1 influence reaches the earth creates a theoretical ticle- 
procluc.iiig force, the grester clistance or smaller size of such body 
reiitlers negligible any effect of this force upon the tides of the earth. 
In deriving matlienintical expressions for the tide-producing forces. of 
the moon and sun, the principal factors to be taken into consideration 
are the rotation of the earth, the revolution of the nioon nrouncl the 
earth, the revolution of the earth around the sun, the incliiiatioii of 
the niooii's orbit to the earth's equator, mcl the obliquity of the 
ecliptic. Nuiiiericd values pertaining to these factors will be found 
in table 1. 
' 10. The earth rotates 011 its axis once eac.11 clay. There are, how- 

ever, several liincls of clays-the sidere31 clay, the solar day, the lunw 
day, and the constituent day-depending upon the object used as a 
rqference. fo i... the rotihtori. The sidered day is defined by astronomers 
as the time reqiiird for tlie rothtion of the ea.rtli with respect to the 
vemd equinox Because of the precession of the equinox, this day 
differs slightly from the time of rotation with respect to n fisecl star, 
the difference being less than the hundrecltli part of a second. The 
so1a.r du,y and lunar day are respectively the times required for rotation 
with respect to the sun and nioon. Since the motions of the earth 
and moon in their orbits are not' u~iiform, the solar and lunar clays 
vary a little in length am1 h i r  average or niean values are tal- \en as 
standmcl units of time. A con.stitu~ent t h y  is the time of the rotation 
of tlie ewt>li wit,li respect to 8. fictitious satellite representing one of 
the periodic elements in the ticlal forces. It n.pprosimates in length 
the lunar or so1n.r day snd corresponds to t,he period of a cliurnal 
constituent or twice t,he period of a seniidiurnnl constituent. 

11; A calct&v &?/...is a mean solar day c.onimencing at  iificlniglit. 
Such a cdenihr clay is I-~~iown also as a civil day to distinguisli it from 
the astronomical ckcy wli cli cornniences at noon of the same cln.te. 
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Prior to the yens 1035, the a.stronomical’ ~l:t17 wa.s in geiier:~l use .by 
a.staronomers for t,he recording of .nst.roi~oniic.d clnta, but beginning 
with t,he Ephemeris and Nsutical Ahn.2lia.C published in 1035 the 
civil c1a.y 1in.s been nclopted for the citlcula.tions: ’ ’ Each c1a.y of x7ha.t- 
ever. k i d  niq’ be diviclecl iiito 34 eclua.1 p u t s  known as hours which 
me qiidifiecl by tlie name of the kiiid of ik-j of which they a.re n pwt, 
as siderd h.~.ii,r, eoln:r 1ia u.r, ku~n.cir h,n iir, or consf.itur.nt 1i.ozir. 

Al- 
though the nvernge eccentricity of this orbit reninins npprosimntdy 
c.onstsnt~ for long periods of time, t h e  a.re n nunibcr of perturl>atjions 
in the nioon’s motion due, p~hiar.ily, to the n.tkrnctivc force of t,he s~iii. 
Besides the revolution of t.he line of a.psicles nncl the regression of. the 
nodes wliic.li tdie place niore or less slowlyq the principal ineyunlit,ies 
in the niooii?s niot,ion wliic,li n:Re.c.t the t.icles are. tlie evec.tion and 
viiriation. The evection clepencls upon the nlternste increase m c l  
clecrense of the eccentricity of the iiioon’s orl?it, whicli is nlwa,ys n 
ma.simum wlieIi the sun is passing the i i ioo~i?~ line of apsicles, a n d  n 
minimum wlien talie sun is n t  right angles to it. The variation ine- 
cpdity is clue ma.in1-j to the tmgent,ial coniponeiit of the disturbing 
force. Tlie period of t,he revnlnt,ion of the niooii around the enrtli 
is cdlecl n month. The iiionth is clesignn.tec1 ns siclcreal, tropicd, 
anonin.l.istic, noclica1, or synodical, a.c,c,oriling to wliether thc revolution 
is relative to n fiseil star, the verii:7~1 ecpiiios, the perigee, the mcencl- 
ing node, or t,lie s~in.  The c.a.lcnc1:i.r month is a. rough approsimtttion 
to t,lie synoclicnl month. 

13. It is c.ustomn.ry to refer t o  tjhe revolut,ion of the earth a.roiiiic1 
t h  sun, a.lt8hougli it  nin,y be niore a.ccura.te1y statjed that, they bpth 
revolve :wound their c~iiiiiioii center of gravity; but if we inixgine 
the ea.rtli as fisecl, the sun will describe itii nppweiit path arouncl the 
en.rt,li which is the same in size and form its the orbit, of the earth 
wound the s~ in ,  and the eft’ect upon the tides woulcl be the same. 
This orbit. is an ellipse. with a n  ec.c.e,nt.ricity tqlin.ts c.1imge.s so slowly 
that it The period of . 
the revolution of the enrth a.rouncl the sun is n year, but bliere are 
’several kiiicls of yea.rs. The sic2erenb year is n. rewhition with respeck 
to a fisecl shr ,  the t r o p i c d  ?/cas. is B revolution wit11 respect to  the 
vernd ecluiiios, the eclipse year is a rcvolution with respect to the 
moon’s asc.e.nd jng node, micl the.  a~iinnialiefic yaar is 8‘ revolution wit.11 
respect to the solar perigee. 

14. A c a l e , d w  ycnr consists of 3.11 iiitegrd number of 1nea.n solar 
clays a.ncl may be n cuniinon yecir of 365.dn.y~ or n I m p  ?/car of 366 clays, 
t,hese years being selected a.cc,orlling to the ca.lendnrs described below 
so t,liat the avera.ge length will n.gree a.s 11ea.rly ns prn.c.t,icnble wibh 
the length of the tropicn.1 year which fixes the periodic c.linnges ill the 
sensons. The xvera.ge length of the c,a.leiidw year by the Julisii 
cx1encla.r is esnctly 305.25 c l n p  nncl by tlie Gregorinn cnleiiclnr 365.3135 
clays a.iicl these may be clesignatecl respectively 8s 8, Jzrlimi. y~ra.r aacl a 
Gragoriaii. ywr .  

15:Tlie two principal kilicls of ca1endn.i.s in use by niost of the 
civilized worlcl since the beginning of the Christian era a.re tlie Ju1in.n 
n n d  the Gregoriui. c,dendnrs, the latter being the ,modern c,a.lencln,r in 
which t>lie clat,es are sonietiiiies referred 60 as “new style” to clis- 
tiiiguisli them from the clnt,es of the olcler cn.lenclnrs. Prior to tlie 
yew 45 B. C. t,liere was inore or less confusisn in the cdenda.i.s, inter- 

12. Tlie moon revolves n.rounc1 the ea.rt1i in nn.cllipticn1 orbit. 

be considered RS practic.a.11y constmit. 
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calations of niontlis a n d  clays being grhit,rarily niacle by the priestliood 
and inngistsn.t,es t.0 bring t,he cn1encla.r into accorcl with the seasons 
m c l  .for other purposes. 

16. Tlie Julinn cd1eiicla.r received its iianie from Julius Cssw,' ,;rho 
introduced it  iii the year 45 R. C!. This cnlenclar provided that the 
coniiiion year shoulcl consist of 365 days and every fourth year of 366 
clays, cadi year to begin on January 1. As proposed by Julius Casar, 
fhe 12 inont,hs beginning with Januaiy were tu be. ad ternately 3 1 clays 
and 30 clays in length with the esce,pbion t1ia.b Fel>run.iy shoulcl have 
only 39 clays in the coiiiiiion ye?rs. When Augustus sucmeclecl 
Julius C ~ s n r  a few. years later, he sliglitly nioelified this a,rran,qenient 
by transferring om clay from February t,o the inontsli of Sestilis, or 
August as it wns thep fenmicd, and also transferred the 31st da.y of 
September a n d .  Noveniber to Oct,ober and December to avoid linving 
t h e e  31-clay months in succession. 

17. The Gregorinn caleiiclnr received its name from Pope Gregory, 
. mho int~roducecl it, in the yew 15S2. It was inimerliatdy adopted by 
t h e  Cn.tlio1ic .countries but was not ac,ceptd by Enghid until 1752. 
This c.alendar difl'ers froiii the Julian cdenclnr in having the century 
yenrs not es:wtly divisible by 400 to consist, of only 365 chys, while 
hi the Ju1i:i.n cii.lendnr e.very century yew :is well :IS every other year 
divisible by 4 is talien ns A. leap year witsli 386 clays. For dates before 
Christ t>lie pear numl>er must be diminished by 1 before testing its 
divisibility by 4 or 400 since the year 1 B. C. corresponds to the year 
0 A. D. The Gregorian ca.leiiclar will gain on t,lie Juliaii calcnclar 

. three clnys in each 400 years. Wlieii origiiidly adopted, in order to 
' adjust the Gregorian cnlentlas so that t>lie vernal equinox s~ioulcl 
fall upoii March 21, a.s it had at  the time of the Council of Nice in 
325 A.  D., 10 dnys were dropped niicl it WRY ordered tjliat8 tslie clay 
following October 4, 15S2 of the Juliui c.alenc1a.r shoulcl be clesignated 
A.S Oct,ober 15, 15S2 of the Gregoriali ca1eacla.r. This difference of 
10 clays between the dates of the two caleiiclws continued until 1700, 
which was n leap year according t,o the Juliaii cdeiiclar ,ancl a. coni- 
nion year by the Gregorisn c.alend:w. Tlie cliff ere1ic.e be tfween t'he 
t,wo then became 11 clays and in 1,900 wa.s iiicreasecl to. 12 days. 
Since 1900 t,lw clifl'ereiice has been 13 days and will.renihin the snme 
unt,il the year 31c)O. 

18. Dates of the Christian. era pr,ior t.0 October 4, 1583, will, in 
general, conform to -the Julian c.aleiiclar. Since that time both cnl- 
eqdars have been usd. . Tlie Gregorim cdeiidsr was adopted in 
Eiiglaaid by an act of .Parlia.ment passed in 1751, which provided 
that, t,lie day following September 2 ,  1755, should be c.allecl September 
14, 1753, ~ 1 1 ~ 1  dso  that the year 1753 and suhsequent yews should 
coniincnce on the 1st day of J:i.nuary. Previous to this the legal 
yeas in Eiiglaiicl c.omnienced on A'larch 35. Except for this arbit.ra.ry 
beginning of the ybnr, the .old English caleiiclnr mas the saine xs the 
Julian c.ale.nclar. When ' A l d i a  IVM purclimxl froin Russia by the 
United States, its c:ilencla.r wa.s :dterc.cl by 11 clays, one of these claps 
being necessary because of' the cliff erence hetween t,lie Ashtic and 
American chtes' when c.omparec1 t~cross the one hundred nncl e;ight,ictli 
.meridian. Dates in the tables at the ba.c.B of this volume refer to  
the Gregorian c.a.lenrlar. . 
' 19. Tlie t h e e  great. circles forqed by the int)ersections of the planes 

' of the enrtli's equator, the d ip t ic ,  and the moods orbit with the 
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celestial sphere are represented in figure 1. These .circles intersec,t in 
sis points, three of tlieni being marked by symbols in the figure, 
nynely, the aermzl equinox T at  t,he intersection of the c.elestid equator 
and eclipt,ic, the a.sceiicling 1zmcr.r node 6~ at tlie intersection of the 
ecliptic nnil the projection of Llie inooii’s orbit, mid the tmaf. inter- 
section. A a t  the intersection of the celestial equator and thc projection 
of tlie moon’s orbit. For lwevit8y these t h e e  points are sonietinies 
callecl respectively “the equines," “ tlie nocle,” and “ the intexsection.” 
The vernd equiiios, altvliough subjeck to a slow westward motion of 
about 50” per year, is generally tn.ken its a fixed point of reference for 
the iiiotioii of other parts of the solar system. T&.e,mo.on’a ao.cle Las. n 
westward niotion of about 18’ a ven.r, which is sufficient..to carry it 
entirely nround a grea.t circle in a lit& less:thai< i.9 yeim.  

20. The angle (J between tslie ecliptic ani1 the celestial equator is 
known as the obliquity of the ecliptic and has n nearly constant 
value of 23)i0. Tlie angle i between the.  ecliptic nnd the plane 
of the moon’s orbit is also consta.nt with n value of about 5’. 

FIGURE 1. 

The angle I which measures the’ inclination of thc nioon’s orliit to the 
celestial equator might appropriately be cdlecl the obliquity of the 
moon’s orbit. Its ningnitude changes with the position of the nioon’s 
node. When the niooii’s n.scending node coincides with the vernal 
equinox, the angle I equsls the sum of w m d  i, or Itbout %:A”, mid when 
the descencling node coincides with the vernd equinox, the angle 
lequals the clifference between w and i, or. ,about IS)<”. This variation 
in the obliquity of the moon’s orbit wit11 its. periocl’of. ap rosimately 
1S.Q years iiitsoduces itn inipoi*tail,~,-i.nequdity,.in tlie;.:tida f niovernent 
which niust be talmi into account. 

21. In the celestial sphere the terms “latitucle” and “longitucle” 
apply especially to measurements referred to tslie ecliptic and vernd 
eqiiinos, but the ternis 11ia-y with propriety also be applied to meas- 
urenients ref erred to o tlier great circles mid origins, provided they 
a.re sufficiently well defined to prevent any anibiguity. For esample;, 
we niay say ‘ilongitude in the moon’s orbit measured from the moon’s 

. . .. 
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node. ': Celesbial longitude , is adways understood to be niea.sured 
towaF.d the east ~e~it~irel.lp..asou~icl. the.circle. Longitude in. the celestial 
equator reclxniecl froni t,lie. v e n d  ecluinos is cdlecl right ascension, 
and the angulw distance north or so'iitli of the celestial e c p t o r  is 
cn.llecl declination. 

22. The true longitude of any point referred to any great circle in 
the celestial sphere may be defined ns the n.rc of that circle intercepted 
between t8he acceptecl origin a d  the projection of the point, on tlie 
circlc, the nieasmemeiit being slwnys ens twnrcl from t,he origin to the 
projectmion of t,he point. The tsue longitude of any point will generally 
be di.fl'eren t when referred to different c.irc.les, although reclconecl froni . 
a coninioii origin ; nncl the loiigitude~of a body moving at n uniform ra.t,e 
of speed in one great circ.le mill not hnve a miiforni ra.be of change when 
referred to mother great. circle.. 

23. Tlie ~iie:m loiigit'ucle of a body nioving in n closed orbit and 
referred to any great circle may lie defined n.s tlie'lo~igit~ude t,h.zt would 
be attdnecl by a point, iiioving uniformly in t,he cirde of reference a t  
the same average mgultw velocity as that of the body and with the 
initid position of bhe point. so taken that its mean loiigitucle would be 
the same as t,he true 1ongitude.of. the body at, a certain selected position 
of t1ia.t. hocly. in 'its 'orbit. : With a conininn. initial: point, t,he mesn 
longitiicle of a nioving body will be tslie s t m e  in whatever circle it may 
be reckonecl. ,Longitude in the- ecliptic and in the celestial equator 
are ilsually reckoned from the venial eyuinos T, which is coiiinion to 
both circles. I n  order to have an equivalent origin in the nioon's 
orbit,, we may lay off an a.rc. 6b 7'' (fig. 1) in the nioon's orbit equal 
to A 7' in the ediptic. and for con~~enieiice c.al1 the point' 7'' the 
referred equinox. The nienn longitude of any body, if reckoned froni 
either the equinox or. the referred equinox, will be tlie same in any of 
tlie three orbits represented. This will, of course, not be the case for 
the true longitude. 

24. Let. us now examine more closel37 the sphericd.triangle Q 7' A 
in. figure . I  . The .angles ,w and .are.. very .nearly c0nstnii.t .for long 
periods of time sncl have already been explained. The sid.e 6b T ,  
usually clcsigiiated by N ,  is the longitude of the moonJs node and is.- 
unclergoing a constant mid prac.tically uniform change clue to the 
regression of the inoon's nodes. This westward movement of the 
node, by w1iic.h i t  is carried completely srouncl t,he ediptic in a 
period of a.pprosiniately 1S.G years, causes a constant change iii the 
foim of t.he triangle, the elements of w1iic.h are of considerable hi- 
portance in the present discussion. The value of the angle I, the 
supplement of the angle 6b A T,  has an iniportnnt effect upon both 
the range m c l  time of the tide, which will be noted later. The side 
A T, designated by v !  is the right' ascension or longitude in the 
celestial. equator of the intersection A. The arc designated' by 
4 is equal to the side A 7'-side 6b A and is the longitude in the 
moon's orbit of the intersection A. Since the angles i and w are 
assunied to be constnnt, tlievalues of I ,  Y ,  nml 5 will depeiicl directly 
upon jV' tlje .longitude of.  the:.niooii's node, aiicl mny. be readily 
obt'ned b;y the'b'rdinnry solu~tioii of the spherical triangle A T .A. 
Table'G give the values of I, I ) :  and 5 'for each degree of I?. I n  the 
computation of this table t,lie d u e  of w for the beginning of the 
twentieth centuiy was used. However, the secular change in the 
obliquity of the ecliptic is so slow that R difference of a century in 
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the epoch taken a.8 the basis of the coiiiputatioii would liave 1-esultec1 , 
in differences of less tlinii 0.03 of a degree in tlie tabular values. 
The table may therefore be used without materid error for reductions 
perta,iiiing to any modern time. 

25. Looking agniii at  figure 1 , it will be. noted thnt w1ie.n the 
longitude of the moon’s node is zero tlie value of the inclination I will 
equal :,he. sum of w and i nnil will he at  its masiinuni. In this position 
the northern portion of tlie iiioon’s orbit will be north of the ecliptic,. 
When the longitude of the inooii’s noclc is lSOo, tlie iiioon’s orbit 
mill he between tlie Equator and ecliptic, and tlie an& I will he 
ecpd to angle w-angle 2:. Tlie angle I will be always positive and 
will vary froiii u-i to u+,i. When the longitmle of tlie moon’s node 
equals zero or lSOo, the values of v and E will each he z c o .  For all 
positions of the ni.ooii’s node north of the Equator as its longitude 
clia.npe; froni 180 to Oo, v and 5 will linve positive values, as iiicli- 
c n t d  in the figure, these a,rcs being consiclcxed :is positive when 
rcc.l:onod eastward from T and respectively. For all positions of 
tlie node soubh of the Equator, as the longitucle changes from 360 
to lSOo, v ,and E. will eac.11 be negative, since the intersection A will 
then lay to the westwarcl of T and T’. 

DEGREE OF APPROXIMATION 

. 26. The prohlein of finding esprcssions for tida.1 ,forces and tlie 
equilibrium height of tho title in teiiiis of timc ttiicl ‘place does not 
nclmit8 of n strict solution, but approsiiiinte espressions cnn he oh- 
tained wliicli niay be cnrriecl to as high mi order of precision as tlesirecl. 
In  orilinnry numerical coinputations esact results are seldom ob- 
tained, tlie degree of pr&ision tlepencling upon the iiuniber of clecininl 
places used in tlie cmiiputations, whic.li, in turn, will be cleteriiiinecl 
largely by the magnitude of the quantity squglit. I n  general, tlie 
degree of approsinintion to the value of any quantity espressetl 

. numericn.lly will be cletmm.iiied by tho number of significant figures 
used. With a qumtit,y .represented by a single. significant figure, 
the error niay be as great as 3335 perc.ent of tlie quantity itself, while 
tlie use of two significant figures will reduce the iizasinzurn error to 
less than 5 percent of tlie true d u e  of the quantity. The large 
possible error in the first case renders it of little value, but in tlie 
la*tter c;i.se t,he :xpprosimation is sufficiently c.lose to be nseful when 
only .rough results are uecesssiy. Tlie distance of tlie sun froin the 
ea,rtli is populnrly espressetl by two sigiiificniit figures as 93,000,000 
miles. 

27. With t h e e  or four significant figures fairly satisfactory axpprosi- 
nirttioiis may be represented, nncl with n greater number very prec.ise 
resu1t.s may be espressecl. For theoreticnl purposes the highest at- 
tainable precision is desirable, but, for practicd purposes,’ because 

’ of the increase in the liihor without a corresponcling iiicrenie in util- 
it,y, it will be usunlly found advantageous to liinit tlie degree of 
precision in nccordance with thc prevailing conditions. 

28. Frequently a quantity that is to be used its a factor in an espres- 
sioii niay be espanclecl into a series of ternis. If the npprosimate 
vdue of such n series is near unity, ternis wliidi would nPlect the 
third decininl place, if espressecl nunzericdly , slioulcl usually be re- 
tained. The retention of tlie snialler teimis will depencl to some es- 
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tent upon the labor involved since their rejection would not seriously 
sffec.t the find results. 

29. The forniulas for the Iiiooii’s true loagitude m d  perallas on 
pages 19-20 are said to he given to the second aider of approsimation, 
n frn.ction of the first order being considered as one having an approsi- 
matme value of 1/20 or 0.05, a fraction of the sec?nil order having an 
approsinlate vahe  of (0.05j’ or 0.0035, a frnction of third order having 
an approsinlate value of (0.05j3 or 0.000125, ctc. As these forinulas 
provide important factors in the development. of the equations repre- 
senting the tide-producing forces, they cleterniine to a large estent 
the degrees of precision to be espectccl in the results. 



DEVELOPMENT OF TIDE-PRODUCING FORCE 
FUNDAMENTAL FORMULAS 

30. The t.ide-proclucing forces exerted by the inooii mid ' siiii are 
similar in their action and. matliemntic.ti.1 espressions obtained for one 
may therefore by proper substitutions be ndnpted to the other. Be- 
cause of the greater importance of the nmon in its tide-producing 
effects, tlm followilig 'clevelopmgnt will tipply priiiiarily 'to that body, 
the nec6ssary cliinges to iepaeceiit the solar ticlis bbiiig :,?.f terwarcls 
indicated. 

31. The tide-producing force of talle nioon is that, port.ion of its 
gravitational attraction which is effective in changing the water level 
on the eart,li's surfitce. This effective force is t>lie difference between 
t,he attraction for the earth as a whole n.nd t,lieinttra.ction for the differ- 
ent pzuticles w-1iic.h c.onstitut>e the yielding part. of bhe earth's sur- 
fn.ce; or, if the entire earth were coiisiclerecl to be a. pla.stic. niass, the 
tide-proclucing force nt any point withiii t.lie mass would be t,he force 
that tended to  chttnge the position of a pnrtide at that point relat.ivc 
to a pnrticle. at. t>lie center of t;he earth. That part, of t8he earth's 
surface whic.li .is clirec.t,ly, under. the niooir is nearer bo .that. body tlinn 
is the.  center of --t,lie:.eartli aiicl, is :t.lierc.fore niore. strongly. ~attr.ctc.tec1 
since. the force of gravity vwies iiivrrsely RS the scju;we of the dis- 
tmice. For the sa.nie reason the cent,er of t,he earth is niore st,rmgl.y 
a.t,trracted by the nioon tlian is that part, of the esrth's surfsce which 
is t,urned n.wny from the ninon. 

32. The tide-producing force, 1:)einp the djft'erence between tbc. 
a.ttsac,tion fqr partiqles situated relatively 11ea.r t,ogether, is snin.11 coiii- 
pmecl witli t,he attm ion itself.' It. niay !Je interesting to iiche, that, 
nlt,liough:- the- sim L-att,ra:c.t.ion my: the-enr t,lr-is- nenl;ly .2Ooi t.inies 'as .great 
n.s thn.t, of t,he nioon, its tide-producing. force is less t h i i  one-half 
that, of .t,lie moon. If the forces a.ct.iiig upon esch particle of the 
earth were equci.1 and pnriillel, no niat.t.rr how grea.t, those forces 
might Be, there .cr;oulcl be 110 tendency to chn.iige the relative posi- 
tions of those pa.rticlcs, ~iil-1 consequently there would he no tidc- 
producing force. 

33. The tide-producing force niny be grilpliically represen tecl as in 
figure 2. 

Let o= td1e cent,er of the ea.rth, 
C= the center of the nioon, 
P=aiiy point. witahin or on t.lie surface of the cn.rtli. 

'Then will represent, the direction of the :tttm,c.t.ive force of t.he 
nioon upon a particle n.t the center of the e:irth si,Iiil Pc! tho tlirt?ct,ion 
.of the attractive force of b1i.e niooii upon a. iiart.ic.le n.t P .  Now-, let 
the magnitude of t,he mo~ii 's  attraction at. P he reprtsentecl by the 
lengt11, of..tlit?,liii.e Pc,'. Then, since the attract~ion of gravitat.ion varies 
inversely :.as -the square of the clisbitnce, it. is necessniy, in order to 
.represent'~lie.-.att.l.w.~tioa.:~t 0 -. on tbe . _  sanie scde, t o  tdce a line PQ of 
:such length 'that, Cg : cP=C"P" : K O 2 .  

10 ' 
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34. The line Po, joining P and Q, will then represent the direction 
nnd magnitucle of the resultnnt force tlint tends to disturb the posi- 
tion of P relnt,ive to 0, for it represents tile difference between tlie 
force PC a.nd n force through P eclual aiicl pn.ra,llel to the force QC 
whic.li acts upon 0. This litst stn.teiiient ninv be a little c.lenrer to 
the reader if he will c.onsidor t,he force PO as being resolved into 8 
force PD equal and pnra.lle1 bo (IC, siicl the force PQ. The force 
PD, ac.ting upon tlie particle n t  P, being equal ani1 parn.lle1 to talle 
force QC, nct,ing upon n pnrticle a t  0, will linve no teiiclencg to c.1ia.ng.e 
the position of P rdntive t,o 0. The reinniiiiiig force PQ will tend 
to alter the position of P relntive to 0 and is the tide-proclucin 
force of the ninon a t  P. The force P& may be resolved into a vertic? 
c.omponent8 PR, whicli .t,encls to mise the water a t  P, n.nd tho lion- 
zo!itd. compoueiib PT, ..which tends tmo inow 'the waber liorizontn~lly. 

.. '.. 

9; 

FIGURE 2. . 
... 

'35. If' ti1& pbiht, :ri! is t d m i  so thnt, the distnncc ls!pf is greater ~ h n n  
the clistiuice PO, the. ticle-producing force P ' y f  will be directed nwap 
from the nionn. While nta first sight this rimy n1)pea.r pwnilosical, 
it will be noted that the niooii teiids to sepasate 0 from P', but ns 
0 is tanl<en. RS the point of reference, this resiilting force that tends t'o 
sep.s.rat.e: ..the poin.t,s is c.onsiclered as being a.pplied nt the point P' 

ti'cIc-piducing force I-)y niatheniaticnl equations, 
refer to figure 3 nncl let 

. .  

' r= 0P =clistmice. nf parCicle P from center of enrtll, 
b= PC' =distmice of pnrt,icle P from center of moon, 
d= 0C = dist.it1ic.e from center of earth to ceiit,er of 1110011, 
;*= c;OP= mgle nt center of earth between OP ani1 OC. 

A I =  niass of 1110011, 

Also let , . , . .  . .. 

E=niass of earth, 
CI =mean radius of ea.rtli, 
p=ntt.ra,ction of gr;ivita.tion bctween unit in:wses a t  unit 

g= iiiettli nccelerntion of grii.vitg on enrthJs surfn.ce. 
dist,tmce. 

I .  

Since the force of grttvi tstion vwies clirec.t,ly RS the 1iia.s~ and inversely 
ns the sc1iiiwe.of the ilist,ance? 

Attraction. of inooii for unit imss n t  point 0 in direction OC'='x (3) 
A4 
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Attraction of nioon for unit mass at  point P in diwction PP- ,-q ( 3 )  

37. Let each of tliese for& be resolved int'o n .vertical conipoiient 
dong the radius 0 P  and a horizontal coniponeiit~ perpenclicular to the 
same in the plane OPC, aiicl consider the directioii from 0 toward P 
8s positive .for the verticad component, and the clirec.tdon corresponding 
to tlie azimuth of t,lie niooii ns positive for the horizontal coinpoiient. 
We then lime from (2) nncl (3) 

_ . .  . 

(4) 

(5) 

(6) 

(7) 

P A 1  Atttraction at 0 in direc,tioii 0 to P = T  cos B 

Attraction a t  0 perpendicular to. OP=- sin .z 

Attmctiion at  P in direction 0 to P=T cos C'PR 

Attsac.tion a t  P perpendicular to OP=- sin G'PR 

p i l l  

P A i  
b- 
P A 1  v 

d? 

38. Thc tsiidc-proclucing force of the inoon at any point P is measured 
by the cliffwerice between the attraction n.t, P niicl a t  tlie center of 
the ewtli. Letting 

F,= vertical components of tide-proclucing force, and 
F,=horizonhl compoiient in azimuth of .inoon, 

alicl 'talcing talle. c~it~ereiices betwee!i anc1 (41. ancl between (7) and 
(ti), we obtn.in talle following espfkssions for. t,liese component. forces 
in ternis of the unit p :  

39. Froni the plniie triangle COP the following relations may bo 

(10) 

obtained : 
b2=?$-d'-2rd COS 2=d2[1 - 2 ( ~ > / d )  COS Z+ (r/d)?] 

sin 2 sin CPR=siii ('PO= (d/hj sin z= [ 1 - 2 ( r / d )  cos z + ( ~ / C Z ) ? ] ~  

40. 111 figure 3 it, mill be noted tmh:l.tv the val& of z, being reckoned 
in any plane froiii the line 0C: niay vitry-.frgm zero to 18O0, and also 
t1in.t the a.11gle C'PR increases as '2  iiicreases..wit,hin. tlic same h i t s .  I 
Sill t ti , i i~l  sin CPR mill t.herefore 4 ~ 7 q 7 s  !>,e positive. As the angle 
OPP is a1w:iys very sma.ll, t4he ankle' CPR will M e r  l y  only n very 
small amount from the 8,ligle z, nnil will i~sun.lly he in the smie yuad- 
rant,. In  obtaining the square root for tlie nuiiierat,or of (13)' it was 
therefore necessary to use only that sign which woulcl . preserve t41iis 
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rela.t,ionship. The clmoiiiinators of (1  l j  niicl (lsj are to be consid- 
ered as positive. 

41. Substituting jn equations (S')  and (9) tlie eqiiivalents for b ,  sin 
CPR, and cos CPR froin equations (10) to (12)J tlie following basic 
formulas we obta~ined for .the verticd and horizontal c,oniponents of 
the ticle-producing force a t  any point, P a t  distanc.e from the centw 
of the erlrt81i : 

42. To espress these forces in thcir relation to tlie mean accelera- 
tion of 'gravity on the emth's surface, represented by the synibol g, 
we l1ave 

in w1iic.h E is'tlie nmss and a is tlie niean radius of the earth. 
stituting the above in formulas (13) itlid (141, we niny write 

g/p= E/(?, 011 p/g=ta'/E (15) 
Sub- 

43. Foiiiiulas (16) and (17) represenl; completely the verticd rtiicl 
liorizont~~.l components of tdir- lunar tide-producing force at, any point 
in the earth. If 1' is tctkeri equitl to the mean rclclius.~, the foiinulas 
will involve tlie coiistnntj ratio: iU/E and two varittble quanti.ties- 
the angle z which is the niooii's zenith distnnce, and the ratio a/d 
which is the sine of the mooii's horizontd paritllns in respect to the 
n1ea.n r d u s  of tlic mrth. Becmise of the sni~lliiess. of the ratio (z/d 
i t  may ttlso be tdmi as the pard1n.s itself espressecl as a frnc.tioii of a. 
rsdim. The pmdlas is largest when the moon is in perigee a?id a t  
this t h e  tlie ticle-producing force will reach its greatest magnitude. 
A more mpid c.linnge in the ticlnl force at  yiy point on t>he erl.rth's 
surfme is cnmecl by blie coiihuous change !n the zenith dist,aiice of . 
the nioon resulting from the earth's rotation. . The vertical coni- 
poiient, attn.ins its iiiasiniuni d u e  when z ec~iials zero, m d  t,he hori- 
zontal coiiiponriit b.ns it,s niminium value when i is a. little less than 
4.5'. Subsbituting numerical vdues in formulas (10) and [ 17 j and 
in sinii1a.r ioriiiulas for t.he ticle-produc.ing force of the sun, t,he fol- 
lowing are obtained as t,he approsiniite ex kenie coinponeiits forces 
when the ninon a.nd suii are nearest the earth: - 
Greatest F,, /g= . l i 4 y  lo-* for moon, or' .054Y for sun ' 

for  SUI^ 

(1s) 
(19 j Greatest F0 /g= .107'.< IO-' for 1110011, or .(I41 ?.:: 

The. horizontal', c.oniponent of the tide-producing force may be nieas- . 
ured by its deflection of the plunih line, the relation of tdiis cmiipoiient 
t.0 gravity as espressecl by the above forniula. being the t)it!igeiit of 
the angle of cleflection. Under tlie most favornble conditions the 

240037-41---8 
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greatest deflection clue to the moon is about 0.022'' and the greatest 
deflection clue to t>he sun is less t h m  0.009'' of am. 

44. To siiiiplify the preceding forniul21s, the quantity involving the 
fractiona.1 esponent niay be ilevelopecl by Mi.clnurin's t.lieorem into a 
series aiwmgecl according to the asc.ending powers of r /d ,  this being 
8 srnnll frncbion with an npprosiiiinke niasimuiii vdue  of 0.018. Thus 

- 1 + 3  cos 2 ( r /d )  

+3/3 (,5 cos* 2- l : ) ( r /d ) z  
+5/3 (7 cos3 2-3 cos 2:) (r~/d)~+etc.. 

1 
{ 1-2Cr/d) cos a+!,./d)'j*- 

(20) 

' 45. 'Siihstit&ing ..(20.) in form& (16). nncl: (17) nncl i!eglecting t,lie 
higher powerfi. of r /d ,  we obtain t,lie.following formulas: 

F ,  /g=3 (Al/E:) (~/,/dj' (:cos2 2-1/31 (r/dj 
+3/3 ( M / E ) ( u , / d ) ~  (5 cos3 E-3 cos 2 )  (r/d)2 

+3/3 (M/E)(a/d)2 sin 2 (5 cos? z-1:) ( r /d)2  

(3 1) 

(23) 
Fa /g=3/3 (Al/E) (a/d)2 (sin 2 z) (r/il:) 

46. If r ,  which represents bhe distance of the point of observation 
for the center of t,he earth, is replaced l q  t,lie inem radius a, i t  mill be 
ii~oted t,h,zt the first. tern1 of each of the above forniulns involves the 
cube of the ..llnt,io'n/il:.~vliile. ihe"secont1 .terni.iiiiwlves the fourth power 
of taliis qiin. i~ tity. This.. ratio is ess,entidly the iqoonk parallpx es- 
pressed in the mc1ia.n unit.. These terms may now be written as sepn- 
rate formulas and for convenience of identification the cligibs " 3" and 
"4" will be nnnesed to the formula- synibol to represent respectively 
the. ternis involving the culx and fourtali power of the pnrdlas. Thus 

Fo3 /g=3 (hJ/Ej(n/d,l3(Cos2 2-1/3) (23) 

F,, /g=3/3 (,hl/E) ((~/d)~(5 c . 0 ~ ~  2-3 COS 2)  (24) 

Fo3 /,(r=3/3 (M/Ej(a/d)3 sin Sz ' (25) 

Fa4 /g=3/2 (Al/E)(cr/dj4 sin z (5 cos? 2-1) (3 6) 

Formulas (23 j aiicl (35:) involving the c.ul>e of the pnra.llt1.s represent 
the priricip:!.l ',pn.rt of the ticle-procluci!ig, force. , ' F Q ~  the' nioon this is 
'&Gut, 9 s  per'.cknt.'.of t,he ~vliole and for the sun A. higher percenta.ge. 
The part 'of tlie tide-piocluc.ing force ieprcseiiteil b-j foiniul8s' (34:) and 
(26) and involvjng the fourth powcr of the pn.rdlas is of very little 
practicnl iinport,a,nce but ns n matter of t,lieoreticitl iiiterest will be 
Inter Fivcn further at,t,ent,ion. 

47. An esnniination of formu1n.s (33) sncl (2.5) 'shows tliat t,he prin- 
c.ipa1 part of t.11 e t,idc-prod ucin g forw is syiiinie tricdlg (lis tribut:e.d 
over the earth's surfn.ce with respect to a plme through the center of 
the. enrth and perpencliculsr t.0 a line joining tlie centers of the ea.rt.h 
and nioon ._ , The.. vcr$ic.n.l qcniiponent (33 j has a iiinsiniuni,.,~~osit~ive 
value svlien. tlhe xe!iitli.'~list;1ii~e $ 2 0  ..or lSOo aiicl- a iiiasinium.ii~.gnt,ive 
'vdue. wlieu z= goo, .the iiiasiniuin n?gnt,ive value being::,~ne~lllalf a,s 
great as tlie niasiiiiuni positive d u e .  The vertic:d component be- 
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conies zero when z=cos-’fJ1/3 (nppros. 54.74’ and 135.2G’). The 
horizon tal component (35) lias its niasiinuni vdue when 2=45’ and 
an equd iiiitxiiiiuni negn.tive value when z= 135’. The horizontal 
componentm heconies zero wlie~! a=O, go’, or 1SO. 

48. If numerical vdues npplic.able tao the inem parallas of the nioon 
are substitut.ecl in (33j and ( Z j ,  t$ese component forces may be 
writ. t,en 

(27) 

!28) 

F, /g at ineiln pnr:~llas=O.OOOJOOO,lG’i (cos2 E- 1/31 

Fd3 /g at niem para.llas=0.000,000,OP4 sin 3,- 

For , the: c&r&p.oiiding c.omponen ts of .tlie solar t i ~ l ~ ~ p r o c ~ u c ~ n g  force, 
the n u m e r i d  :circfKcients will be 0;4G, tinles ik gr@a.t. .$.s t,hose.:in the 
nbove formulas. 

49. For the estreiiie values of the con1ponent.s represented by (23) 
and (%j, with blie nioon and sun nearest the earth, the following may 
be obtained by suitable substitutions: 

Gre.atest FF3 /g= .140:./; for niooii, or .OS47 for sun (29) 
Grea,test Fs3 /g= .105:.: for ninon, or . O i l ; <  for sun (30) 

Compa.ring the abovc with (1s) :~nd (,I$), i t  will be noted that the 
. maximum values of the lu11ar c.oniponent.s involving the cube of tlie 

nio.oiiJs. 1)ara)lns .are orily slightly less than ‘the corxesponding nin.si- 
mum vdues for ‘the entire lunar force, while for t1ie.sol:i.r c.on!ponmts 
thr.,cliffereiices are too sniall to be shown with t h e  number of clecimnl 
places used. 

VERTICAL COMPONENT OF FORCE 

50. It, is now proposed to espand into %.series of harmonic terms 
formula. (83 ). which represents tlie priiicipsl verticd component 
of the hmar~~.ti~le-pro~lluc.iag~ force. I n  fipuwe 3 let 0 represent the 
c .~ l i t~r“of” . t l ib’e~~t , l i  dncl let projebtions on tlie ce1Gti~l spli6te: be‘ a.s 
follows: 

C.’, the north pole 
I AI’ P’, the earth’s equator 
I A l ,  . the ~n.ooii’s orhit 

the position of the ~.iiooii 
tlie pla.ce of observation 

AI, 
p ,  
C A< A I ’ ,  ,the. l~oqr  circle. of the moon. 
C P. P’, the iiibricliiu of ‘place ’of observ&m 
I ,  the j~itersect~ioii of moon’! orhi t, mid eclnn.tor 

I =angle AI I Al’=inclinatsion of nioon’s whit to earth’s equator 
t . =arc. P’ AI ’  or angle PCAl=hour mgle of moon 
S= IP’=longiturle of P measurecl in celestind equator from 

j =IAf =longitude of n1.oon in orbit reckoned from intersec,t,ion I 
L = PAf=ieiiitli clistmice. of, n?.ooii 

- .~D=214’A~=clec.linntion.of~moon . 
‘I*= P’P=latitude of P 

Also let 

intersec.tion I 



16 ' U. S. OOhW AND GEODETIC S'URVET 

The solution of n number of t-he spherical triangles represented in 
figure 3 will provicle certain relations iieeclecl in the development of 
the formulas for the tide-proclucing force. 

51. In spherical trinugle MC'P, the angle c! eyuids t and the sides 
MC nncl Pc! are tlie c,oxiiplenieiits of D aiid I-, re.spe.ctive1y. ,We iiiny 
tlicrefore write 

cos z=sin I' sin D+cos I' cog D COS t (3 1). 
Substituting this vslue in foniiula (33), we obtain 
F ,  /g=3,/3 (A~/CIE)( (1, /~ ,~(1/3-33/3 sin? I-)(2/3--3 sin? U : ) - - - -  Fr30 /g 

. +3/3 (Al/E:)(u/d)3 sin 3I'sin 3 0  cos f - - - -F , ,31  /g 
+3/:3 [Al/E) ( ~ , / d ) ~  cos? I' cos? D cos S t -  - - - Fs32 1 y (32) 

FIGURE 3. 

52. 111 formula (,E) the vertic:tl componimt of the t.icIe-procluc.iiig 
force lins been sepa.ra.tei1 into t h e e  .part,s. The first term is incle- 
pendent of the rotatioii of the en.rtli but, is subjtxt to vil.rintions nris- 
ing from c.li:mges in clechntion and c1istmic.e of the  MOO^^. It, in- 
cludes what. :we lriiown ns the boiy-period co,retituc,~ts, tlint is to say,. 
constituents with periods somcwhn.t longer than n d:iy mid in geiieral 
n l d f  moiitli or longer. Tlie second term involves the cosine of the 
hour angle ( t )  of the moon mil this inc.lucles the d i w d  cion.&u.entS 
with periods npprosimnting the luiiar day. The last tenn involves. 
the cosine of twiw the hour angle of the xiiooii and inc.lndes the 
st'rii i d iurd  comti.t.~Z.nt.s with periods n.pprosii.ii,z~.tiag the half lunar 
clay. The grouping of the ticld constitueiits according to their. 
approsimkte pi!riotls aflorcls :in iniportnnt, classification in tlie further 
development of tlie t.idn.1 forces niitl tliese groups will be called cln,ssc?s 
or qjcc ics .  Symbols pertaining to n particular species we often 
identified by a subscript indicnting the number of periods in R day,. 
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the subscript n being usee1 for tshe long-period constituents. In  
formula (38) the inclivicluad terms are identifieel by the annesakioii 
of the species subscript to the general sgnibol for the foimiula.. 

53. As written, d l  of the three. terms of formula (32) 11n.ve t,he 
same coefficient 3/3 (AJ/lE) ( ~ / d ) ~ .  In each case the 1n.titude (13 
fnc.t,or hns a innsiniuiii vdue of unity, this ninsiniuni being nrgnkive 
for the first term For the long-period terni (Frio lo), tshe lntit8uele 
fact,or hiw a niashiium positive value of ?4 a.t t,he equator, bec.omes zero 
in latitude 35.26' (approsiiiinte.1-y) , and ren.clies a maximum negative 
value of - 1 a t  t81ie poles, the factor being tlie snnie for ~o~~esponi l ing  
latitucles in both northern a.nd soti them hemispheres. For the diurnnl 
term (FIQI /g), tlie latitucle factor is positive for the northern hemisphere 
and negative for t,he southern hemisphere. Itm 11n.s a masiniuin 
vn.lue of unitv in 1:i.titucle 46' and is zer9 at8 t,lic. equator aiicl poles. 
For the seniicliuwal' t,e.rms (Fr3: /g) the. 1a.titucle factor is nlways posi- 
tive ancl has a niasiniuni va.lue of unity a t  the equator ~ n c l  equals 
zero at the poles. 

54. For estreme d u e s  attainable for the cleclinntionnl (IN fa.ctors, 
consideration must .be given to the grea:tes t decli~iat~ion. which can 
be redieel by the ticle-producing body. The periodic nmsiniuin clecli- 
mtion renc,liecl by the niooii in.its 18.6 year nocle-cycle is %.Go but 
this may be slightly incren.sec1 by other iiiequdities in t81ie nioon's 
motion. The ninxiniuni cleclinakion for the sun. t d m i  the sanie as the 
obliquity of the ecliptic., is 33.45'. The cleclinn.taion factor of the 
lon$-period terni (Fsao /g) has a. ninxiniuni v>lue of 2/3 when the cledi- 
nation is zero. It climinishes witall incrensing north or south ileclina- 
tion but. must a.1w:i.gs remnin positive becsuse of t,11e liinits of the 
declination. For the cliurnd term (Fr3, /g) the clcc.linationn1 fa.ctor 
has its qentest vn.lue when the declina.tion is greatest. For the moon 
tahe niasiniiiiii vdue of this factor is approsiiiintely 0.S41 and for the 
siiii 0.730. This fnctor is positive for the northern heiiiisphere and 
negativc for t,lie southern hemisphere. For t81ie semicliurnnl teriii 
. (F,,a /g) talle c1ec.lina.tionn.l ,factor for hotliniooii m c l  sun is n.lways posi- 
tive niid 1ia.s a nin.simuni value of unity at zero clec.linn.tion. 

55. The greatest nmnericn.1 values for the several terms of the 
vertical componentv of the ticle-producing force as represent,ed bv 
foimiuln (32) a.nd npplic.a.ble to the t h e  when the moon aacl sun are 
nearest t,he enrt>li, are n.s follows: 
Greatest, FF3,, /g= - .O'iO=l for moon, or - .037'x: for sun (33) 
Greatest Fu3, /g= f .OPS:/: for moon, or f .030X for sui1 (34) 
Great& FlQ2 /g= + .105X 10-e for nioon, or +.04l Y for sun (35) 
For the longyeriot1 term (33) the g m t e s t  va.lue applies to either ])?le 
and is negative. For the diurnn.1 term (34) the greatest vdue applies 
in latitude 45'' ancl m a y  be positive or negative according to whether 
the lnt,itucle and clcclinational factors have the sanie or opposite 
signs. For tlie seniidiurnd term ( 3 5 )  bhe greatest, vdue a.pplies t.0 
t.lie equator and is positive. 

56. Referring to foimiuln (33)' let cr/c .equal the n i e m  value of 
pa.ral1a.s a/il. Then ~ r / d  may be rep1n.ce.d by its equivnlent ( c ~ / c )  (e/&, 
in which tlie fracbion c/d espresses the rela.tion be t.ween the true mil, 
the mean pam1.las. Also let LT= (M/E)  the nnnieric,.ic.rd value 
of wliicli will be found in table 1. Expressiiig separately talle three 
ternis of foimiula ( 3 9 ,  we then have 

' 
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Fnan /1~=312 LT (c/dI3 (112-313 sin2 IT)(2/3-3 sin2 D) 
F,, /g=312 LT C C / ~ ) ~  sin 2'I'sin 2 0  cos t 
F,, /g=S12  LT (c/dj3 cos! I' cos' D cos 2t 

(36s) 
(37) 
(3s) 

57. Referring to figure 3, the following relations ma.y be obtained 
from the right spliericnl triangles M I W  ,and 211P'A.f' itnd the oblique 
spherical triangle MP'I: 

sin D = sin I sin j (39) 
COS D COS t=cos Alp' ' (40) 
cos AIPf=c.os S cos j+sin S sin j cos I i4i) 

=cos' 31 cos (S-j> +sin' +I cos ( S + j )  (43) 
58. Replacing the functions of D sncl t in formulas (36) to (3s) by 

t h i r  equivalents derivecl from equations (39) and (431, there a.re 
obtained tlie following: 
FD3,, /g=3/2 U(~/d)~(l12-312 sing I3 '4 

(43) 
F,, /g=312 U ( c / d ) 3  .sin 3Y,.< 

cos D cos t=c.os S cos j+sh S sin j cos I 

[3/3-sin2 I+sin2 I cos 2 j ]  

[sin I cos? 31 cos ( s + S O O - ~ ~ ~ )  + 1 p2 sin 31 cos (S- 90') 
+sin I sin? +I cos (S-9Oo+2jj)] (44) 

F,, /g=3/2 U ( C / ~ ) ~  COS' Pi< 
[cos4 +I COS @ X - z j )  

+ sin4 31 cos (2S+ 231 
f 112 sin? I c.os 3 5  

(45) 
The above forinulas involve the moon's n.ctua.1 distance d and its 
true' longitude j its measured in its orbit froni the intersection. While 
these are functions of time, they do not vary unifornily becmse of 
certain inequalities in tlie niotion of the moon, a.nd it is now desired 
to replice- tllese quantities by elements that do change uniformly: 

'59."ReferriIig to pkrigriiplis 23-24' And to figure' 1 ,  it Will be' lioteil 
t1ia.t longitude measured froin intersection A in the nioon's orbit 
equals the longitude measured from the referred equinox .T ' less arc 
5 ,  and longitucle nieasurecl from intersection A in the c.elestia1 equator 
equals the longitude niensured froni the equinox T less arc v .  
Now let 

s'= true longitude of nioon in orbit referred.to equinos 
s =mean longitude of nioon referred to equinos 
k =clifference (s'-s) 

Then 
j = s f  -E'=s--f+k (46) 

60. In  figure 4 let S' and P' he the points where the hour circles of 
tshe mean sun and place of obsei-mtion. intersect the celcstid equator, 
?' the.verna1 equinos, and I the lunar intersection. Then S will 
equd:the ~rc.P'.I, i t~id,~v .tlie-arc.IT. ... Now . .  let . I  :. 

Then 

. . .  h=nien.n longitude' of sun 
T=hour angle of mean sun 

X=T+h-v (47) 
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61. Substituting the v & e ~  of j ancl:S from (46) a.nd (47) in fornlu- 

las (43) to (45), these may be written 

C 

FIGURE 4. 

Disregarding a t  this time the slow change in tlie function of I, the 
variable part of each term of the above foimiulrts iiiay be espressed in 
one of the following forin~-((e/d)~, ( ~ / d ) ~  cos A, cos (A+3k), or 
(~1c-I)~ cos (A-2.k)' in which A inc.ludes all tlie elements of the vminble 
angular fuiickion escepting tlie multiple of k .  

62. The following equations for tlie niot.ion of tlie inoon were 
adapted,, from. Goclfrey's Eleinentaiy,.Treat,iSb. on tlie Lunar Tbeoiy: 

sf=  true longitidii' of moon (i*ritdi.ins> 
- 8.. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (inem longitude) 
3 . 2 ~  sin (s--p)+5/4 e2 sin 2(s-p)------(elliptic inequality) + 1514 m e  siii(~-22h+p) - - - - - - - _ _  - - (evectional inequality) 
+11/S .m'siii 2(s--,)----_-_--(variationrtl inequality) (51) 

. .  . . .. . .. .. . , . . . . .  _ .  .. 

- 
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c / d =  (true parnllris of moon)/(menn pardlas of  noon) 
=unity 
+e: cos (.?-p)+a' 00s 3(.s--))----------!elliptir. ineqndjty) + 1!/8 ni.e cos (m$-21i.+p)--- - - - - - - - - (evectionnd inccludity) + ?.n- cos 3 (.s--h) - - - - - - - - - - - - - (variationd inequdity) (53) 

in which 
P' = true longitude of ~iioon in orbit (referred to eqniiios) 
s = mean longi tu (le of nioon 

, h = mean longi tade of sun 
p=niean longitude of lunar perigee 
e = eccentricity of moon's orbit = 0.0549 

,m=ratio of mean jiiotion of sun to that of moon=0.074S 
The elements e and 'In. are siiia.11 frnctions of tlie first orcler amy the 
sclume of either or the product of both may be considerecl ns being of 
the second orcler.. In the following development thc liiglier powers of 
these elements will be omittecl. 

63. Si1ic.e k has been t&en as the c1iffereiic.e between !lie true siicl 
the mean longitude of the xnooii, we lliay obtain from (51) 
k=2e sin (.s-p)+5/4 e' sin 3(s-pj 

The vdue of xi is always small, its iiiwimuiii vadue being %bout 0.137 
rpclinn. It may therefore he assumed without material error that the 
sine of.k or tlie sine of 3k is equal to tlie angle itself. 
sin 2k=3k=4e  sin (s-Y,+5/2 E? sin 2 k - p j  

(5.1) 

(55j 

+15/4 m e  sin (s-%+pj+ll/S ms sin 2(8-h)  (53) 

Then 

+15/2 me sin (s-%+y)+ll/4 M? sin 3(s-hn.:) 
.cos sk=1-2 sill? k=1-?k? 

= 1 --4e2+4e' cos 3 (s-y) 
terms smn.ller than those of the sec.oiic1 order being omitted. 

64. Cubing (53) mcl neglecting tlie smaller terms, we obtniii 
.(c/d)3=1+3/2 e?+3e cos (s-pj+(J/s e2 cos 2(8--p:) 

+45/s file cos (s--3h+p)+3 ,In.? cos 3(.s-h) (56) 
Multiplying (54) mid (55) by (56) 

( c / < I ) ~  sin 3k=4e sin ( s - j j )  + 1712 e? sin 2 (.s-p) 

.(C/<))~ cos 2k=1-5/3 e2+3  E cos (.s-jj).+17/5'e2 cos 2(s-pj 
+15/3 i ~ c !  sin (~--3l~+y)f11/-4 in.? sin 3(s-h) (57) 

+45/S me cos (s-2h+y)+3 .m2 c.03 3(.s--h) (58) 
65. From (:Xi), ( s i ) ,  :id (58), we n i q  obtain t.lie lollowiiig general. 

.espressioiis applicable bo the further development of foimulas (4s) 
to (50). Negative coefficients have becn a170icled by the introduction 
.of 180' in the mgle. w1ie.n 1iecessn.i-y. 

=(1-5/3 e') cos A . 
+7/3 e COS (A--s.+p)+i/2~ COS (,A-(-s--p+iSOoj 
+17/2 e' cos (d-2.s+2p') 
+105/16 me cos (rl--s+2h--p)+15/16 nu? cos (d+s-%+p+lSO') 
-+2a/s I n 2  cos c'4-3S+ah)+ l/S 1111 cos (A+?S--2h) 

cos cL4-2k) = (c/dj3 cos 2E cos A+ ( ~ / d ) ~  sin 2k sin d 

(59) 



HAR.RIOiSIC ANALYSIS AND PREDICTION OF T'IDES ,2 1 

cos A= (1 + 312, e?) cos d 
$313 e cos (A-.$+pj+312 e cos (d+s-pj 
+0/1 c.os (d-%s+?p)+9/4 e' cos (4+%-'7p:) . 
+45/16 m e  cos (A--s+2h--pj+45/10 m e  cos (A+s--3h+pI 
+3/3 11i? cos (d--2s+31bj+3/'2 Ili? cos (A+2s--shJ (60 j- 

. (,c/dj3 cos ( , ~ + i k : )  = (c/~,YJ cos 3k cos' A- (c /d )3  sin 2 ~ .  sin A 
= (1 -513 COS A 
+7/2 e c m  (L-l+s-p')+1/3 e cos (d-s+p+lSOo) 
+1712 e? cos (,d+%-?p') + 105/16 INP  cos (d+a-%+p') + 15/16 ?ne cos (,4-s+2h.-p+lS0°:) 
+23/s 1)12 cos (d+P.$--21t') + 1/s ? ) I 2  cos (d--Ss+3h.) (13 1 jb 

66. Aft>er suitable substitutions for A liilve been iiiacle in the three 
prececling equations taliey are immedin.ttilg applicable to the f ind 
expansion of the sever:tl beinis in formu1n.s (48) to (,50:), Gscepting the 
first teiiii of (4s) for which foiiiiuls (56:)  inap be used directly. Eac.11 
teiiii in the espitllded foriiiulas givcii below represents a. constituent: 
of bhe lunar ticle-producing force niicl for coiiveiiicnce of reference IS 
clesigmted by tlic letter d with n: subscript. There are n.lso given the 
generally recognized symbols for the principitl constitucnts, and when 
such a symbol is enc.losec1 in lmi.cliet,s i t  signifies t,hnt the teiiil given 
only partidly rcpresen ts the c.onsti tueii t so naiiied . 

67. Foriiiuln for long-period constiituents of vertical ccmiponentv of. 
principal lunar tide-prodiiciiig force: 

iA1i [@Is-- sin? I )  (1 +3/3 c c j _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ -perii~aiient~ t,eriii 
(A2 1 +3 e cos (s-pj_-- _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Miii 

(dqsj + 3  m2 COS @-%j I-,. - _ _ _ _ - _ - _ _  - - _ _ _ _ _ _ _ MSf 
(9,) + sin' I{ (1 -512 e? cos @s-2[)- _ _ _ _ _  Mf 
(A7) +7/3 e cos (,3.3-p-2[) 
(4 . +l/S F cos (s+p+lS0°-3Ej 
(Ad +l'T/'3 e? cos (4S-3p-2,t) 
(&Jj +105/1G m e  cos (3.~-211,+]1-2t) 

( A d  +53/s 1112 cos (,4S--sll.-2[) 
!An! + l /S 1i2  cos ( -3hF2i j  }]  ((32) 

priiicip a1 1unn.r tide-pro (1 uc.ing force : 

Fr3" /g=3/2 U(1/3-3/2 sin2 1') '.-< 

(A3.) $912 €2 cos (3s-23p') 
+45/s m e  cos (s--3A.+p) 

(All) +15/1G rite COS (S+2h.--p+lSCI0-2,$) 

68. Formula for diuriia.1 coiistitueiits of vertical coniponent of' 

P1 

=1 
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nient of the equilibkm tide. By iuinlogy, the argument, of the per- 
nlaneiit term may be considered as zero, the cosine of zero being unity. 

71. The argiinient sefves to ic1entif;i. 'tlie constituent by determining 
its speed ancl period and fising t,he. times of. tlie inmima. and,-nii,ni.iiia' 
of the corresponding tidal force. It usudly c.onsists of two pmts 
represented by t8he symbols V ancl qc. When'referring to a particular 
instant of t h e  such as tlie beginning of n series of observations, the V 
is written with B subscript as T70. Tlie first part of the argument in- 
cludes any constant and multiples of one or more of the following 
astronomical elements-T, the hour angle of the nienn sun a t  the 
phce of observation; 8 ,  the niean longitucle of the moon; h the ineaii 
longitude of the sun; and p ,  the longitude of the lunar perigee. The 
second part 91. includes multiples of one or both of the elements and v ,  
which are functions of the longitude of t,lie inoon's node mid vary 
slowly between small positive ancl negn.bive limits tlirougl~out a 19-ye8.r 
cycle. In a series of observations covering n year or less t.hey are 
treated as constants with values pertn.ining to t8he niicldle of talle series. 
They do not affect the average speed or period of the constituent. 
Tlieir values c.orresponJing to eaclI degree of N ,  t,he longitucle of 'the 
moon's node, nre included in table 6, formulas for. tlieir coinl>utat,ion 
being given on 

72. The hour y speed of n c.onstitueiit may be obtaInec1 by adding 
the hourly speeds of the elements inducled in the I.' of the. argument. 
These elementary speeds will be found in table 1. The period of a 
constituent is obtained by dividing 360' by its speed. Tlie approsi- 
niate period is cleterminecl by tslie element of greatest speed c.oiit&ecl 
in the argument. Thus, the hour angle T h.as n speed of 15' per 
mean solar hour and a11 constituents with a sinele T in their argil- 
inents .have periods approsiniating one clay, while constituents wjth 
argunien ts containing the niultiple 2 T have periods npprosimating 
the half clay. Next to T, the element of greatest speed is s the 
~iiean longitnde of the moon, and long-period constituents wi tli a 
single s in their arguments will have periods approsima.ting the 
montah nnci with any multiple of 8 the c.orresponcliiig fraction of .a 
month. The nrgmiients nncl speeds of ,the constituents are listed in 
table 2. Numerical values of the srguments for t8he begiiining of 
each cdeiidar year from 1850 to 3000 nre.given' in:tahle 15 for con- 
stituents used in the Coast and Gendet-ic Survey tide-predicting 
mac.liine. Tables I6  to 18 provide differences for referring these 
arguments to any c1a.y and hour of the year. 

73. In order to visualize the arguments of the constitue.nts depend- 
ing primarily upon the rotation of t.lie earth, some have found it 
convenient to con.ceive of n system of fictitious stars, or "nstres fictifs" 
n.s they are sometiines cnllecl, w1iic.h move a t  a uniform rate in the 
celestial equator, each constituent being represented by a separate star. 
Thus, for the principal lunar constituent we have the ineaii moon .and 
for the principal solar constituent tlie nieaii sun, while tslie various 
inequalities in the nio tions of tliese bodies are served by imnginary 
stars which ,reac.li t,lie meridian of the. place of. observation at. times 
c.oi~espo~id.ing to .the. .zero value of the constituent argumeiit. For 
the cliuirnnl constituents the argument equals tlie hour angle of tlie 
star but, for the seniilidiurnctl constituents tho argument is double the 
hour angle of the star. 

P' l5l3. 



. 74. ~~)~.~cl.l:c?rf.r.--Tlic complete coefficient of &ach term of foimulus 
(62) to (64) includes s e ~ e r d  important factors. First; the basicjir,ctot. 

which ecluals the ratio of the nmss of the 1iioon to that of the earth 
Iiniltipliecl by the c.uhe of the niem parallax of the moon, is common 
t.0 all of t81ie teims. This toget.lier wi t.li the comimi numericd coeffi- 
cient, may be tlesignateil .as the gw.elw.Z coc.fi&~~.t. Nest, the fiiiic.tion 
involving the latitnude 1' is I~nowii as the hlitrr.de $ ~ t n r ,  each foimiih 
having a. different lntitucle factor. ' Following the latitude fsctor is a 
function of I ,  tlie inclination of tlie ni.oon's orhit, to t.he plnne of the 
eart.li's equator, which may appropriately be ca~lled the obZ.iz~r.il/.f(~.rtus., 
ea.ch fnctor applying to :I group of terms. Lastly. we have an indi- 
vidual term coefficient whic.li inclucles n iiumericnl factor nncl involves 
the quantity t! or m .  Since these factors are clerivecl from tohe eyua- 
tions of elliptic. motion, they will here be referred to 8s clkipt i .~ j i tctnrs. 
The proc1uc.t of the elliptic factor by tlie mean value of the obliquity 
factor is known a,s tlie ~ E C L . ) I ,  con.~tif~ren.t coe.$..~.I:enb (0. Numericd 
vndues for tliese c.oeffic.ients we given in table 3. Since ~11.11 terms in 
my one of tlie formulas have tlie s a ~ . ~ . e  general c.oefficient and 1stit8ude 
factor, their 'relative ni.agiiitucles will be proportional to their constitu- 
en t coefficients. Terms of clifferelit forii).ula,s, l io~cver ,  have different 
1ntit.ucle €actors and their constitmmt c.oefficieiits n.re not directly 
c.onipsra.ble withoutf tcdcing into account the la.tsitiicle of the place. of 
observa.tion. 

75. The obliquity factors are subject to vnriations tlirougliout xi1 
18.6-year cycle becnwe of tlie revolution of the MOOI~'S node. Dur- 
ing this period the vdue of I vn.ries betoween tlie limits of u-,i ancl 
w i - i ,  or from 1S.3O to ,%.Go ~pprosim:l.t,~ly, a.ncl the functions of I .  
c.liaiige iwcor~liiiglly. . In order that tidal data pertaining to different. 
years may be iii.aile conqxmble, it, is iiccrssary to adopt certain stand- 
n.rd'mean values for the obliquity fa.ctors to which results for different 
ymrs may he reducecl. While there are severa.1 systems of ~iieaiis 
wliicli woulcl serve equally well B.S stancla,rd vdues, the. system aclopted 
by Da.lwin in the e d y  clevelopmmt of the harmonic annlysis of tides 
has the sanct,ion ' of long usage and is tliere.fore. follo\wxl. By t,lie 
Darwin nietliod, the mean for tslie obliquity factor is obtained from 
the product of tlie obliquity fnctor nucl the cosine of t.he e1enieiit.s 
and 1' appearing in' tlie nrgume~nt. This limy be espressed as t81ie 
menn valne of the procluct J c.os u, in which J is the fuiictioii of 1 in 
the coeffidient and 91, the func.tion of 5 and 1' in tlie argumeiit. Since 
qi. is relatively snidl and its cosine differs little from unity, tlie result- 
ing mea11 will not, differ greatly from the iiiem of J done or from tlie 
fiinckion of I when given its mean value. 

76. Using Da.rwin's system n.8 described in sec.t.ion 6 of his paper 
on the'&i.niioJiic Andysis of Ticld Observations publislied in volume I 
of his collection of Scientific Pa.pers (also in Report of the British 
Association for the Adva.~.icenien t of Sc.ience in ISSS), the following 
meail values are obt,ained for t>lie obliquity factors in for~iiulas (63) to 
(64). Tlike vdues were used in t.he coiiipiitfhon of t,he c.orresponding 
c.onstitueJit coefficients in table 3. is here used to 
indicate the nienn vdue of the function. 
For te.rnis A, .to A, in  foiiiiula (,62) 

For ternis A, to A,, in formula (63) 

The subscript 

[2/3-sSin2 l]0=(2/3-Sin2 w)(l-3/2 sin' i)=0.'5021 (65) 

(66) [sin2 I cos 2&=sin2 w cos4 +i=O.l57S 
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(67) 

(68) 

(69) 

(70) 

(71) 

(72) 

For ter1ii.s AI' to A:, in Iorniula (63) 

For tern1.s AZ2 to Bao in foriii!iln (63) 

For term.s AB, to Aas in formuln (63) 

For terms A,, tn & in formula (64) 

For terms A,, to in formula (64) 

For telmis to A,, in forniuln (64:) 

. [sin I cos') +I cos (25-yjI0=siii w cos? +w cos' +i=O.3S@@ 

[sin 2 1  cos vl0=sin 3w (1-3/2 sin? ;)=@.7314 

[sin I sins +I cos (25+Jt)],I=sin w sin3 +.I cos4 $=0.0164 

[COS' +I COS (~(--~Y')]~=cos~ 3.1 COS' $=@.9154 

[sin' I cos S~]~=sin '  w (1-3/2 sin2 .i.)=0.1565 

[sin4 +I  cos (,2[+2v)],,=sin4 +a cos4 +i=@.@O17 
77. The ratio obtaineel by clividiiig the true obliquity factor for 

any d u e  of I by its 1iic:i.n value 11iily bc c:dled a. mde.factor since i t  is 
. n func.tion of the longitude of the niooii's node. Tlie symbol &enerally 
used for the node fnctor is the snin1l.f. The node factor niny be usccl 
with a niem c,onstitucnt ,coefficient to Qbtniii tlic true c.oir.fficicii t. 
corresponcling to n givcn longi tuile. of tlic ~iiooii's noclo. Node fnc.tors 
for the scVc.ra1 ternis of fonnulas (62) to (64) mn.y be espressed by the 
following rn tios: 

(73) 
(74) 

' (75) 
(76) 
(77) 
(7s) 
(79) 
(SO) 

Node fn.c.tors for the niiddle of each cnlcnc1:i.r  ye:^ ironi IS50 to 1999 
n.re givcn in t.n.ble 14 for tlio constitirents iisvcl in thc Comt and ' 

Gmtletic Sjurvcy ticle-~>rt!ilict.iiig mndiine. Tliese inc.luile :!I1 the 
frbctors n.bovc e s c q  tiiig forinu1:i.s (79) n n c l  (80). However, sii1c.e 
formuln (79) rcprcsents an iiicrense of only about; one pcl'r ccnt ovcr 
foi.m.liln. (i4), the tshu1:i.r vdues for t,he lsttcr n.rc readily a.da.ptec1 to 
formuln (TI)). Node factore clinnpe slowly ~ n c l  iiit;erpoln.tions can be 
iiiaclc i n  t.n.hle 14 for any clcsirccl piwt of tlic ycnr. For pr:wtic.a.l 
~ I I ~ ~ O S C S ,  liowcver, the vn.1ut.s f ~ r  t h  niiclcllc of the ~re3.r i1.l.e gen~rdly 
taken ns  const:int for tho entire ve9.r. 

78. The reciprocal of. t-lie. node fact-or is called the .reduction factor 
and is usually rcpr$seii tecl Applied to tidnl c.ocffi- 
cicw tjs pwtnining to any pn,rticulnr yew, the recluctioii Iuctors serve 
to rcclucc them to a uniform stnn(l:i.rcl in order that they may be 
c.oiiipn.mble. Logarithms of the recluctioii factors for every tenth of 
a clegree of I :ire given in table 12 for the c.onstitueiits used on the 
tic1 c-prcilic.tinq innchine of this office. 

79. Formulas (631, (63), mrl (641, for the long-periocl, diurnal, and 
semicliwnd coiistituents of the verticd component of the tide-pro- 
duciiig force niny now bc suniniarizcd as follows: 
Lct E=constituent nrgument from table 3 

G= inenn consti t m n  t,. coefficient from table 2 
. .  f -=.i!ode filctor from table 14 

j(L-ll) to.f(A5) =j[MIlij= (2/3-sin2 1)/0.5031 
j(&) to.f(A,,) =-f(.Mf) =sing I /c).157S 
.f(&j toJ(&) =.fCO,) =sin I cos2 +I /@.3SO@ 
..f(;i..?) to .f(A&) =f(Jlj =sin 31 /@.7314 
f(&) tO.f(&) =f(OO,) =sin I sin2 31 /@.0164 
-f(4sp) tof(A:,') =-f(M:', =COS' 31 /@:9154 
f(&) to -f(&) =sin' I / O .  1565 
-f(,A5,J t.o-f(tl13) =sin' 3 I /0.0@17 

the capital F. 
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Then 
Fn30 /g=3/2 L7(1/3-3/2 s inT)  SjC!  cos E 
Fu31 /g=313 U sin 2 Y  S fC cos E 

(51) 
(83) 
(53) 

' Latitude factors for esc.11 degree of I' are given 'in table 3 .  The 
column symbol in this table is I' with minesed letter and digits corre- 
sponcling to those in the clesigiiation of the t idd forces. Thus, I 3 0  

represents the latitude factor to .be used with force Fu30, its value 
being 'ecju'al bo the 'func.tion (1/3-3/3 si$17). Ta.k.ing the iiunieric,al 
value for the basic fac.tor U'froni table 1, tho general coefficieiit 312 Lr 
is found to be 0.8373 ;< 1 w 7 .  

F13? /g=3/3 U C O S ~ Y  E-iC COS E 

HORIZONTAL COMPONENTS OF FORCE 

80. The horizontd component of the principal parta of the ticle- 
producing force as espressecl bp formula ('35), pa.ge 14, is in talle clirec- 
tion of the a.ziinutli of t11.e bidc-producing bocly . This component 
may be further resolved into a iiort,li-niicl-so~it,li and an east-and-west 
direction. In the following discussion the south and west, will be 
considered as the positive directions for thew c,oniponenbs. Now 1e.t 
Fs3 /[I= soutli component of priiicipd tic1e-produc.ing force 
Fw3 /g=.wkst cornponeti t .of principal. ticle-procl,ucjng force 
A = azhnu th of nioon rcclmiecl from thc south through the west. 
Fro111 formula (29, we tlieii have 
Fs3 /g=3/2 (Ad/E) ( ~ . / 1 . ) ~  sin 22 cos A (54). 
Fu,3 /g=3,& (M/E)  ( c ~ / d ) ~  sin 22 sin A (.85), 

81. Referring to .figure 3, page. lG, tlic angle P'PA4 ecluals.A, the 
n.ziniut11 of-tlie. inoon. Now,. kceping .in miijcl th'nt the angle MPCT 
is the supplement'ofA, trlie aiigle'PCM equals t ,  mcl the arcs MC' and 
PC' are the respective complements of D and I-, we m3.y obtnin froin 
the spheric.a.1 triangle A P C  the following rcl n t' 10115: 

sin L" cos A= -cos I'siii D+sin P cos D cos t (SG). 
sin z sin d=cos D sin t (S7)  

Multiplying each of the above equations by the d u e  of COS z from 
fon.nula (31), the following cclurqt.io!ns !nay be clerived : . 

sin.% cos d=3;.sin L cos z cos A 
= 374 'sin 3 I' t?/3.- 3 sin2D) 
-cos 3 I' sin SD cos t + 112 sin 2 IT cos2D cos 36 (551 

sin 8.z sin ,4=3 sin c cos z sin A 
=sin I' sin 3D sin t 
+cos 1' c.os2D sin 3t ' (89) 

82. Substituting in (S4) and (S5) t,lie quantities from eclun.tioiis (88) 
. .  and (89), we have 

, FS3./g~=9&(M.)B) (tr,/d)"siii 2.11 (2/3'-5 sin:D) ~ - - - - - _ - Fs30 /g .  
-312 (n/f/E)(a,/d)3 cos 2l"sin 2 0  cos t _ _ _ _ _ _ _ _ _ _  FSjl /g 
$314 (M/E)  ( ( ~ , / d ) ~  sin 31- c.os?D cos 3t L _ _ - - _ _ - - - FnT? /g 

F,r3 /g=3/2 (M/E)  (u./(.!)~ sin Psin 2D sin t _ _  ~ _ _ _  - _ _  _ _  _ Fm31 Is 
+3/2 CAJ/E) (n/dj3 c.os I'cos2D sin 3 t  _ _ _ _ _ _ _ _ _ _ _ _  F m  Ig 

( S O )  

(91) 



HARMOXTTC AN'ALYBIS AMD PEU3DICnO.N OF TIDES 27 
The south component is espressecl by t,liree ternis representing respec- 
tively the long-periocl, diurnal, and seniidiurnal constituents. For tslie 
west, component there are cjnly two ternis-tlie diuiiia.1 nncl semidiur- 
nal, there being no long-period constituents in tahe west component. 
Eadi teim has been marked separately by a symbol with annesecl 
digits nnalogous to  those used for the vertical component to indidute 
tlic class to which the tmmi belongs. 

83. C!oniparing foiiiiiila (90) for t,he south component witah forniula 
(33) for tlle vertical c.oiiipoiieiit,! i t  will be notecl that, the swne functioiis 
of D an,d t nrc'inrdved i!i 'the corrcspoiidiiig' teiiiis of both f o r n i i h ,  
a.iic1 tliat, the ternis differ only in t,lieir nuniericd coefficient m c l  the 
latitude fact,or. Allowing for these clii'r'ercnces, suniniarixecl formulas 
nnalogous to tliose given for the vertical c.oniponent (pg! 86) ma.y 
be readily forinet.1. I n  orcler to eliiiiinnte the negative sign of tlie 
coefficient of the inirlclle terni, IS@' will be appliecl to the arguments of' 
that terni. 

(93) 
($13) 
(94)) 

84. Comppring the two teiilis in forn$:l: ,(91) for the west coni-. 
1)OJi~lIt witsli the corresponding. teiiiis in formula (38 j '  for the vertical 
coniponcnt, it will bb notecl taliat the U fiincthns'a,re the same but t h i t  
in (91) the sine replnces the cosine for the functions of f .  It may be 
sliown that tlic corresponding development of these. ternis will be 
tlic. stinic a.s for t he  vertical component except that in the developecl 
scrios encli argunien t will be representtd by its sine instea.tl of cosine., 
In order that t l i . ~  smiiiia.rizec1 foimiu1:i.s 11iay be espressrcl, ,in cosine. 
fiiiicti i ns ,  90' mill be sub triwtecl f roii~'en.cli.'i.'cni~ii t . .' With .t,lie. shine. 
syiidyds as heforc. niicl allowing for differences-in. the lntitucle factors,, 
wc obtain 

i9.5js 
(.96',. 

85. Forinulas for tlie horizontd component of tide-producing force. 
in any given clirec.tion niay be derived AS follows: Let A equal the 
aziniuth (mcnsurecl f roni sout81i through ll&j of given direction, ancl 
let ,Fci30 / { I , ,  F n 3 1  /g! n.n<l Fa3: /g, :respectively,, qxeseiit,  the long-periocl, ~ 

cliurJi:ic and seiniiliiirnd . t6riiis of tlid cornpbn'eiit' in this -.cIirektioii., 
T11cii 

(97)> (.w. 
(99) 

As, tlie long-period. t>erni 1ia.s no west coniponent, the summarized 
formula for the aziiiiutli A may be clerive,cl by siniply inkoc1uc.ing the. 
factor cos A into the coefficient of formula (98). For tlic c1iurna.l nand. 
semidiurnal ternis it, is necessary to cornhilie tlie resolved elements 
from .tlic..sout~l~.~~id..~~~st,coinpoiieiits;, : . . . .- 

86. Referring .to . foi:niulas.: (93). .to:. ~(96). .and. .considering a. sin& 
constituent in en.ch' species we obtain the following: 

With all symbols as before, we then have 
Fs30 /p=9/S U sin 2 I'S fC! cos E 
FS3, /g=3/2 UCOS 21'S-fC COS (E+lSOO) 
FS3? /y=3/4 CJ sin 21-E fC! cos E 

F,j.3, /j=3/.:! U sin I' S -fC cos (E-9RO") 
FlO3? /g=3/3 t l  COS 1- 3 -fc! COS (E-90') 

. ,  .... * . . _  

F,:,, 1.q = F m  /g I/ COS d 
F,,31 /y=Fs31 /y:.?c.os A+FnB1 /y .<sin A 
FaB2 /y= FS3? /$I >.< cos A + Fn32 Ig ;.I sin A 

. . '  1. 
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of iinture does not even approsinlate to t1in.t wliich might he espect,ecl 
ur~der tlie assumed conditions, the' theory is of value ns on aid iiz 
visualizing the clistrihutioii of the tidal forces over the surface of tlie 
earth. The tslieoretical tide forniecl under these conditions is Irnown 
R.S tlie e~~i.i . l . ibi . izun tiilt, and sometimes as the c(,.stro.)i onticab or gru.z:ita- 
t i o n d  tide. 

89. ITncler the ecluilibrium theory. tslie nioon woukl tend to dr:iw 
the en.rtli into the shnpe of n prolate splieroicl witjll the longest ;mis 
in line with the moon, thus producing one lii@i. w9ter clirectly uncler 
the niooii n.nil another one 011 the opposit,e side of tlie earth , witli a. 
low7 water belt esteniling entirely around tJie'eti~i.th. in n .great circle 
miclway between the high wnter points. It! mny be shown m:Lthe- 
nia.taicn.lly, however, tbntf t,lie tot,al effect of the moon n.t its mean tlis- 
t,na?ce would be t.0 rn.ise the high water points ahou to 14 iiiclies :i.boye 
t,lie mean surfnce of the earth nnd clepresg the low wnter lxlt a.bout 
T inches below this surfnce, giving ii  ninsiiiiuni rmgc of tide of il.biil1.t 
31. inches. . The corresponding mngc clue to-the sim is :dmi to 1.0 inches. 
Figures 5 and G illustrate on an esa.ggwi.t~ec1 scde the theoreticad 
dist.urbing effect oi t,lie 1110011 on tlie eivtli. In the first, figurc the 
iiiocin is n.ssuniec1 to he directly over t,he eqoatiw niid in the lnst figure 
the moon is a.pprosimntely n.t, its grentesb noltli clecliiiatio,.n. 

90. With the moon. over the. equtitor itig.,,rS.j,, thr. r?age of tlie 'qui-  
libriuni tide will be n t, a ninsiiiiuni 2.t the "&ipin$ijr .n.ar.l, climiri.isli to 
zero nt the poles nilel ats nny point h i e  will-b$''t,i:-b' high mid low 
waters of equal ra.nge with each rotation of the en.rtli. With tlic 
111ooii north or sou.th of t,he eclua,t,or (fig. 61, n decliiin.tion:d incq iidity 
is int,roducecl nnd the t.wo high n.ncl low writers of tlie ~1~137 for m y  (4vcn 
latitucle w o u ~  110 longer be equa.1 except! n.t tlie. ..eq,itn.toT. .. %!is 
inequality would increase witall the .lnt.i.tucle and near the poles oiily 
one high snd low water woulcl o c c m  with ench .ptki.tion of the e ~ r t h .  
Althoii.gh latitrude is tin iiiiportnnt fnctor in deteFriiiiiirig the 1::ingc of 
the eclmlib~ium t.itle, it  is to be Iiept,,t'in illinel t h . t  in the nctirnJ tiile 
of imture the 1n.titude of n plnce 1in.s no direct effect upon the rise tmcl 
fall of the water. 

91. A surfnce of eclui1ibriu.m is n surfnce at  every point of wliicli the 
suni of the potentmi& of d l  the forces is :I. constant. On siicli :L 

surfnce the rs'su1tm.t of rill the forces a t  en$ point must bc iii. the 
clirectkm of the ~iornid to  the surfo.ce i1.t tSlint.- point. . xf !l!e-:$jj,!$ - 
were. 11. Iioniogeneous I I~RSS with grnrity 8s the ctnly fGi;Ce hcting, the 
surface of equilibrium would be that, of a. sphere., ..E 3.~11 n.dcJitioeil 
f0rc.e will tencl t,o clisturh this spherica.1 surfac.e, niicl-tke: totn.l'cld.fdtiniG 
tion will he represented by the suni of the clist8iirbanc~s of each of the 
forces ac.t,in.g sepnrn tely. In the following investigation we need not, 
be cspec.ia.lly conceriiecl with tell e more or less perninnent c1eforiiin.tion 
due to tlie centrifugal force of the ea.rth's rotation, since wc 1nn.y 
asmilie t.lint the clisturbances of t,liis spheriodn.1 siirhce clue to the 
t,idsl forces will iiot cliff er mnt~erially from the clisturbnnces in a true 
sphericnl surfn.ce clue to the snme c.nuse. 

93. The potentin1 :i.t ally point clue to a fm 
thnt woulcl be required to iiiove a unit. .o f... 
against the action of tslie force,. to n. poaitiim 
This n.momit of work will he indepenc1ent'- 
tr1ie unit of matter is moved. If the force being considereel is the 
gravity of the earth t,lie pote.iitio1 a t  any point will be the amount 

. 



of work required to  move n unit I i i c m  n.gn.iiist, tslie force of gr:n4ty 
froni the point to an infinite distmce from the en.rth's center. For 
the tide-producing force, the po tentid a t  any point will be measured 
by the niiiount of work necessnry to niove the unit of mass to the 
earth's center where this force is zero. 

93. Referring to forniula (21) for the vcrticad component of the tide- 
produciiig force, if the unit {/ is repln.cec1 by the unit. p from equation 
(,15j, the formula inny be written as follows: 

94. Considering sepn.ra.telg tJie tide-producing poteiit-id duc to the 
two terms in the above foriuuln, let the potentin1 for the first, term 
iiivolviiig tlie cube of tlic mooii's clistmice, be represeiitccl by T73 mid 
the poleiitid for the secoiid term $iivolviiig the 4th power of tmhe 
iaooii's distance by Ti;. In endi case thc mokk required to iiiovo a unit 
niiiss against tlic force through ai1 iiifini tesiiiind clistaiice. -dr tow'wcl 
the ccnter of the earth is the product of the force by -&, and the 
potcntinl or totd york required to niovc tlie pwticle to the ccii~er of 
tlic on.t*tli may be' ol>tainecl by intcgrnting. bctmeen tlic liiiiitx j .  niid 
zero. Thus 

95. At 21.11~7 iiistnn t of time t-lic Me-producing potentin1 ats different 
poiiits on the cartli's surfn.ce will clcpencl upon the zenith c1istn.iic.e ( 2 )  
of'tllo niooii and may be either positive or negative. It will now be 
sliowii t1in.t the average ticlo-producing poteiitia.1 for n.11 points on the 
cnrtli's surf.ac.e, assuming i1; to  be 'a;sphcre; is zero. dssuine a series 
of right conical surfaces with coiiiinoii npcs a t  cciiter of eiirth aiicl asis 
coil I c i ~ l i i i ~ , " ~ v i ~ , l i ~ . t , ~ ~ e ~  liile j blliing i :cent.crs. of earth .:and. moo11 ! tlic apgle 
betmccii tlik generiitiiig. liiie slid ' the nsis being 2. . These conical 
surfaces sepnrntecl by infinitesinin.1 nnglc d z  will cut the surface of the 
splic.!rc into a. series of equipotential rings, the surface wen of any ring 
being equal to a 2 'K P sin z dz. The average pokntial for tlie entire 
sphcricnl surface may then be obtniiiecl b summing the products of 
the ring wens nncl corresponding potentia T s nncl divicling tlie sum by 
the totn.1 surface area of the sphere. Thus 
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=$[--5/4 cos4 2+3/2 cos‘ z = O  (113) la 
96. Let T7# represent the potential clue to gravity a t  any point on 

the earthJs surface. Since the force of gravity a t  any point on or 
above the earth’s surface equals pE/?, the corresponding potentia.1 
becomes 

If the earth is assumed to be a sphere with radius (c, the gravitational 
potentia.1 at each point will equal pE/a, which may be taken a.s the 
average gravitational potent,iin.l over the surfa.ce of the earth. 

97. For .a surface of equilibrium under the combined action of 
gm.vity and that part of t8he tide-producing force involving the cube 
of the moon’s distance the sum of the corresponding po tentials inust 
be n constant, and since the avertige tide-proclucing potential for the 
entire surface of the earth is zero (par. 95), the constant will be the 
avernge grsvitstional potential or pE/n .  Then from (110) and 
(1 14) we have 

Transposing ancl omitting coninion factor p, we may obtain 

Let . 

r=a+h 

so that h represents the height of the equilibrium surface R S  referred 
to the undisturbed spherical surface of an equivnlent sphere. Then 

(11s) 

As fraction h/a is very small, its greatest value ,being less than 
0.000001, the powers above the first may be neglecte.cI. Substitating 
in (116) and writing h with subscript to identify it with the prin- 
cipal tide-proclucing force, we have 

(119) 

98. Similarly, for n surface of equilibrium under the conibined 
:action of gravity and the part of the tide-producing force involving 
$he 4th power of the inooii.’s distance, we have from (111) ancl (114) 

h3 / ~ = 3 / 2  (M/E)  (o . /~)~(cos~  2- 1/3) 
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(121) 

Letting r=a+h,, and expanding the first ineinber of the above forinula, 
it becomes equal to  Ir., / ( I  Rfter the rejection of the higher powers of this 
siiinll fraction. The formula niay then be written 

Ikd /n=lP2 (Al/E)(~/d.)*(5 cos3 2-3 COS P) (122) 

99. Formulas (119) a.nd (122) involving the cube m d  4th power of 
the nioon’s parallax, respectively, represent the equilibrium heights 
of the t i le  clue to tlie corresponding forces, the heights being espressed 
in respect to tlie mean i’adiiis (a) of tlie earth as the unit. I n  deriving 
these forniulas the centrifugal force of the earth’s rotation was dis- 
regarded am1 tlie resulting heights represent .the disturbances in a 
tiwe spliericd surface clue to the action of the tide-producing ‘force.. 
It may be inferred that in a coliclition of equilibrium the t idd forces 
would produce like dis turbmces in the spheroidal surface of the earth 
mcl the h of the foniiulns may tlierefore be Fnken as being.refemec1 to 
tlie eartli’s surfnce as clefined by t,lie niem level of the sen. 

100. The extreme limits of tlie equilibrium tide, applicable to the 
time when the ticle-producing body is nearest the ea.rtli, may be 
obtained by substituting the proper nunierica.1 values in foimulas 
(119) nncl (122). 
From forniuln (1 19) involving the cube of parallm- 
&entest rise =1.4G feet for moon, or 0.57 foot for sun (123) 
Lowest fall =0.73 foot‘for nioon, or 0.38 foot. for sun (124) 
Estreme ra,nge=2.19 feet for nioon, or 0.85 foot for ‘sun. (125) 
From formula (123) involving the 4th power of pa,ra.lhs-- 
Grea.test rise =0.036 foot for nioon, or 0.000025 foot for su i  (120) 
Lowest fall =0.026 foot for moon, or 0.000025 foot for sun (137) 
Estrenie range=0.052 foot for moon, or 0.00005 foot for sun. (12s) 

101. A comparison of forniu1a.s (23) n.ncl ( l i s )  ,. the first expressing 
the relation of the vertical conipoiieiit, of the principal tide-producing 
force to the acceleration of gravity (yl a.iid the other the relation of 
the height of the corresponding eyuilibriuin tide t,o the niean radius (a) 
of the earth, will show that they are icle.1itk.l with the single escep- 
tion that the coefficient4 of the height forniula is one-linlf that of the 
force formula. Therefore the clevelopnient of the force formula into 
a series of harmonic constituents is ininiecliately a.pplicn.ble in obtain- 
ing similar espressioiis ‘for the equilibrium height of t,he Me. Using n 
notation for tlie height ternis corresponding to that used for the force 
terms, let /a, h31 /a, mid hB2 /a represent, respectively, tlie long- 
pei-iocl, cliimnd, mid semidiiirnd ternis of t,he eyuilil>riuni tide involv- 
ing the cube of the moon’s pwallax. Then referring to formulas ($1 j 
to (S3) we may write 

(129) 

(131) 
the synibols having the same significance as in the prece.cling ‘discussioii 
of tlie t idd forces. 

’ 

They we given below for both moon and sun. 

’ hao / ( t=3/4  U(1/3-33/3 sin3 1’) s-fC cos E 

h 3 2  / ~ = 3 / 4  U COS.‘ I’ S j C  COS E 
ha, /u=3/4 U sin Bz’  Z jC, cos E (130) . 
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TERMS INVOLVING 4TH POWER OF MOON'S PARALLAX 

102. Forniu1n.s (si) nncl (36) reprcscnt! the vertical &d liorizontnl 
coniponeiits of the psrt of the ticlc-proclucing force jnvolving the 4th 
power of the moon's pardlas. This p r t  of t h e  force constitutes 
only about 2 percent8 of the total title-procluciag force of the moon 
nncl for brevity will be c.n.llecl t>he Icssur force to clistingnish it! from the 
principd or primary part involving the cul~e of the ps~ra11ax. . The 
verticad component F,,, /g has its inssimnm vnlue when z equals zero 
and, if numc?ric.nl values pert.n.ining to t,lir 1110011 and s i m  wlieii iiena.est 
the earth are sul>stiitut:ecl in forinuln (%'), the estreme values for tliis 
coinponcmt, nre fouucl t.0 be 0.37'" 1 P  for the moon sncl 0.35:.:; lo-" 
for the sun. The 1iorizoiit.d coniponent F,,, /g has it's greatest valuc 
when z equals about 31.09' 2nd t,he substitution of ~iuniei*icn.l values 
hi formula. (36') gives trhe extreme vn.lue of this coinponelit as 
0.26:' 10-s for the 111o011 or 0.84 !.' 10-11 for the sun. 

103. Subst.ituting in ('24) t,he vslue of cos B from (:31), the vcrticnl 
coinponent~ of the lesser force is espandecl into four terms ns follows: 
F ,  /g= 15/4.(,Al/Ej !a/d)' sin I'fc.os' I'-3/5) sin D(5 cos2 D-2)-  F,,, /!j 

+45/8 (Al/E) (n/d)*cos I'(cos? I'-4/5j COSD (.5cos2D-4i)  COS^ F,, /g 
+45/4 ( A l / l E )  (,a/d)' sin I' cos? I- sin D cos' D cos 3 t- - - - _ _  - For? /g 
+ 15/5 iAf/E) (a/dj4 cos3 I' cos3 D COS 3t-- - - - - - - - _ _  - - - - - - F443 /g 

(133) 
These four t,erins represent,, respectively, long-period, diurnal, semi- 
diiunsl, and tercliiirns.1 constituents, a.ccording to the inul tiple of the 
hour angle t iiivolvecl in the berm. Each term is followed by n symbol 
which is annlogous to those used in the developinent of the principsl 
force. 

104. Each term in formuln (133) may be further espn.nded by nien.ns 
of the reln.tions given in forniu1n.s (39) and (42j. Esprrssing t.1iese 
terms sepwrttcly we h v c -  

F,,, /g= 1514 iAl/E) (a/d)' sin I'(,cos' 17-2/5);< 
[3(sin I-5/4 sin3 I) cos (j-90') 
+5/4 sin3 I cos (3j-9Oo)] 

Fud1 /g=45/S ( A l / l E )  (a/dY COS I' (.c.os~ 17-4/5j;: 
[5/! sin? I cos? +I cos CS-3 j )  + ( 1  - 10 sin' +I+ 15 sin' ; I )  c.0~' $1 Cos (S-j) + (1 - 10 cos' +I+ 15 cos' $1) sin' +I cos (S+ j j  

(133) 

+5/4 sin? I sin2 31 cos (S+3j)]  (134) 
F,,, /g=45/S (Al/E) ( ~ , / r ! ) ~  sin I' cos' I-,.: 

[sin I cos4 +I cos @S-3j+90°) 
+3 (cos2 31-2/31 sin I c.os2 41 c.os (SS-,j-90') 
$3  ('cos? +I-1/3) sin I sin? $1 cos (SX+j-9O0) 
+sin I sin' $I cos (2S+3j-90')] (135) 

F.43 /g= 15/8 (ill/lE) ( ~ / d ) '  COS' I'?.: 
[cos6 41 cos C3S-3j) 
+ 3  cos4 +I sin' +I cos (3S-.j) 
+3  cos:. +I sin' 31 cos i 3 S + j j  
+sin6 +I cos (3S+3j)]  (136) 

105. If, the coninion factor ( ~ c / d ) ~  in fo~mulas (133) to (136) is 
replaced by its c yuivalent ( ~ . / C ) ~ X  ( ~ / d ) ~ ,  these. formulas, may be cle 
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106. All of the constitlielit ternis in forniulns (13 i )  to (140) are 
relatively uniniportcmt hut they are list,ed in table 1 because of their . 

t~li.eoreticn1 interest. The only one of these ternis 'now wed in the 
prediction of tides is (&). representing the cons tituent, M, ~ h i c h  has 
n speed esactlp' tliree-halves t h t  of the principal lunnr constituent 
M,. Term (A,,) is of interest in 1ia.ving n speed eswtly oiie-hdf that 
of R/I, and is sometimes called. the true MI to clistinguidi it from the 
conipdsite .Mi :~+liic,l~',is iised in the prediction .of tides and which will 
be described hter.  
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107. For simplicity and the purposes of this publication, tlie mean 
values of the obliquity fa,ctors in the terms of the lesser tide-proclucing 
force will be taken as the values pertbining to tlle, time when I equals 
w or 83.458O, escepting that for constituent M,. and associated terms 
the mean has been obtained in  accord with the system described in 
paragraph 75. The corresponding node factors (paragraph 77) may 
t81ien be expressed by the following foimiulas in which the denominators 
are the accepted means of the obliquity factors: 

, 

j(&1) to .f(AEB) = (sin I -  5/4 sin31)/0.3 193 

f(Ae7) to j(&) =sin31/0.0G30 

j(ABO) to j(A7J =sin?I c.os24J/0.151S 

j(&) t,oj(&) = (1- 10 sin231+15 sin4+I) cos2+I/0.5873 (1'44) 

f(&) to f(&) = (1 - 10 COS'$I+ 15 c0s4$1) 41i241/0.2147 (145) 

(146) j(&) toj(dis) =sin I c.os4$I/0.3G5S ' I. . 

j(.i7j) to j(L!t,o) = (cos2+I-2/3) sin .I c.os'+I/0.1114 (147) 

f(As1) = (cos2+I- 1/3) sin I sin2+1/0.0103 (148) 

f(&) to .f(*&E) = j ( h ! 3 : )  =c~os6~I/o.s'i5s 1 (149) 

f(&) to j(&) = c.0~~31 sin2+I/0.03~0 (150) 

Comparing forniulas (149) and (781, it will be notecl that tlie node 
factor for M3 is equal to tlie node factor for h/12 raised to the 3/2 
power. Computed vahes a,pplicable to terms As? to Asa are included 
i.n table 14 for years 1S50 to 1999, inc.lusive. 

108. For the tabu1n.te.d constituent coefficients of tlie t e r m  in 
forniulss (137) to (140) there are included not only the elliptic and 
niea.n obliquity factors but also such other factors as niay be necessary 
to perniit talle use of the general coefficient (3/3 U) of formulas (SI) 
to (83) for tslie vertical component of. tflie priqcipal tide-producing 
force. The comniow coefficient (M/E) ( U , / C ) ~ -  of"'fdriiiu1as (137) to 
(140) is equad to U mdtipliecl by the pitrallas n/c, and t;lie latter 
together with the necessary numericd factors is included in tlie 
const;ituent coefficients in table 8. Forniulas (137) to (140) may 
then be summarized as follows: 

(151) 

. .  

. FZlO /g=3/2 iY sin 17(cos21'-2/5) S j C  cos E 

' FPdl /g=3/3 UCOS I'(COS2!--4/5) S jCC0S E (158) 

FF12 /g=3/8 LT sin P c.os21' 2 jC! cos E . (153) 

' . F,,43.1g=3/2 U COS~Y Z j C  cos E .. . (154) ' 

109. It is to  be no'tecl that in formulas (1511, (1521, and (153), tlie 
niasinium vn.lue of the latitude factor in each is less than unity, being 
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0.4, 0.2754, and 0.3849, respectively, if the sign of the function is 
disregarded. In forniuln (154) , as in the corresponding formulas for 
the principal ticle-pro.clucing force, the masimuni d u e  of this factor 
is unity. I n  comparing the relative importance of the various con- 
stituents of the tide-proclucing force the latitude factor should be in- 
cluded with the mean coefficient. Attention is also called to the fact 
that the relative importance of the constituents involving. the 4th 
power of the nioon's parallax is greater in respect to t81ie vertical coni- 
ponent of the ticle-proclucing force than in respect to the height of the 
equilibrium tide. I n  t?ble 2 the mean coefficients are t&en coni- 
parable in respect to the verticd component of the tide-producing 
force ancl the constituent coefficients pertainin to the lesser force are 
therefore 50 percent greater than they would f e if taken comparable 
in respect to tthe equilibrium tide. 

110. The south aacl west horizontal components of the lesser tide- 
producing force may be obtained by multiplying €ormula (36) by cos 
,4 and sin A, respectively. Using the scnie systeni of notation as 
before, we then have 
Fa, /g=3/2 (M/E) (ala4 sin 2 (5 cos? 2- 1) cos A (155) 
Fa /g=3/2 (2\.l/Ej(n/d)4 sin z (5 cos2 a-1) sin A (15@ 

111. By nieans of the relations expresseel in forniulas (31), (SG), 
and (87), t81ie kbove coniponent forces may be separated into long- 
period, cIiurnn.1, seniiciiurnal, nncl terc1iiirnd ternis as follows: 
South component, 
FsJ0 /g=-l5/4 (M/lE> (n/d)4 cos 17(cos21.'-4/5) sin D(5 cos2D--3) (157) 
F,,, /g=45/8 (AJ/E) (n/d)* sin P(cos217-4/15) cos D(5 cos2D-4) cos t 

. (158) 
FS4* /g= -45/4 (M/lE) (a/d)' cos I'(cos21'--2/3) sin D c,os2D cos 2t (159) 
FsG /g= 15/8 (M/E) (a / l j4  sin P c.os2F cos3D cos 3t 
West component, 
FM, /g=15/8 (M/E) (a/d)4(c~s217-4/5) cos D(5 cos2D-4) sin t 
F,? /g= 15/4 (2\4/lE) (n/d)' sin 2I' i n  D cos2D sin 2t 

(160) 
' . ? > -  

(161) 
(163) 

112. Conipanng forniula.~ (157) to (160) for the south component 
force with the corresponding teims of (133) for the vertical coin- 
ponent, i t  will be noted that they differ only in t,he latitude factors 
and in sign for two of the ternis. With acljustments for these dif- 
ferences the sumnia.rized formulas (151) to (154) are cIirect,ly applicable 
for espresFing the corresponding t e r m  in the south ' componqt. 
Thus 

FWd3 /g=15/S (M/E] ( n / d ) 4 ' ~ ~ ~ 2 Y  cos3D sin 3t . (163) 

Fs40 /g=3/i U COS P(C0S21'-4/5) SfC cos(E+1,SO0) (164) 
(165) 

(167) 
Com- 

paring (161) to (163) with t,lie corresponding.terms of (132), it will 
lie noted that the t-functions are expresseel ns sines instead of cosines 
but they may be changed to the latter by subtracting '90' from each 

F,,, /g=3/3 'U sin I'(cos21'-4/15) S fC cos E 

Fads /g=3/2 U sin I' cos2Y S fC cos E 
Fs,2 /g=3/3 U CGOS 1'(cos21.'--3/3) ZjC COS(E+~SO~)  (166) 

113. For the west component there is no long-period term. 



siii A 
siii I' cos il = tan-1 

The proper qun.clmnts for XI, X2, and X3 will be rleterniiiiecl by the 
signs of the numerators aiicl clenomina.bors .in the above expressions, 
these signs Iioing .respectively .t,lie saiiie .as for t,he sine and cosine of 

115. Compnring foyinula (153) for the ecjtdlibri~iin height of the 
tide cluc! to t,lie lesser ticle-procluc.ing forc,e with foriiiula (24) for the 
verticd c ~ ~ i i p ~ ~ i i e i i t ~  of tbe force, it  will be noted that they nre the 
sn.iiie with tlir exception t,liat t,lie nunit~rical coefficient of the former 
is onc-third t h t .  of the 1a.tber. Wit11 this change. t,he sunminrizecl 
formu1n.s (151) to (151) for the v e r t h l  force may be used to express 
the corresponding equilibrium heights. Following the sanie system 
of notatinn n.s before! we have 

(1Slj 
(1S3) 

. (183) 
( 1 W  

It is' to 11e iiotecl tliat tlie equili~iriuni 1i.eiglit of the title clue to t,lille 
principn.1 ticle-producing force when measured by the inean mclius of 
the ewth as a unit, is one-ldf il.8 great, as t h e  'c~orresponcling verbical 
component, force referred to the nienn n.cceleritt.ion of gravity ns L 
unit, while the equilibrium height clue . to t,lie lesser tide producing 
force siniilndy expressed is oiily one-t,hirtl as great :I.S the corresponding 
force. In  table 2, tlie coefficients (C) of the constituents clerivecl 

the C@l'~CSJ~@lldillg CtJlgles. 

h,, /a= 1/3 LT siii I'(cosSI--3/5:) S jC!  cos E 
h,, la= 1p 11 cos I'(,cosT-4/5) S j c !  cos E 

hJ3 /a= 112 LT cos31' Z -fC cos E 
l ~ . , ~  lit = 1 /3 L: sin I' cos2 I' S -f C! COS E 
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(B50) +9/S 2 1  COS (2T+Spi) 
(Bd  +9/s c21 cos (3T+4h-22)1)} 
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(B5& 
(BSi) . 
u%s) 
(B59) 

11 8. The general coefficient, for the solar tide-proclwing force 
d;lffers from that of the lunar force in the basic factor. From the 
fundamental data iii table 1, tslie ratio of L T J U  is found to be 0.4603. 
This ratio, which will be designated as the solar fa,cbor wit81i symbol S', 
represents the theoretical relation between the principal solar. and 
lunar tide-producing forces. In computing the const~ituent.coeffic~ent~s 
of the sohr terms for use in table 5 ,  the solar factor was iuc.luded in 
order that t,lie sanie general coefficient may be applicable to both 
lunar and solar ternis. All of the summarized formulas involving the 
coe.fficients and ctrgume.iits of table 2 are therefore applicable to both 
lunar and solar constituents. For the solar constituents, how.ev?r, 
tlie node factor Cf, is always unity since w ,  tlie obliquity of the ecliptic, 
may be considered as a constant. 

119. By substitiiting solar e1ement.s in formulas (137) to (140) the 
corresponding solar constituents pertaining t80 t8he 4th power of the 
sun's parallas are readily obtained. Since the theoretical niagni tucle 

. of the lesser solar ticle-producing force is less than 0.00002 part of the 
total tide-producing force of moon and sun, it is usually clisregmded 
altogether. However, certain interest is attached to three of the 
c.onstituents which are considered in connection with shallow water 
and meteorological tides (p. 46). These are const8ituents Sa, S1, .and 
S3, corresponding respectively to terms AB4, A?,, and As* of tmlie lunar 
series. They are listed in t&le 3 wit,h reference letter B. ,and.cor- 
responding subscripts. Sa has n speed oae-half that of constituent 
Ssa represented by term R, of fonnuln (185). Its  theoretical mgu- 
nient as derived from teiiii der contains the constant 90°, but being 
considered as a meteorological rather than an ast8roiiomical consti- 
tuent, this constant is omitted from the argument. Constituents SI 
and S3 have speeds respectively one-half md three-halves t>hat of the 
principnd solar constituent S,. 

120. The a.rgullients of a number of the solar constituents include 
the element p1 which represents the longitude of tvlie solar perigee. 
As this c.1innge.s leas than 2' in a c.entury, it may be conside.red y 
practically constrant for the entire century. Referring to table 4 It 
will be noted that p1 changes from 3S1.32' in 1900 to 383.94' in 2000. 
The value of 383' may therefore be adopted without material error 
for all work relating t.0 the present, century. With p ,  taken as a 
constant, it will be found that, a iinniber of ternis in table 2 hav? t8he 
sanie speeds aiicl may therefore be dspectecl to. m$rge into single 
constituents. Thus, constituents receiving contributions from more 
than one term are as follows: Sa from ternis B2, Bs, and BB4; .Ssn 
from teriiis B, and B,; Pl from ternis B14 and B25; S, from ternis BIB, 
B,,, and B71; lL1 from terms B2, and B3,; 4, from terms BPB and B31; 

A few 

+sin4 +u{ (1-512 e$) cos (22'+4h) 
4-712 el cos (ST+5h--pl) 

. +I12 el cos i2T+3h+pl+1S0') 
+17/2 e?, cos (ST+6h--3pl)}] (157) 

. .  

. 

. 

. Sa from ternis B38 and B50; arid Rz froni t6rnis B1, and BdS. 
other solar terms also merge. . .  
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121. The separation of constituents from each other by the process 
of the analysis depends upon the differences in their speeds. Constit- 
uents with nearly equal speeds are not readily sepa,ratecl unless the 
analysis covers a very long series of observat.ions but they teiid to 
merge and form a single coniposit,e constituent. In  formula (63), 
teriiisA16aiidA"have newly equal speeds, one being a little less and the 
other a little greater th.% one-half the speed of the principal lunar 
constituent Mn. These .two teilns me usually considered as a single 
constituent mcl re resent,ed by tlie symbol MI. Neglecting for the 

terms inny be written as follows: 
present the genera F coefficient aiicl coinmoii Iat.itucle factor, tlie two 

term &=I/? e sin I cos'? $1 cos (T-s+h.--p-90°+3~-v) (188) 

(189) 
The latter term, having. n coefficient nemlp tliree times as great as 
that of the first term, will predominate sncl determine the speed and 
period of the composite tide while the first terni introduces certain 
inequditids in the coefficient and argument,. 

. 122. For brevity, let A m c l  B represent the respective c,oelcients 
of terms Ale and AZs and let, 

(190) 

term A2,=3/3 e sin I cos I cos (T-~+h+p--90~--v) 

e = T- s + 11. + p - 90' - v 
Also let P equal tlie inem longitiicle of the 1111in.r perigee. reckoiiecl from 
the Iun~.r intersection. , Thcn 

p = P + f  
We then lime 

(191) 

term AI6=A cos .@-3P) 
= A  cos 3P COS O+A sin SP siii e . '(193) 

term A?,=B cos e (193) 
M1=d16+L423= (A cos SP+B) cos e + A  sin 2P sin B 

(194) 
1 ' A sin 3 P 

= iA2+%U? COY 3P+B2)+ COS 6-tan-l [ d cos.IP+B 
' e siii I cos2 $1 

QU 

- - COS (T-s-b h+p- 90'- y- QUI 

sin 3 P 
3 cos I/cos' g + c o s  3P QU= tm-' (196) 

If I is given its inem value correspoding to w ,  formula. (195) n i q  be 
reduced to. the form 

1/&,=(2.310+1.435 cos 3Pja (197) 

Values of log Q. for ea& degree of P ba.sed upon formula (197) are 
given in titble 9. 
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123. The period of the coiiiposite c.onstituent MI is very nearly nil 
ssabt multiple of the period of the principal lunar constitmiit M2, 
nncl for this reason the summations which are necessaiy for 'the 
anctlysis of the l:ttm ter may be conveniently adapted to the anctlysis of 
the former. With other symbols a,s before, let 

e=T--s+n - o r ~ + i - ~  
Terms Ale and 

tcrni A6=A cos (e- Pi 

tcrni &=B cos (e+ P )  

M1=dla+&= ( d + B )  cos P cos e+ (A-B) sin P sin 0 

may then bc combined as follows: 

= A  cos P cos O + d  sin P sin e 

=B COS P cos 8-B sin P sin 0 

=~,P+LAB cos zP+-RL)* cos [8--tan-I(eBtan P')] 

- - :'cos( T-  5 + 14 - 90" -+E- v+ Q )  

in which 

E kin I cos'?s 
Qn 

t m  P j &= t.t,n-'( ' 5  cos I-1 
, cos 1+1 

If I is given its ii~'o:tii vnlue .c.orrespoi~iling t o  w ,  fnriiiuln (203') ma,y 
he reduced to thc: following .form which WII.S gsed for coiiipu tiiig t.hc 
vslues of 0 in table 10. 

tan Q=O.4S3 tan P (203) 

124. Fo1miula.s. (194) nnd @01) are the same escept in t3he mcthocl 
of representing the n.rguiiieiit. The elements + p  - Qu in t4he first 
forniula-we. repl.cic.ed by +f+ Q in the 'litt.ter, ' h t  i t  ni:ty'be shoivn 
from (196) nncl (302) that 

'Q.+ Q=P=j l - t  (204) 

j j  - Qt,= E + W ("05) 

The complete arguments are tlierefore equal. but in foimiula (201') 
tlie uiiifornily vn.i-ying element p lms heen trmsferrqd from: tlit! 1' 
of tlie; argument; 'aiicl iiicludecl in .  the d u e  of -& wliere it, is freat.eii 
n,s a constant, for a series of observations being analyzed. Tlie speed 
of the nrgumen ta us cleteriiiiiieil by the. renmining pa.rt, of t-1i.e 1' is 
tllen esnctly one-lialf tliat of tlie princ.ipa1 coiistitueii t hl, a.nd with 
this assunip tion the suniinations for t . 1 ~  latter niay be adapted to the 
analysis of the fonncr. It, is to be noted, however, that tlic ,u. in 
t,liis case has a progressive foirvaail change of nearly 41" eac.11 p a r .  
'The true average speed of this c.onstitunit is cleteiiiiiiied by the 1' 
.of formula. (194) which inc.lucles tlie element y. 

125. The, oblicluity'fac.tor for the composite M, constituent, may he 
bespressecl by the .formyla sin I c.os231X 1/Q5. According bo the.work of 
Dfi.rwin (Scientific PApers by Sir George H. Darwin, vol. 1, p. 39) t'lie 
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nienn value cif 't,liis:.factor is representecl by the pl:oducf. sin w cos? 3 o 
ems' &.>I 43.307, w11ic.h eqnn.1~ 0.3S00).: 1.53, or 0.5776.. Wlien 
deriving the iiocle-fact-or formula for M,, Dtwwin iiin.dverteutly'omit,t,ed 
the fact,or -,/m and obtthiecl the npprosimnte equivn.leii.t of the 
following: 

Comparing the above with formula (75), it will be noted t1in.t 
. . ,dMJ =.fcO,j ?: 1/QS (207) 

F:ict.ors peh in ing  to consti.t8uenb MI in tnbles 13 aiid 14 arc bssed 
upon t,he shove foriiiu1n.s. 

c8bsj, the iiocle fac. M, which have been in gentv:tl iisc si1ic.e 
this system of t.idn ,ions ~711s. ndoptecl m e  a.bou t 50 percentv 
g ~ e a  ter t h n  was originally in tended, while the reciprocal reduction 
fact.ors itre coiwspondingly too small. This c.onst.it.uenta is relatively 
miiiiiport.niit aiicl no pmctic.i.1 ilificulties have resulted froin thc omis- 
sion. The M, amplitudes as reduced from the obsmmtioiid clntn. are 
comparn.ble aniong themselves but, slioulil bc increased by 50 percent 
to be on the saiiic basis (1,s the aniplitiitles of ot,her c.onstituentlt.s. The 
prec1ict)e (1 ticles have not. been n.ffectcc1 in the least since the node 
factors .n.ncl reclli~t,io~~..factors nre rec.iprocn.1 and c.ompei7sn.t,iiig. -- The 
tlieoretic.tt1 iiiectii c.ne.fficient> for this const,itmmt, with the factor 1/'1.307 

. iiicluclecl is.IJ.031i ; ;hiit' in order thatr t,his ccdk,ieiit niag be n.clnptec1 
for use wikh the tnhular node fac.t.ors when coniputiiig tidn.1 forces or 
the equilibrium height, of the tide, the coefficient 0.0209 with the 
factor 45.307 cscluclhcl should be used. 

, 127. Altliougli M, is .one. of. .t;lle relatively nnimportnnt consbitmnt.s 
.ancl the error in the node fn.ctor lias caused 110 serious dilficulties, i t  

het,lier .it8 .slioulcl be perpetuat,ed. I t  is obvious, 
ige in the present, procedure would lend to iiiuch 

coiifusioii unless ulidertdio11 by gvnernl agreeinen t, among all the 
priiicipal orgaaizcttions engqerl in ticlid work. By innkiiig. clmige 
n.pplicii.ble to the analysis of all scries of obscrvat,ioiis begmning after 
a certain specified date i t  would be possible to interpret the results on 
the bn.sig of the period covered by the observations without the nccts- 
sitmy of revising n.11 previously publisliecl n.iiiplitucles for this constituent. 

. .  ' 136. ,Bp.c&s&.'bf mission, of the fac.t,or 113.307 froin fonnula 

. 

. , ._ . . . ... :: -. . . 
THE LI TIDE 

128. The coniposite L2 constituent is formed by coiiibiiiiiig t,eriiis 
Neglecking the general coefficient niicl 

term A4,=1/3 e COY' +I cos (,2T-.s+2h-p+ 1Pfl0+9~-2V') m s j  
terlli rl,,=3/4 e sin' I cos ~ ~ Z ' ' - s + ~ h + p - - % ~  (ma)  

A reference to t d d e  3 will show that the mean coefficient of the first 
term is shout four tiiiies.as gi.6at ns that of the 1n.tter terni. The first 

A,, and dlS of formula (64). 
coinnion 1n.titrude factor these terms niny be written 

.*  . . 
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term will therefore predominate aiicl determine the speed of the 
coniposite constituent. 

129. With other syinbols 8s before, let A and B represent the 
respective coefficients of the two terms and e the argument of the 
first terni. We then have 

(2 1 0) 
(311) 

A,~=A COS e 

LP=.&I+A4S= (A-B cos 2P) cos el-B fin 2 P  sin e 
. A4s=B cOs'(8+3P-l1Ooj=-B COS (e+zP) 

2 P  

e- s I ~ ~ ~  (3 T- 8 + Tzh --I, + 1 10' + 2 5 - 2 v - R) 

=(A42-MB COS 3P+B2)* COS 1 
COS, 1 

R, (2 12) = 1/3 

in which 
l/R,= (1-12 tan? $1 c,os 3P$36 tali4 +I>' (213) 

sin 2 P R= tan-' - 1/6 Cot2 +I-COS 2 P  
Values of 109. R, alii1 R coniputecl from the above forniulns are given - , .  . . .  in tables 7 &id 8, respectiveh. 

130.' The obliquity factor for tlie composite L2 c.onstituend ma,y be 
espressed by the forniuln cos4 kIZl/Ra. The niean value of l/Ra is 
approsinlately unity, and in ncc.orc1 with the Darwinian system the 
memi for the entire obliquity factor is t d m i  as the pr?cliict cost 
$ w cos4& wliicli equals 0.9154 and is the same as tlie n!en.n value of 
the obliquity factor for the principal coiistitiient M,. Multiplying 
this by tlie elliptic factor +e gives 0.0251 :as tslie inem constituent 
coeficien t. 

131. The node factor foimiula for c.onstituent Lg based upon the 
above iiieaii for the. obliquity factor is as follows: . 

(315) 

Node fnc.t,ors for constituents L, based upon .the above forniuln are 
incluclecl in tk.ble 14 for t,lie middle of ea& yea.r froin 1850 to 1999, 
indusive. The logarithiis of the rec.ipr0c.d reclnckion factors covering 
t*lie period 1900 to 2000 are containecl in tabh  13.. 

LUNISOLAR 6 1  AND Kr TIDES 

'132. Lunar cliurnn.1 tern1 A*? of forinula (63) mid so1a.r cliurna.1 
terni B.? of foimula (116) have the smie speed. T~get~lier they foiin 
the 1unisola.r ICl constituent. Also, lunar seniicliurnd terni A,, of 
forniuln (64) mcl so1a.r srmicliurnal teimi B,, of foimiuln. (117) have 
speeds esactly twice tlint, of constitue:it ICl and together forni the 
lunisolar IC2 constituent,. In. order that t,lie solar teim?s nlny .have 
the same general corfficicnt '6s thc lunar. ternis, the solar factor 
LT1/U, which will be designnted by t8he symbol 'S', will be transferred 
from the general coefficient of the solar ternis and iaclucled in. the 
constituent c.oeffic.ients. Then, neglecting the gener~l  coefficient and 
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latitude factors coniiiion to the ternis combined, we have t,lie following 
forniula,s. in whic.11 numerical values from table 1 have been sub- 
stituted for constmalit quantities. 
term &= (1/3+3/4e?j sin 2 1  cos (T+h.-90°-v) 

term B2?= (1/2$3/4e:)S' sin 3 w cos (.T+h-9O0) 
=0.5023 sin 2 1  cos (T+I&-9O0-v) (216) 

=O.l6S1 cos (T+h.-90°) (317) 

(219). 
133. Ta.king first the cliuimd teiiiis, let A represent the lunar co- 

efficient 0.5023 sin 2 1  and let B representv the solar coefficient O.lGS1. 
We then have 
&=A cos (T+h,--90°-v) 

(330) 
BZ,=B COS (T+h-<IOo) (22 1) 

IC1=(d.cos v+Bj cos (T+h-9noj+A sin v sin (T+h-90°j. 
A sin v =(d2+2AB cos v+B?j!i cos T+h-9O0-tn.n-'-- A COS v+B 

= A  COS v cos (T+h-90°j+d sin  sin (T+Ij.-90°) 

1 
(223) 

[ 
=GI COS (T+h-9O0-v'j 

in which 
- C, = (d2+2,.iB cos v+ B2j3 

=(O.2533 sin' 21+1).lGS9 sin 31 cos vf@.O?S3)' (323) 
d sin 1' . sin 2 1  sin v 

sin 2 1  cos v+11.3347 I>' = t,a,n-' = tm-1 d COS v f B  (324) 

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

134. The obliquity fnctor for ICl will be taken to include the entire 
coeffic.ient (A2+?&? cos V +  B2)i and its niean value will be taken 8s 
the niea,ii of the product ('d'+2BB cos v +B')i cos v'. 
From (334) we niny obtain 

' 

COS v'= (A COS v+B)/(d'+?dB COS v+B')i  

Then for me.m vdue of coefficient of IC1 
[(Ai"+3AB COS v+B')* COS P'],=[A COS v+B], 

=[0.5023 siii 3 1  COS v+0.1681],=0.531)5 

(225) 

(326) 

the numericn.1 niean for sin 31 cos v being obtainecl from forniuln (BS). 
For the node fn.ctor of IC1 divide the coefficient of [332) by its nie:tii 
value and obtain 
f ( K )  = (0.2533 sill2 21+O.lGS9 siii 2 1  cos v+O.O2S3)*/0.5305 

= (0.8965 sin2 21+0.6001 sin 2 1  cos v+b.1006)+ ('2i j 
241;0:j7-4 1--4 
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.Tlk node factors for.'the niklclclle' of en,ch year lS50 to 1999 ari incluclecl 
i n  hble 14. Logarithms of the reciprocd reduction factors for each 
tenth of a degree of I are given in table 12. 

and B,; limy be combined in a 
siniilar manner. Letting A represent the 1una.r coeffic,ient 0.5023 
sin21 and B the solar coefficient, 0.0365, we have 

135. The seiiiidiurnitl terms 

A 4 4 7 = A  COS C ~ T + S ~ - Z V )  
= A  cos 2v cos (2T+3h!+rl sin 2v sin ('3T+%) . (23s) 

.B,,=B COY (2T+'7h) (329j 

&=(A cos 3v+B:) cos (ST+lh)+A sin 3v sin (3T+21~) 
d sin 3v 

=,(d2+2AB . . .  . cos.r!V+B':)+ cos [BT+?l!--tn.n-] d,cos  3v+B -1 
=C!? COS (3'T+?h.-3vf') ' . . (230) 

in ,which 
c2= (:*4'+3dB cos 2v+BS',* 

= (0.5533 sin.' 1+0.0367 sin' I cos 2v+0.0013)+ ('231) 
d sin 3v 
cosSv+B- 

sin ' I  sin 5v 
sin' I cos 2v+c).0737 ('232) 3pff = t ,~ ,I l - - ] -  -tan-' 

VaIiies for 2v" for each degree of N n m  iiicluclecl in bable 6. 
. 136. The ol>liquit>y factor for IC2 will be taken to inc.lucle the entire 

c.ocffic.ient (,i2+2dB cos 2a+B2)4 a.1~1 its niem value will. be taken 
as ' the ineaii' of the procluct (A'+3dB COS ?v+B'j* COS 2v". 
Froni (,232) 

('233) 
Then for the mean value of coefficient of IC2 

(234) 

COS 3 ~ " =  (-4 COS 5 v f B ) / ( , d ' + 3 d B  COS '7vfB')t 

=[0.5.023 sin? I cos 3~+0...031j.5]s=0.1151 

. 
[ (d '+%iB  COS,~V+B')+ COS 2~"]o=[d COS 3v+B]o 

t,he numericnl nica.n for 'sin? I cos SIJ  being: obt,aiaecl from formula 
{71). For the iiocle fn.ctor of K2 divide t>he coefficient of (230) by its 
mean vdue and 01) h i n  

. f ( K , ) =  (0.2.523 sin4 I f0 .0367 sin' I cos Sv+0.0013)+ /0.1151 
= (,l9.04&4 sin' 1+2.7703 sin' I cos 3v+0.09Sl)+ (235) 

See. table 14 for node fa.ctors and ta.ble 13 for reciprocal reduction 
.factors. 

METEOROLOGICAL AND SHALLOW-WATER TIDES 

137. In nddibion t.o the e1enient.nr-y coiistit.uent~s obt tGned from the 
developmpnt of the t,ide-l>rocluc.ing forces of t h  ninon and the siin, 
there nre n.  umber of harmonic. teriiis t1ia.t have their origin in 
metveorologic.id diaiigfis or in sliallow-water conditions. Variations 
in temperature, barometric. pressure, ani1 in the direction ~ 1 i t 1  forti! 
of tlie wind may be espectd to cnust? fluctu:i.tions in tho writer level. 
Although in general such fluctunbions are very irrc..gulti.r, t)liere w e  
soiiie .sea.sond and daily variations which occur with n roiigh periodic-. 
ity that ncliiiit of being cspregseil by. '1ia.rnionic ternis. The nieteoro- . 
10gic.d constituents usudly tske into account in the tidal .analysis arc 



HARMONIC AN'ALTSIS AND PEICCICTION OF TIDES 47 

~ s ,  ~sn., rt l ic~ S, with periocls corresponcling iespectively to t,lie tiopicd 
year, the half tropical year, and tlie solar clay. Tliese constituenbs 
n.re repwentecl also by terms in the clwelopnient of the t.ineproduc.ing 
force of the stin but they we consiclered of greater importa!ic.t as 
meteorolopicn.1 tides. Ssa occ,iirs in the development of the pr11~1pal 
solar force while Sa ancl SI woulcl appeitr in a clevelopnient involving 
the 4th power of the solns parallax (par. 119). In the analysis of tide 
observa.tions both Sa and Ssa are usudly found to have an appreciable 
affect, on the \niter level. Constituent SI is relatively of little im- 
portitnce in its cffcct on the height, of the tide but has been niore 
noticeable in t,lie velocity of off-shore ticlid currents, probably ns a 
result, of periodic land and sefi breezes. 

138. The:sl~@llosv-wttter c:onstituen ts' result from the .f+ct that when 
n wwe: 'runs intb shnllow wafer: its tzo& is. retmciecl: inorq tslian its 
crest, and tlie wave loses its simple 1in.rinonic forni. The shallow-water 
cmistituents me c1a.ssified as overticles nnl-1 compound tides, the over- 
tide having a s p e d  that is an esnct multiple of one of the elementary 
constituents nnd the compound tide a speed that equitls the sum or 
cliff erence of the speeds of two or inore elementary cmstituents. 

139. The overticles were so nii.mecl because of their andogy to the 
overt,ones in musical somds and t,liey may 130 consiclerecl 8s the . 
Iiiglier 1in.nnoaic.s of Mie funclanicntal tides. The only overticles 
usudly tdmi into account in ticlit1 wcrk n.re the harmonics of the 
principal lunnr n a i l  so1:tr samicliurnal constituents hl, and S,, the lunar 
series being 'di:siannted'b;y the symbols M,, M,, nnd Ms,. and the solar -7 :  serks h y  S4, bs,.. nnil. 3,. .The., subscript inc1ic.nte.s' the. num1je.r of 
periods in. the constitalent clay. Tliese overtides with their iirgu- 
nients nncl speeds w e  incluilecl in table Sa, the argmnents n.nd speeds 
being t d w i  as emct multiples of t,liose of the funda,niental con- 
stituent,. There a.re no t,heoretical espressions for the coefficients of 
the overtides but i t  i s  assumed t,liat the nniplit,ucles of the 1un:w series 
unclergo v,zl.iabions due to changes in the longitude of the moon's 
node wlijcli :ire ai!n.logous to, those in tl!e funda.ni~ata1 tide. . The 
ao:cle factors fol. '.MA, ' M,, and. AI;, respectively, n.re taken ' n.s the 
sc~ucwe, the cube, and the fourth pomer of the corresponding factor 
for M?. 

140. Compound tides were suggested by Hehnholtz's t;hcory of 
souncl waves. Innumerable combinat,ions nre possible but the prin- 
cipal e1enie11t~ar-j constituents involved are M?, S?, N?, K1, and O1. 
Table Sa includes. tlie conipouncl tides. listed in 1iiterntttion:tl Hyclro- 
graphic. Btirenu. Sp.ecid 'Public,n.tjon No. S:G, 117liich. is a.i?orii$ption of . 
the tidal .lia.i-rhbnic constants for talle world. The' i~rgiiiiieiit . of :t 
conipouncl tide equals the sum or clifferelice of the n.rguments of the 
elemenlary constituents of mliicli it is compomiclecl.. The node 
factor is talmi as t,he product, of the nocle fac.tors of.'tlie sa.nie coii- 
stitucnt,~. Tablc S a  contains tlie n.rgunients, speecls, niid node 
factors of these t,icles. 

141. Omitt,ed from ta.blc. 2a a.re a number of conipouncl tides wliic.li 
. 1in.w thc sa.nic speeds as eleni@iita.ry constituents inc,luclecl in table 2 .  
Thus, 2pI/IS2, aoqoundecl by formula 2M2- S?, has t.lie same speed LS 
constituent p: represchtecl by terrii. AJ5 of' frjrnida (64). Consiclered 
.as n .compoiind title ..t.lierr: ~iv,voti~lcl~*lm i ~ .  small.. (1i.ff erence in the'.?i. 'of t,he 
mgiirnent ani1 also in the node fa.ctor. Since tlicre is no practicd 
way of sepn.mting t.he elementary constituent from the compound 

For the so1a.r terms this fnct.or is allways zero. 



45 U. S. W A S T  AND GEODETIC SURVEY 

tide of the same speed, this has been treittecl solely 5s an elenientaiy 
const8ituent. Constituent MSf represented by term A5 of forniula (62) 
has the same speed as a compound tide of forniuln S,-M2. This con- 
stituent is relahively uniniportant and it makes litt,le difference whether 
treated as n n  elenientnry or a compound tide. Following t,he pre- 
vious practice in this office it is treated in the ha,rnionic analysis as n 
compound tide wit11 corresponding nrgument and node fn,c.tor. Wlien 
inclucled in the computation of tidal forces, however, the argument 
and node factor indicated in table 3 should he used. 



' ANALYSIS OF OBSERVATIONS 

HARMONIC CONSTANTS 

142. In the preceding discussion it hns been shown that under the 
equilibrium theory the height of a theoretical tide at, any place can be 
espresserl niatheniatica.lly by the sum of a iiuniber of harmonic terms ' 
involvin certain astronomical data mid the location of the place. 

of nature does not conform to the theoretical equilibritiiii ticle. How- 
ever, the tide of nature c m  be conceived as being composed of tvhe 
sum of a number of linrnioiiic constituents having the saiiie periods 
as those found in. tlie ticle-proclucing force. Although the complexity 
of the tidal movement is too great to permit a .theoretical computation . 
based upon astronon~c.nl conditions only, it  is possible tlwougli the 
analysis of observational data at  any place to obtain certain constants 
which can be introduced into the theoretical formulas and thus aclapt 
them for the computation of the tide for any desired time. 

143. In the formulas obtained for the height of the equilibrium 
tide each constituent term consists of the product of a coefficient by 
the cosine of an argument. For corresponding for~nulns espressing 
the actiia.1 height of the ticle at  any place, the entire theoretical coeffi- 
cient including the latitude factor and the coninion general coefficient 
IS replac.ec1 by a coefficient cleternii,ned from an analysis of observa- 
tional data for the station. This tida.1 coefficient, which is known as 
tlie n.wqlitzr.de of the constituent, is assumed to be subject to the s e i e  
variations arising from dianges in the longitude of the moon's node 
as t,he coefficient of the corresponding terni in the equilibrium tide. 
The amplitude pertaining to any particular year is usually clesignate.cl 
by the synibol R while its mean value for nn entire'nocle period is 
represen tecl by the symbol H .  Amplitudes derived directly from m 
analysis of a Zinlited series of observa.tions must b.e niultipliecl by the 
reduction. factor F (par. 78) to obtain the mean aniplitucles of the 
hariiionic constants. For the predir tion of tides, the niean anipli- 
tutles ilzust be niultipliecl by the node fiwtorf (par. 77) to obttxiil the 
nmplitucles pertaining to the year for which the predictions are to 
be macle. 

144. The phases of the constituents of the actual tide clo no6 in 
general coincide with the phases of trhe c,orresponding constituents 
of the equilibrium tide but there may be lags va.rying froni 0 to 360'. 
The interval between the high water phase of an equilibrium con- 
stituent and the following high wa.ter of t,he corresponding constituent 
in the actual tide is known :IS t81ie . h z e e  tag or epoch of t,he c.onstituent 
and is represented by the s ; v n l b n a )  which is espresseil in 
angular measure. The a.mplitucles md epochs topther are cdled 
limnionic constants and are the quantities sought in the harmonic 
analysis of tides. Each locality has B separate set of harmonic con- 
stants which can be clerivecl only froni observational data but which 
remain the same over a long period of tinie provided there are no 

It has a B so been pointed out that for obvious reasons the actual tide 

49 
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pliysionl .i:liaAgc..s in .tlie region t.Iin.t, niigli t. affect the ticla1 r.onjIiti&is. 
145. If we let y, ecjun.1 the lieiglitd one of tlie tidd c.onstituents as 

referred to iiiei~n sea level, it, may be representer1 by the following 
f or111 11 18 : 

yl=.fH (E-K) =jH COS ( T’+.u-K) (,zG j 
The conibinntion syiiibol T‘+.ic is the equivalent of E and rel~resents 
tlie ttrgument or p1ia.se of the equilibrium const,itueu t.. 

146. Fbriiiula (33f3) is illustmted gr:i.phically in figlire 7 by a 
c.osine curve wi tli miiplitnde - fH.  The horizontd line represents 
iiienii sea level and the verticn~l line t.hroug1i T mii.y be. tdien to incli- 
cn.te d n g .  inst.i.n t .of 6i.Iii-e yii<ler .sonsiclern.tion. If .the point AI. repre- 
sents t,lie tinie when the constmitmuentv nrgizmeiit equds zero, the intervn.1 
from A I  to the following high wat,er of tlie constituent will be the 
epoch K .  The intervd from the preceding high w:iter to A l  is 
iiiensureil by the explenient of K which. niay be expressed as - K .  

Tlie plin,se of the oonstit.uent argument a.t tiliie 2’ is reihiied ‘from 41 
and is expressed by the syiiibol (,T’+u). The phase of tshe con&- 

FIGURE 7. 

ue~it~ itself at this time is reckoned froin the prec.eding high wa.ter 
alii1 therefore e q d s  (,I,’+ U - K ) .  

OBSERVATIONAL DATA 

147. The iiiost satisfactory observn.tioiia1 data for the hnrinoiiic 
andysis. are from the rec.ord cd n.ii n.utomnt.ic, tide gage Glint, traces n 
continuous. c~i rve  froiii ivliicli the lieigli t of the title niay be scaled at 
any clrsirecl interval of the. .  This record is usunlly tnbulntecl to give 
the 1ie.iglit of the tide at erxh solar horn of tlle ..skri.rios in the kind of 
t>imc normallp used at the p1n.c.c. It is iiiipoi.tantr, however, tliat the 
time sliould be a.ccurztte and t1in.t. the same system be used for the 
entire series of obscmxtions rega,rclless of tvlie fac.t t,lin.t da.y1ightd saving 
time may 1in.vc been aclopteil teniporaTily for o tlier pirrposes cluriiig a 
portion of the yew. Wheii the continuous record from m i  a.utomntic 
gage is not nvn.ilable, hourly lieiglit,s of the tide 3.8 obscrvccl by otlwr 
methods mny be used. The record should be complete with each 
hour of the series repi-esented. If a part of the record lias been lost, 
the hiatus 1iin.y be filled by interpola~t~ecl values; or, if the gap is very 
esteiisive, the record iiia,y be broken up into shorter series ~l1icl1 do 
not iiic.lucle the defective portiou. 
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n observetl .but il record. of high 
and low writers is nva.ilitble, an npprosiina.te cvalunt,ion of the inore 
importnnt constituents iiiny be obbninecl hy n special ta.ea.tmcnt,. 
The rcsults, lio~vever, are not ~ie:trly 8,s st&factory as tliose ol)tfn.ined 
froni the lioiirly hoiglits. 

149. Although the hourly intervn.1 for thc tnbulntecl heigh t s  of the 
tide has usudly been adopted as .most cmvenieiit niicl prcwticdde for 
the purposes of tjhc 1ia.rnionic analysis. a grea.t,er or less interval might 
bc used. A shorter interval would muse n coiisic1crd)le increase in 
t,lw R . I ~ I I I I  t. of work wi t h u b  iiin.taeritiJlp incren.sing the accurnc,v of the 
results for t,lie c.onstitiient,s usually sougl?t. However, if ttii attempt 
were made to aiidyze for tlie short period. seiches a. closer interval 
would be neccssa.rp. An i1it.erva.l grea.ter than one hour woulcl. lessen 
the work of tlie aidysis ljut woulcl not lie sufhieiit for the satisfnctoiy 
clevelopnien t of the over tiiles. 

150. In selooting the length of series of ohsendons  for tlie purpose 
of the analysis, coiisiclerntdon has been given t,o the fnot that the pro-. 
cedure is most cff ective in sepnant.ing two const,itneiits from each other 
when the lengtali of series is a n  exact multiplc of blie synodic period of 
theso constituents. By sjmoclic period is mmi t>he intorvxl between 
two consecutive conjuuctions of like, phnscs. Thus, if the speeds of 
the two c,onstituruts in degrees per solar how are represented by u n.iid 
b ,  the synodic period will cclunl 3G0°/ (a- bj homa. If there were oiilp 
two c.onstituents in the tide the best length of .series could be e i d y  
fisecl, but, in the a.ct,u,zl t,id.e there nre niaay c.onstitucn t,s iuid t'he 
length of series most effective in one case may not be best. a.cln.pt.ed t o  
another case. It is therefore necessary to nilopt a length t,liat is 3. 
compromise of the synoclic periods inrolved, consitlern.tion being 
given t,o the relative importance of the clifferelit constitmnt,s. 

151. Fort~iin~tely, the esact length of series is not of c-?sseiitid im- 
portance. mid for 'convenience all series imy be t,nken. to inc.lucle an 
in.t,,egynl. iiunil?qr of c1,n.ys. Thc..o~eticdly, liff ereiit lengths . of series. 
slioulcl be used in seeking dift'erent constituents, but, pr:i.ct>icdly it is. 
.more convenient to use the saiiie lcngt>li for all constituents, an escep- 
tion being inadc; in tlie case of a very short, serics. The longer the 
series of ol>servn.tions the less iniport:i.iit is it,s exact length. Also the 
grea.t,e.r t-lie. iiunilwr of. synodic. periods of a.ny two . cnnstitne.nts the 
more newly complete will bo their separation froin each o t,lier. Con- 
sti tuen ts like s:: and I<2 mliic,h hnvc nea.rly eqii:d speeds m d  a synodic 
period of shout G niontlis will rcquire x series of not less than G months 
for a sa.tisfactory separnbion. On the othw ha.iic1, two const,ituent,s 
differing grmt1-y in ~peecl such as a ilim.iin1 iuid a semiclimnal con- 
stituent may have n synoclic period that will not g,Prea.tly esceccl a. day, 
niicl n inoderntely short, series of ol>serva,bions will inc.lude a. reln.tively 
large number of synodic. periods. For this ren.son, when selecting the 
1q.nptli of series no specia.1 consiclera.tion need be given to the effcct of 
a diiiriin.1 aacl n.seriiicliui.na1. constituent .iipon en& ot,lier. 

152. The following lengt,lis of series linve been selccted ias conforin- 
ing appl:osiina.tely bo multiplcs of synodic. periods involving the more 
iinportsiib constituenbs-14, 15, 29, 55, S7, 105, 13-1, 183, 198, 331, 350? 
379, 397. 326, 355, and 369 clays. The 369-day series 'is consiclereil a,s 
n stnnclarrl length to be used for the andysis whenever observations 
covering this period are nvailnble. This length conforins very dosely 
with niultiples of the synocli6 periods of practically all of the short- 

148. .If .liol-irly-lIei~l~t~s.l~t~~~e not 
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period coiistituents and is well adapted for tlie eliiiiination of seasonal 
meteorological effects. When observations a t  any stn.tion we avail- 
able for a iiuniber of years, it is desirable to have separate analyses 
.macle for different years in order that t81ie results niay be compared 
mcl serve as a check on each other. Although not essential, there me 
cer tnin conveniences in having each such series commence on Janiimy 
1 of the year, regnrclless of the fact that series of consecutive yews 
may overlap by several clays because the length of series is a little 
longer than the calei1clar year. 

153. If the available observations cover a pcriocl lcss tliaii 369 days, 
the nest longest series listed above which is fully covered by tlie 
,observations yill usually be taken, my estra clays of observations 
being re.jectec1. However, if the observations lack only a few hours 
o f  being equal to the nest greater length, it may be advmtngeous to 
estrapolate aclditional hourly heights to complete the larger series. 
'The 39-clixy series is usudly c,oiisiclerecl as a minimum sta.nclcr.rd for 
short series of observations. This is a little shorter t,lian the synodical 
month and n little longer than the nodical, tropical, m d  nnoinalistic 
months. It is the mininium length for a satisfactory development of 
tlie niore important c.onstituents. . 

154. For observations of less than 39 clays, but inore thnn 14 days, 
provisions are made for an malysis of a l.i-day series for the diurnal 
constituents and a 15-clay series for the semidiurnal constituents, t81ie 
first conforming to the synodic period of constituents ICl nncl 01, 
:and tlie latter to tlie synoclic period of Ma niid Sp. Tlirough special 
.trent>nient involving a comparison witli another ststion, it is possible 
to utilize even shorter series of observations. This treatineat is 
rarely required in case of tide observations but is useful in c.onnec.tion 
with tidal currents where observations niay be limited to only a few 
.clays. 

SUMMAtTIONR FOR ANALYSIS 

155. The first approsiinate separation of the constituents of the 
observed tide is acconiplislied by a system of summations, separate 
.summ~tions being made for d l  constituents with iiicoiiiiiieiisurable 
periocls. Designating the coiistituerit sought by A, n,ssuiiie that the 
,entire series of observations is divided into periocls equal to the period 
-of A and each period is subdivided into a c.oiiveiiieat.auniber of equal 
parts, the subdivisions of each eriod being numbered c.oase.cutively 

sions of like iiiiiiibers will tlien indude the snme phase of constituent 
A but different phnses for all other constituents with incommensurable 
.speeds. The subclivisions will also include irregular variations wising 
from nieteoro1ogic.d cai1se.s. By summing and averaging separately 
.dl  heights corresponding to each of tlie numbered subcl~visioiis over a 
sufficient, length of time, the effects of constituents with incoiiimensur- 
.able periocls well as the meteorolog~cd variations will be averaged 
.out leaving intact constituent A with its overticles. 

156. The principle just desc.ribed for separating constituent A 
from t,he rest of tlic tidc is applicable if the original periods into which 
the series of observations is divided are Mie11 as some multiple of 
constituent 4. period. In general practice, that 'multiple of the 
constituent, period wliic.li is inost nearly ecp.1 to the so1,w day is talcen 
8.5 the unit. This is the constituent day n.nd includes one or niore 

'beginning with zero a t  the initia P instant of each period. All subdivi- 
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periods according to whether .the constituent is diurnal, semidiurnal, 
etc. The constituent clay is divided into 34 equal parts, the beginning 
of each part being numbered c.onsecutive1y from .O to 33 and tliesc are 
liiiown a.s constituent hours. 

157. To carry out strictly the plan described above woulcl require 
sepa.rn.te tabulations of the heights of the tide n t  diflerent in tervals 
for a11 constituents of inc.ommensursble periods, a procedure involving 
an enornious .siiioiin t of work In  actual practice the tabulnted solar 

' hourly heights are used for a11 of the sunimntions, these heiglits being 
assigned 60 the nearest constitmnt hour: Coimctions are afterwa.rds 
applied to  take account of my sys tenintic emor in this approsimation.. 

158. There are two systems for the clistsribution aacl assignment. of 
, the solar hourly heiglit,s whic.11 differ slightly in detail. . In  t81ie systeni 

ordina,rily usecl and which is sonietinies cnllecl the stnnclarcl systein, 
e d i  so1n.r hourly height is used once, and once only, by be.ing assigned 
to its newest constituent hour. By this system some c.onstituent . 
hours will be assigned two consecutive solar hourlj heights or receive 
no nssigniiient according to whether the constituent :la,? is longer or 
shorter than tslie solar clay. I n  the other system of distribution, each 
constituent, hour receives one n.nd only one s01a.r hourly h i  lit neces- 

height. The diflerence in the results obtained from the two systems 
is practically negligible but the first system is generally usecl as it 
affords a quick iiiethocl of checking the sunimat.ions. 

srmcms 

159. The clist~ribution of the tabulated solar hourly heights of the 
ticle for the purpose of the harmonic analysis is convenient.ly nc.c.om- 
plishecl by a system of stencils (fig. 10) which were clevisecl by L. P. 
Sliidy of tlie Const mcl Geocletiic Survey ewly in 1885 (Report of 
IT. S. Coast and Geodetic Survey, 1S93, vol. I, p. 10s). Although 
the original cons t4rizction of the stencils involves consiclera.ble 1!70rk, 
they a.re serviceable for many yems nncl have, resulted in a very great. 
saving of labor. These stencils are cut from the same forms which 
8.18 usecl for the tabulntion of the hoiuly heights of the ticle and 108 
sheets me required for the summat8ion of a 369-clny series of observs- 
tions for a single constituent,. Separate set,s we proviclecl for different 
constituents. Constituents witah cominensurnble periods are inclucled 
in R single sunini:i,tioii nncl no stencils are required for const>ituents, 
SI, S?, s4, etc. 

160. The use of the stencils makes a standnaclized form for tlie 
tabulation of the hourly heights essential. This form (fig. 9) is n; 
sheet S by 10% inches. with spsces a.rrangei1 for the tabulation of the 
24 hoirly heights of each clay in a vertical coluniii, with 7 days of 
record on encli page. The hours of tlie clay me numbered consecu- 
tively from 0" a t  niiclnight to 33" a t  11 p. m. When the t,nbiilnted 
heights we entered? each day is indicated by its ca1encla.r date a.ncI 
dso by a serial auniber'c.ommencing with 1 as tlie first clay of series. 
The days on the stencil sheets me numbered- serially to correspond 
with the tnbulation sheets aiid may be used for m y  series regmdless 
of the c.n-1encla.r clates. 

161. The openings in the stencils me numbered to inclic.n.te the 
constituent hours that correspond most closely with the times of the 

sitating tlie occasional rejection or double assignmen t of a so s a.r hourly 
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height, vn.lues showing through the openings mlieii the stencil is applied . 
to the. tabulnbioiis. Openings .applyi119 t,o the siiiiie c.onstitueiit hour 
:we c.o~iiiec tecl by a i!uled line m1iic.h ,clearly inclicntes to the eye tlie 
tabu1a.r hr.iglit,s which. :we to be summed together. For convenience 
in construction two steiidl slieet,s . we prepitrecl fpr esch p g e  of 
tabulntions, one sheet providing for the even constituent hours nncl 
tslie other sheet for the odd constitucii t hours. 

162. The steiicils are nclaptecl for use with thilntjons macle .in 
my kind of t h e  provicled the tiiiie used is uiiiforiii IOJ: the entire 
series of o1:)servntions. For convoiiionce the tabul~itions a.re usually 
nmle  in the stmiilard time of the place. The swies to be anitllyzecl, 
however, must coninicncc with the zero hour of the clay and this is 
also t>akeii as the zero constitmiit hour for each consbituent~. Suc- 
cessive so1:ir hours will fall 'ei tlier earlier or la.ter than the correspond- 
ing c.onsti t>ueii t hour a.c.corc1iiig to wlie tlwr t,he c.onst,i tuen t, clay is 
longer or shorter than the solar clay. 

163. For the const,ruc.tioii of the stencils it is necessnry to cilc.ulate 
the constituent liour that niost, nesrly coincides with mch solar hour 
of the series. ' 8  . 

.Let. (z.=sped or rate of clia,nge.in argumentv of constituent sought 

. p=nuniber of constitmmt periods in constituenta cliiy ; 1 for 

sh=nuniber of soliir hour reckoned from 0 tit beginning of each 

in degrees per so1rl.r hour. 

cliurnd tides, 3 for seinidiurnd tides, etc. 
- - 

solnr clay. 
.shs=nuniher of .solar hour reckoiiecl from 0 :it beginning of 

series. 
dos=dng of series c.omit3ing from 1 as tlie first day. 
ch=nuniber of constibuent8 liour reckoned froin 0 a,t beginning 

chs=nunil>er of constituent, hour reclronecl from 0 a t  beginning 

(337) 

of each const>i tuen t c1il.y. 

of series. 
Then 

360 1 constit,uent period=- solar hours. 
(L 

1 constituents t1n.v =- 360P solflr hours. (23s) 

I const,itueut liour =* solar 1iom.s. ' (339) 

a, 

a 

151, 
(340) a - -- c.onsthen t hours. 1 so1n.r hour 

Therefore, 
(34 1) 

164. The above forniuln. gives the constithiit hour of the series iche) 
corresponcling to any Solm liour of the series (s1i.s). The observed 
lieiglits of the t i le  being tnbulntcd for the exact solnr hours of the 
dity, the (shs) with 'which we axe concerned will represent successive 
integers coiiiithig from 0 at the beginning of the series. The (ehs) 
as derived from the foriiiula will geiierdly be a niised number. As 
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i t  is dcsirecl to ob tnin thc integrd constituent hour corrcsponding . 

niost, ii.early with each so1a.r hour, tlie ( , c~Ls )  slioulcl be tdwn  Co tdie 
nea.rest integer by rej ect,ing a fra.c.tion less tlinn 0.5 ,  or counting "as 
3.11 estm hour n. frnction gren.ter' thna 0.5, or adopting the u s u d  rule 
for comliutations if the fraction is exactly 0.5. The constituent 
hour of the constituent clay (ch.) required for tdie const~ruction of the 
stencils may be obta.inec1 by rejecting niultiples of 24 froni thc ( h j .  

165. In t.lie npp1ic.ation of the above forniuln. i t  will he founcl t h t  the. 
integral constit,ueiit liour will differ froin t he  c.orresponcling solar 
liour by a consttint for a s~icc.cssioii of sol:ir hours, a n d  tlien, wtjli the 
difference c.li:uigecl by one, it, will continue a,s a. constnn t for an- 
other group of solar hours, et,c.. This fact, is a n  sic1 in t,lie preparn,- 
t,ioii of a t,able of coustituen t hours corresponcliiig to the solar hoiirs 
of t,li,e swies, ns it renders i t  unnec,ess:iry to inake mi intlc~penden ta 
ca1cula.tion for each linur. 111sten.d of using the above foniiuln. for 
each vdue tlie time wlieii the clifl'ereiice bctween the solnr mid con- 
stituent hours c.lia.nges may he cleteriiiiiiecl. The applicntion of the 
diflerences to the solar hours will then give the clesireil constituent 

166. Foriiiulii, (341) is true for nny vnhie of- (sh.el; wlieflier integrii.1 or 
fmc.tiona.1. 
series of observations in terms of the solar time of t1ia.t. sanie insta.nt,, 
both kincls of time being reckoned from the beginning of the series 
as the zero hour. The difl'erence be.tween the c.onstit,uent nad !lie 
solar time of any instant may therefore be espressed by the following 
f orniula : 

I .  . .  honrs,. . . .  

It represents the constituent time of niiy instmt hi the . 

(242) 

167. If tlie c.oiistitueiit day is shorter than the solar day, the speed n 
will be greater t1ia.n 151~, and t,he constituent hour its reckoned from 
the beginning of t,lia series will bc grcnter than the solar hour of the 
snine iiistmt. If the constit,uent c l : y  is longer than t>lie sohr day 
the constituent hour at m y  instant will bc lcss than tlie  sol:^ hour 
of t h e  saiiie instant. At the beginning of tlie series the cliffrrence 
between tlie cynstituent and solar t h e  will be zerb, but the c1.ifferenc.e 
will' increase unifoniily with the ' t ihe of. t.he:'series. As lohg nd the 
.diflerence does not esc.eed 0.5 of nn hour the int,egral constituent 
hours will be designated by the sxnie ordinals as the integrnl solar 
hours with which they most ~ien.rly coincicle. Differences between 
0.5 a.11d 1.5 will be represented by tdie integer 1,  differences between 
1.5 mcl 3.5 by the integer 2, e.tc. If we let d represent the integral 
clifferenc.e, t$e t h e  when the difference clianges from ($1- 1) to d ,  
will be the time when the. c1ifferenc.e derived from forinyla (242) 
equds (d-0.5). Substituting this in bhe foriiiula? we may obtain 

(d--0.5) 1.5)' 
(8h.S) = 7 

(1. - 151' !343) 

in w1iic.h (sh.s) represents the solm biiiie wlicii the integral cliff erence 
betwee.n tlie cmstituent and solar t h e  will change by oiie hour from 
M-1) to d. By substituting successively the integers 1, 3, 3, ebc,., 
for d in the  formulit (243) the tinie of each change throu$iout tlie 
series iiiny be obtxinecl. The value of (shs) thils ohtaliled will 
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generally.be a iiiisecl number; tha.t.is to say, tlie times of the changes 
will usun.lly come between integral solar hours. The first integral 
solar hour after tlie cliitlige will be the one to which the new difference 
will apply if t,lie usual system of disbribnbion is to be a.clopted. I n  
this case we m e  not concerned witsli the esact value. of the fra~t~ional 
pa.rt of (shs) but need note only tlie integral hours between which 
this value fn.Us. 

168. If, liowever, the second system of distribution shoulcl he 
desired, it should be noted whether the fractional pa,rt of (shs) is 
greater or less bhaa 0.5 hour. With a c.oii.stituent clay shorter than 
the solar clay ancl the cliff erences of foiiiiula (342) increasing positively, 
tshe application of tlie differences to the consecutive solar hours will 
result in tslie jumping or oniission of a constitmueat hour at en.cli diange 
of difference. ' Uiicler the sec.ontl system of clist,ributioii each of tlie 
hours niust be represented,. and it will t,lierefore be necessary in this 
c ~ s e  to apply two consecutive differences to the saiiie solar hour to 
represent two consecutive constituent hours. The solar hour s&cted 
for this double use will be tlie one occurring nearest to the time of 
change of differences. If the fra.ctiona1 part of tlie (sA..s') in (343) is 
less t h m  0.5 liouir? the old and new differences will both be appliecl to 

' tlie prececling integral solnr hour; but if the fraction is greater than 0.5 
'hour the old and new cliffereiices will be .applied to tlie integral solar 
hour following tlie c.hange. 

169. With a constituent d.ay longer tlisn the solar c h y  niid the differ- 
eiices of foimula (3.13) iiicreasing negatively, the applica.t,ion of tlie 
cliffereiices to the consec.utive solar hours will result two solar 
hours beilig nssignecl to the sn.me constituent hour 4.t ea& c.lin.nge of 
clifferenc.es. Under the second systelii of dlstnbu tloii tliis must be 
a.voiclec1 by the rejection of one of the solm hours. In  this ca.se the 
int,cgral solw hour nea.rest tlie time of change ~111 be reject,ecl, since 
n.t the time of c.liaiige the difference hetween the integral ~ 1 ~ 1  t,he tnie 
cIiffprelice i s  n niasiinum. Thus, if tslie frnctiond part, of t,Iie (shs), 
is less'tlian 0.5 hour, the preceding solar hour will he rejectecl; biit 
if the frmtion is greater tlmi 0.5 tvlie next following s o h  hour 
will he rejected. 

170. Table 31, coniputecl from fofTnuh,(S43), gives tjlle fiist solar 
hour of tShe group to .which each difference applies when the usual 
system of clistribution 16 dopted. Multiples of 34 have been rejected 
from the cliff ereiices, since we nre concerned Only with the c.onstitueiit 
hour of the c.onstitTuent chy rnther thnn mtah t;he constituent hour 
of the series, and t,hese clifferences n1n.y be appliecl directly to the so1a.r 
hours of the clay. For coii~~eiii.enc.e ecluivdent positive a i d  iiepa.tive 
differences are given. By using the negative difference when it cloes 
not, exceed the solar hour to.wliic.h it, is to be appliecl. and a t  other 
times using tlie positive cllfference, the necessity for adding or 

171. The tabulated solm hour is t,lie integer hour tSlillnb immecli%tely 
follows t.lie value for t,he (.sh..s) is formuln. (243). An asterisk (*) 
inclicates that  tlie fractional part of the (shsl esceecls 0.5, ancl that 
talle tn.bul.zr hour is talierefore the one nea.rest the esact value of (shs). 
If' t,lie sec.ond systmi for the clistiihutioii of the hourly heights is 
dontecl, tlie solar hours marked with the asterisk will he used with 
both olcl and new cliffereace to represent two constituent hours, or 
will be rejected altogether according to whether the constituent clay 

rejecting multiples of 24 h o ~ s  from the results is avoided. . .  
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is shorter or 1onge.r than the solar clay. If the tabular hour is uii- 
marlad, the same rule of double use or rejection will apply to the 
untabulated solar hour iiiiniediately preceding the tabular unmarked 
hour. For the orcliiiary stencils no attention need be given to the 
asterisks. By tlie forniila constituents with commensurable periods 
will have the same tabular values, and no distinction is nia.cle in the 
construction of the stencils. Thus, stencils for constituent M serve 
not only for M, but also for M,, M4; M6, etc. 

172. For the construction of n set of stencils for m y  constituent B 
preliniinary set of the hourly height forms is prepared with days of 
series numbered consecu tively beginning mi tali 1 m d  each hourly 
1ie.ight space numbered with. its constituent, hour as derived by the 
differences in table 31. The even and odd consbituent liours are then 
transferred to separate sets of fornis and the marked spaces cut out. 
In the Const and Geodetic Survey this is done by a snidl machine 
with a punc.11 operated by a hand lever. Spaces corresponding to the 
snnie c,onstituent hour are connected by ruled lines w1i.ic.h are num- 
bered the' sanie as t.he hours represent,ecl. Black ruling with red 
numbering is recommended, the red emphasizing the distinction 
between these numbers and the tabulated hourly heights which are 
to be sumniecl. 

173. When in use t;he stencils are placed. one nt a time on the sheets 
of tabulated heights, with clays of series on stenc.ils niatching those on 
tlie tt~bulntions, nncl 1-1-11 heights on the page corresponding to each 
constituent .hour are.then sunimecl sepnrately. For constituent S 110 
stencils are necessary as the constituent liours in this case are iclenticnl 
with the solar hours. For constituents IC, P, R, and T with speeds 
differing little from that of S, the lines joining the hourly spaces 
frequently become horizontal nncl tlie ninrginal sum previously ob- 
tained for constituent S becomes immec1iat.ely itvailable for the sum- 
niation at  hand. In  these cases n hole in the margin of the stenc.il 
for the sum replaces t,he holes for the individual heights covered by 
the suni. 

SECONDARY STENCILS 

174. After the sunis for c.erta.in principn.1 constituents have been ob- 
tained by tlie stencils described in the preceding section, which for con- 
venience will be called the primary stencils, the summations for 
other constituents may be abbrevint.ec1 by the use of secondmy sten- 
cils which are clesipnecl to regroup the lioiirly page'sums dready ob- 
tained for one constituent8 into new coinbinations ,conforniing to the 
lieriods. of other constituent,s. Certain irregularities are introduced 
by the proce.ss, but.in 9 long series, such ss 369:.clays, these nre for the . . 
most part eliniinatecl, and tlie resultinp v.dues for the harmonic con- 
stants conipare favorably with those obtained by use of, tslie primwy 
stenc.ils directly, the differences in the results obtained by tlie two 
nietliocls being negligible. For short series the irregularities are less 
li.ke1y to be eliminated, and since the labor of summing for such ti. 
series is relatively small, the abbreviated form of summing is not 
rcconinienclecl. As thc length of series incrcmes the saving in labor 
by, the use of the secondary stencils increases, while the irregulnrities 
clue to the short process tend to disappear. I t  is believed that the 
use of the secondary stencils yil1.be found advantggeous for nll series 
more%ian 0 montlis in length. 

. 
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175. I n  tlie primary suininntions,tliere :we obtainecl34 sunis for each 
page of tnhdntions, repkesenting the 34 constituent liours of a c,on- 
stitiieiit clay. I n  geiieral ench sum will inddcle 7 liourly heights, and 
the average interval between the first ,and h.st heights will be G con- 
stituent, chys. A few of the sunis may, however, include il greater 
or less number of hourly heights within limits which may be a d i q r  
greater or less t1ia.n ti aoiistituen t (lays. 

176. Let the constituent for w1vhic.h sunini~.tions hare been riincle by 
use o.f ' the primary stencils be clesigi!n.tecl. a.s A n.iicl tlie coli- 
st,it#tient, iv1iir.h ,is..to be, obt8ni.iiorl by +use .of.. the secondary stencils. as 
B. For canvenienc~ let it be first iwsumed ' that the 
heights includeil in the sunis for constituent A refer. to the. eshct 
9-liours. This assumption is true for constituent S but 
only npprosiniately true for tlie ot.her c.ons,tituents. It is now pro- 
posed to  assign eacli hourly page suni obtmnecl for constituent A to 
the integra.1 B-hour with which it most nearly coinc.icles. 
Constituent d and constituent B-hours scparnte a t  n uniforiii rate, and 
the proposecl nssigiinieii t will depend upon the relation 'of tlie liours 
on tlie niiilclle clay of endl p g e  of tabulntions. The ta.bulated 11011rly 
1vheiglit.s on enc.11 full page of record run from zero (0) solar hour on the 
first chy to the 33tl solnr hour on the seventh or List clay of the p q e .  
The iiiiclclle of. tlie recoi:d on each sucli.;l)age is tllerefove a t  11.5 solar 
hours on the fourth clay, or S3.5 sohr hours from the beginning of the 
page of record. 

177. Let n. and b represent tlic hourly speecls of the constituents A 
and B, respectively, nncl 1) nncl p1 their respective. subscripts, nncl let 
91. erliid the nuinher of the page of t d d n  tioii unclcr consideration, 
beginning with .number onc ns the first p g c .  

. .  

' Tlid niiclcllc of page n will theii be ' 
. .  

[lSS(.a- 1) -(-83.5] Oi (1GSn-84.5) solar Ii011i.s (344) 
froin the beginning of the series. 

340), tlic niidclle of page n will also correspond to 
Since one solna hour equnls ill1 5 p  coiisti tucnt A-ho~us (formula 

(345) CL (1 G 8 n -  S4.5) %constitmuen t A-hours 

from tlie .i)e+Ling of the series. 
' As . thcra . arc. .34 . constituent .hours .in cacli cotistitygnt cln.y, t4e 

mirlclle~constitu~iit~ A-clay of. each, p a g ~  will coninience 12 .constituent 
A-liours earlier than the tinid ivprescntecl by tlic niiclcllc of the page, 
or a t  

(24G) [(lGSa-S4.5)- - 131 constituent A-hours a 
1 52) 

from the beginning of the sqies. 
178. The 24 integral c.onst,ituent~ A-hours of the middle cmstitueiit 

day of tlic page will therefore be the integral c.oiistituent A-hours 
follow the time indicated .by .. tlic ..last formula. 

ue of: this,, forniiiln' will 'usiidly .be b':iilisccl ni11nbc~; 
Let :f. equal. the fr.zctiond,.part,' :md let m. be an in tcger. representing 
the nunibcr of any integral constituent hour according to its order in 
the miclclle coiistitiieiit chy of each page. For each page rn will have 
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successive values froin 1 to 24. Tlie integrn.1 constituent A-hours 
fidling within the miclclle constituent day of each page of tabulations 
will then be represented by tlie general forniuln. 

CL 
, [(lt%ti -S4.5;),; - 12-.f+in] c.onstituent8 A-hours (347:) 

179. The relation of the lrugtlis of the constituent d- and constit- 

1 a]' 

froin the Ix!giiining of the serics. 

uent B-hours is given by the foimuh 

111" 
1 c.onstituent ~ - l i o u r =  @consti tueii t ~-1iours (348) 

. The coilstituen t B-liour corresponcljlig to  the integral c.onstituent 
A-lioiir of foriiiula (547) is t,lierefore 

j i~sn,-s4.5 j-- u 12 -.f-(-m~,]-coiistitueiit P b  &hours (249) , 
151' f/,a 

frrjlii the beginning of tahe series. 

iiitegral- c~i~st i tugn t B-li.our to wlJic1i .the s i q  for the constituent A- 
hour is to be assigned Will be the iienwst illtegrd i~uiiibc.r'repres~i~ted 
by .tsliis foniiuld. Lot g be a. fracthm not greater than 0.5, which, 
applied either positively or negatively to tlie formula, will render it. 
a.11 integer. 

180. The nssignnient of tlic hourly page siinis for constituent A- 
hours to tlie constitnent. B-hours m q 7  now be rcprcsented a.s follows, 
iiiultiples of 84 hot& beii1g.rc.jectd: 

[ (1 G&i- S4.5)- - 12-f+ni.-iiiultiple of 241 coiistitwmt A-hour 

sum to be assigned to 

The hst forinu!n will, in genera.1, represent n. niisecl number. The - 

. I .  

a 
15p (251)). 

a I )b  
1 511 [ { (1 G S n  - 84.5') -- I 3--f+ m jh f 9- multiple of 241 constituent B- 

(351) hour. 
Tlic difference between tlie constituent d-hour aiitl t h  coiistitueiit 

B,lidtir 'to .ivhich tlie AyliQ.t!r sipi :is 't0,b.b &spjingjl;,is 

By iiicms of the abovr. forniula t&le 33 hns hem prepared, giving 
the tliffcreac.es to be n.pplicc1 t,o the constituent A-lioiirs of each page 
to obtain the cmstituen t '  R-hours with which they most. nen.rly 
coincido. 

181. For the construction of scxonda.i.;v strncils the forms clesignatecl' 
for the compilation of t,lie stencil siinis froin the priiiiwy sunimations 
iilay bc usrci. Because, iffidties of ,c.onstructing. 
sttmic,ils- ivith open in@ : i ii: rs.-it,: is.: (lesiF~&jl~ t,Jj$c .t,ki&.:: 
origiiial c,oypil,i:tioii .of the, I>.!.iniar~;..suni?Is,shnuld be nind e so that ..pa&. 
rtltediato Lie  in. the form for. stencil sums. is left vacant. As with the 
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prininry stencils, i t  will generally be founcl. convenient to use two 
stencils for each page of the c.onipilec1 priniwy sums., altliou$i in some 
cases it may be found clesira,ble to use inore tlian two stencils in order 
to separate inore clearly the groups to be suninied. The a.ctual 
construc$,ioii of the secondary stencils is siniilar to taliat of the prinlnry 
stencils. A preliminary set of fornis is filled out with constituent B- 
hours as clerivecl by differences from table 33 applied to the constit- 
uent A-hours. The odcl and even constituent B-hours are then 
transferred to separate f o r m  and tslie spaces indicated cut out. The 
openings corresponding to the sanie constituent B-hour are coiineckecl 
with ruled lines and numbered to accord witali the constituent hour 
represented. The page nuiiibering corresponding to the page num- 
bering on tlie coinpiled primary sums and referring to the pages of 
t,lie original tabulated hourly h i g h  t u  is to be ent,ered in tlie-"c.oliinin 
provided nem talie left, niargin of the s tmcil. 

182. In  using t;he stencils~ea.cli sheet is to be applied to t,he page of 
compiled priniarg:suiiis having the s?me page numbering in the left- 

The primary sunis n.pplying 
to the same constituent B-hour are aclcled and the resid ts brought 
together in :I stencil sum foriii, where the totals and. means are ob- 
tn.ined. A table of divisors for obtaining the nieans niay be readily 
derived as follows: In n set of stencil suiii fornis corresponding to 
those used for the compilation of constituent A primary Sunis the 
number of hourly heights inclucled in each primary sum is entered 
in the space corresponding to t1in.t used for such primary suni. The 

. seconclnry stencils for. constituent B n.re then applied and the slims 
of tlie numbers obtained nud compiled in talic. same manner as that 
in w1iic.h t;he constituent B height sums are obtained. Tlie clivisors 
ha\-ing been 0nc.e obtained are applicnble for n11 series of the same 
leng t-li . 

183. I n  the analysis the niems obtained by use of the seconclary 
stencils may be treated n.s though obtained directly by the priniarv 
suniniations, escept that 8. spec.in1 augnlenlink fadtor, to he discussed 
laker, must, be applied. The closeness of the agreement between the 
hourly iiieniis obtained by use of the secoliclary stenc.ils aiicl those 
obttiinecl directly by use of priinaiJi st,encils will depend to. a large 
estent upon the relation of the speeds of constituents d aiid B.  The 
sni:dle.r the i1iffarenc.e in the speeds the c.loser will be the agreement. 

184. To determine the. estreine c1ifierenc.e .in the time of an indi- 
virIiia1 hourly height and of the B-hour to which i t  is assigned by 
the secondary stencils, let, an assumed ' case he, first considered in 
which tlie~tn~~iilatecl~1ieig;h ts coincide esnctly with the integral A-lioui-s, 
and that, on the niicltlle clay of the pit@ of tahiilated hourly heights 
nile of the integral B-hours coincides esac,tly with an A-hour. At, the 
c.orresponcIing A-hour, one d-clay ls.ter, the B-hour will have increased 

. hand column as is given on the stencil. 

by 24 - 7)b constituent B-linurs. Rejectring a multiple :of 34 hours, 
p1n 

this beconies . .  %($-I), so tlidt a t  the end of one A-dag after the 
c.oiiicic1eni.e of int.e,afal hours of constituents A and B the constituent 
A hourlpheight will differ in time from the integral constituent, B-hour 

to which it is to. be assignect by %($-I) constituent B-ho&. 
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Constituentd ._______.________ 

At the enel. 6f. the.'tliil:cl A-clay this difference becomes 72 @- 
constituent R-hours. The same difference with opposite sign will 
iq~ply to the tliircl constitucnt! ilny before the niiclclle clay of the pnge. 
Now, taking account. of tlie fact that the El-hour on the niiddle clny 
of the page may cliifer by an amou11t as grea.t 0.5 of a B4iour from the 
integral A-hour, nncl that tlie integral Ahour nisv differ as much as 
0.5 of n constituent A,  or 0.5 pb/vln of a constitaenb B hour from the 
time of the twtud ohservstion of the solar hourly height, t;he estrenie 
c1ifFerenc.e between the tinie of observntion of an hourlv height and 
t,lie tinie represented by the B-hour with which trhis height is grouped 
bv the seconcln.ry stencils may be represented by the forniula 

(?ha 

. J I . . . .  :..< , ' . 8 . .  

Cnnstit.iientB ._______________: 

TliRerankein hours ___________._ 
Difference in de:rees __.________ 

. ... 

. . .  
00 ?SM Ki IC2 Rr . TI PI - -- 

3.58 1.36 1.?0 1.20 1.10 1.10 1. ?(I 
5.1 41 : IS . 36 33 33 IS 

Differencein hoiirs ___._____.___________ ~ ____.___.__. 1.21 1.02 3.43 3.75 fi.58 
Dilleronceindegrees _._______________ I.- .._... 1 .____ 1 31; 1 31 I 51 I 5 i  I 99 

~~ 

Constituent 1. _ _ _  - - -. . - _ _  - -. -. -. - - -. . .--. 
Constituent 13 ______________._.__ _ _ _ _ _ _ _ _ _  
Diflerence in holm .._________________.___ 

_-- __ 
Differqee,in~degrees _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

186. In the ordinary primary sunimat.ion t.he es trcme difference 
.between the time.of the observ;~.tion of a s&r hourly he.ipht md tlie 
intre,an.l,.const,ituent hour, to-ivljcli it! is assigned is one-ha.lf of a. con- 
stituent hour n.nd,'- re.presenFe4 by oonsbituent clep&s, it, is 7.5' for 
diurnal, 15' for seniicliurn.il, '23.5' for t.ercliurnal, 30' for quarter 

24l;~I$~-+l-----;i 

L . 2MK 

A? N2 
______________ 
M N  1\18 -- _- 

1.09 1. IS 1.43 I ;;24 1 1. 26 1.45 
05 35 64 3s 44 . 
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diurnt~l,'45~ for sisth-diurnd, and GOo for eighth-diurnal constituents. 
By"t1ie above scheclule it will be noted that the estreme difference 
esceeds GOo in only a few c.ases. The largest cliflerence is 99' for 

'. constituent 2Q when bnsecl upon, the primary summations for 0. 
This is s sinal1 nncl unimportant constituent, sncl heretofore no analysis 
has been m d e  for it, the vdlue of its hnrnionic constants being in- 
ferred from those of c.onstituent 0. Although theoretically too sninll 
to justify a primary suinniation in general prac.tice, the lesser work 
involved in the secondary suniniations may produce constants for 
this constituent wliich will. be niore satisftwtorj thnn the inferred 
constants; 

FOURIER SERIFS . .  

187. A series' involving only sines nncl cosines of whole multiples 
Such a 

(254) 

. I t  can be shown that by taking a sufficient number of ternis tlie 
Fourier series may be made to represent m y  periodic function of 8. 
This series may be written also in the following form: 

of a varying angle is generdly known as the Fourier series; 
series is,of the forni 

h=Ho+C'1 COS e+C, COS %+C3 COS 3 6 + - - - - - -  
+SI sin e+& sin ne+,S3 sin 3 0 + - _ _ _ _ -  

~ = I I ~ + A ,  COS (e+a1)+L4.r COS (ze+a,)+Lg3 COS (3e+0r3)+---- (355) 
in wh'ich 

S I  A,,= [Cn,2+S,2]g ar,d a,,,= -tan-' - 
.. . Cm 

m being the subscript,'of any term. 
188. From the sumnia.tions for any Constituent 24 hourly 

means: are- oJhinec1, these mems being the approsiniate heights 
of the' constituent tide a t  given intervids of time. Thesc nienn 
'c.riastituciit hourly h igh  ts, together with the interniedinte lieight,s, 
may be represented by the Fourier series, in. which 
_ _  I$,=mean v&ie. of. the function corresponding to the height of 
mean sea level above the adopted chtum. 
. ._ e=?n angle that c1imge.s unifornily with time and completes a 
cycle of 360° in one c.onstituent day. The values of 0 corresponcling 
-to the 21 lioiirly menas will be O0,.15O, 30°, - - - - 330°, m c l  3450. 

.Forniuls (254), or its equivalent (2551, is the equation of a curve 
with the values of e tis the nbscisss aiicl the corresponding values of 
16 a.s the oidinit&. If tlie 34 constituent hourly nienns are plotted as 
ordinates corresponding to the vnlues of Oo, 15O, 30°, - _ _ - for 0, 
it is possible to find values for H,,, C,, a.nd S,, which when substituted 
in. (255) will give the equation of a curve tliat will pass exactly through 
each of the 24 points representing these mea:s. 

189. ln order to make. tlie following discussion niore general, let it  be 
nssumed tlint the period of 8 has been divided into n. equal parts, and 
tlint tho ordinate or value of h perta.ining to the beginning of each of 
those past,s is linown. Let u equal the inberval between these orcli- 
.nates, then 

n M=%; or 3GO" (256) 
Let 'tlie given ordinates be b, h,, h2 _ _ _ _  h ("-,I corresponding 

. .  . .. 

to the sbscissse a, u, 2u _ _ _ _  (n-1) u, respectively. 
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5* 

((267) niay be written RS follows: 
193. If we let a=O and ' u = - - j  or n , t 1 = 2 ~ ,  then forinulrts (363) to 

'I1 

.a=(n-l) . 
a=o 111. 

sin (I ?n. u=. 
sin - ?r 

. .  .n 

a-ln-1) 

a=o 
: cos (c m 'u= 

I lb  sin - ?F , n. 

(269) 

. .  
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p - 111 sin (p - in,) lr cos ( p  - .in) T - - 
?I 

lr s111 - 

a=(n-l) 

a=o . p - in. 
cos a p 94 cos n in u=+ 

1). 

sin (p+m> lr cos (p+?n.j lr-- [ p+7n 11 TI (371) 

a=(n-l) c 1& lrl 
* P + m T  sin - 

+3 
f l .  

sin (p--m) ?T sin .(p-.m> T-- 

p - mi sin - lr 
sin n 11 u cos a m. N=;S 

a=o 
11. 

' sin (p+m,:) ?r sin (p+nr) lr-- ++ 72. 

p+n1 ?T sin - n 
n 

194. If p mid ni me uiiequd integers am1 neither esceeds -I 2 t,he 
above (268) to (373) become equal t.0 zero. Thus, 

a=fn-l) 
sin a ni 'ti.= 0 

a=o 
a=cn-l) 

a=o 
a= (n - 1) 

R=n 

c cos a. 111. w = O  

sin a p zc sin n rv~ u=0 
- -  

a= (11-1) 

a=o 
cos (L p 'U cos n m. 1i.=@ 

a=(n-l) 

a=o 
sin n 11 w. cos a m. m=O 

(273) 

n 
195. I f  p ancl 111 are equal integers and do not, esceed 3, formulas 

(270), (271) ,' and (373) will contain the indeberminate quantit,y 
sin (p-m)n=9, mcj also when 21 and .in each equal - the indetermin- 

n. 
sin .PLmlr 0 

n. 
Sill (p  + m) T- 0 

tp+milr 0 
--. ate quantity 

sin -- 
11 



Evaluating these clumtities we l iwe 
A COS (jj-mj, 
7r p-m. =.n. (374) 1 91 1 -  (.p- m) =o 11. 

1 A 1 -  .?1. ($1 + ,In.) = 71 

. --sin Cp-iujr . - 

? r .  - cos - A 
12. (11 - ,n.) = 0 

1, - ' I n  sin - 
slid 

COS (p.+ j,. .... . 
=-lb (375) 

sin (21 + in.) A 

p+nl 
- 

A p+m 
- COS - ?r sin - n (p+,n)=n .I1 

In  (275) it will be noted that. when the integers p and I .  each equal 
n 2, 78 must be an even number, niicl t.herefore cos nr is positive, while 

cos A is negative. 
196. Assuiiiing the condition that p and m are equal integers, each 

less than -, we have by substituting (274) in (270); (271), mcl (372), 

sin u, 1) u, sin a in u= sin? a in u=$ n . (276) 

11 

2 
a = (n-1) a= in -1 I 

a=o n=o 

(277) 

a=o a=o 

n 
3 197, Assuming the coiiclition tha.t 21 mid m are each equal to - . 

we have by substituting (374) and (275) in (37O), (271), and (272), 
a=(n-I) 

a=o ' 

sin' n m .ti = + ii.+ 4 n. cos A= 0 (279) 

(380) 
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199. To obtain value of H,, ncld &ove equations 

' a=(n-l) a = h - l )  
Froin (273), . cos CL m PL ~ i c l  siii a tn 21. each e y i d s  zbro, 

8=0 a=o 
11. 

since neither X. nor I, the iiiasiniuni values of m exceeds y 
Therefore 

I 

a=(n-l) 
ha=??. Ho 

a=o 
aucl 

1 s=In-l) 
H - - li.,, 

O - n  a=o 

(384) 

(385) 

a=(n-1) a=(n-1) . . + C, C c.os n 'u cos CL 11 m+S1 sin CI. a COS fi 1) a . .  
. a=o a-o 

. (Formula continued next pagej- 



n- ln-1) a= In -1) 

n=o a=o 
+ Qt C cos u. k 11 cos rc 11 TI.+&', C sin n I va cos a p u, 

201. Esnminhig the !imits of (%7), it, will he noted by a reference to 
pa.ge 63 that k, the ma.simum value of .m for the C ternis is 3 wheii n 

n-1 11. is even a d  - when n. is oclcl; also, tbnt I 1ms a d u e  of -- 1 when 3 3 
'11. - 1 

n is even and - when n is oclcl. The. limits of p ,  which is a partic- 3 
ulnr value of m, will, of coiirse, be the snine as t1iose.of m. 

a=(n-l) 

a=o 

11 

By (373) the qiinntity 

values of p ,  and tlie quantity 

for all d u e s  of m and p except when p equals nt. 

and (281) tlie quantity 
values of m. and y. 

cos a. p TC becomes zero for dl the 

cos a p ?is becomes zero 

By ( 3 i 3 ) ,  (2%) 

C sin a 7n, u cos a 21 u becomes zero for all 

a=(n-l) 

a-o 
cos a 

a= (n-1) 

a=o 

Forinula ( B y )  niny t,lierefore be reduced to. the form 
a=fn-I) s=ln-l) 

a=o a=o 
C . h.,- cos a p .u. = C, cos? a p u (288) 

 or any va.lue of p less tlinn 

71. but when p=- this quantity bccomes ec1un.I to n (280). 3' 
Therefore for all vsdues of 21 less t1ia.n ?'. 2 

but when p is esac.tly 2 
1 a=(n-1) 

. CD=; cos a p  'IC 
a=o 

(2S9) 

(390) 

11 Since in tidal worli p is always taken less than -, we are not especially 2 
concerned with the latter formula. 
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203. To o l h i n  t,lie value of any co'effic.ieiit S, such a.s S,, multiply 
Sum the resulting equi~.tio~is ancl each equation of (3S3) by sin a 2) u.. 

obtain 

' ni=k a=fn-l) + C ,  cos a in sin (I 1) v. 
m = l  a=o 

m=Z a=(n-l). 

m=1 a=o 
+ C S,, C sin (1, ,111 'u. sin 0. p .ti, (291) 

a=(n-l) 

a=o 
By (373), (278), ancl (2S1) the quantities 

C 

sin a 21 u m d  

cos a ni 71. sin CI. 2 )  ii. are zero for all the values of m and p ;  
a=ln-1) 

a=o 
.... a=fn--l) 

a=o 
and ' 

a.nd 21 escept when m mcl y.nxe equttl. 

m. and p is less than - am1 by (37G), the quitlit,ity 
=;S n. 

sin (G m. & sin n p u beconies zero for all the values of m 
I n  t$is c.ase the limit of 1 for 

sin2 n p u 
n a=ln-1) 

2 a=o 
Therefore, formula (391) reduces t>o the form 

and 
3 r=(n- l )  

S,,=; as h., sin a, p u (293) 

203. By substituting (3S5), (289), (290), a,iicl (293) in (357), the 
following equation of B curve, whic.11 will pass through the n given 
points, will he obtniiied 

1 cos * 
1 

w a=rn-n 

+[: 
+[: 

ha, cos 1 a w. 

.. h,, sin I (I '11 sin 1 e 

a=o 

a=ln-l)  

a=o 
(394) 

~~ 

2 *If 91 is even and k= cn this iraction is inqtrad nf n- 



70 U. P. COAST -4ND GEODETSC SWRVEP 

: 204. Although by tdiing a sufficient iii1niher of terms the Fourier 
series may thus be nincle t.o represent, 8 c.urve which will be esactlly 
satisfied by tlie 'n giveii ordinates, this is. in geiwral, neit#her necessary 
nor clesirable in tidal work, since i t  is linown t1in.t the mean orilinn.tes 
obtained from the summa.tions of the hourly heights of the tide in- 
dude many irregularitks due. to the iniperfec,t &milintion of the me- 
beorological eflects mid also resiclunl effects of constituents hn.ving 
periods iiic.oniniensurable with that of the constituent sought. It is 
clesirnble to inc.1ude only trlie terms of tlie series which represent tlie 
h i e  periodic elements of the constituent. With series of observations 

. of sufficient length, the coefficient of t,he othei. terms, if sought,  ill 
be found to approFiniate to zero. 
. 205. The shorfperiocl c.oiistituents as derived from the equilibriuni 
tlieoiy we, in geneid, either cliurnn.1 or semidiurnal. If the period 
of 8. 'in formula (257) is taliell to corresponcl to the const>ituent clay, 
the cliurnal constituciits wilFbe represented by the ternis with coefficient 
C, and SI, and the seniidiurnnl const.ituents by the ternis with c.0- 
efficients C'z For the long-period constituents, tlie period of 
e"n1aY be taliell to correspond ti0 the constituenta moiitli or .to tlie 
cohstitubht, ye,nr, in w1iic.h case. tlie:coefficie.nts Ci, mid 9, will wfer to 
the monthly. or annual constituents and the coefficients C2 and S2 to 
the seminioiitlily .or semiginual constituents. For most of tlle 

' coust,itueiits tlie coefficients Cl, SI,. C2, 'niid. & .will be the only ones 
required, but for .the 'tides clepending upon t h  fourth power of the 
moon's partdlm and for tlie overtides a.nd the compound tides, other 
ccefficients will be required. Terms beyond those with coefficients 
C8 m c 1  &, for the ovcdcles of the principal lunar constituent are .not 
geiic?ra.lly used in tidal work. 
:' 206. Wlieii i t  is known that certain periodic, elcnients esist in a 
constituent tide and tbtitn the niean ordinates obtained from obscr- 
vations. inclucle accidental . errors thata a.re not periodic, it  may be 
readily. shown by the method 1illoIVli 8s the leo.st sclunre acljustmen t, 
using the observational equations represented by (35sj, that the niost 
probable v i h e s  of the constmt H,, and the coefficients C:, aiid "3, are 
the same . -  n.s those giveii by fornidlas (Bssj, (269), and (293), 

' 

respectively. 
207. Siiiee in tidal work'the value of H,,. \vhic,li is the elevation of 

mean sea level shove the ciatum of obser\&ions, is generally deter- . 
niiiiecl directly froni th& original tabulation of hourly heighbs, forniultt 
(25) is minecessary escept for c.liec.l<ing purposes. Formulas (389) 
a.nd (293) m e  used for obtn.ining the most . proba.ble vdues of the 
c.oefficients Lb m c l  ISg froin the hourly means obta.inecl from the 
summntions. 

208. When 24 hourly me:tns are used n=24 and w=15', ilnd thc 
forniulns may be written. 

1 a=?3 
SD=-- C. h, sin 15 Q 11 (296) . 

in which the xngles are espressed in degrees; . 

If only 12 means are mecl, the formulas bccoiiic . - . .- . .. . . - ._ 
1 a=.ll 

C -- IL, COS 30 I I  p ' (397) D - G  a=O 
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209. The upper part of Forin 191 (fig. 16) is clesignecl for the compu- 
tation of the coefi.cient,s C',, and in wcorclame with forinu1a.s (395) 
and (296) to take nc.count of the 34 coiistheiitv hourly I ~ ~ M S .  

It is now clesircil to express each constituent in the form 
y=A C.OS ( p  e+aj (299) 

?/=A COS (21 e-{:) (300) 

(301) 

in wliicli C,,=A cos { and &,=A sin c (302) 

or using a more specializecl n o t d o n  by 

By trigonometry 
d cos (1) e-{j=A cos { cos p e+d sin { sin p e 

=C, cos p e+&',, sin p e 

Therefore, 

(304) 

Substituting in formulas (303) mcl (304j the values of C!, ancl SP from 
fo~mulns (295) mcl (296), t$e correspoacling values for A mid 5 may 
be obtainecl. Substituted in forinula (300), these furnish nn np- 
prosiniate representation of one of tlie t,idd constituents, but a fui-ther 
processing is necessary in order t.o obtain t,he niean miplitucle and 
epoch of the c.onstituent. , 

i -  . .  
. .  AUGMENTING FACTORS 

210. In t,he usunl spiinat,ions ~7i th  the primary stencils for dl  the 
short period constituents, except constit,uent S, the hourly ordinrtt,es 
which nre suiiiniecl in any single group are sc.at.terec1 inore or less 
unifornily over n period from one-hdf of a cons t.i tuen t hour before 
to one-linlf of a constituent. hour after. the esact constituent hour 
which tlie group refites6ijt)s; ' Because of this the resulting mean will 
differ n little from th? true i n m i  orclinnte that woulcl be obtained if 
all tlie ordinates incluclecl mere r e d  on the emct constituent hour, RS 
with const>ituent S, and the n,niplitucle obtained will be less than the 
bue amplitude of the constituent. The fwtor aecessnry to take 
account of this fact is ca.llecl Llie augmenting factor. 

211. Let m y  constituent, be represented by the curve 
y =A C868 (a.f + a) (305) 

in which 
A= thc true nmplitude of the constituent 
a= the speed of the constituent (degrees per solar hours) 
f = va,riable time (espressecl in solar hours) 
a = any constant. 
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The nienn value of y for a group of coiisecut,ive ordinates from T / Z  
hours before to T/?, hours after any given time t ,  T being the number 
of solar hours covered by t.he group, is . -. 

1Srp  

=- 180 - A [  sin ( a t + a + ,  T) -sin . ( nt+a--  ‘f)] 
u a7 

360 sin EA cos (nt+a) =- - cos (rc.t+a) sin E=- 360 A 
?r UT ‘3 T(GT 3 

212. Sime the true value of y at  any tinie t ,  is equal to d cos (nt+a) 
by (305), it  is eviclent t.liat the rehtion of this t,rue value to tslie mean 
value (306) for t>lie group T horns in length is 

unT =-- 9 cos (clt+al 
(Gr (307) 

The quantity --- is t.he augmenting factor which is to be 

applied to the nwan orclinnte to obtain the true ordinate. In the use 
of this factor it is assumecl that all the consecutive ordinates within 
the time ~ / 3  hours before to s /3  hours after the given time have been 
fised in obtaining the mean. This nssuniption is, of c.ourse, only 
approsimately reiilized in the suninintion for any constituent, but the 
longer the series of observations the more nearly to the truth it 
n.ppronches. 

213. According to the usual sumnin.tions with the priimry stencils, 
the hourly heights incluclecl in a. single group may be clistributecl over 
mi interval from one-half of a constitutent hour before to one-half of a 
constituent hour after the hour to be represented. In t,liis ca-se 7 

equals one constituent, hour, or - solar 1ioui.s. 

360 sin A cos (at+cr) 360 sin 
T Q T  a 

uar 

360 s i n T  

15p 
11’ 

Siibstituting this in (307), the 
augmenting factor= TP 15p 

24 sin - 2 
which is the forniulagensrnlly adopted for the short-period constituents 
and is the one used in the cdculation of the augnienting factors in 
Form 194. For the long-period constituents special factors are 
necessary which will be esplained later. 

214. If the second system of distribution of the hourly heights as 
described on page 53 is adoptecl, T ecjuals one solar hour and forniula 
(307) becomes 

7ra 
a augmenting. factor= 

360 sin 3 (309) 



HARMONIC ANALYSE3 AXD PREDICTION OF TTDES 73 

It will be iiotail tlmb foriiiulit (30s:) clepencls upon the vahe of p nncl 
therefore will be the same for a.11 short, period const>ituents (S esceptecl) 
with like subsc.ripts. Formuila. (309) depends up011 the speed n of the 
const.ituent~ and will therefore’ be cliff erelit, for ea.cli constitmi1 t. 

315. When the seconcliwy stencils are used, the grouping of the 
ordinates is less simple t1ia.n thata provicled by the primary stencils 
only. Let it be assuniecl that the series is of sufficient length so that8 
the distribution of the orcliniltes is more or less uniforni in itccordnnce 
witsli the systeni adopted. 

Suppose the original primary snmmntioiis have been m d e  for c,oii- 
stituent A with speed n nnd t.1in.t the seconda.ry stencils have been 
used for constituent B with speed b .  Then let p a.ncl p’ represent, the 
subscripts of constituents d aaicl B? respec.tively . 

The equation for constituent B may be written 

y=B COS (bd+/i’) (31Oj 

216. In the prininry sumnin.tion for constituent, d. the group of or& 
nn.tes included in :I single sum covers .z period of one const,itueiit A 
hour or - solar hours. Espressecl in time t? niic1wn.y of this interval 
and representing the es3.c t integra.1 const.itw.nb d hour to wliich t-lie 
group applied, the average va.lue of t,he B orc1inn.te.s included in such 
n group ni21y he wri6ten 

1511 
a 

(311) 

24 (1. 15pb 
In whic.ll F,,  for brevity, is suhst,ituted for the coeffic.ient, --sin - s p b  ?iz 
n.11~1 gives the re1:itinn of tslie avera.ge B, ordinn.te included in the d 
grouping to the true B ori1innt.e for the time t represented by t.1in.t 
gr1>11p. The reciprocal of this coefficient. will he t . h t  part, of t,lie 
a.ugiiient,ing factor nec.essnry to  take w c o m  t of this primary grouping. 
If t,he pr1ma.ry suniming has heen for the c.onst.itmnta S, this coefficient 
ni2.y be talre11 :~s  unit,y since the original S siinis refer to the esact, Y 
hour. 

317. Wl1e.n t,lw sec.onclary st.enc.ils Rre n.pph.d to the constituent 
-4 group slllns, tlle groups applying t? exa.ct, c.onst.ituent, A hour a t  
nlly time t a~icl represented by t,li:i.t tone. will be distributed over an 

1511’ 
int.ervn1 of :I constitmmtr B ho~ir, or -- s01a.r hours. b 

For an int.egra.1 constitmnt, B hour a.t any time f wit.liin t.he niicldle 
clay represent,ec-l by a. seven-chy page of oiiginitl tdmlations the liniits 
of t,llis inter\r:i.l will be . For the same page 
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of tnbulntions, letting t represent the sanie time in the niidclle day, tlie 
h i t s  of the P ~ O U I I  iiitervnl for the clav followiiie the miclclle one. are 

+ 1 ,  +2, +3, rkspectidy, for tJie selen successive clays representecl 
by n singlc page of origin:d tnbula.tions, t,he liniits of the group interval 
for any c1a.y of the pn.ge ma.y be represented by 

' 218.' Forniiiln, (311) gives the iiieaaii vdue of the B ordinate for 
grouping of t,he d sumiiin.tions. . The niem value of (31 1) obtained 
by combining t h  groups falling in nnp particdar clay of page of 
ta.hul:ttSions in the liniibs indicra.tec1 above is 

31 1 151)' if we put F2=T siii 7 for brevity. 
4 

319. Forniuln (3121 represents tlie menn va.lue of the B orcliiiate 
The nvern.ge vdue for the for R pnrbiculnr clay of the page recorcl. 

7 i1:x-y~ niny be written 
u=+3 3 GObp N.') 

+F,F,B cos(t+D+ . Q , 
u=-3 

fFormnla continued next page) 
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(313) 

220. Rep1,lncing the equivalents of Fl md F2 in ( 3 1 3 j ,  the average 
value of the B orilin:i te RY obtainecl by the seconclnry summntions 
may be wTitten 

Since the t n . e  ordin.ilt8e of constituent B at ‘ m y  time d is equal to 
B cos (b t+/3) ,  the reciprocal of the brcicketeil coefficient will be the 
augmenting factor JMXSS:W~ to reilu.ce the B ordinate a.s obtained 
from the suninintiom to their true vn+es. 

This augiiieiitiiig fiidtoi. i2in.y.. be written . 

The f&t factor of the above is to be oniibteil if t,lie primary sum- 
iiintions are for constituent, Y. It will be noted t h t  the micldle fn.ctor 
is the snine as the nngmenting factnor .thnt would be used if constituent 
B h i d  been snbjeckeil to  the prininry summn.tions. . .  

PHASE LAC OR EPOCH 

221. The p h s e  lag or epodi of a. tiilid constituent, w1iic.h is lqirc: 
sented by the Greek 1~1.ppa. ( K ) ,  js t.he dif-f’ercnce between the p1i:tse of 
the observed constituent nncl the phnse of its crgumen b at the sariie 
h i e .  This cliff erciice. rema.ins :i.pprosinint,elp constant, for any c.011- 
st,ituent in -a- particular locdity. The pIici.st: of ;I. constitjuentr s.rgmnent 
for m y  tinir..mxy be obtti.ined froin the nrguiiieiit foriiiuh in tnble 2 by 
mitlcing suitable substitut,ions for the nst,rononiica.l elements. . The 
argument, &elf is represen tml by the gciiern.1 syinbol [T’+u> 01’ E ;mil 
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its phase or va.liie pertaining to mi initial instant of time, such as the. 
begiiiiiing of ti series of observations, is expressed by (TTo+,tr). ' Refer- 
ring to foriiiula (,300), since e is reckoned from the begiiiniiig of the 
series, tShe n.np+.r cluant,ity (-{) is the corrcsponcling phn.se of the 
observecl constatuent at this time. The phase lag may therefore be 
espressecl by the following geiier a1 formula,: 

Ei= TT0+.lC- (- s") = T',+U+ ; (3 16) 

222. Since the zmgmiient forniu1a.s of n.11 short-period coiistitum ts 
ccmtaiii some multiple of tlic. horn angle fT) of tdie mean siiii, the 
nqiiiiients tli enisclvcs will 1ia.ve cliff ( m i i  t. vctliies in cliff erelit loiigitucles 
at the same instant of tinic. If p eclua.ls the coeffic.ieut of T or the 
s&sc.ript of the coiistitmmt mcl L ecluds the longituclc. of the place 
in degrees rec.konec1 west from Greenwich, L being consiclercd as nega- 
t,ive for cast, longit~urlc, tlic rclation between the local anel Greenwich 
a.rguineiit for my  constituent^ iiinp be expressed n.s follows: 

1cjc.n.l (V+,tr) =Greenwicli (T'+ir) --pL (317) 

223. Also, since tlic absolute time of the begiiiniiig of a day or 
thc beginning of :I. year depends upon thc tiiiie mericliitu used in the 
locality, the. initial instant, taken for the hegiiining of a series of obser- 
v:&ms 11ia.y differ in cliff ercnt, localities even. though espressed in t,he 
sa,ni(? clock time of the same c.nlenclar clay. . I f  we let) 5' equd the 
longitucle of the time n 1 h h n  in clegrees, pos.itir7e for west a.nd negn- 
tive for enst!? t,lie sniiie merielinn espressetl 111 hours beconies 8/15. 
Let,t.ing (1, equnl the speed or hourly rata of clia.nge in the constituent 

, ., t,lie ,cliff c.ronce in c~rguni~ii t clue to the clifference in the 
.b'eg$ining of .'$lie series becoiiies th9/15, niicl the relatioii 
the, 16ci11. a.iic1 Cfreenwich argumeii t clue t.o this cliff ere1ic.e 

local (I.To+tbj = Greeiiwicli (TTO+~u) --pL+crS/15 (31s) 

In the above- forniuln the local :i.~iil Greenwic.li (TTn+w) pertitin t.o the 
same c.locli- time but not, the sa.nie nhsolute tinie unless bot11 clocks a.re 
set for tAe nieriilim of Cfreenwicli. 

,224. Values of (T6+wj for t,he meridictii of Greenwich at, t h ~  
I>eginiiing of cncli cnlenclnr y e a  1850 to 3000 are given in table. 15 
for 21.11 coiistitxeiit>s represented in. the Coast' and Gcocletic Survey 
t,idc.-preclict,iiig ninchine. Tn.bles l G  to 1S l~roviele differences for 
referring the a.rgunieiits to ot,lier. clnys and hours of the pear. I n  the 
prepar:i,tion of table 15 t h t  portion of the a~gpment iiic.luclec1 in the .M 
W'RS tren,tecI as n. const,a.nts witsli D value pert,aming to the niidclle of the 
c:ilcm&m year. If t>lie Greenwich (I',,+U) with its coi-rectioiis is sub- 
stituted for the locd (T70+w.) in foimiuh (316), we obtn.iii 

K = Greenwich (ITn + u) -pL+ u.S/15 + ; (3 19) 

225. Thc phasc lag clcsigiin.ttc1 by K is sonietinies cdled the locn.1 
epoch to distinguish i t  from certain nioclifiecl forills which may be usecl 
for specid purposqs. In  the prepwntion of the liasmonic constniits 
for predictiog it is convenient3 to conibine the longitucle aiicl t h e  
meridian C6lTeC.ti@IiS with t,he locn.1. epoch to' form a modified epoch 

eil>ressecl 2.s follows: 
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I, 

I 
Grernwich Vow - * cs I 

I 

desigiiatd by k' or by the snidl 8. The relation of the niorlifiecl. 
epoch t,o the local epoc.11 iiiay then be espressecl by tlie following 
f 0rlliul:i.: 

K' or g = K +pL- c&/l5 = Greenwich (V,,+w) + ; (.330) 

226. The phases of the same tidn.1 constitmiit, in cliffemit parts of 
t,lie world nre not directly coiiipnaable tlirougli tlieir local epoc.lis siiice 
these involve t,he loiigitucle of tlie locality. For such :I compa.risoii i t  
is desirable to have A Gre.eiiwic.li epoc,li that is independent3 of both 
longitude m c l  t h e  meridian. Such nii epoch may be clesigiiatecl by 
tlie cnpitd B uid its relation to the coiwspoiicling local epoch ex- 
pressed ns follows: 

Crreenwicli epoc.11 (GI =n+pL= Greenwic.11 (T,',+ii.) +nS/l/15 + i (32 1 !. 
237. The angle K may be grilphically represented by figures 7 

In figure 7, we have n. simple representnt.ioii of a single c.011- n . 1 ~ 1  8. 

,, Time 
t 
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place and tlie theoretical t h e  as deterniinecl by tlie equilibrium 
.theory. Tlie distance from the beginning of the series to the follow- 
ing high wn.ter is tslie i- of formula (30O), which is cleterniiiied clhect.ly 
from the a.iidysis of the observn.bions. From tlie figure it, is eviclent 
tlittt the K is tlie sun1 of (V,,+u) nncl 5 ,  and also that i t  is independent 
.of the tirile of the beginiiing of tlie series. 

228. Figure S gives a inore detailed representation of the epoc.11 of a 
constitucint. In this figure the horizontal line represents changes in 
time. Distnnces along this line will be proportional to the changes 
in the itngle of any siiig1.e consbituent, but since ea.ch constituent 
1ln.s a cliff erelit speed equd distmces n.long this line  ill not, represent 
qiia.1 angles for diff went constituents. The t h e  between the events 
mn.y be convertecl into an equivn.lent ,constituent angle by niultiplyiiig 
by t$ei speed of the’ constitucnt. The figure is to some extent self- 
esplanatory. Tlie word ‘‘ transit” signifies the transit of the fictitious 
nioon representing :my constitueii t and also the t,ime when the cquili- 
‘briuni argument of that constituent has a zero value. For all sliort- 
period c.onstituc.nts the t,inie of such zero value will depend upon the 
longitude of the place of observation as well as upon absolute time. 
For long-period constituents the zero vn,lues m e  inclepenclent of t,he 
longitucle of the pln.ce of ol>scrvn.tion, ani1 the “ tmnsits” over the 
several meridians niay be consiclerecl as occurring simult,siieously; 
which is e.yuivalent t,o taking the c,neffic.ient, p equal to zero. Tlie 
figure illustrntes the relhoii  between the Greenwich ( T-o+w) calcu- 
:ln.tecl for tahe iiiericlian of Greenwich .and referring to stanclnrcl Green- 
1vic.11 t h e  anel. local ( T;+,ij referring .to the meridian of observation 
aiid the sct4unl time of the beginning of the observn.tions. 

INFERENCE OF CONSTANTS 

229. Under the conditions a,ssunied for the equilibrium theory the 
aniplitudes of tlie constituents coulcl be conipqtd directly by means 
.of the coefficient foiiiiulas without the necessity of securing tidal 
observations, nncl t,lie phases would correspond .with the equil.i.briuni 
arguments of the constituent,s. Under the conclitions that. sctudly 
exist it has. been fouiiil from observa.tions. t1ia.t the aniplitudes of the 

,coiistituents of :t similar type .at any. pln.ce, :dtliougli differing gren.tly 
from their theoreticd values, have it rehtion that, in general, agrees 
fairly closely with the relations of t>lieir tlieoret,ical coefficients. It 
bas also been ascertained from the results obtained from observa.tions 
that t,he diffcrence in the epoch or lngi of tlie coiistituents have a 
relation confoiming, in gcnbral, wit$li the relation of the cliff ereiices 
in their spreils. This lmt relation is ba,secl upon an nssuniption that 
.the ages of the inequalities duo to tlie disturbing influence of other 
constituents of a simi1n.r. type arc. oqual when expressed in time. 

230. If the iiieiin n.niplit.ucles, rpoc,lis, and speeds of several coiistit- 
uents 9, B, G, arc reproseiitecl by H ( d ) ,  H i B ) ,  H(C), K ( i i ) ,  K(B), 
K ( C , I ) ,  nnd n, b ,  c ,  respectively, the above relations ma.y be espressecl 
by tlie following forniu1n.s: 

nie~ i i  c,oefficients of R 
H(B’ =iiieti.n coefficient of A H ( 4  (322) 



HARMONIC ANALYSIS AH,D. PREDICTIOX OF TIDES 79 
. .  

(393) 

(334) ' 

G-(7 
li (C? - l i  (A) =--[[li(B) --h'L-I)] b--n 

or, 
C--Q 

, h (0 = li (A) + F a [ K  (B) - h  (LA)] 

By f6rniula. (353) the miplitude of a constituent (B)  may be inferred 
from the known amplitude of a constituent (A), aiid by formula (354) 
the epoch of a c.onstituent CC) may be inferred from the known epochs 
of constituents (A) mcl (B) .  

231. These formulas have, however, certain limitations. They 
we iiot applic.ab1e to shallow water and meteorologicd constituents, 
iior . are they aclaptecl t,o the elet~erniinnt,ion of a diuriid constituent 
from a. scmidiiiiiis.1 constituent or of n. seniicljurml ~oiistituil.nta from 
n cliuriinl constit,uent. Thc results obtnined by the a.pplic$,tjoil of 
the fomiulns to t,i&s of similar t8ype iiiixy be coiisiclerecl only as rough 
approsiiiiatioiis to the brnt.1i. They nia.y, however. be prefernble to 
the values obtained for certain c.oiistituent,s when the series of obser- 
vations is short. 

232. By substituting the. mean values of the cmfficielits nncl the 
speeds from table 2 the followiiig spec.in.1 foriiiu1a.s niny be derived 
from the general formu1a.s (32'3) ancl (324) 

D h ~ d  Co?istitltt?nt.Y 

233. In orclcr to test the relinbility of the results obta.inccl bv infer- 
ence ne n.hove., G O  stations representing variius types of tide in different 
parts of the world wlierc.. tile hsrmoiiic constants ha.<l been cleterlninecl 
froin obsc..rv:xtions rni.1.c ge.l+ckecl ,sad a..co~iipnrisqii was mscle be@wm 
tliii: vdiies for c.ertn.in constants RS obttiiiiecl by inference and by 
observations. The tests.. wm! applied to the diuriia.1 coiisthents 
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Msxirniini rlifference _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Avenge gross difference. _ _ _ _  ___________. -. ______. . _ _ _ _  
A1-er:ige net rlifferenrr.. _______________.______________ 

Differences lees than 0.05 foot or 10'____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Di1€rreiices less than 0.10 font nr 20" ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

MI, P,, and Q,, and to tlie semicliurnd constituents I<?, F, a n d  v?,  ancl 
foriiiilas @?a>, (325), (339), (.333), (333j, and (3-19 were used for the 
purpose. Tlie following results were obtsinccl for the cliffercnces 
het,ween vnlues as ohtainecl from infc.reiic.e and €rom ohservntions. 
The avera.ge gross difference is tlie a.veragt.. ilifference wit.lioub Fega.rcl 
to t,lw signs of t,lie individuo.1 i tmis, and the nversge net, clif-lerence 
ts.l;es into LLCC~IIII  t these signs so t,lint a positive difference m:iy offset 
a negn.tive cliflerence in tlie nican. Tlie last. two lines hi the. table 
sllow t!lie percentage of ca.ses in which the cliff erc?iices were less thnn 
0.05 m d  0.10 foot., respectively, for tlic nmplituclcs, and less t,linii IOo 
ancl ZOO, respectively, for the epochs. 

Ff. Dcg. Ft .  Drg. 
0 .38 5! 1.09 HI4 . 02 0 .O% 25 

.OO 5 .OS 4 

87 65 58 -0 
9i 03 78 44 

% % k % "  

DitFereucer less than 0.0: Innt. or 10* _..__ _ _ _ _ _  ________. 
Ditlereuccs less than 0.10 foot or 30° .__________________ %? 

-. - 
QI 

nnipli- 
tude 

FI. 
0. OF, 
.01 . 00 

BO 
100 

-- 

% 

- - 
1.1 

ampli- 
tude 

Ft. 
0.29 
.04 
.02 

71 
ss 

% 

- - 
QI 

epoch 

Dtg. 
--- 

105 
14 
0 

5s 
82 

pb 

- - 
Y 2  

epoch 

Drg. 
53 
14 
4 

48 
83 

x 

By using forniu1a.s (334.1 and (343) for 1, nntl v2 the results a.re 
slightly iniprovd, tlie svernge net differences fur the a.nip1.i tude niicl 
t.poc,li of L, hec.oiiiiiig 0.CJi foot :>.iid 3', respectively, the difference for 
t,he epoch of v2 becoming Z0, while the a.vera.ge iirt difference for the 
aiiipli tude of v2 reniniiis nnchangecl. 

234. A1 t,liougli t,lie.re. is n f airly good n.gre.e.1iie.n t iiiclic.ntec1 by the 
avernge clifferences, it, is evideiit that the inferred coiistnnts, especially 
the epochs, cannot be clepeiidecl upnn.for a high degree of refiiiement. 
It, iiiay be stated, howwer, t h t  for co~iatit~uents with very sniall 
amplitudes the epochs clet.er~iiinecl from a.c.tua.1 observations may be 
equnlly unrdin.ble. This becomes evident wlieii results from different 
years of ohservations twc conipnrecl. Portuiiabelv, the large dis- 
crepancies in epoclis are fouiicl only in constiburnts of sninll nniplitude 
nnd arc therefore of little practhd impnrtmce. 

235. Constituent pz as cle terniined by inference is rela.tivelg miim- 
portnnt. H o ~ e v e r ,  tSliis constituent has the saiiie period RS the 
conipound bide 2MS2 and when obtained clirectly from the amilysis 
of ohsPrvn.tions frequently differs c.onsiclersbly from the infcrrcd p2 
both in aniplitucle and epoch. The inferred vnlues for this constituent 
cannot .therefore be consiilerecl n.s very satisfac.toi.;v. 

236. Prior to the eliniinntion process clescribecl in the nest section, 
cerbixili preliminnry c.orrec tions are applied to tlie amplitucles mid 
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epochs of constituents S2 ancl ICl becmse of tlie disturbing eflects of 
IC2 and T, on tlie'foimer ancl' Pl on the latter. In a short series of 
observations these effects niny be considerable became of the sinal1 
differences in the periods of .the constituents involved. 

(344) y1=A cos (a t fa)  
and 

y2=B cos ( b t + / ? )  (345) 
represent two constituents, .the first being the principal or preclomi- 
nating constituent mcl the latter a secondary constituent whose effect 
is to modify the amplitude and epoch of the principd constituent. 
The resultant tide will then be represented by 

(346) 
Values of t which will render (344) n iiiasiniuni must satisfy tlie 

(347) 

(348) 

237. Let 

y = y , + y J S = A  COS ((Lt+aj+B COS ( b t + p )  

AU sin (ut + CY) = 0 

An sin (ut+a)+Bb sin ( b t + p ) = O  

derived equa tion 

and the values of t w1iic.h will render (34G) n niasimum must satisfy 
the equation 

For a niasimum of (344) 
3n lr-CY t=- 

n 
in whic.11 n is any integer. 

(349) 

e 238. Let -=the acceleration in the principal constituent L4 due to 

Then for a niasiniuni of (346) 
3n. r-a-0 

a 

a 
the disturbing constituent B. 

!3 5 0) t= 

This value of t must satisfy equation (34S), therefore we have 

An sin ('%a r-e)+Bb sin r-e-CY)+p 

1 =-Aa sin e+Bb sin [e '(2.n r-e--a)+/?--a-e =O (351) 

At, the time of this niasimuni, when 
27b r-CY-e 

t= I c.5 
the phase of constituent A will equal 

and the phase of constitilent B will equa.1 
(2n lr-a-O)+a 

Let.4=plia.se of-c0nstituent.B-plisse of const,ituent A n t  this time. 
Then 

(352) b--n 4=T *----e) +- /? -CY 
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Substituting the above hi (351) 
-An sin e+Bb sin (4-6) 
= - A a  sin O+Bb sin 4 cos 0-Bb COS 4 sin O 
= - (AnfBb cos $1 sin 0+Bb sin I$ cos e=o (358) 

(354) 

Then 
Bb sin 6 

Aa+Bb cos 4 tan 8= 

239. For the resultant amplitude a t  the time of this iiia.siiiiuni sub- 
stitute the values of 1 from (350), in (346), and we have 

=,4 COS O+B COS (+e) 
= A  cos 0+B cos 4 C.OS e+B sin 4 sin 0 
= (A+B cos 4) cos e+B sin 4 sin 0 

(355) 

340. From (354) 

(356) 
B sin 4 . '  - . sin 4 - ta,n-'------- 

Aa e= tan-' . 
A i + B  cos 4 B b f c o s  4 

a In the. spec.in.1 cases under consideration the ratio. g is 1ien.r unity, 

nnd the difference between. e and tan-' is thercfore very . 
. A t B c o s b  

sninll, so t h  t thc cosine niay .be talxn as unity. 
The resid tant n.mplituc1e may therefore be expressed by . .  . .  

B 2  
'Ja"+B2+2t4B cos 4=AJ1+z+3: cos 4 . _  (357) 

The true nniplitucle of the constituent sought being A, the resu1tan.t 
. _ .  . amplitude must be diviclecl by the factor - , . 

. -  

(358) 

in order to correct for t,lie influence of the disturbing constituent. . 
241. The 'corrections for acceleration and nmplitude a.s indicated 

by forniulas (356) mid (355) may to aclvanta.ge be applied to the con: 
stants for constituent IC1 for n n  approsiniate elimination of the effects 
of constituent' P, and to the constants for S2 for an approsimate 
eliniiiintion of the effects of constituents IC2 and T,. By taking the 
relations of the theorc.tica.1 coefficients for the rntios n.nd the differ- 
e.iic&s in' the equilibrium argunients - RS the a.pprosimate equivalents 
of the phase differences represented by 4,  tables may be prepared 
giving the acceleration am1 resultant amplitudes with the argunients 
referring to certain solar elements. 

B 

Thus, from table 2, the following values niay be obtained. 
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Substitutiiig the above in (356) and (35s). we have 
Effect, of P, on IC, . .  

sin t2h-v') Acceleration= t,an-I 3.03BO - cos (3h- v') 

Resultant amplitude= 0.8134 1 Ai67 - cos (21~- v') 

Effect of IC2 on S, 
sin t2h--3vffj 

3.6647 +COS.  (2h- 2 ~ " )  . Acceleration= tan-' 

. Resultnnt aniplitucle4 0.73841 .'9734 + Cos (,%- 3v") 
r .  . .  I .  

Effect of T, on S, 

. . -  - . : Acc.eleration= tan-' . 

.: . 

-sin (h--pl) 
17.02 s 1 + cos ( h  -PI) 
.. . 

Resul ta.n t amplitude = 6.343 4s .531 S+ cos (h - p,) 

(359) 

(3GO)  

(361) 

(362). 

(363). 

(364) 
. . _  . .  

. 242. The' above. formulas give the accelerations A d  . re~ult~iiig. 
amplitmles for any incliviclunl high water. For the c.orrection 'of the 
constalltms derived from a series covering many high waters it, is. 
ne6ess:Yi-y to trike nvemges covering the period of observations. 
Tables 31 to 26 give such average values for'different Ien,Vtlis of series,' 
the! argument in eac.h case referring bo the hegiiining of the series. . . 
. Iii the .precdiiig foriiiulas tlie nienn vdiies of the coefficients wefe 

*4 tn.lmi to olitain tlie ratios - ~6 talie account, i f  the longitude of 
. . .  B' 

the moon's nocle, tlie node factor sliould lie introclucecl. . If the nlean 
coefhients are iiiclicnt,ed by' t,he subscript o!, forinillas. (356) and (358) 
may be writken . .  . .  

. .  

. f(A) ' " 243. In  the cases under consiclernt,ion the ratio-- will not differ 

greablg from unity, the ratio will be rather lwge compared with 
cos '4, wliicli can never esceed unity. nncl the acdi.lerntioii itself is 
relt~tively sniall. Because of these conditions t,he followilig may be 
tn$en as the approsimate eyuivnlent of (365) : 

.f ( B  ) 
.- . ,&a, 

. B,,b . 
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. f ( B )  sin l$ Accelera tion=*- tmi-l-- 

B 
,4 

-f(& - Aotb Eb+cos l$ 

Also because 2 in these cases. is small compared 

(367) 

with unity, the 
_ _  

following may be taken :IS the approsiniate equivalent of (366) : 

Resulting amplitude= 1 cos 4- 11 (36s) 

To nllow for the effects of the longitude of tlie iiioon's node, the 
tabular value of the acceleration should, t,lierefore, be multiplied by 
the mtio -- and the a.mount by which the resultant amplitude 
cliffers froin unity by the smie factor. 111 the pnrticular cases under. 
consiclerntion the factor-f, for constituents PI, S2, and T,, is unity for 

f i B )  1 endi. Therefore, for the .effect of P1 on ICl, t,he ratio ----- f i d )  - j(1Q 
=F(K1), and for the effect of I<? upon S2, this ratio isf&). For the 
effect of T2 .upon S2 themtio is ... unitmy. 

f ( B )  
ftL.i) 

ELIMINATION 

244. Because of tlie limited length of a series of observations 
nndyzecl the amplitudes and epochs of the constituents as obtained 
by the processes already described we only npprosiniately freed from 
the effects of each other. The sepa.ration of two constituents froin 
each other might be factorily accomplishecl by having the length 
of series equal to n iple of the synodic period of the two con- 
stituents. To complc y effect the separation of d l  the constituents 
from each other by the same process would require n series of swh a 
length that i t  woulcl contain an esact multiple of the period of each 
constitiwilt. The length of smh a scries would be too great to be 
given practical consideration. In general, it is t,lierefore clesirable to 
apply certain ,coKrections to the constmts as directly obtained from 
the analysis in order to eliminate the residual effects of the constituent 
upon eacll other. 

245. Let A be the desjgnntion of n. constituent. for which .the.t,rue 
constants are sought and let B be the general designation for each 
of the other constituents in the t i c k ,  the effects of which are to be 
eliminated from constituent8 A. 

Let the origind tide curve which has been ctnalyzecl be represented 
by the forniuln 

(369) 
in which 

?/=the height of the ticle above mean sea level n.t, any time ii. 
f = time reckonecl in mean solar hours from the beginning of 

A = R(A) = true nmpli trude of tlie cons trituen t A for the time 

B =R(B).= trme ..?.in.plitucle of constituent8 B for the time cov- 

a= - ( (A)  =true initial phase of constituenta A a.t beginning of 

~ J = A  COS (d+a.)+Z B COS (b t+O)  

the series as the origin. 

covered by series of observations. 

ered by series of observations. 

wries. 
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/3= - { (B)  = truc,.i.iii,tin:l.plinsa.of,coiistituent .B.at beginning of 

a=spe.ecl of constituent A. 
b=speed of constituent B. 

. . .  

series. 

246. Formula (3B9) may be written . 

y = d  cos a cos at+S B cos { (b - -a ) t+P}  cos at 
- A  sin a sin at-2 B sin { ( b - - n ) t + p )  sin at 

- [ A  sin a + S  B sin { ( b - a ) t + B } ]  sin at 
= [ A  COS a+Z B COS { ( b - f i ) t + B j ]  COS ~t 

(370) 
The mean vdues of the’coeffici6nt.s of cos fit and sin kt of formula 

(370) correspond to the co8ffic.ieh:nts C‘” and ‘S,, of formula& (395) and 
(296) which n.rc obt,nined from the sunimntioiis for constituent A. 

247. Let A’ and a’= the uueliniinnted ainplitucle ancl initial phase, 
respectively, of constitucn t A,  as obta.i~inecl directly from tlie analysis. 

The eyun.tion of tlie uneliminatecl constitueiib A tide may be written 

y=A‘ cos (at+a’)=A’ cos a’ cos clt--A’ sin a’ sin at (371) 
Comparing (370) and (371), it8 will be fqund that 
A’ cos~a’=niea.n d u e  of [ A  cos a+S B cos.{ (b-a) tSB}]  (373) 
‘A’ sin a’=mea.n vdue of [ A  sin a+Z B sin { (b--n’)t+B}l (373) 

248. Let .r=length of series in 111en.n solar hours. Then the mean 

.. . 

- 

value of 
B cos { (b-a) t+B}  witsliin the limits t.=O and t = ~ ,  is ’ 

The mcnn d u e  of B sin { (b--cr)t+B} within the same limits is 

lS0 sin + ( b - a ) ~  
?r 4 (b -a ) r  - -- B sin { $ ( b - f i ) r + B }  (375) 

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

v 

150 sin $ ( b - a ) ~  F b = y  B a (b  - a) T 
(376) 

we have 
A’ COS a’=A COS a + S  Fb COS {$(b-a)r+b} 
A’ sin a’=A sin. a+3: Fb sin {$(b-.fi)r+fl}  

A COS a=A’ COS d--S Fb COS { + ( b - u ) ~ + / 3 }  
A sin a=A’ sin a’-Z Fb sin { + ( b - a ) ~ + p }  

(377) 
(375) 

(379) 
(380) 

Transposing, 

Multiplying (379) and (380) by sin a’ a.nd cos a’, respectively, 
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P sin:a’:cos a=A’ sin a’ cos a’- Z Fb cos ( + ( ) - a ) ~ + p ]  sin a’ (351) 
A cos a’ sin a=A’ sin a’ cos a’- Z Fb sin i f ( b - n ) r + O }  cos a’ (3S3) 

Subkacting (382) from (381) 

(383) 

, 

,4 sin (a’-a)=z Fb sin {+(b--njT+p-a’}  
Multiplying (379) and (350) by cos a’ am1 sin a’,, resp.ectively, 

A$ cos a’ cos a=A’ cos’ a’-z Fb cos { + ( b - U ) T + P ]  cos a’ (384) 
A sin a’ sin a=A‘sin? a ’ - ~  Fb sin { + ( b - a j T + ~ ) .  sin a’ (385) 

Taking the sum of (384) and (385) 
A cos (a’-a)=A’-Z Fb cos { i ( b - f l J ~ + f i - a ’ }  (386) 

.Dividing (353) by (386) 

’ 

249. Substituting the value Fb from (376) ancl tlie equivalents 
R’(A),  R(A) ,  R(B) , - { ’ (A)- { (A) ,  ancl - l ( B )  for A’, A, B, a’, a, anel 
P,  respectively, we have by (387) ancl (388) 

tan [f (A) - f! (A)] = 

250. Formula (389) gives a.n espression for obtaining tlie cliff erence 
‘to be applied to the unrliminn.bec1 {’(A) in orcler to’ obtain the true 
.{(A), m c l  forniulrt (390) gives a,n espression for obtaining t,hc true 
.ninplitucle R ( A )  . These f0rmuln.s cmnot, however, be rigorously 
n.pplied, becrtuse t>he 6rue yahes. of. R(B) a.nd { ( B )  of the disturbing 
constituents are! in geiierd; not k n o ~ n ,  but very satisfactory results 
niny be obtninecl by using the npprosininte’ vnlues of R(B) and { ( B )  
.derived from the mialysis or by inference. 

By a series of successive n.pprosinixtions, using each time in the 
formulas the newly eliniinntecl values for the clistirbing‘constitucnt.s, 
hay clesirecl degree of refinement may he obtaincd, but the first 
approsinintion is usually sufficient and all that is justified. because 
of the grenter irregularities existing from other causes. 

251. Fornl 245 (fig; 19). provicles for t81ie comphtatioiis necessary in 
qplying forniulus (389) ancl (390). . In these formulas the factors 
represintecl by. - and the angles represented ’ b y  ,180 sin.+(b-n)~- 

7r 4(b--cr.)r 



HARI\IONIC 4NALSSIs  AND PR.EDICTION O F  TIDES S7 

+(Q-u.)T will clepencl upon the length of series; but for any given 
lcngtli of series they will be constant for all times and places. Table 
39 has been computed to give thcse quantities for diflerent lengths 
of series. The factor BS clirectlv obtained may be either positive or 
negat.ive, but for convenience the tabular values me all givcn as 
positive, and when the factor as' directly obtained is negative the 
angle has beeii modifiecl by flSOo in order to compensa.te for the 
change of sign in the factor nncl permit the tabular values to be usccl 
directly in formulas (389) and (390). 

252. An esamination of formidas ('3S9) a.nd (390) \+ill show that the 
disturbing effect of one constituent upon another. will depend largely 

Assuming t8hat b is upon the magnitude of the fraction 
not equn.1 to a, this fract.ion and t,lic disturbing effect it represents will 
approach ZCTO as the length of series T appronchcs in value -9 or 
any nlultiple thereof, or, in other words, as T approaches in length 
any mdtiple of the synodic period of constituents A and B. Also, 
since the numerator of the fraction can never exceed unity, while the 
clenominntor' may be increased indefinitcly., tlie value of tlie fmction 
will, in general, be cliniinishecl by increasing the length of series and 
will approach zero as T approaches infinity. The greater the dif- 
ference (b--a) between the speeds of the two constituents the less 
will be their disburbing effects upon each other. For this reason tlie 
effects upon each other of tlie diurnal and semidiurnal constituents 
are usually considered as negligible. 

253. The quantities R(B) and [(Bj of forniulas (389) and (390) refer 
to the kue  aniplitucles and epochs of the disturbbig constituents. 
These true values being in general unknown when the elimination 
process is to be applied, it  is desirable that there should be usecl in the 
formulas the closest approsimation to such va.1ues as me obtainable. 
If the series of observations covers a period of a year or more, .the am- 
plitudes and epochs as directly obtaincd from the analysis may be 
considered sufficiently close npprosiniations for use in the formulas. 
For short series of observations, however, t,lie values as directly 
ob.tabiec1 for the amplitudes and epochs of some of the constituents 
mny be so far from the true values that they are entirely unservice- 
able for use in the formulas. 1n .swh cases 'inferred values for the 
disturbing constituents should be usecl. 

sin +(.b-a)~. 
+(b-n) T 

360° 
(b - 4 

LONG-PERIOD CONSTITIIENTS 

254. The preceding discussions have been especially applicable to 
.the reduction of the short-period constituents-th.ose having a period 
of a constituent clay or less. 
mine the daily or semidnily rise and fall of t81ie tide. Consideration 
will now be given to the long-period tides \vliicli affect the mean level 
of the water from day to clay, but which have practically little or .no 
effect upon the times of the high and low waters. There are five 
such long-period constituents that are usually treated in works on 
harmonic analysis-the lunar fortnightly Mf, the lunisolar synodic 
fortnightly MSf, the lunar monthly Mm, the solar seniia.nnun1 SSR, 
and the solar annud Sa. - The first.three nre usually too snidl to be 
of practical importance, but the last two, depending largely upon 

They are tlie constituents that deter-. 
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meteorologic.al..conclit.ions, often 1iavc.an. appreci+lc .eflcc t upon-the 
mean claily level of the water. 

255. To obtain the long-period constituents, methods similar to 
those adopted for the short-period constituents wi tli certain modifica- 
tions may he used. For tslie fortnightly and montalily constituents 
the constituent niontli may be divided iiito 34 equal parts, ana.logous 
to the 24 constituent hours of tlic day. Similarly, for tlie seniin.nnua1 
aiicl annual constituents the constituent year may be divided into 
24 equd parts, nltliougli it will often be found more convenient to 
divide the year into 12 parts to correspond approsininLely with the 
12 calenclrtl. months. 

256. Instead of clistribut.ing the individua.l hourly heights, as for the 
short-period constitiients, a consiclerable amount of labor can be 
saved by using tslie claily sums of these heights. The mean of each 
sum is to be considered as applying to tlie miclclla instant of the period 
from 0 hour to 33rl hour; tlint is, n.t the 11.5 hour of the day. If the 
constituent niontli or year is divided into 24 equal parts, the in- 
stants sepa.rating the groups may be nuniberecl conscc.utively, 
like the hours, from 0 to 23, with the 0 instnnt of the first group 
taken at the  esa.ct heginni~ig of. the. series. A tiqbld.ni?.y. now be 
prepn.rec1 (table 34) which Will show to which division each clnily 
sum, or mean, of t,lie series must be assigned. 

257. Letting 
a= the hourly speed of any constituent, in degrees. 
p= 1 when applied to a monthly or an annual constituent,, and 
p=3 when applied to a fortnightly or a seniimniial constituent. 
d = day of series. 
s=solar hour of day. 

Then 
1 constituent period=* a solar hours (391) 

(393) 

(393) 

Dividing the constituent month or year into 34 equal parts, the 

(394) 

Therefore, to cspress the t h e  of any solar hour in units of the con- 
' stituent divisions to which the solar hourly heights are to be n.ssigned, 

Thus, 

and 

also 
1 consbituent niontli=- 3602' solar hours a 

360p 
a 1 constituent year=-- s01n.r hours 

length of 
1 constituent division= 3 n solar liours 

the so1a.r hour should be multiplied by tlie factor a/15p. 

a Constituent division= - (solar *liour.of series9 1.5p ' - 

[24(d--l)+s] 

[24(d- 1) + 11.51 

a -- - 
15P 

1 5 p  
a 

z- (395) 
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since in using talic claily sums, the solnr hour of. the day to which each 
such siiin applics Fill always be 11.5 hour. 

By substituting the speeds of the  constituent.^ from table 2 the 
(I following iiunierical values are obtained for the coefficient, -: 1 51) 

Mf, 0.030,601,10; MSf, 0.033,533,19; Mni, 0.036,291,65; 

. _ .  I .  

Sa m c l  Ssa., O.O03,i37,91. ' 

By using the. approprinte coefficicn t and substituting succ.e.ssive.ly 
thc nuniurals corresponding to the day of series ( d ) ,  tlie corresponding 
vnliie of the constituent division too which eac.11 daily sun1 is to he 

. assigned m q . .  be readily .o.btsine.d. The. value of such division as 
. ' obtziiiiecl difc+tly' from the fdiinuld~'wil1: usui:lly bo. a aiiised Iiu!nber. 
.. For t&le 34, tlie nearest integrd nuikiber, :less any multiple of 24, is 

iiserl. I' . . . . .. 

258. The clistribut,ion of the da.ily siiins for the anal?& of the long- 
period constituents 1ii:i.y be convenient.ly a:.complishetl by copying 
such sunis in Form 142 (fig. 121, taliing the. oonst.ituen t divisions as  
tlie equivalents of the constituent hours and using table 34 to cleter- 
mine the division or hour to ~vliich each suni slioultl he assigned. 
The total sum and immi for ea,cli division may then he rendily ob- 
tained. Tliese inems cn.n then be tren.tecl a.s the hourly Iiiems of the 
short-period titles. according to the processes outlined in Foriii 194 
(fig. .16) .with. .such. iiiodifications. as will now he-describt?d. 

259. I n  using tlie cla.ily ineans as ordinates of 21 long-period constitu- 
ent consicleratiori must' be given to the i.esiclua.l.efl'ects .of any. of the 
short-period constituents up011 such i i i ea l~  aiid steps ta.lie11 to r l e ~  the 
means of these efl'ects when necessary. Constituent S2 with a .period 
coniiiiensurate with the solar clay, n1a.y be considered a.s being corn- 
pletely eliminated from enc.11 daily mean.  constituent,^ I<i nncl Ii, 
are very nearly eliminated hecause the I< clay is very nearly equa.1 

' . t.0 tlic solar clay. ' Other short-period co w - ~ t s ,  Iix~g,, @'e?t. the 
' "dail~"iiie:iii$ to' a'.$featS& or. I&s e.st<nt., "216 liirg&j \ipon their 

a.mplit.udes. Of these the principa1,ones are constituents M,,. N,, m d  
0,. In tlie distribution m r l  grouping of the c ldy  nieans for the 
analysis of t4he several long-period c.onstituents the disturbing effec:ts 
of the short-period constit.uents just enuiiier:i.ted, esc.epting the effects 
of kl2 upon MSf, will. he grectt.1-y reducd ,  and in a series covering 
several yesrs iiiay be prar tic all^ eliiiiiiia.ted. I3er.ause the period. of 

. M8f i& 'the sa.nIe n.s t,lic's~~io'~lic.perio~l of h!, jmcl S, there yill :d:f7:1.ys 
r enin.in i resid iiiil L flee, t' 6 f ' the iGns tit'u en.t' 'M, '' ih' t li e' c Oils ti t ueIi t M Sf 
sunis of..the tlaily..nie:~iis, 110. nmttel: how.. long the series, ,which iiiust 
be reinovecl by n special process. 

260. Let the equat.ion of one of the short-period const.ibuents he 

Letting cl=d:i.y of series, the values of t for the hours 0 to 33 of d 
clay will be 

$"'- -;L Luhqtitutitig tJiese val&?s Ifor' t in"'(396) and; clesignating :the corre- 
.. sponding values of the ordinate y ns yo, yl, yJa . . . . y23 the following 

.are.. obtained:. 

' 

, 

. .  .: y=a  cos . (at fa)  (396) 

34(~~-1), .24(~~-11)+1, 34(d-1)+3, . . . . 34(d-l)+23. 
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?JO = A  COS [54(d- l )n+~~]  

y1 =a cos [24(d--l)a+a+a]' 

y. =a cos [34(d-l)a+a+3a] ' (3973 

1 . .  
x ~ = A  COS [24(d-I)n+c~'+83~,] 

Representing tlie.mean of these 24 ordinates for d day by yd, we have 
1 

34 yd=-A  cos {34(d--ija.+a} [1+cos a f c o s  ~ a + - - - - + c o s  23a] 

-- '' d sin {24(~-l)a+or][sin n+sin 2a+_---+sin 33a] 
24 

23 
cos {24(d--l)n+a} cos y a 

d 

-_ 

-sin'{%(d-1)a+arj sin - a 2 

1 sin 1% 
54 sin J2n =- d 7 COS { 2 4 ( d - l ) ~ + c ~ + l l . 5 ~ }  (39s) 

261. Formulu (3981, representing the average vaaue of the constitu- 
ent A ordinates cont.:i.inect in the daily mean ford  clay, is t,lie uorrec.tion 
or dearance that must be subtmcteil from tbe nienn for t.1ia.t day in 
order to eliminate the effects of A. It will be noted that if we let 
A represent any of t1ie.sol:t.r constituents, SI. S2, SSj S,, etc., the 
fcxctor, sin E n ,  and consequentJy the entire forlnuln, becomes zero for 
dl  values of d .  By forniula (39s) c.lea.ranc.es for each of the disturbing 
short-periocl constitu'ents for each day of series may be computed and 
these c.lenrnnces then, applied inclivicluadly to  the claily inems, or, if 
first multiplied'by the factor 34,. to the dn.ilg sums. 

262. The labor involved in making independent calculations for 
the c1enranc.e of the eflect of each short-period constituent for encli 
day of series woulcl be. c.onsiderid>le, but, this niny be avoicled to a 
Iargc estent. by Inems of. a. tide-computing nincllinc. 

If we let t= time reckoned in inem so1n.r hours froni the beginniiig 
. of the series, tlicn for any value of yd, whicli mis t  apply to the 11.5 

hour Of (1 d9y, 

axncl . 
t=24(d- 1) +.11.5 

d=24(d- l )~+11 .5a  ' (399) 

If the above equivalent is substituted in (398) and yd replaced by 
'yB, we have 

1 sin 1% 
24 sin +a ya=- ,4 -.- cos (at+a) 

. . . .  

whicli represents a continuous function of t; and for any value of 1 
,corresponding to .the 11.5 hour of d day t.he corresponding value of 
ya will be gd. This formula is the same as that for the sliort-period 
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constitueiit A, escept that it, iiic.lucles the f d o r  -___ in the 
coefficient. Tlie speed EL is :I kiio\vii coilstsnt.nnc1 the vnlues of A 
aiid (Y tire presumed to lime nlredy been cle tmninecl froiii tlie liar- 
nioaic rtndysis of the short-period constituents. Similarly, the dis- 
turbing effects of otslier short-period constituents inny be represented 
hv 

1 sin 1 2 ~ .  
34 sin $a 

(40 1 j 

ctc. 

The c.onibinec1 disturbing effect of d l  the short-period c.onstituenbs 
in:i.y, therefore, be represented by tlie equation 

1 sin 1%. 
24 sin 4n y=yn+yt,+etc.=- A - cos ( ~ t f a )  

cos (bt+ B )  +etc. + - B  1 sin 1 5  
24 sin $b (402) 

,263. This foriiiuln is ndapted to w e  on tlie tide-c.oniputing machine. 
Witah tlie constituent c.r,znks set in accordance with tlie cmfficieiits 
and initid epochs of the above forniult!, the inticliiiie will indicate 
t.lie values of y corresponding to siicccssive values of t .  . Thc values 
of y desired for the c.1earanc.e.s are those which correspond to  1 at the 
1 l.5.,hour 011' each clay. Thus; the clena.;iiice for e.nc.11 successive dn.y 
of series may he rend direcdy froin t,he dials of B e  machine. I n  
practice, it i n q  be found more convenient to use the daily smis 
rather talian the daily iiie~ns for the nndysis. I n  this case the c.0- 
efficients 'of tlie ternis of (405) should be niultip1ie.d by the factor 21 
before being usccl in the tide-coiiipubiiig niacliine. 
. 264. Assuming that d l  the daily sunis are used in the analpis,' the: 
augmenting factm represented by foriiiula (30s) which is used for 
t,he short-period constituent is also n.pplicxble to the, long-period c.011- 
stibuents, with 11 representing the nmiiber of constituent periods in .z 
constituent. niopt'h or ye?.?. Thus,. for Min, niirl en . ,  2 )  ~.cliI?ls 3 , nn<l 
for Mf, MSf, t i a d  Ssn, p equiils 3. For the long-period constitiieiibs L 
fwt1ie.r correc,tion or augnie.iit.iiig fac,tor is necessary, bemuse tlie 
niem or sum of the 34 hourly heights of the c1n.y is used to represent 
tlie single orclinate nt the 11.5 hour of tlie day, 

265. If we let .foriiiul~. (396) be t,he eyuiiticm of the long-period 
constSitueii t sought, formuln (400') will give the .nie&n vidue' of the 24 
ordinates of tslie day wliic.li, in the grouping for the analysis, is td- L \en 
as representing the 11.5 hour of the clay or the td hour of the series. 
Since the tsue constituent, orclinate for this hour should be d cos 

'(&+a), it  is evident that an augmenting. fact'or of 34 mu, niust, be 
txpp~ieci to tlik nikn.n oicliiiates i.s cIeiiGec1 froin the suni of tlii 24 
hourly heights of tlie clay in orcler to reduce the means to ' the 11.5 
hour of each dn.y. 

sin $EL 
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. 266. The c,onipIete nuginenting. factor for. the. long.-period constit- 
uents, the year or nioiith being represented by 34 means, will be 
obtained by conilining the above factor with that given in formula 
(30s). T~MS 

. .  

(403) R;I) 24 sin fa nugnient.ing fn.c tor = -- I F ~ '  sin 1za. 24 sin L) 
d 

If the year or niontli is ropresenteil by only 13 nieaiis as when nioiithly 
means are used in evn.luating Sa ani1 Ssa, t,lie formula Iwconies 

rp. 94 sin $a 'aagiiisnti.ng factor= -7m x &--- 12 sin l s p  sin 12th 
(404) 

Vn.lues oh tnined frim t h s c  formulas n.re given in table 20. 
367. The following method of reducing the long-period tides, which 

conforins to tho syst.eiii out,linr.cl by Sir George H. Dwwin, clifl'ers to 
sonie esten t, from t h t  just described. In this discussion i t  is nssuiiiecl 
that a, series of 365 clays is usecl. Let the entire tide clue to the five 
long-pcriod consti tucnt's alrcndy iia.iuccl bi? rsprssoiited by the equn.tion 

+ D C O S .  ( t i t  + 6) + E c,os (et + e) 

268. For cmvenience in this cliscussion let, f be reckoned from the 
11.5th schr hour of the first clay of series instmil of the midnight 
beginning tmlinta day. Every vtilue of f 'to which the dn.ily me.nns refer 
will t1ien.be eithrr 0 or 

y = d  COS ic~t+a)+B COS ( b t + P ) + C ' c . o ~  (ttt+yj (405 j 

niult,iple of 34. 

Let *it, B'? C', D', :,,nci'EJ, eyunl 
cos CY, B cos 8, 0 cos y, D cos 6, mil E cos e, rpspwtivdy, mid 

A", B", C!"; 'D", n.rid'E'','e.clud 
--A sin a, - B sin 8, - C! sin y9 .- D sin 6, niid --E sin e, respectively. 

Then forniuln. (405) may be written 

y = d' cos cr i + B' cos bt. + clr' cos et + D' cos dt + E' cos et 
(407) 

I n  the above ecjuti.tion there are 10 u k n o w n  qunnbities, A', A'', 
B', B", etc., for which values are sought in order to obtain froin them 
t h  amplituiles anJ epochs of the five long-period constituents. The 
iiiost, p1:obn.ble. values of these qnantities may be found by the lea.st 
.syun.re djustnicnt. 

269. Let y,, y2, . . . . j /365 represent the clnily iiieaiis for a. 365 clay 
series, :is obtaiiied from o1:xwrvntions. If we let, 12, be any clay of the 
series, the vn.lue of t to wliich t1in.ta nieaii npplies will be 24(12,- 1). 
By suhstitut-iiig in i'oriiiuln (#I?') the successive values of y aiid the 
values of t .,to wliicli they correspond, 365 ohservci.tionn1 equa.tioiis a.re 
forn1ecl .?s'follews : 

(406) 

+d" sin at+ B" sin bf + c"' sin ef +D" sin rlf+ E" sin et 
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yI=A’ COS O+B‘C.OS O+ . . . . 
?/:=At COS 34a+B’ COS 24b+ . . . . 

+A” sin O+B” sin O +  . . . . . 

‘+A’! sin 34a;+B” sin 24b+ . . :. . 

I ‘ 1  ’ y&=A” cos 24X364a.+Br cos 24X364b+ . . . . 
. .+,“sin 24X,364n+B” sin 24X3(i4b+ . . . . 

270. ‘A normal equation is now ‘foiiiied for eich iinlinown quantity 
by multiplying cnch observntiond cquation by the coefficient of the 
unknown quantity in that equation and adding the results. . Thus,. 
for t.lle ,unknown quantity A’, we liave 

. 

. .  COS O=d”cos’ O+B’ cog.@ Cos O+ 
’ +a’’ sin 0 cos O+B” sin 0 cos O+ - . - . 

?J. COS 24n=A’ COS’ 24nfB’ cos 24b cos 34n+ . - - . 
. . - 

+A’’ sin 24n cos 24a+B“ sin.24b cos 24a.+ . . . .. 
y3e3 cos (24 X 364n) =A‘ cos? (24 X 364n) 

+B’ COS ( 2 4 : . < 3 6 4 h ) ~ 0 ~ ’ @ 4 ~ 3 6 4 1 ~ ) +  * - . 
+A‘‘ sin (34X364n) cos (34;<364nj 
+B” sin (24:..:3S4h).cos.(34X364n).+ . . . ; 

(409) 

. .  
Suninling 
n=3% . . . ._ ‘ . n = W , s - ’  - -  

1 ~ ,  COS 24(?+l)n=A‘ COS’ 24(1~-l)n 
11=1 11=1 

~vliicli is the normal equt~tioii for the unknown qunptity A’. 

qunn tity A” 
271. In n sinii1n.r nitinner we have . for . _. the nornid. equation for tho 
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Z yn sin 34 (n- 1)a . .  

=A’ Z cos 24(n-l)a sin 24(n-l)a+A” Z sin2 24(n-l)a 
+B’ 2 cos 24(n--l)b sin 24(n-l)@+B!’ Z sin 24(n-l)b sin 24(n--l)a 
+C” Z cos ?4(~-1)c sin 34(n--l)afC” Z sin 24(n--l)c sin 24(n--l)a 
+D’ S cos 24(n-l)d sin 3.4 (n- l)a+D” 2 sin 34 (n- 1)d sh 24 (n- l )a  
+E’Z cos24(n-l)e sin 34(n--l)u+E’’ Z sin34(n--l)e sin24(n--l)u 

the limits of n being the same as before. 
Normal equations of forms similar to (410) and (411) are’o&siIy 
obtained for the other’unlmown. quantities. 

272. By changing the notation of formuIas (265) td (267) the fol- 
lowing relations mav. be derived : 

. . .  

(411) 

- 
n=365 

g=1. 

sin 24nn cos 24 (91.- l )a  
sin 24a . - . . . . . 

cosa 24 (n-l)a=)n+# 

sin 8760~ cos 8 7 3 6 ~  ’ .  =1834-t+ sin 24a (413) 

1-365 sin 34na cos 24(n--l)n 
n= 1 Sin 24a sin* 24(n-l)a=$n-4 

(413) sin 24u .. . .  
sin 8760a cos 8 7 3 6 ~ ’  =182)-+ - 

sin 13n(b-u) cos 12(n-l)(b-a) 

n=RIX 

n=l 
cos 24(n--l)b cos 24(n--l)a’ 

=4 sin 12(b-u) . 

sin 4380(b-u) cos 4368(b,-a) 
=3 sin 12(b-a) 

sin 4380 (b+u) cos 4368(6+u.) 
+4 sin 12(b+u) 

n-365 

n= 1 
sin 24Cn-l)b sin 24(n-l)a 

sin l2n(b-a) cos 13[n-l)(b-u) 
sin 12(b-u) 

-+ sin 12(b+a) 
’ sin 4380(b-a) cos 4368(b-a) 
e4 sin 12(b-a) . 

-% 

sin l2n(b+u) cos 12(n-l)(b+u) 

-4 sin -- 4380(b+u) cos 4368(b+a) . 

sin 12(b+u) 

(414) 

(415) 
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n = 366 

i n  3,4(?a--l)b cos 34(?r--l)u 
n = l  

- sin 12n(b-u) sin 12(n-l)(b-a) 
-4 sin.l2(b-u) 

sin 12n(b+n) sin 12(.n-1)(b+u.) ' 

sin 12(b+u) +3 

sin 43SO(b--ci) sin 4368(b-a) =+ - sin 12(b-u) , 

. (416) ' 

273, By substituting in (412) to (416) the nunie&xl. values. of: 
a, b, etc., from table 2, the corresponding equivalents for these. 
espressions are' obtained. These, in turn, may be substituted in 
(410), (41 l), and similar equations for the 0 t h  unknown quantities 
to obtain the 10.nornia.l equations given below. . In preparing these 
equations the symbols a, b, c, d ,  and E are taken, respectively, as the 

sin 4380(b+n) sin 43(33(b+4 +a sin 12(b+u) 

speeds of constituents Mm, Mf, MSf, Sa, and Ssrt.. . .  

11-366 

n=1 
yn cos 24 (n- 1)n 

= 183.05A'-l- h.72Bj-l- 6.7BC'-l-4.8813' 4- 4.96E' 
+2.14An+4.29Bn + 5.04C" --'O.34Df' - 0.70E" 

I1 = 3l% 

11=1 
C y,, sin. 24(n--l)n 

' ' = 2 .I 4L4' - 4.15B' - 4 .OOC' + 3 .SOD' + 3 .NE' ' + 181.95A"f l.OlB"+ 1.06Q"+O.34D"$0.68E" 
n = w  

n-I 
C'y, ,  cos 24(n-l)b 

= 0;72A' + 183.17B' + 0.56C' - 1.50D' - 1.51 E' 
- 4.1 SA" + 0. FSR" + 0.92 C" - 0.09D" - O.1FE' 

n=w 
y,, sin 24(n--l)b 

n = l  - -  
=4.29A'+O.S8B' +0.92Cr +3.05D' 4-3.06 E' + I.OIA"+ 181 .83B"-0.80C"-0~08D"-O.I7 E" 

n = 3 u  

n=l  
y, cos 34(n--l)c 

~ 

=0.76A'+0.56B'+ 183.19C'-1.680'- 1.70E' 
-4.90A"+~.92B"+0.97C"-- 0.1 lD"- 0.31 E" 

n d?OS 

n=l  
y,, sin 34(n- 1)c 

= 5.04Af+0.9~B'+0.970',+3.~4D' 4-3.25 E' + 1.06A"- 0.80B" +. 18 1 .S 1 C" - 0.1 OD" - 0.2OE" 
n=3G5 

'n-1 
y,, cos 24(n--l)d 

=4.884'- 1 .SOB'- 1 .GSC' + 182.380'-0.24E' 
+3.80A" +3.05B" + 3.24C"+ 0.00D" + 0.01 E" 

n = 365 
yn sin 34(n--l)d 

n==I , 

= - 0.34A'- 0.09B' - 0.11 C' + 0.00 D' + 0.00 E' . ' 

. +0.34A"-0.08B''-0.10~"+182.63D" +O.OOE" 

(417a) ' 

(417b) 

(417~) , 
. .  

(417tI) 



n = 365 
yn cos 24 (n- 1:)e 

n=1 ' 

=4.96d'-1.5lBJ- l.i0C"-O0.54D'+lS2.3SE' 

n=3(jg 
+ ' 3 .SA"+ 3.06B"+ 3;2.X"+ 0.OOD" + 0.OOE" 

yn sin 24(,~-1je 
n-1 . 

= - 0 . ' iOA' - 0.1 SB' - 0.2 1 C' + 0 .O 1 D' + 0 .OO E' + 0 .GSd" - 0.1 7B" - 0.20C" + 0 .OO D" +,I S2 .  @I! E" , 

In  calculating tlic corrected epoch, it must be kept in niincl that the 
t in this reduction is referred to the 11.5 hour of tlie first clay of series 
instead of the prececling niiclnight. 

275. Bqfore solving equfitioiis (417), if the claily inemis .have not 
allroacly been clen.red of the effects of tlie short-period constituents, it 
will be 1iccessa.r-y to apply corrections to the first nieniber of each of 
these equations in order to iiinlx t,lie clermnces. 

The disturbance in a single clsily nimn cluc. to the presencc of s 
short-period constit.uent is reprcsentecl by equa.tion (398). Intro- 
ducing the subscript s to clistinguisli tlic synibols pivtaining 'to tlie 
short-period constituents, tlie clisturbniice in tlie claily nienii of. the 
nth day of series clue to the presencc of the short-periocl constituent 
A, rnny be ?vritt.eil . .  

\ .  

1 (4 17e) 

The disturbances in tlic products of tlie claily iiiems by 

cos %(.n-ljn find sin 34(?~-1)a 

may therefore be writken 
[ ~ s ] n  COS 24(n--l)a 

1 sin 1% 
a [COS {24(?~-1) (a,+n)+ll.5nS+a,}, 34 sin +a8 

--_ - 

- sin { 34 (.le- 1)  (aa- n) + 1 1.50,~ + a,}] 





277. Formulas (434) and (426) &present. the clearances for any 
long-pexiod constituent d clue to any short-period constituent A,,. 
The first must be subtracted from terms corresponding. to 
Zy,cos 34(?z.-l)a and the lather from ternis corresponding to an sin N(n-1)a  of formula (417) before solving the latter. 

278. In .  (434) and (435) ' the coefficients of A', and A",; which 
for brevity we may designate as C', Cf', S', and S", respect,ively, 
contain'only values that are constant for a d  series and may therefore 
be computed once for all. Separate sets of such' coefficients must, 
howewr, be coniput,ed for the effect 'of each short-period constituent 
upon each long-period constituent,. In the usual reductiolis in which 
the effects of 3 short-period constituents upon 5 long-period con- 
stituents'we considered, 15 sets of 4 coefficients each, or 60 coefic.ients 
in all, me required. . .  

The coefficients we given in tlie following t,able: * . 

. Longp&riod const.ituents . I  . .  

i-o.0030 
-0.'0377 
+O.M17 
+O. 0105 

' +0.0368 
-0.2236 
-0.15% 
-0.0854 

I-- 

+5.739 
-3.923 
-2.SlO 
-5.727 

+0.0294 
-0.1938 
-0.1n1 
-0.0908 

Mf I MSf 

+O. 0106 +O. 0157 
-0.0775 -0.OSlri 
+o. os41 +o. 0875 
+0.0338 1 +0.0331 

--- 
Rn ' 

---- 
-0.1041 
-0.0753 
-0. 0019 
+o. OMS 
-0.0170 
4-0.0025 
+o. m2 
+o. 0001 

-n. 19% 
-0.1824 
-0.0046 
+o. oogo 

Ssn 

-0. IO4B 
-0.0755 
-0.0035 +o. 0096 

-0.0178 
4-0.0025 +o. om 
+o. oooz 
-0.1934 
-0.1831 
-0. 00m 

. +O.OlSO 

_--- 

In the sbore. table t he  sign is so taken t.1in.t the vdues are to be 
applied to t.he sunis clii*ec,t~y as indicated. 

279. After the clearai.ices have been nppliecl .kcl the normal e ua- 
tions (417) solved and the resulting amplitude and epoch obtaine Y for 
each of the long-period constitiients, the recluctions will be completecl 
in accordance with the socesses already outlined, but it must be kept 

sponcl to 11:30 a. ni. on the first clay of series. In obtaining the.nu- 
iiiericd values of such quantities as Zy. cos 24(n.-l)a and Sy, sin 
2401.- l )a ,  in o~c\er to nvoid the 1n.hor of seprate mdtiplications for 
each day, the following abbreviations have been proposed by the 
British authorities. The values of cos 24(n--l)n and of sin 24(??,-1)a 
me divided into 1 1  groups according as they fall nensest, 0, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1.0. The claily vdues are then clis- 
tributecl into 11 corresponding groups, so that, n.11 values in one group 
will be multiplied by 0, another group by 0.1, etc. The cos 24(n.-ll)a 
and sin 24(n.- 1)cr. include negative as wcll as positive vndues. The 
former are ta.ken i1it.o account by c.limghig t81ie sign of the daily mean 
to vrdich the negative values qq>ly. 

380. As a part, of the routine reductions of. the tidal records froni tlie 
principal tide stations it is tlie practice of. the office to obtain the 
iiiem sea level for ench calendar month. I t  is therefore desirable to 

in mind that in this rec 7 uction the initial value of t is talcen to.corre- 

*From Scientifle Papers by Slr George H. Darwin, Vol. I, p. 04. 
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have a method of using these niems directly in tlie analysis for the 
annual and. semiannual constituents, thus avoiding any spscial sum- 
niation for the purpose. The period of the annual constituent is ap- 
proximately the length of the Julim year, that is, 3G5.25 days. If th? 
period is divided into 12 equal groups and the mean of the, hourly 
heights for each group taken, these means represent the approsimate 
lieiglit of the combined annual nnd semiannual constituents for th.e 
middle of each group, and the middle of tlie first group will be the 
initial point from w1iic.h tlie zeta (l) as obtained by the usual process 
is referred; As each group represents 30' of motion for the annual 
.constituent, or 60' for the semiannual constituent, to refer this 5 to 
the $ctual beginning of the series of observations it will be necessary 
to apply a correction of 15' for the n.nnual constituent or 30' for the 
semiannual cons ti tuent. 

281. In obtaining the monthly nieans by calenclar nionths the year 
is divided only approsimntely into 12 cqusl groups. The following 
.table shows the difference between the middle of each group repre- 
'senting a calendar month and the middle of tlie corresponding group 
.obtained.by dividing the Judian ye:ar,into 12 equal parts. It is to be 
noted that the hourly heights incldecl in a monthly sum extend from 
0 hour on the first day,of the month to the 23d hour on the last day. 
The middle of the group as reckoned from the beginning of the montli 
will therefore be 13.98 days, 14.48 days, 14.95 clays, or 15.45 days, 
,respectively, according to whether the month has 28,29,30, or 31 days. 

Middle of group reckoned 
from beginning of year 

Julian Common Leap 
year . I year 1 year 

Month . 

Do## 
15.32 
45.66 
78.09 
106.53 
136.97 
107.41 
197.84 
228.28 
358.72 
299.18 
319.59 
350.03 

Durs D a w  
15.48 15.48 
44.98 4S.48 
74.48 75.48 
104.08 105.98 
135.48 136.48 
165.98 166.98 
190.48 197.48 

' F7.48 228.48 
-37.98 258.98 
-238.48 889.48 
318.98 319.98 
349.4R 350.48 

~~ ~~~ 

Speed of SR constitueut per day=0.985G0. 
Mean differeuces reduced to degrees of Sa ________________________________________- -  
Correction to r of Sa _ _ _ _ _ _ _  _ _ _ _  - ________________________________________----- ~ _ _ _ _ _ _  
Correction to i- of Ssa ____________________--------------..--------------------------- 

Differences 
- 

I 

-1.61 -0.61 
-1.55 -0.55 
-1.49 -0.49 
-1.43 -0.43 
-1.36 -0.36 
-0.80 +o. 20 
-0.74 + O . I  
-0.68 +0.32 
-0.61 +0.39 
-0.55 +0.45 

-0.74 -2q -0.0s 

282. From tlie above ta;ble it is evident that in tlie summation for the 
monthly ineans for a calendar year tlie niicldle of each-group of 
comnion year is on a.n average 0.93' earlier than the mlddle of the 
corresponding group when the Julian year is equally subdivided 
and the middle of each group of a leap year is on an average 0.06' 
earlier. Subtracting these values from 15', the interval between the 
beginning of the observations nncl tlie middle of the first group of an 
equal subdivision, we have 14.07' and 14.04', for common and leap 
years, respectively, a.s a correction to be applied to the 5 of Sa zts 
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directly obtained, in order to refer the p to. tlie'O hour of tlie 1st day 
of Januaiy. For Ssa the corrections will be twice as great;. 
. 283. If the year coninieiices on the first day of any month other than 
.January, the corrections will differ a little froni the above. Calculated 
in a manner similar to that above, tlic following table gives the 
correction to be applied to the ( to refer to the first clay of any moiitli 
a t  which the series coniniences. The correction to the { of Ssn i~ i l l  
be twice tlie tabular value for Sn. 

July l... . -. -. _ _ _ _  ________.__ - 
Aug. 1 ___________________.___ 
Sept. 1 ____________.._________ 
Oct. 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nov. 1 _____._._______________ 
Dec. 1 _____.._________________ 

Correction to of Sa 
to refer to begin- 1 ning of,month 

Observations rommence- 

Cou1mon 
year 

0 

15.54. 
14.9s 
14.41 
14.83 
14.24 
14.05 

Cnnimnn Lrnp I year I pear 

Jan. 1 _ _ _ _ _ _  
Feb. 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
&far. 1 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  __._ 
Apr. 1 ________________._______ 
May 1 _____.__________________ 
June 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0 

14.07 
13.50 
15. fig 
15.31 
15. i 2  
15.15 

14.94 
14.45 
15.93 
15.43 
15.93 
15.43 

Correction to f o f h  
to refer to begin- 
ning of month 

0 

16.93. 
15.43 
14.94 
15.43 
14.94 
15.48 

. 284. If the monthly means estend over iiiany cilleiiclnr yenxs, it  ma.y 
be convenient to conibine them for n. single analysis. In  this case the 
.(Vof-w) for January 1 iiiay be taken tis the avcrhge of the values for 
the beginning of each year included in the observations, n n d  the 
correction to the ; to refer to the beginning of tlie year will be a incan 
of the vdues given above for common and leap years, weightccl in 
accordance witli- the number of encli kind of year included. If only 
a few yews of observations are available, it  is better to analyze encli 
yew separate1y:in order t,liat tlie results may serve as n clieck on cncli 
other. 

285. The tllignienting factors to be used for coi~stituents Sa and Ssa 
;wlien clerivccl from the inontlily sea level vducs n.rc bnsecl upon for- 
muln- (404) in l>aragri>.pli 266 mid are ns follows: 

Ss 1.0115, logafitlim 0.00497. 
Ssa 1.0472, logqiitlim 0.02005. 

ANALYSIS OF HIGH A N D  LOW WATERS 
' 286. The autoinntic tide gage, which furnishes a continuous record 
of the rise nud fall of the tide, now being in geiiernl use, it  is seldom 
necessary to rely only upon the high and low wat& for am nnalysis. 
It niuy.ha.ppsn, however.? t,liat a. record of high and low water observa- 
tions is a.vailtlble for a more or less isolatd locality wlicre it has been 
impractic.al to scdure coli tinuous .records. Such records, if t.liey in- 
clude all the high and lorn waters for n nlontli or more ma.y be utilized 
in detenniuing approsinia.te vitlues of the principal liaiiiionic coii- 
stants, but, the results are mot as sakisfactory a,s those ohta.ined from 
an mialysis of tlie hourly heights. 

287. An elabornte mode of analysis of the high and low waters is 
c.ontninec1 in voluine 1 of Scientific Papers, by Sir George H. Darwin. 
Ot,lier nietliocls are given by Dr. R. A. Harris ia his Mn.nunl of Tides. 
The process outliiied below, follows to some estent one of talie methods 
of Doctor Hanis, estencling his treatment for the I< g n d  0 tao other 
constitmiits. 
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288. The'lcngtlis' of series may be taken tlie same as the lengths 
used as the analysis of tlie hourly heights (see. par. 153). It is sonie- 
tinies convenient to divide a series, whatseik its length, into periods of 
29 days each. This permits a uniforin mctlioci of procedure, and R. 
comparison of tlie results from different series a.fforcls n check on the 
reliableness of the work. 

289. The first process in this snalysis consists in making tslie usual 
high .and low water reductions, inclucling t.lie computation of the 
:Iiiiiitsiclal intervals. Foriii 135 provicles for this reduction. The 
tiiiics I L I ~  heights of. the high and low w:i.ters, togetlicr with the tiiiics 
of the moon's transits, are t:ibulatecl. For convenience the staiidard 
time of tlie place of observations may be used for t,lie tinies of tlic 
high and low waters, nnd the Greenwich mean civil time of the inoon's 
transits over the meridian of Greenwich m a y  be nscd for the nioon's 
transits. The interval between cadi tra.iisit a n d  tlic follow-ing high 
and low water is then found, aiicl tlie niean of d l  tlic high water 
intervals and tlie mean of a11 tlie low water intervads are tlicn obtained 
separately. The true incn.n interviils betwccii tlic time of tlie inoon's 
transit over tlic local incridian and tlie tiiiic of tlie following high and 
low watcrs bciiig clesirecl, tlie iiienns n.s directly obtninecl must be 
corrcctecl to allow for sny differcnce in the kind of time used for the 
transit of the moon and tlie time of the ticlcs a n d  n.lso for the difference 
in time between t,lic transit of the moon over tlie local meridian and 
the transit over the meridian to which the tabular values refer. 

290. If the tide is of the semidiurnal type, tlie a.pprosimate anipli- 
tucle and cpocli for M, may be obtained directly from this high and 
low water recluctioii. On account of the presence of the other. coii- 
stituents the mean rmge from tlie high nncl low waters will always 
be a little larger tslian twice the aniplitude of M,. If tlie data. are 
available for some other stn.tion in tlie genera.1 loca.lity, the ratio of 
the M, miiplitucle to the mean range of tide a t  tsliat station inny be 
iiscd in fiiicling tlie M P  amplitude from the nieiin range of tide a t  the 
station for which the results are sought. If this ratio cannot be ob- 
tained for any station in tlic general locality, the empirical ratio of 
0.47 niay be used with fairly satisfactory results. After tslie anipli- 
tude of M2 ha,s been thus obtained, it slionld be corrccted for the 
longitude of t,lie moon's node by factor F from table 12. 

291. The epoch of M2 niny bc obtained from the corrected high and 
low water lunitida.1 intervals HWI, .LWI by the following formula: 

MO p- -1 3 (IJWI+LM71) :iss.9s4 + goo (426) 
I n  the abo.ve foiiiiula H W I  must be greater t1ia.n LTi71, 12.43 hours 
being acldcd, if necessary, to tlie HTT7I a,s directly obtained froin tlie 
high ci.nd low water reductions. 

292. The clifferelice betwcen the nvcrage duration of rise a.nd fall 
of the tide a.t any place, wliere the tide is of t,lie smiicliiirnal 'type, de- 
pends largely upon tlie constituent M,. It is possible to obtain from 
the high am1 low wnters a constituent with the speed of M4 wliicli, 
when used in tlie hmnonic prccliction of the tides, will cause the niea.11 
duration of rise and fall to be the same as that a.t the station. The 
effect of M, upon the mcm cluration of rise will depend chiefly upon 
the relation of its anip1if;ucle a.nd epoch to the aniplitucle and epocll 
of the. princ,ipal c.onstituent M,. By assuming n.11 hi14 with epodi 

. 
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such as to malie the constituent symmetrically situated in regard to  
the masima and minima of M,, the amplitude necess'ary to account 
for the mean duration of rise of the tide may be readily calculated. 

293. Let DR=duratioii of rise of ticle in hours 'as obtained from 
the lunitidal intervals, 

n=Hourly speed of M,.=3S.09S4. 
M, =Amplitude of MP. 
M4 =Amplitude of M4. 

M~O=EPOCli of M?. 

M40=Epoc11 of M,. 
Tlieii, for M, to be symmetricnlly situated with respect to the iiiasiliia. 
and minima of M, 

M q o = i !  M2°zt900 (427) 

in which the upper or lower sign is to be used according to whether 
a(DR) is grecl.ter or less, respectively, than 1Sg0. Multiples of 3G0° 
limy be added or rejected-to obtain the result as a positive angle less 
than 3GOO. 

. .  

The equations of the constituents M, and M, may be written 
yI=Mz COS (at+a) (4%). 
yJa=M4 COS (%t+p) ($2.9) 

~=A!L COS (at + +M, COS (2nt+ pj (430) 

and the. resultant curve 

294. Values of t w1iic.h will reiicler (428) a iii:nimuni must satisfy 

(431). 
the derived equation 

and for L mnsiniuni of (430) t must satisfy the derived ecl11ilbioIi 
ah12 sin (at + a) =O 

nM, sin (d+&)+2a.M4 sin ( 3 d + p ) = O  (432) 

(433) 

For a maximum of .(42S) 

in which n is m y  integer. 

2nr- a t=- 
a -  

'e 295. Let ;= tlie acceleration in t,lie high waters of M, clue to the 
presence of M,. With tahe M, wave symmetrically situated with 
respect to the M2 wave, - will also equn.1 the retardation in t,hc low 

water of M?, clue to tlie presence of M,, and will equal the totd 
amount by which tslie clurn.tion of rise of the tide 1ia.s bceii diminished 
by MI? Tf the cluration of rise lias been increased, 0 will be negative. 
Then, for a iiiasiiiiuin of (430) 

' e  
(L 

?e 

' (434) SILr-a-e 
t= a 

and this value of t niust satisfy equation (432). 
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' 296. Substituting in (433), we have 

(435) 
aM2 sin (2na-ej+%M4 sin ( 4 ~ - - 2 ( ~ + f i - - 2 ~ ) =  

-aM, sin e--Pdvl, sin ( n e + h -  8) =O 

2 (Y- p= - 3M20 + M40 
But 

(436) 
l h m  (427) 

-2Mz0+M4'= & t o o  . .  

lsoo according to whether the duration of rise is greater or less than 7 
or whether 6 is negative or positive. 
Then . .  . 

2a- /3= T goo (437) 
according to whether B is positive or negative. 

611 hs t.i t.u tiiig this in (43 5) 
--Ma sin 8fBa.M4 cos 20=0 (435) 

(439) 

the upper or lower sign being used according to whether B is positive 
or negative; As wider the assumed conditions 6 must coine within 
the limits f45O, the ratio of -, as derived from (,439) will adways be 
positive. ' 

397. The clurntion of rise of tide due. solely t.o the c.c~nst.it~uent Mz is 
1 soo 

' M 
M2 

-. 
a 
The chirat-ion of rise as modified by the pi-esenc.e of the a.ssunied M4 

is 

Therefore 

and 
lcos +nDR M,= v--- c.os i!DH . . . .  (443) 

M, must be positive, mcl the s i p  of the above. ccbdfkient, will depend 
upon wli.~?t.lier uDR is less or g e n t e r  tl.lnn lSOo. 

298. Tlle npprosimate constarits for S2, Nz! Ill! m d  0, niay be. 
obtained from the observed high a.nd low waters as follows : Aclcl to 
each low-wn.tfer height the mean rn.nge of t.iide. Copy the high and 
iiioclifiecl low water heights into t h  forin for hourly hcights (foriii 362), 
dways putting the values upon t,he newest s o h  hour. Slim for the 
desired consti tueii ts, using the smie stenc.ils a.s are used for t-lie regular 
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analysis of the hourly heights. Bccount should be ta.lwn of the iiuni- 
ber of itenis entering into each slim rtllcl the 11iean for each constituent 
hour obtained. The 24 hourly means for en& constituent are then to 
be analyzed in the usual iiianiier. 

299. The results obtained by taliis process are, of com'se, not as 
.clependnble as those obtauiecl from a continuous record of hoiirly 
lieigl!t.s. The. a.pprosiiiiite. resui1t.s first obtniiied can, liowwer, be in?- 
proved by .t,lw following trentnieii t if n. tiide-computing niachiiie is 
m d a h l c .  Using the npprosiinnt,e c.oiistant.s as cleternniIiei1 above for 
tlie yrincipa.1 cons titfuents and jnfcrrecl values for snidler constituents, 
set tlie iiinclijne for the beginning of t'ho period of observations and 
find tlie pretlic t,ecl heights corresponding to t h  observed tinies of the 
lligli and low wnters. Ta.biiln.te the dift'ereiices bctween tho observed 
and prcdic t e d  heights for t,liese times, using the hourly lieight forni 
and entering the d u e s  according to  tslie 1ien.rcs G so1n.r hour. These 
diffcreiices itre then to be summed and anctlyzvcl tolie mine as the 
origina.1 observed h i g h  t.s. In  this analysis of the resicluds t.he coii- 
stitueiit M2 should be included. The resultss from tlie ann-lysis of the 
resi&ials are then coinbiiiecl with tlie constrci.ii ts uscd for the setting 
of tlie predic t.iug niacliiiie. 

300. In ninking the coinbiiiations t,hc following forniu1n.s may be 
used.: 

Let, A' and K' rc.present, the first approsini:bt,c vndues of tlie c.onstn.nts 
of any constituent.. 

A" a.iid K", t,lw c.onst:tint,s a,s oht,,ziued from tho residun.le. 

(445) 

FORMS USED FOR ANALYSIS OF TIDES 

301. Forms used by tlie Const, nnil Geodetic Survey for tlie harmonic 
annlysis of tide observations are sliown in figures 9 to 19. A series of 
tide observations n t  Morro, Ca.liforni:~, coveriiig the period Februnly 
13 to July 25, 1919, is taken as  a.11 example to illustrxte talie detail of 
the work. 

302. Form 366, Hourly hekghfs (fig. 0) .--Tho hourly heights of the 
tide are first tw.bulatec1 in forin 363. Altliougli the zero of the tide 
staff is usually t&en a.s the height datum, any otlicr iised plane will 
serve this purpose. For prncticn.1 conveiiience it, is clesirnble t.lint t-lle 
datum be low enoiigli to avoid negative tabulations but not  so low 
LLS to c.mise. the. readiiigs to be iiic.onveuie.iitly large. for suiminiiug. 

303. The hours refer to mean solar time, which mi.y be either local 
or staiiclarcl, astrononiic:i.lor civil, but stnnclil.ri1 civil t h e  will generdly 
he the. most c.onvenieut to iise. The series mist c,oiiiniciice with the 
zero (0) hour of the adopt.ec1 tiiiic, mcl d l  vn.cmcies the record 
should be fillccl by int,erpolnt,ecl values in order t h t  rncli hour of the 
series may be represented by a tabulatecl height. It, is the genere.1 
)ractice to iise brackrts with interpolated vdues to distinguish them {ram the observed heights. The Fccord for siiccessive days of thc 

series must bo ent.erer1 in successive coluiiiiis of t h  forni, ancl tlwsc 



HARMONIC ANALYSIS AXD Pl<XDICTIOB OF TTDES 105 

coluiiiiis nrc to be. numbered consecutively, beginning wi t.h one (1) 
for the first dny of the serics. 
' 304. The series o.nn1yze.d should. he one of tlie lengths indicated in 
paragrnpli 153. Scries of ohscrvntions very nearly equn.1 to one of 
these stancln.rc1 lcugtlis limy he completed by t.lie use of estrnpolnted 
hourly hciglits. If tlie observntions cover a period of scvcra.1 yews, 
the nnnlysis for cacli ycm mny he ninde sepamtely, n. c.ompn.rison of 
the results nfforcling LJII cscellent chcd< 011 tlie.~orli.  

305. The hourly heights 011 each page. of forni 362 we  first summed 
horizontally niid vcrticnlly. The t,otnl of thc vertica.1 sums must 
equal tlie total of tlie liorizon tal siinis, nnd this pa.ge sum is entered in 
the low ex riglit-1w.d corner of tlic p g e .  
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,306. Stencils (figs. 10 and ll).-The first figure is a copy of the 
M'stencil for the even hours of tlie first 7 cl.a.ys of the series,.arid the 
second figure illustrates tlie application of the sanie. This stencil 
being laic1 over the prigs of hourly heights shown in figure 9, .the 
lieiglits applying to each of the even constituent hours for this page 
show throu@i t-lie openings in the stcncil, where t,hqv appear con- 
iicctecl by diagonal lines, tlius indicating etwli group to be summecl. 

307. For eac.li constituent suiiiiiiatioii, escepting for S, there are 
providecl two stencils for each page of tn.bulated h.ourly lieiglits, one for 
the even constihent hours ancl tlic other for t.h& odd constitucnt hours. . .  

Station: Y- Sear: 
Chief of Party: Lat. Long. 
Time Meridian: Tide Gauge KO. - Scale 1: - Reduced l o  Staff. - 

11-m 

- - Di\++G: m e n  icr 29 dqs- 

FIGURE 10. 
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. The .stencils. are- nuniberecl with the clays of series to which they 
.apply, m d  specid care must be tn.lxm to see tlist the clays of series 
:on encli stencil correspond with the dnys of series on the page of 
tabulations with which it is used. For constituent S no stencils are 
necessai-y, as' the constituent. hours corresponcl to the .solar hours of 
the .tn.bulntions and the horixoiitnl sums from form 362 may be taken 
.directly as the constituent hour sums. 

308. Form 1.62, Stcn.ci.1 sums (figs. 13 .mcl 13).-The sums for'each 
constituent horn n.re entered in form 142, one line of the.fom being 
used for each page of the origind tabulat,ions. The total of the hour 

1 . .  

L 
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sums in each line of the forin must equal the corresponclhig pa.ge sum 
of the hourly heights in form 362, this serving as a check .on the sum- 
mation. After the suniiiiing of all the p g e s  of the series has been 
conipletecl for any constitwnt the totals for each constitu&t hour 
are obtained, the divisors from table 32 entered, uiicl the constituent 
hourly iiiems coiiiputecl (fig. 13). These means should be carefully 
checked before proceeding with .the analysis. Large errors can .+ls.u?lly, . .  . 
be detected by plotting tlie means. 
’ 

309. Form 244, Computiition.. qf (V,,+u) (fig. 14).-This form pro- 
vides for the computndion of the . equilibrium arguments for the 
beginning of t#lie series of observations, tlie computation being in 
accorclaiice with formulas given in table 3. For the most part the 
foim is self-esplnnatoiy. The values of the niean longitude of the 

Po11 I U  

” I.co..l..O.10.”1l1...11 TIDES: STENCIL SUMS. mmmwmi oc COMY~ICI 

3tation: ..._.._ W~~..GQMXJLU,. _~~___________.__...__._.____ LS~. : ... mo..a!J. , 

bomponcnt: .. u! ...- h o( A: .. US... Dam a r i n ~ : . a ~ ~ ? . ~ ~ b , ~ ~ ~ ~ ~ : ~ O ~ ~ i *  

End of time U I d :  1uI!..W..; ........... CbmpUIed by aadr.A..~~..DS0-9+.l%8& , 
11-nt 

- 0 .  I 1  S I 6  0 T O  0 1 0 1 1  

1 24.3 20.6 17.9 16.9 21.0 23.0 28.0. 31.9 39.2 34.8 31.9 27.4 
2 21.8 17.5 14.4 13.6 11.2 12.3 14.6 20.6 Zl.7 Zd.9 24.7 24.3 
3 19.7 16.9 11.0 9.6 12.2 17.7 28.1 24.9 27.4 27.6 29.8 21.1 
4 26.4 18.0 17.3 17.3 22.7 22.6 26.0 S . 3  36.6 41.2 33.3 86.6 
6 21.6 21.4 17.9 18.2 16.3 19.9 24.9 29.9 37a.7 S4.8 33.2 29.6 
6 20.3 16.8 15.8 12.1 Ue.6 16.1 21.0 23.4 23.6 24.8 26.0 28.1 
‘I 23.1 16.1 13.3 13.1 15.6 23.7 28?6 33.9 50.1 34.9 27.6 23.6 
8 25.5 2d.O 21.4 21.6 20.8 23.6 27.2 29.7 43.5 36.4 32.6 27.6 
9 20.9 18.5 16.2 12.1 11.3 13.8 18.1 26.3 26.8 28.6 26.0 29.6 
10 16.9 13.2 10.2 8.7 11.6 15.5 18.3 21.6 24.4 15.3 28.7 24.3 
11 18.6 15.0 12.6 15.7 17..2 23.2 29.6 41.1 36.7 34.4 27.8 24.0 
12 24.6 26.5 20.4 20.7 21.0 24.6 32.1 31.7 32.7 36.6 31.6 25.6 
13 25.7 17.3 13.2 10.0 11.9 12.6 16.2 20.3 24.3 240.2 30.3 24.4 
14 16.7 12.6 8.3 8.7 9.5 14.3 19.0 23.4 30.2 27.4 27.2 26.1 
16 19.0 16.1 16.3 15.7 20.1 26.5 37.7 37.7 40.2 39.3 35.6 29.6 
16 29.6 22.8 21.6 22.6 25.7 31.7 31.9 34.9 35.8 38.1 28.3 Z7.3 
17 22.9 18.6 14.5 11.1 10.5 12.3 15.1 19.0 25.4 24.6 24.9 23.6 
l8 15.4 10.0 . 6.2 3.2 4.9 10.2 16.0 24.2 24.6 25.1 25.4 27.6 
19 16.7 15.4 13.1 15.3 19.8 29.4 31.8 35.8 98.3 37;9 S8;7 283 
20 27.6 210 19.8 20.4 28.1 29.9 31.5 36.1 36.4 39.9 86.9 22.8 
__ 
ry.. la la I +  16 IO IT IO IO PO ai za as 

1 92.7 21.1 17.5 13.5 14.6 17.5 17.9 26.2 26.2 27.7 26.9 28.0 676.6 
2 25.8 17.6 17.4 18.9 21.6 28.8 32.1 35.1 36.5 35.9 354 26.6 652.5 

4 23.2 20.8 12.9 9.0 7.1 7.9 14.0 20.8 22.2 24.9 25.8 15.3 ‘638.0 
5 27.5 20.2 16.9 15.5 16.4 23.8 25.3 30.3 27.9 29.0 34.0 25.4 897.6 
6 23.8 23.0 20.0 .Ma2 23.1 25.2 27.5 28.8 39.4 58.2 28.7 24.4 662.8 
7 19.5 15.6 17.8 14.6 15;5 20.g 29.8 31.4 33.7 33.1 30.6 29.0 574.S 
8 22.4 19.4 12.3 8.8 7.4 10.7 14.9 19.5 24.1 26.6 32.0 27.3 658.1 
9 22.1 18.1 154 14.0 17.1 19.1 24.3 29:3 58.0 29.0 28.0 24.6 628.2 
10 23.2 22.6 26.3 22.0 24.4 26.9 28.7 33.8 28.1 30.7 26.4 24.6 556.1 
11 19.4 18.2 11.8 12.6 13.1 16.8 25.3 26.6 29.1 29.0 30.4 22.9 550.8 
12 21.5 13.1 8.4 4.6 4.4 8.7 16;O 21.0 25;s 31.9 28.1 27.0 536.3 
13 21.7 18.0 16.6 17.6 17;s 21.6 26.9 36.1 36.5 36.4 30.2 27.0 642.8 
14 28.6 23.6 .27.4 26.4 26.0 28.8 36.8 32.5 31.5 28.2 28.0 25.0 666.S 
15 20.3 16.4 12.9 10.6 14.6 21.5 82.0 25.7 27.8 31.1 25.4 22.6 681.6 
16 20.9 14.9 10.9 6.1 4.8 9.9 16.9 23.2 2;-1 50.8 30.b 28.9 660.8 
17 21.3 22.2 17.1 16.8 17.9 26.7 27.6 36.0 33.5 36.5 35.4 32.1 546.7.. , 

18 22.2 21.1 21.5 23.6 31.2 EL8 50.4 31.7 31.3 28.2 27.6 21.1 Sl4.4 

3 17.5 17.6 14.7 15.4 21.1 25.5 29.2 33,s 35.3 39.6 80.0 %.e, 547.8 

19. 19.6 15.6 12.5 11.3 10.0 10.2 19.9 26.1 28.6 24.1 22.6 19.7 642.5 
EO 20.4 15.2 7.8 3.6 3.0 2.2 17.1 22.2 27.4 29.8 34.3 27.7 558.1 
k. 443.6 375.0 318.0 288.9 310.7 388.8 k81.6 569.6 613.7 620.6 590.7 513.9 llOg3.0 

FIGURE 12. 
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nioon (s), of the lunar perigee ( p ) ,  of the sun (h), of t-lie solar pcrigce 
(p , ) ,  ancl of the moon's ascending node (N), may be obtained from 
tsble 4 for tlie beginning of uny yens between 1800 and 2000. Thci 
vdues for any year beyond these limits may be readily 0btabne.d by 
taking -into uccount the rate of clia.nge in these denleiits as given,in 
table 1'. The corrections necessary in orcler to refer thc elements to 
niiy desired month; day, ancl hour a m  given in tablc 5. As t1ie.tubles 
refer to Greenwicli nienn civil tirnc, the n.rgunien t used in entering 
tlieni should refer idso to this kind of time, and in the lines for the 
beginning nncl middlc of the series at thc head of the fonn spnce is 
therefore provided for entering the .e( uivalent Gre.eiiwich hour. Any 

hour  hen necessary. For esmiple, 1923, January 1 , 0 hour, in the 
stn.nclurc1 t h e  of the niericlian 15' enst of Grec.nwic.li! niay be written 
as 1922, January 1,- 1 hour in Greenwich tinic, insted of 1921, 
December 31,23 hour, as ivould othenvise be necessaiy. If n negntsive 
argument is used in ,table 5 ,  the corresponding tabulns value must he 
t&en with its sign reve!sed. For tlie miclcll% of t-lie series the newest 
inte&d hour is sufficient. 

310. The v~duc.~ of I, Y, f ,  v', and 2v" are obt,aised for the iniclclle 
of the series from table 6, using N as tlie n.rgiinient. If N is between 
180° nncl 360°, encli of the last four quantities will be negative, but I 

change in the dn.y iiiay be nvoicled b y using n negative Greenwich 

POrmI.. . 
~WAnTMr*roV COYYmSs m ~ :  sTENcp. 

Y...IW1..l.,.nl*.rn,. 

Ilktion: .-.w*..- --------.---- : -..- LQiL:-a6?!.2a!..I. 

0OmF.mac: I!P.....L.ea5ll d k  ..iE.- %dbegiLU; LR$-g???=L35L~:w%w* M m  

Kind of time u , d :  ,LiQ!!a _._. _.........___ C o m p t d  by . E ? S . @ . A ~ J A L R % ~ ~ L .  

h . e i a a 4 8 e . 7  
1 

1-1 . , . , . :  . , .  .. . -.. . 
. . . . 0 _ . 5 ;  e . . , r . . . l o . , 4 . 1 i , ,  .. I,.. 

' 21 26.9 l8.k 14.8 I416 10.6 11.1 17.9 23.8 23.1 24.4 24.1 22.6 
e8 16.8 l4.8 7.7 5.7 6.6 11.1 19.6 23.2 26.6 27.6 30.8 24.9 
23 17.8 15.7 16.2 20.1 2lu.6 30.7 1.3 37.3 99.0 42.8 Wu.9 28.4 
24 7.2 :6.8 6.2 1.1 6.6 8.0 9.7 9 4  

-21-24 67.7 65.4 49.8 46.4 46.S 600.9 79.8 96.2 106.9 106.9 99.8 86.3 
1-20 457.1 366.9 800.9 323.8 401.1 4- 

&lM.- 504.8 411.7, S44.1 332.9 869.1 462.6 676.6 677a.7 742.8 7m.5 693.3 608.7 
D l V l m W h -  161 163 162 165 164 163 365 163..  1W 166 163 162 
*ma.- 5.08 2.63 2-12 2-04 2-26 .2.W 3.m 4.11 4.M 4-66 4.S 3.76 

ru I- 18 I +  '18 18 I T  I. IO ao ai  aa sa 

22 22.6 20.7 20.2 26.0 26.9 51.7 36.2 W.0 40.0 Sl.3' 26.2 20.5 551.4 
23 23.1 16.9 15.5 11.6 '11.9 13.7 19.6 25.1 26.6 26.2 24.0 .24.6 671.8 

i 

21 23.8 18.2 17.0 17.8. 28.3 24.0 23.7 sa.9 95.9 42.1 34.7 1.1 658.8 

7 0  7 
9Uma 21-24 72.2 59.9. 55.7, 56.6 63.0 7015 86.2 95.4 108.0 106.6 92.6 8S.9 l W . 8  

%ma.- 515.8 434:9.: 
DirSnon, -  162. 163 163 '163 162 162 163 16S 162, 162 163 ,163 
xOm8.- 3.18 2.67 2.29 2.12 8-31 2.83 3-48 4.08 4.45 4.49 4.19 S.6? 

n 1-20 ~ ~ . 6 : ~ 7 5 ; 0 : ~ 1 8 . 0 . ~ o a j 9 ' 3 1 0 . 7  .. aea.e:kei;6:sssu6 613.7 6~0.6 590.7.5is.g 1 

FIGURE 13. 
24G037-41----S 
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is always positive. Although tnble 6 is coinputcd for the epoch, 
January 1, 1900, it is applicable without materid error for qny series 
of observitions. . 
. ' 311.' The vdues of u of L, nnd u of MI, may i e  obtained fr.om.tstble 
13 for any date bctween 1900 and 2000, inclusive, using the value of N 
for interpolation. If the series falls beyond the limits of this ta.ble, 
the following forinulas may be used: 

u of L=25-2v-R (par. 129) 

u of M,=f--v+& (pas. 133) 

'. (446) 

" (447) 

Thc: -\.dues of 5 ancl 1 niny bc t&n €iom form 244, the v&&s of R 
and Q Iroiii tables S nnd 10, respcc.tively, .using,tlie arguments I and 
P for tlie miclclle of the series. . . .  

. .  
TIDES: t G p t a t i o n  01 vm+u. mrm s4,. 

QSFlnruEllr OF WUUIRCFS 
s.. UI.I".U...,.W..... 

120. 51' K. . 
S ! d h  ..... !!OrroL.-!.!i~~Orn.!.?! ........._....... ........ : ...................... Id. .. 95. '.. 22'- N.! ......... Iang. .A,f@.,95..H:. -L' 
B*nningn/-u ....... E ........ o ................. ..... .! L w t n / a c *  ..... ~d.. nm mI. .~zQ...QQ-H.-s' 

I- 

w. = 1. *I. (IY,.<,*J)u. ..... 
. .  

- . .  
I---_ For I:>+ In;:;nnbz 01 write. I Fwibemiddbdrria. 

. . .  FIGURE 14. 
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. 3.12. In finding the diflerence between tlie longitude of .the time 
meridian (S)  nncl tlie longitude of t . 1 ~  p1ac.e (L) consider west longitude 
.ns positive and east longitude as ncga.tive. In  the ordinary use of 
foiin'244 it is nssuniecl that civil time lms been used in.tlie tabulations 
.of the observations. I f ,  however, the original liourly heigllts as 
tabul?ted in form 363 we in accordance with astroiiomicd time in 
which tlie 0 hour represents the noon of the corresponding civil day 
.nncl the 13th liour the~following niidniglit, foiiii 244 will still be 
applicable ,if the longitucle of the tinie meric1ici.n (8) is taken equal to 
the civil tinie meridian plus 180'. For esaniplc, if t.zbulations linve 
been i n d e  in a.st.ronomica1 time for .z locdity where the civil tinic is 
bnsecl upon the meridian 15' E., the value for S should be ta.lie1i 
.ns - 15 + 180, or lG5O. If tabulations have becn in Greenwich 
astronomicd time, S should be'talcen a,s 180'. 

313. Form 244n, Log F nn.d arguments .for diiniimtion (fig. 15).- 
Items (1) to (11) are compiled hcre for convenience of reference for 

Lon F 

( I  ds.1 

... 9:.8.?.Z(r ....... 

...%..g.? 82 ....... 

... O..m4 ....... 

..0:.09z9 ....... 
o . o o o o  

..o:.om ........ 
0 . 0 0 0 ' 0  

.. 9.9932 ........ 

..0:.0264 ........ 

TIDES: Log F urd Argumenb for .Elimination 

Componmt . 

M I i  . . . . .  
Z I K  . . . . . .  
hlN . . . . . .  
MS, Sshf . . .  
M r  . . . . .  
M I  . . . . .  
M m  . . . . .  
6 4  6M . . . .  

I 

Station ........ U r n .  . .Calif-  ......................................................................................................... 
Longtb of series ......... L6S. ......... days. Sriea begins ................................ L919 ...... F.e?h....U ....... 0 ..... 

,I. I. d. h. . 

h F  

(4 I k J  

.O..aa. ........ 
.a.m29 ......... 
1.MM ......... 
.B..Q52 ......... 
O.BS6 ......... 
9 SW2 

9 9772 

0 . 0 0 0 0  

..................... 

..................... 

( i ) - ~ - i t c m  (6) from F O ~  n . 1 ~ -  ...2tS.lll......... (4 dee.) 
(2) - I-item (7) from Form 2.14 - ...... 21.221 ......... (2 dec.) 
@)=P=ilem (12) from Form 244- ... 5.C..93 ......... (2 de.) 

(5) = (h-r") =item (3) - 1 itern (1 I), from Form 244 = .......... 331 ........ (0 dec.) 
(6)=(h-p,)-item (3)-item (I), front Form 24.1;- ............................. 41 (0 der.) 

(7) -Log R. from Teblo 7 -  ..I... 9.a.9.65.7 ...... (1 dcc.) 
(8) -Log Q. from Table 0 = ....... 9..8592 ..... (4 dec.) 

(9) -Natural number from Lug RK,) -... 1..Q58 .......... (3 dec.) 

(11) -Natural numbarf(6,) fiom (IO) =..B&W. .......... (3 dec.) 

. .  (J)-(h--fv')-item (3)-.f item (10),fmm Form 2.14- .......... 387.: ...... (0 am.) 

(IO) -Logf(KJ-lO-lng F(KJ - .9,9S2& .................. (4 der.) 

EXPLANATION.-FOr all tablea ma Spccial Publication No. 98. Fimb fJ1 in items (I) to (8). Then 
obtain values of log F for all components excepting L: and U, from Table 13. Log F(LJ =log RM,) + 
log R., and log F(M,)-log F(O,)+log Q.. Items (9) to (11) erc obtained efter the rest of the form 
hsa been U e d  out. 

FIGURE 15. 
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this and form 452. Items (1) to (ti) nre obtained from valdes givcn in 
foi-ni 244. Iteni (7) is obtained froin table 7, using items (2) and (3) as 
arguments, and item ( S )  is obtained from table 9, using item (3) as 
argament. Items (9) to (11) are obtained n-fter the rest of the fornl 
has been filled out. 
. 314. The log F for each of the listed constituents, escept L? and M, 
and those for wliicli.tlie 1ognrithm.is given as zero, ma.y be obtained 
from ta.ble 12, using itein (2)' BS the argument. For constitu'ents 
I& ilnd MI 

(44s) 
(449) 

If the ticlnl series aiinlyzecl was observed between the yea,rs ' 1900 
and 2000, thc log F(L2) nncl log F(M,j mny be t d w i  directly froin 

Log F(LJ =log F(h&)+item (7) 
Log F(M,)=log F ( 0 J  +item (8) 

D U A n u -  mim o? I W  O Y I I I ~  TIDES: HARMONIC ANALYSIS 
L D * I T M D m C  WUIIEI 

6Uim ..-._ -!!!r~a~..&~~&!n! . Jmf. ..8s'..z?..N l m g .  120.?..21!-.2 ..... - 
a. h. 

h p m  nl.... n ..... 8-h k#hu..&g.-$~ .... 1s 0 ...... h g l h  drrh ..... 26s ..... Tuw 3s;. ..12@0 .. ........ 
,,*r\,1 

,4*,-1,c. ,r.r,pm,, rr l d  IW r",",*mrm s ................ 
f14,",1*~,1:,.01 ,lb,+,li,il*. F ....................... 
1so01-i~ i-rwmm hm?w ....................... 
,51)-,,9]+,1,-I*. ....................................... 

(L9-clur.l ".rnk,lrn," w,-r ........................ J.0.C 

. * ? O S  

FIGURE 16. 
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table 13, using tlic year of observntions,. together with item ( I ) ,  as 
.argument. 

315. Form 194, IJarino,ai~ analysis (fig.. lG).-Tliis form is based, 
.primarily, upon forinalas (295), (29G), (303), and (304) and is designed 
for the coniputstioiis of the first approsininte values of the epochs 
( K )  and the sniplitudes (H> of tlie harmonic constants. Provisions 
are macle for obt2i.in.ing the cliurnd, semidiurnd, terdiurnnl, quarter- 
cliurna.1, . sistli-diurnal and eiglitli-diurnal constituents, but only such 
items need be computed as are necessary for the particular constituents 
sought. For tlie principal lunar series M,; MIJ M3, M4, h/16, and Ma, 
compute all itenis of tlie form. For tlie principal solar series S1, Ss, S4: 
and Se, itenis (14), ( le ) ,  (33), (351, tmcl (37) may be omitted. For 
tlic lunisolar constituents ICl and IC2, items (14), [ l G ) ,  and (33) to 
(37) may be oinitted. For tlie cliurna.1 constituents Jl ,  01, 00, PI, Q1, 
3Q, and p l ,  itenis (51, (6), and (14) to (341 niny be oniitted. For the 
semidiurnal consbitueii.ts L,, N?, 2W, R2, T?, An, p2 ,  u:, nnd 3SM, itenis 
(3), (4), '(8) to (lG), and (33j to (37) niay be omitted. For ter- 
cliurnd constituents MI< aucl 3MK, items (5), (tj), (9), (12), and 
(18) to (37) niny be omitted. For quarter-diurnal constituents MN 
and MS, items (3), (4), (S) to (251, n n c l  (35) to (37) may bc oniittecl. 
In  the bottom portion of the form the symbol of the constituent is 
to be.entered a t  the head' of tlic column or colunins iiiclicntecl by the 
subscript corresponding to tlie nuniber of constituent periods in n 
constituent clay, the rcninining colunins being left blank. 

316. The hourly iiimns from form 142 (fig. 13) we entered n.s itenis 
(1)  and (3) in regular ordez, beginning with t,lie n1en.n for 0 hour. 
Item (4) consists of the last five values of item (3) arrmgccl. inareverse 
order. Iteni (6) coiisist,s of tlic last sis values of. item (5 )  ui tlieu 
original order. For the computations of t81iis foiin the following 
tables will be found convenient: table 19 of this publication for 
nntura.1 products, VegaJs Lognritlimic Tn.bles for logarithms of 1inen.r 
quantities, nncl Brernilier's Funfstellige Logaritlinien for logarithms 
of the trigonomet&a.l functions. In the last tablc the nngular n.rgu- 
nients are given in degrecs and clecininls. 

317. In  choosing between items (44) and (45) the former should 
he used if t81ie tabular value of (41) in the first quadrant is greater 
thmi 45' and tlic latter if this mgle is less than 45'. In referring 
(41) .to t1i.c proper qua.drant it must be kept in niind that the signs 
of tlie natural numbers coi~esponcling to (38) nncl (39) are respectively 
the signs of the sine and cosine of the required mgles. Therefore 
(41) mill be in the first qua.rlrant if botsli s slid L! are positive, in the 
second quadrantl if s is positive aiicl c negative, in the third quaclra.iit 
if both s and c n,re negative, a n d  in the fourth qua.clrnnt if s is negs- 
t h e  a.ncl c positive. In obtaining (49j use (4G)+ (47:) for a11 
constituents escept, S, and (4G)+(4S) for S. The log factor F for 
item ' (50) niiiy be obtained from form 244n. 

318. Fomi 194 is designecl for use wlicn. 24 constituent hourly 
means have been obtnhccl mid d l  tlie originn.1 hourly heights lm7e 
been used in the summntioii. If in the suninint,ion for n constituent 
each constituent hour of the obsenwtion period received one m c l  
only one of the. hourly h igh  ts,.  it, will be necessary to take tlie log- 
ctugmenting factor from tnhle 90 sncl  add this to the sum of itenis 
(46) mid (48) t-o obtain item (49), striking out  item (4i). 



. .  . .  i 14 
: 319. This form is also adapted for use wit;h the'lC;iig;-period coni 
stituents. Assuming that the daily means have been dearecl of the. 
effects of the short-period constituents .(p. SS), and that these means. 

'have been assorted into 24 groups to cover the constituent period; 
the 34 group metins niay then be ent-ered in form 194 in place of the 
24 hourly means used for the short-period constituents. Thenl treat- 
ing the constitucnts &hi and Sa the same as the diurnal tides and 
the constituent,s Mf, Msf, m d  Ssa as tlie seniidiurnal tides, tvlie form 
mn.y be followed escept that the log-augmenting factor must be taken 
from tdde 20 and then conibiiiecl with items (46) And (48) to.obta.in 
item (49), striking out iteni (47). 

320. To obtain Sa and Ssa from the mont,hly means of sea level, o r  
tide lcvcl, t h e  following process may he usecl: Enter the monthly 
means beginning with t-hat for Jn.iiun.ry in alternate spaces provicldd for 
the hourly means in form 194, plscing the value for Ja.nua.ry in the 
space for the 0 hour. For convenience consider d l  the intermediate 
blank spaces as being filled with zero values and make tlie computa- 
tions inchatecl by (3) to (13) and (18) to (21). Correct the co- 
efficients of s1 and cI from 12 to 6, at top and foot of columns (9), (13), 
(19), and (21). In  bottom of form enter Sa in column having sub- 
script 2 and Ssa in column with subscript 4 in order to obtain correct 
augmenting factors and strike out nunierds inclicnting subscripts. 
For (38) niid (39) take tlic lognritlmi of twice the values of Gs 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 qf January-conmion years, Sa correction= + 14.07', Ssa 
corrFction= +28.14'; leap years, Sn correction= + 14.94', SSR cor- 
rection= +%.8so. For convenience in recording the rbsults it is 
suggested that the { i.s clirect81y obta.inec1 from (40) be entcred (in 
its proper quaclrant) in the spa.ce just below the 1ogn.ritlini from which 
it is obtained, nncl that. the { correct,ed to the first day of January 
be entered in tlie same line in tlie vacant c.olunin just to thc right. 
The V + u ,  computed to the first c1n.y of Jmunry, 1iin.y th.en be entered 
ininiedistdy unclcr the correckecl {'s and the K' of (43) readily obtained. 
For (49) the conibiiintion (46) 4- (47) will he mcd. 

321. Form 452?1 R, K ,  and { from. analysis urd 6i:ferance. (figs. 17 and 
18)-This form provides for certain computations preliminary to the 
regular el~niinntion process. The constants for constituents IC, and 
S, ns obtnmecl directly from form 194 may be improved by the appli- 
cation of corrections 'from tables 21 t80 26; niid constants for some of 
the smallw constituents, w1iic.h h a w  been poorly determined or not 
cletermincd at nll by 61ie aiinlysis, niny be obtained by inference. If 
t-lie series of observntioiis is very sli.ort, the inferred values for the 
constants of .some of the co1istitue.uk iii:i.y be bctter t1in.n the un- 
eliminated vn.lues from form 194. 

It is designed 
to take account of the cliurnal c.oiistituent on one side (fig. 17) nnd the 
semidiuriinl constitucnts 011 the other side (fig. 1s). The nmplitudes 
snd epoc.lis indic.ated by the u.coent (' j are Lo be L&cn from form 1.94 
and the quantities indicated by the a.sterisk (*j from form 244 or 244%. 
If tlie series is less thsn 365 dn.ys, vdues for SI and 2SM niny be 
omitted. . 

323. For all short series the values in c.olunins (4) and (8) are to be 
computed in accordmce v7it.h t,lie equivalents a.iicl factors in columns 

. u. s. 00.s1 AXD GBUUETIC su-i~sn 

322. Forni 452 is based upon pn.ragmphs 229 to 243. 
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(3) nml (7) respectively. If the series is 193 clays or more in length, 
the x'of MI, P,, n.ncl 11, for column (4), nnd the log R of M,, P,, ana 
IC, for colunm (8) may be taken directly from foini 194, nnd if the 
series is 355 days or more in length the K aacl'log R of all the com- 
poneiits for which' analyses havc been micle mA.y be taken directly 
fronl the saiiic form. When n vndue is thus.taken directly from the 
analysis, the corresponding equivalent in colunin (3) n.nd factors in 
column (7) are to be crossed out. 

324. The tnbu1a.r ~mlues of items (13) sild (13) for the diurnal con- 
stituents and items (14) to (18) for the semidiwmd constitucnts inay 
be obtained from tables 21 to 26 or from plotted curves representing 
these tables, but for a series of 355 days or more in leq,th the acceler- 
ations mn.y be taken as zero and the resultant amplitude factors as 
unity. ' 
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. 325. The K's-of I<i-a1id S p  are to be comectecl by the accelerations'n3 
iiidicntecl before cnteriiig in column (4), and in computing item (14) 
for the diuriid constituents and (21) for the seniicliurnnl constituents 
the c.orrectecl K'S are to be used If the two angles in item (14) for 
t8he diuriid constituents, or in i t e m  (20) or (21) for tlie semidiurnal 
comtituents, diflcr by more than lSOo, tlie sintiller angle should be 
increased by 360' before tnlriiig the difference, w1iic.h inny be either 
posit,ive or negn.tive. I n  coniputiiig column (S) it will be noted that 
the corrected log R's of ICl nncl S2 are to be used in infekriiig. other 
constitucnts clepending upon them. 

326. Ii'vrrn 245, Eli,in&ia.tion, qf co,inpon.cnt clffeects (fig. 19) .-This 
form is based upon formulas (3S9) and (390). One side of the form 
is desigiiecl for tlie eliniina.tion of the effects of the diurnn.1 constitu- 
ents upon each otlier and the other side for use with the semidiurnal 
constitucnts, t h o  two sides being siiiiiltw esccpt for the listing of t.lie 

m r m a  
DteAl lTYWI OF COYMEICC 

YLc4,5l.*0GmMNWNn 
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sl7i;c.n !?!?"o"!?!..C!!'!.?.i??i?! .. ......................................................... ........ ...... .. ...__.......- 
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constitynts. The symbol d represents the constituent to be cleared, 
and the symbol B i s  the general desigmtion for the disturbing con- 
stituents. The symbol applying td c.oastitueiit d is to be crossed out, 
in c.oluim (1) am1 ente.rec1 in goluiiiii (8). The values for items (9) 
niid (19) art?. to be tdcen from coluiiins (1) nncl (2) of form 452. 

327. For obta,ining coluiiin [2) it will be found convenient. to copy 
the lognrithms of the R's of B from c.oIuma (s) of forin 452 011 L hori- 
zontal strip of p q m  spaced the snme as table '39. Applying this 
strip successively t.o t,he upper line of the tabular vn.lues for each con- 

FOrPI $13 
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stituent the logarithiis of the iysulting products for cbhiih (2) .niay 
.be.reaclily obtnined. Similarly, for column (4), the {'s of B from 
column (6) of fomi 452 may be copied on a strip of paper and applied 
to the bottom line of the tabular values for each constituent and the 
differences obtained. . The natural numbers for column (3) correspond-. 
ing to the logarithms .in colunin (2) can usually be obtained most 
expeditiously from table 37, this table giving the critical 1ogarit.hm for 
.each change of .0.001 in the corresponding naturq.1 number. If the 
-1ogaritlini is less than 6.6990, tlie natural number will. be too. smdl to 
appear in the third decirnal place, ai!d the effects of the coiTesponding 
constituent may be considered BS nil. The productg for columns (6) 
a.nd (7) may be conveniently obtained from table 30. In column (8 )  
the references to (6) and(7.) are to the sums of these columns. The 
values of log F(A) and (V,,+u) for column. (8) may be obtained, from folllls 244 and 344%. . . .. ... ...... .. . . . . . . . . . .. . . . . 

328. In tlie use of hGs .form it will. .be noted that .the R's and {'s 
referring to constituent B'arc to. be the best known values whether 
derived from the nadysis or by inference, but the R' and r' of con- 
stituent i4, rnterecl as it.CmS (9) aid 09), respectively, must be the 
unniodifird"vcl1ues as obtained directly by form 194. 

. .. 
ANALYSIS OF TIDAL CURRENTS 

. .. 

329. Ticid currents are the periodic horizontal niovenients of the 
waters of the ea.rtli's surface. As thcy are caused by tlie smne periodic 
forces that produce tlie vertical rise and f i l l  of tlie tide, it  is possible 
to represent these currents by harmonic' expressions similar to those 
used for tlie tides. Constituents with the same periods as those con- 
tained in the tides are involved, but the current velocities take the 
place of the tidal hciglits. There are two general types.of ticlal cur- 
rents, known RS t8he reversing type and the rotmy type. . . 

330. In  the reversing type tlie current flows alternately in opposite 
directions, the velocity increasing from zero st the. time of turning 
to a inmimum A.bout 3 hours later nncl tlien cliniinishes to zero again, 
when i t  begins to flow in the opposite direction. By considering the 
velocities as positive in one direction and negative in tslie opposite 
direction, s u d i  a current may be espressed by a single 1ia.mn.onic 
series, such as 

(450) 

in which TT=vdocity of the current, in the positive direction a t  kny 
time t. 

. 

T'=Acos (at+a)+B cos (bt+O)+Ccos (ct+y)+etc. 

A, B, C, etc. =maximum velocities of currciit constituents. 
a, b,  e ,  etc.=speeds of constituents. 
a, B, y ,  etc. =initial pha.ses of constituents. 

331. In tlie rotaiy type tshe clirection of tlie current chsnges,through 
all poiiits of the coniptiss, and the velocity, nlt!hhough varying in 
strength, seldom becomes zero. In the analysis of this tsype of cur- 
rent it  is necessary to resolve the ohsellred velocities iii two directions 
at  riglit angles to each other. For convenience tlie north niicl east 
dir~c.tions a.re selected for this purpose, velocities toward tlie south 
m d  west being consiclered as nega-tives of these. For the hsrnioiiic 
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representation of such currents it is, therefore, necessary to have two 
series-one for the north and the other for tlie east component. 
332. For the annlysis of either type of current the original hourly 

velocities or the resolved hourly velocities arc tabulated in the same 
form used for the hourly heights of the tide. To avoid the incon- 
vcnience.of negative renclings in this tabulation, a constant, such aa 
3 knots, is added to all velocities. These hourly velocities are then 
summed with the same stencils that are used for the tides, and the 
hourly mean velocities are analyzed in the same nzanner as the hourly 
heights of tlie tide. The same forms are used for tlie currents, with 
the necessary modifications in the headings. The rotary currents 
will be represented by a double set of constants, one for the north 
components and the other for tlie east components. 
333. For a 29-day series of observations, it is recommended that 

the n.na.lysis be made for the M series, the S series, and for Ng, IC,, 
and 0,. For longcr series additional constituents may hc included. 
In the analysis of current velocities, the harmonics of the higher 
degrees such as M4 and M, may be espectecl to be of relatively greater 
magnitude than they are in the ticles. From theoretical consiclera- 
tions it may dso he shown tha.t the maanitude of the diurnal constit- 
uents as compared with the seniidiurnaf constituents in a simple tidal 
oscillation is only a.bout one-half os great in the current 8.s in the tide. 
However, because of the complesity of the tida.1 and current move- 
ment, the actud relation between tlie various constituents as deter- 
minecl by the analysis is subject to wide variations. The constituent 
SI, which is usually negligible in the tides, msy be found to be of ap- 
preciable magnitude in offshore currents because of the effect of daily 
periodic land and sea breezes. However, as this constituent has a 
speed very nen.rIy the same BS that of K, it can be separated from tho 
latter only by a long series of observations, preferably a year or more. 
334. Form 733 (fig. ‘20) provides for the determinrttion of hamionic 

constants from a. series’ of current observations by coniparison with 
correspondiug constants from a tidal series covering the same period 
of toime. This comparison is to be used if the series of observations is 
less than 29 clays and may be used for longer series if desired. . For 
the purpose of this comparison the hourly redicted heights at the tide 

ologicd irregularities appearing in observed tides do not necessarily 
appear in a similar ma,nner in the observed currents. In  this work 
both currents and tides for the simultaneous period are to be summed 
for constituents M, S, N, K, and 0; and the analysis is then carried 
through form 194 (Tides: Hn.rnionic Ana.1ysis) to ohta.in the values 
of R’ n.nd 5’ for each constituent. Tlie harmonics M4, M6, and MB 
are to be obt,ained for b11.e current series, but may be omitted in tho 
tidal series. 
335. Enter in Form 723 tlie accepted H and K of the principal tidal 

constituents for the reference station and also the vdues of R’ and l’ 
obtained from the ana.lyses of the simultaneous series of tides and 
currents. The necessary ca.lculatioss in t,he f orni are self-esplana- 
tory. 
is obtained by a ratio on the a.ssumption. that for each constituent the 
relation of the corrected nniplitude to the uncorrectcd amplitude is 
the snme for both tide and cuiwnt. The ratio clerived for the. con- 

. 

station are usually to be preferred to actua 7 observations since nieteor- 

The c0rrec.te.d vdocity amplitude of each. current constituent . 

. 
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atituent M 2  is used also f& the higher liarmonics of 'M, this being 
considered iiiore reliable than ratios deterniined c1irect.ly from tlie 
niwh sn ider  amplitucles of these harmonics. The corrected epoch. 
( K )  for mch current constituent is calculn.ted on the assumption that 
tlie difference between the corrected and uncorrected epoch is the same 
for .tide and current. For convenience the .zetas (5 )  rat,her than the 
knppas from the siniultaneoiis observntions we used in tlie forni and. 
a longitucle. .coinction, coluinn (lo), is introducecl to allow for this 
fact. , Di.fferences in coluiiiii (9) .for tbc..liigher..lia.rnionics of M2 are. 
derived from. tlic dift'erence for that constituent because of the uncer-' 
tainty in tlie deterniina,tion of epochs of constituents of. very smn.11' 
amplitucles., 
336. Short seiies of current obseivntions ire frequently talmi at' 

half-hourly intervals. As . indivicld observations are soniewhat 
rough, the utilization of .the half-liourly observations will add nia- 
terially to tlie ac.c.umc.y of the results obtaincd from nn analysis. 
Moreover, tlie closer spacing of the half-hourly values will give a 
better development of the higher linnnonics of M which are of greater 
relativc importance in the currents than in thc tides. Special stencils 
have been prepn.rci1 for tlie suniniatioii of tlicse obseivations. Obser- 
vations taken on tlie esact hour are tabulated in forni 362 as usual, 
while observations on tlie half-hour are offset to the right, on the 
intennedinte lines. As tlle seriss of observjifions under consideration 
are short, provisions have been nia.cle for obtaining only the diurnal 
constituents I<] and O1 ; tlic semifliurna.1 constitucnts &If, Ss, m c l  N2; 
and the higher lia,nnonics of M. 
337. For the diuriid const,ituents, the special steiwils provide for 

the sanie distribution, wi tli the inclusion of tlie half-hourly vtdues, as 
is obtained witli the stmclard stencils used for the hourly values only. 
'Hourly nieans for the constituents are obtained and entcred in forni 
194 and all sutbsequent computations are the smie as tliose based 
upon the use of the stqnclgrcl stencils. 
338. For tlie seinidiurd constitmiits M2, S?, ancl Nf, tlic senii- 

diurnal period is divicled into 24 parts. Special stencils for the con- 
stituents b12 niid Nz provide for the distribution of the observed hdf- 
hourly velocities into the 34 groups indica.tcc1 by this division. No 
stencil is reyuirccl for the constituentt S?, the neccssary grouping being 
.accomplislied by coinhiiiing sunis for afternoon observations with 
those for the forenoon observations of c.orresponding hours. Thus, 
talle noon observations will be inclwled with those taken a t  midnight, 
and tlie observations a t  13330 p. ni. witli tliose talwn a t  0:30. a. ni. 
339. The resulting.means. obtniaecl for. t-lie. seniicl.iurnn1- constituents 

'by the nietliocl described above are in reality half-hourly nieans, but 
in adapting form 194 for the analysis, t-liese nieans niny he entered 
in order in tlie spnccs proviclcd for the hourly means. Then, tifter 
doubling all subscripts in tlic forni, the neccssnq computations may 
be carried out 8 s  indicated. Thus, all computations for the senii- 
.cliurnsl constituents will be made in the spaces origindly designcd 
for the diurnal constituents. Thc computations for n.11 higher liar- 
monics of even subscripts inay be carried ,out in tlie sanie form using 
tlie spaces originally designed for tslie liannonics witli subscripts one- 
.half as great. In  this adaptation of the forin no provision is made for 
;the. computation of a haiiiionic of odd. subscl:ipt.wliicli is here of rela- 

121' 
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tively little importance. Other forms which are used in connection, 
with ,the analysis will not be affected by the use of the special stencils 

340. Observations on the half-hour may also be analyzed sepa-' 
ratcly from those on the exact hour, using the standard stencils for 
the summation. In this case the stencils are moved to the right one 
column and dropped one line, thus covering the hourly vallies and. 
exposing those occurring. on the half-hour. Allowance must be made. 
for.tlie difference of a half hour in the beginning of the series when 
computing the (Vo+u)'s in forni 244. This may be conveniently 
done by, assuming n time mericlian a half-hour or 7jio, westerly from 
the actual time meridian used so that the first half-hourly observation 
will correspond to tlie 0 hour of the assunied time meridian. The 
difference of 15 vinutes for the inicldle of the series has a negligible. 
effect in the computations and may be disregarded. In  other respects 
the analysis is carried on in the same nianner as the analysis for the 
hourly observations, .and the results obtained a.ffortl a useful check 
on thelatter. - - 

. for the half-hourly velocities. 



PREDICTION OF TIDES 

HARMONIC METHOD 

341. The methods for the prediction .of the. tides may be classified 
as. hamionic. and '!ionharmonic.. By the. .hamionic method the ele- 
mentaiy constituent tidcs, represented by harmonic constants, are 
combined into a composite tide. By the nonhniionic method the 
predictions'are made by applying to the times of tlie moon's transits 
and 'to tlie mem height .of the tide systems of differences to t.ake. 
account of average conditions m d  various inequalities due to changes 
in the'phase of t.lie nioo!i and in the declinatioIr,and pnrallas of the 
moon and' sun. Without tlie use of a predicting machine .the liar: 
nionic method would involve too ni.uch la.bor to be of practicad service; 
but with Such a machine the harmonic method has nlany advantages 
over the'nonlinimionic systems and is now used esclusively by the 
Coast' and Geodetic Survey in making preclictions for the standard 
ports of this country.. 

342;' The' licight of tlie tide a t  any time may be represented ha.r- 
monically by the fonnuli . 

h=.&!o+z f H Cos [at+ (vo'+u).-K] , . (451) 

Ho=mean height of,wa,ter levd above datum used for pre-. 

f=factor for reducing menn amplitude H to year of .pre- 
diction. . .  

a=speed ,of constituent A. 
f= time reckoned from some initial epoch such,as beghning 

of year of predictions. 
(Vb+u) =value of equilibriuni argument of cons'tituent A 'when 

t=O. 

. 

b. \V&h 
h=height of tide at  itny time t. ' 

. .  

.. . . . diction. . 
. 

. .  
. .. . .. . H=mean amplitude of any constituent A.. 

. .  

' 

K=epoch of constituent &4. . .  

In  the aboire. foiuiula 81  quantities escept h &I t niay be con- 
sidered tis constmts for m y  particdkr. year and place, and when these 
constants are. known the. value 'of h,. or the: predictd .height of tlie 
tide, may be coniputed for any value of t ,  or time. By comparing 
succassive vnlues of h the heights of the high and low waters, together 
with tlie times of their occurrence, may be approximately determined. 
Tlle haimonic method of predicting tides, therefore, consists essen- 
tially of the application of the above formula; 

343.. The exact value of t for the times of high and low waters will 
. be roots of the. first derivn.tive of formula (451) equated' to zero, 

which may be %ritten-. . I  . I_ . 

-- 2- -ir a ,  H iin [at+ (~.+uj-K1=0 (453) 

- .  123 . 



Although forniula (453) cannot, in general, be solved by rigorous 
me tliods, it  may be niechanicdly solved by a tide-preclic ting machine 
of the type used in the office of tlie Coast nnd Geoclatic Survey. 

344. The constant H,, of formula (451) is the depression .of tlie 
adopted datum below the mean level of the water at; the placeof predic- 
tion. For places on the open coast the menn water levelisindentical 
with mean sea level, but in tlie upper portions of tidal rivers that have 
an appreciable slope the mean water level may be somewhat higller 
than the mean sea levcl. The datum for the predictions iiiay. bemore 
or less arbitrarily c.hosc?n but it is customary to usq tlie low-wat&'plan& 
thnt has becn adopted as the reference for tlie soundings on the. 
hydrographic c1in.rts of tlie locality. . .For a.11 places on tlie Atmlantic 
and Gulf coasts of the United States, including Puerto Rico and the 
Atlantic coast of the Pa.na.nin. Co.nd Zone, this datum is niean loW 
water. For tlie Pacific. codst of the United States, Alaska, Hawaii 
and tlie Philippines, the datum is in general mean lower low water.' 
For the rest of tlie world, the datum is in general mean low water 
springs, a1 though t,licre a.re nia.iiy localities where somewhat. lower. 
planes are used. After the datum for any particular place has, been 
adopted its relation to the 'mean. water level may be readily obtained; 
from simple nonliarmonic reductions of tlie tides as observed in the' 
locality. The value of €I,, thus determined is n constant that is. 
available for future predictions a t  the.stations. 

345. The aniplitude H and the epoch K for each constituent tide to b e  
included in tlie predictions y e  tlie harmonic constants determined by 
the analysis discussed in the preceding work. Eich place will have 
its own set of hainionic constnats, mid wlieii oiicc' $eterniinecl' will 
be available for all. times, kscept as they may be shglitly modified 
by a niore accurate determination from a better series of obskrvations 
or by c.1iaiige.s in tho physica.1 conditions at.the locality such as may 
occur from dredging, by the clcpositing of sediment, or by other 
crtushs. 

346. The node! factorf (par. 77) is int.rocluc.ec1 in order to rcc1uc.e the 
mean a.mplitucle to tlie true anqjlitucle depending upon the longitude 
of tlie nioon's node. The factorf for any single constituent, therefore, 
passes through a cyde of valuds. The c.liaiige. being slow, it is ens- 
toniary to take the value as of the middle'of tlic yenr for w1iic.h tlie 
predictions are being macle nncl assu?iic this as R constant for the entire 
year. The error resulting from this. assunip tion is practically negli- 
gible. Each constituent.has its own set of values for j, but thcse. 
vdues are .the same for all localities and hcve beeii compiled. foi. 
convenient'uie in tnble 14 for tlie niiclclle of eadi year froni 1850 $0 
1999. ' 

347. The quantity a represents the angulai. speed of any constituent: 
per Unit of t h e .  In the a.pplication of forniulas (451) and (452) to 
the prediction of tides this.is iisudly given in degrees per mean sola?' 
hour, the unit of t being taken as the niem solar hour. The values: 
of tlie speeds of 'the diff6rent coiistitiients have been cdculated froni 
&ronomical data by foimulns derived from the clevelopnient of the 
tide-prochwing force which has alremly been discussed. These speeds 
have beeii conipilecl in table 2 nncl are essentially constant for d l  
tinics and places.. The qumtity (Vo+u) is tlie value of the equilib- 
riuni nrgunl'ent of a constituent n,t the iliitinl instant from wliich the 
vdne .of t is reckoned; that is,. when t cquals zero. In the. prediction 

. .  

. .  
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of tides this initial epoch is usually taken at8 the miclniglitv beginning 
the year for which the predictions we to be macle. I n  strictness the 
T', or uniformily .varying portion of the nrpineiit8 done, refers to the 
initia.1 epoi-h, while. the 26, or slow va.ria.t,ion due to clianges in the 
longitude of tlie nlgon's node, is .tg.ken,.n.s of the micldle of the period 
of prediction i d  a,ssuinecl- to hare,  this viillue as a. c.oiistmt for the. 
entire period. The quantity ( T,7,,+is) is clifferdnt for e d i  coiistituent 
n.nd is also diflerent for esch initid epoch and for different longitudes 
on the earth. I n  tkble l$ tliere h$ve bee11 compiled the values of 
this quantity for the beginning of e d i  ye:m frmn 1890 to 3000 for the' ~ 

the longitude of Gree.nwic.li. 
d a p t  theni to other initial ep0cb.s nncl other longitudes. 

The values m2.y be r&aclily nioclified to . ' 

348. Let 
L=w& loiigitucle in clegrees of station for whkli predictions 

S= west longitude in degrees of time nieric1ia.n used st this 
are clesirecl . 
station. ' . .  .. . . .  . .  

For eg.st longit,ude, L .aiicl 1'5' .will ha\y.iwgflti::.e . .  . . . v.?lyes., . .. ! .;., . .. , -. . , : . . r .  

. .  NO?V let. 
p =  0 when referring to the long-period cpiistitmi$s. 

1 wlim rcferring to t>he diurnnl const,itueii!s. 
3 when referring to the se1iiidiuriia.1 constituents, etc. , 

t,hen 21 will be the coefficient, of tlie qunnbiby T in the eguilibrium 
tirgunieiits. Now, T i s  the hour mgle of the 111ean siiii aiicl id the only 
quantity in these a.rgunient,s that, is a fuiict,ioii of the lpiigitucle of the 
place of ohsekvation or of preclickion. At i1i.y given instant, of time 

. t,he difference between the yalues of the.:liom iuigle T a t  two stations 
mill be eyud to tile cliffcw?ce.in 1,olngitfide of the stations. If, tliere- 
fore, the vdue of the argument8 (Tv,,+i/.) €or .any cmst,ituent a t  any 
given instant has been coniputecl for the 1nericli:ui of Greenwic.li, the 
eoi-rectioii to refer this argun:eiit for the s:i.iiie inst?nt *to a. place. in 
longitiicle Lo west of Greenwich will be - pL, the 'iiegn!ive syii being 
nec,essa.ry as tlie value of T clecreases as  the west longitude incresses. 

349. The instant of time ' to which eacli uf t1iC ta.hulw va.luc..s of 
talie Greenwich (ITo+ 7i)'s of table 15 refers is the 0 hour of tlie Green- 
wich iiiem civil time nt, the' beginning of a cdenclar year. In  talle, 
preclictioiis of the tides at any statioii it, is desirable to take as the 
initial epoch the. O hour of t,lie stmidarc1 or locd time customarily 
used a t  that stn.t.ion. If, therefore, the lougitutle of tlie time nierjcl- 
i m  used is So west of Gree:nwich, the initsid epoch of the predictions 
will usually be S/15 nie.aa solw hours h te r  than tlie instmt to which 
the ta.bular Greenwich (T'70+w)'s are referred 

350. In formulas (451) ancl (453') t.lie,symhol CL is the general desig- 
iiation of the speed of any coiistit,~ien't.;.t.lint is to say, i t  is the hourly 
ratc. of cliange, iii tslie arguiiieiit,. . Tlie c]ifferenc,e in tlie argument clue 
to a difference of S/l5 hodrs in the i n i t d  epoch is talierefore d'/15 
degrees. The totd c.orrec.tion to the tnbular Greenwich ( TTO+.il.) of 
any yew in orcler t.0 obtain t,lie locd (T70+w) for R place in longit,ucle 
Lo west at  an initid epoch of O hours of time niericliaii So west, iit the 
beginiiing of the same calenclar year is 



as. ' --pL; 
. 15 . .  (453 j 

The general espression for tlie angles of. (451) m d  (453) rnny now 

. (454) 

351. In order, to avoid the necessity. of applying the. corrections 
for. longitude mcl initial epoch to the Greenwich (I.T0+n)'s for each 

be 'written 
aS at+ (TrO+u) --K=at+Greenwich (I7,+?&) +%-pZ--r 

ear, these corrections may be applied once for all to the K'S. 

get 

', (455) 

(456) 

cis 
15 . 

Then (454) may.be written 

Thus, by applying the. corrections indicated in (455) to the K'S for 
any station, a modified set of epochs is obtained. These will remain 
the same year after year and perniit tlie direct use of the tabular 
Greenwich ('15+w)'s in determining the actual constituent phases a t  
the beginning of eacli calenchr' year. 

. .  - --2'L--K= -h.i 

at + ( 17,+ Trj -L  = at + Greenwich (V, +uj -d 

352. Let 
. Greeniicli (V~+TC)-,~'= a (457) 

then forniulas (451) and (453) may be written 

h = H o + C  f H  cos (&+a) (458) 
for height of tide at  any time, and 

(459) 
for times of higll and low waterg. Foimiula (455) niay be easily 
solved for any single vdue of t ,  hut for many vdues of t as are neces- 
sary in the predictions of tlie tides for a year at  any station the labor 
involved by n a  ordinary solution would be 'very great. Formula 
(459) c m  not, in general, .be solvecl by rigorous methods. The in- 
vention of ticle-preclicking nia.chines 1ia.s rendered the solution of both 
formulas a. comparatively simple matter. 

af H sin (d-l- a) =O 

I .  

TIDE-PREDICTING MACHINE 

353. The first, ticle-predicting niachine was designed by Sir. William 
Thonison (nfteiwarcls Lord Ihlvin) and was made hi 1873 under the 
Auspices of the British Association for the Advancenient of Science. 
This was an integrating nidiine designed to compute the height of 
the tide in w.c.orc1nnc.e wit,li foiiiiula (45s). It provicled for the suni- 
inntion of 10 of the principal constitueiJts, and the resultilig pre- 
clic.ted heiglits wwe registered' h;v' a. cutve automatically tritc.ecl by 
tlie machine.. This ninchiii;.." is-ckescrihed in partrt I .of ..Thornson and 
Tait's Natural Philosophy., eclitioii of 1879. Severd other tide-. 
predicting machines designed upon the s i~ i ie  general priiiciples but 
providing for an incressed number of constituents were af terwards 
construc.tecl. 
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354; Tlie first ticleqwedicting machine used in the United States was 
dcsigned by William Ferrel, of the U. S. Coast and Geodetic Survey. 
This machine, which wn.s completed in 1582, wn.s based upon modified 
fornidas and differed somewhat in design from any other machine 
that has ever been constructed. No curve was traced, but both the 
tinies and heights of the high and low waters were indicated directly 
by scales on the niac.hine. The inteiiiiediate heights of the tide could4 
be obtained only indirectly. A description of this machine is giveni 
in the report' of the Coast m d  Geodetic Survey for t.he ear 18S3. 

of the tide and the tinies of high and low waters as represented by: 
formulas (458) mid (459), respectively, was designed and constructed 
in the office of tlie Coast and Geodetic Survey. It was completed in  
1910: and is known as the United States Coast:aiid.Geodetic Survey . 
tidepreclicting machiiie No. 3.. The : machine :sunis simultaneously 
'the teriiis of *forniul.a.s' -(458j:.niid'. (459). ~id:registel..s,.successive heights 
of tlie tide by the movement of a pointer over a dial and also graphi- 
caaly by a curve automatically traced on a moving strip of paper- 
Tlie tinies of high mid low waters determined by tlie values of t which 
satisfy equation (459) are indicated both by an automatic. stopping 
of tlie machine and also by check marks on the gra.phic record. 
. ' 356. The general appearance of the machine is illustrated by figure 
21. I t  is about 11 feet long, 3 feet wide, and 6 feet high, and. weighs 
a.pprosimate1-j 3,500 pounds. The principal features are: First, the 
supporting framework; second, a system of gearing by niemis of which 
shafts representing .the different constituents we made to rotate with 
angular speeds .iroportiond to. t8he actual speeds' of the constituents;: . 
third; a 'systenx of cmnks: rind .sliding frames for pb taining harnionic 
niotion ; fourth, summation'chaiiis corinecting the. mdividual constibu- 
ent elements, by means of which tlie sums of the harmonic terms of 
formulas (45s) and (459) are transmitted to tvhe recording devices;. 
fifth, a system of dids and pointers for indicating in a convenient man- 
ner the hcight of the tide for successive instants of time and also the . 
time of the high and,low waters; sixth, a. tide curve or graphic represen- 
tation of the tide automatically constructed by the machine. The 
machine is designed to take aceount of tlie 37 constituents .listed in 
table 38, including 33 short-period nnd 5 long-period constituents. 

357. The heavy cast-iron base of the machinej .which includes the 
operator's cl,esk,,ha.s a.n estreme length of:11 feet and is 3 feet wide, 
This .forms n very substaiitial foundation for the superstructure, , 

increasing its stability and thereby diniinisliing errors that might 
result, from a lack of rigidity in the.fised parts. On the left side 05 
tlie desk is located tlie linnd crank for applying the power ( I ,  fig. 34), 
and under tlie desk are the primary g&ms for setting in motion the  
various parts of tlie mac.liine. The superstructure is in thee  sectionsi 
each consisting of pn.ralle1 litwd-rolled brass plates' held from G to 7 
inches ?.part by brass bolts. Between tliese plates are located the 
sliaft#s and gears tliat, govern tlie motion of the clifl'erent pwts of tlie 
nlacliine. 
' 358. The front section, or dig.1 case, rests upon the desk facing tlie 
operator and contains the apparatus for incli$abing and registexing 
the results obtained by the machine. The. middle section rests up0n.a; 
depression in ,the. base and contn.ins tlie mechanism for the harnionk 
motions for the principal coiistituents~Mn, $, I<,, 01, N2, and M,. . T h e  

355. The first machine made to compute simultmeous r y the height. 
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rew section’.contains -t,lie nieclimiisnr for -the. lmrnxonic -motions for 
the reniainiiig 3 1 constituents for which the machine protricles. 

_, . ,359;. The cxigular iiiotaions of the incliviclual constituents, as indic:i.tecl 
’.by tlie: quantity at in forinulas (45s) aiicl.(4591, are represent,ecl ia t.he 
nincl~nc by tlw rotittion of short horizontal shafts .liaviag&eir bear- 
ings. in the pai:zdlel~ p1n. t~~.  All of these co1istit;uent shafts. nre coli- 
.iiec.ted by n system of geixrhig with t,he liixnd c.rn.nk nt the left of the 
dial cn.se and also with the tiinelregistering dials, so that ~l-llen the 
machine is in operation the motion of each of tsliese shafts will be 
propor tioiial to the speed CL of the coi~espontling comtit~ieii t? an1d for 
any. interval of time or increment in t as inclicn.t,ecl by the tinie clinls 
the . aiiiount of mgulm inotion in any constituent shaft will equ21.1 
tlie increment in the prodnct n b  corresponding to that constituent. 
. 360. a Since the corresponcling ang1e.s in foimiilas (455) ancl (459) nre 

identicd for all values of t ,  the iiiotioii proviclecl by the gearing will be 
n.pplicn.blc alike to  the solution of bot,li fonnulas. The mechanism 
for the summation of the ternis of foiinulix (45s) is situnt.ed on the side 
of thc machine a t  talie left of the operator, ‘md for convenience tliis 

. side of..tlie machine. isdlgcl  the ‘.‘l!eight side” (fig. 21.), and.,t;he ~ l e c h -  
anisin for the summation of the teiiiis of formula (459) is on the riglit.- 
hand side of the inachiiie, which is clesignatecl a.s t.he “t.inie si&” 
(fig. 22). 
.. 361. In table 37 are given the details of tlie general gearing from the 

hand-operating crank to the main vertical sliaf ts, together with the 
details of all the gearing in the front section or dial case. It will l ~ e  
noted thatd S-6 (fig. 25) is tlie main vertic.al shaft of tlie dial case nrlcl 
is wxinectsed through tlie releasable gears to the hour liaii(1~ the 
minute .hi.nd, niid the d~xy did,  respectively. Tlie rcleasdile gears 

’ perini t the itdjustiiicrnt of these jnilicn.tors to any time clesirecl. ,After 
.rtn.original ailj.ustnient- is made so that tlie hour and minute linncl wiI1 
‘hac11 r e d  0 a t  the snnie instant that, t,lie day’elid indicates the begin- 
. nilig of a day, further adjustnimt will, in general, be unnecessai~, as 
. $he gearing itself will cnuse the inclicators t.0 niniiitain a consistent 

relat.ion tlirougliont the gear, and by use of the hand-operating cniiilc 
the. elltire system m:xy be niade to indicate any time: clesirecl. The 

‘period of tlic hour-hancl shaft is 24 dial hours, and tlie hand moves 
over a clinl graduated nccorclingly (3, fig. 33’). The iiiiiiute-ha.nil 
shaft, wit11 n period of 1 d i d  hour, moves over a dial graduated into 
SO niiiiutes (2, fig. 331. 
. . 362. The tlsp did,  wliic.li is about 10 inches in climieter, is grailua.t.cc1 
‘into 366 parts to represent, tlie 366 chys in a leap year. Tlie nmim of 
the lliontlis .and nunierds to  inclic.ate every fifth clay of encli iiioiith are 
inscri.becl 011 tlie face of the clid. This dial .is locntecl just b d <  of the 

. frollt plate or.fn;c.e-of .the niac~liine~, in w1iic.li.tlie.r~. isan Arc-shaped open- 
ing tlirougli which tlie gm.cluatio.ns representing n e d y  two liioiitlis 
are visible a t  aiiy one time (4 ,  fig. 23). Tlie progress of the clays tis the 
fiiachilic is operatecl is indicated by the rot:xtioii of this dial past, i ~ i i  
index 01‘ pointer just below the opening. (6: fig. 33). This poiiit.er is 
securecl to  a short shaft which csrries a t  its inner cnd a lever nimi wit.li 
a pill reachiag under the 1owe.r edge of t,he clay dial, against which it. is 
pressecl by R light spring. A portion of the edge of the din.1 equal to 
‘the angular. distance from Januaiy 1. to Februaiy 2s is of n slightly 
1i.rger rilclius, so that t,he pili pressing against it rises and throws the 
day pointer to the right one clay when this portion has passed-by. On 



Special Publication No. 9F 

FIGURE 21.-COAST AND GEODETIC SURVEY TIDE-PREDICTING MACHINE. 
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FIGURE 22.-TIDE-PREDICTIPdG MACHIIdE. TIME SIDE. 
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FIGURE 23.-TIDE-PREDICTING MACHIPJE. RECORDING DEVICES. 
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FIGURE 24.-TlDE-PREDICTING MACHINE. DRIVING GEARS. 



HARMONIC. ANALTSIS AND ’ PFUDILTION O F  TDES 129: 

the last clny of December this pointer will move back one clay to its 
original position. 
’ 363. On tlle saiiie center with the clay pointer there is n sliialler index 
(7,.fig. 33’) wlijch m:ty be turned either to the right t o w i d  n plate in- 
scribed “Coninion yew,” or to the left to L plate inscribed “Leap 
yeiir.?’ When this smn.ller. i d e s  is turned toward the right, the clay 
pointer is free to move in nccorclance with the c.hn.nge in radius of the 
edge of the did. If the smaller iiicles is tuwed towi.rcl tlle left., the 
clay pointer is loc,kecl .and must .holcl. a %sed position. throughout. the 
year. For the ijreiliction of the tides for two or more c.onimoii years 
in succession the day dial must, be set, forwa.rc1 one chy a t  the close of 
the .$car in orcler talia,t8 the days of the succ.eecling yew in,i:V be cor- . 
rec.t.ly registered. The day dial c ~ i i  be released for setting by the nut 
(5, fig. 23) inimecliately above the lwge clictl ring. A slower niove- 
inent of the clay clid is provided by a releasable gear on the vertica.1 
shn.ft ,993 (fig. 25). 

364. There are t h e e  innin vertical shafts S-13 (fig. 271, S-14 
(fig, %), and 8-16 (fig. 251, to which nre coiiiiectecl the gectring for the 
indiviclua~l constiti1ent.s. The period of rotation of each is 12 (lid 
hoiirs, :iml all niove clocliwise when viewed from h o v e  the machine. . 
The connections,. between tllese inaiii slmf ts and. thc individual. con- 
stitueiit, crankshifts are, in genernl, iiiacle .by two pnirs of. Ijevel’ge?~~ 
and a.n intermediate liorizontd slinf t, except that for the slow iiioving . 
coiistituentt3 Sa., SSR, Mm, k i f ,  mcl MSf, a worm screw and wlieel and 
si pair of spur gears we in each cme substitutecl for a pair of bevel. 
gears. In  enc.11 case the gear on the nisin vertical sha.ft is rehsable  
so th:i.t eac.11 crankshaft c m  be set independent81g. 

365. Main sliaft 19-13 in the middle sec.tjon of the machine drives 9 
indivihi.1 c.ranksha.fts represent,ing 15 constituents, 3 of thein bemg 
proviclccl with two crankshafts each. These G constituents nse kLj 
S?, ICl, N2, M,, and 01, the first three having. the double crankshafts., 
h h i n  shnft S-14. a t  the front of the renr section of the machine drives 
16 crn~nbshdts representing one constituent each. These n.re Me, 
MI<, Sr,  MN, I+, Ss, p2, and 3N in the upper range, and MS, NIs, IC?, 
2MK, LZ, h13, S M ,  and PI in t,he lower rcmge. Mnin shnft ~S-16.at 
the Bticlr of the rmw section drives 15 cr.akshafts. Tlie ‘constituents 
represented .two 00, A?, S,, MI, Jl, Min, and &a, in .the upper raiike; 
and ZQ, RZ, TZ, Q1, pl,  Mf, M Y f ,  aiicl Sa in the lower range. 
. 366. For each of the five long-period constituents niotioii is com- 
niunikihxl ,from the interni~diate shaft by a worm’ screw .and wlied 
to n, snia.11 shaft on which is riiounterl n sliding spur gear. The latter 
engages a spur gew on the c.rankshaft, but iiiay be easily cliscon-. 
nected by clrawing out a pin on the tiiiie side of the machine,. thus. 
perniitbing the cmnkshnfft t,o be turiiecl freely when setking the 
nia.c.hine. 

367. Gear spzcds.-Tlie rchtive angu1:i.r nio t>ion. of e2.c.h constituent 
c.rii.nlrs11 aft must corresponil as nearly ns possible to the theoreticid 
speed of the constitucnt represented. Tlie period of rotation of each 
of t,he three innin verticnl s h f t s  being 18 did hours, t>lie angu1a.r 
motion of cnch of these shafts is 30’ per d id  hour. Tnlde 38 con- 
tains the cletails of the gewing from the nin.in vert~icnd shafts to the 
individual cri~nkshn.fts., the number of teeth in the different gears , 

for ench constituent being given in columns I, 11,111, a.nd IV. In clesign- 
ing.t.lie precLic.tiiig nia,chine it wns necessary to find sucJi values for these 
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columns ns woudcl give gear speeds approsinmting as c.lose1-y n.8 possible 
with the theoreticd speeds of the constituents. By conipaxing the 
gem speeds, as o.btaiiled with. the correspoiicling t81ieoretical specds it 
will be noted that the .a uniu1at;eil errors .of t h e  .gea.rs. .for an., entire 
dial yew for all the constituents are negligi.ble in. the preclictioii of 
$he tides. 

368.. Releasable genre.-Releasable gen.is (53, fig. 27) on the niniii ver- 
tical shafts periiii t the independen t adjustment of the time indicators 
.and individual. crankshafts. The details of these: gmrs are illustrated 
i n  figure 30. A collar C', with a thread at  its upper end and a flange 
:at tlle bottom, is f&ened to the shaft by inczms of three steel screws. 
The gear wheel A fits closely upon this collar nncl rcsts upon the flnnge. 
It 'has sunk into its upper surface n recess a, whic.li is fillcd by the 
flaiige,of collar B. When in place, the lntter is prevent.ec1 from turnirig 
:by.a.sniall steel screw red i ing  into n.verticn1 groove c in tlie collar C. 
:The lower surfrtce of col1a.r B is.slighbly dished, .and the collar is split 
%\*ice nt right angles nearly- to t,he top.'. When bhe milled nut D is 
screwed clown with a small pin wrench, t,be eclgc of the collar B is 
;pressed against the edge of tlie recess cc with such force ns to make 
dipping practically. inipossil>le. When the nut is loosened, the gem 
ma.y be tuwnecl independently of the. main driving shn.ft. A sma.11 
-wrench (56, fig. 38) is used for setting these gems. Each of tlie three 
,:main driving shafts is provided with a clamp (55, fig. 3) to secure the , 

.shaft from turning when the nut of the releasable gear is being loosenccl 
,or tiglitened. 

369. Cwrstitucn,t cmn.ks.-Secured to the ends of thc constituent 
.crank shafts, which projects through the brass plates 011 both sides of 
the machine, are brass cranks (40, fig. 35) w1iic.h are provided for the 
constituent nniplitucles. Tliose on tlie left or height side of the 
machine are desigiintecl as the constituenta height criiliks a.nd are 
.used for the coefficients of, tlie cosine teiins of fonnuln (P5S), and 
.tliosr .on the right or time side of the milchine are designated as the 
c6nstitneiit time crnnks nnd'are uscd for the .c,o&icieilts of the sine 
terms of forniula (459). The tsinic c.rnnk on enc,li c.oustitueiit crank 
shaft. is attached 90' in advrtlice (in the clirec.tion of rotation) of the 
height c.raiik on the same shaft. For tlie constitucnts Sa. and Ssa no 
time cranks are provided, as tlie coefficients of the sine terms corres- 
poiicling to these constituents. are too sninll to be talreii iiito wmunt.  
The direction of rotation of ench constituent crhnk shaft with its con- 
stituent cranks is clockwise when viewed Iron t,he time side of the 
niachine and countercloclake when viewccl froni the hciglit side. 
The details of a c.onstituent crmk n.re sliown in figure 31. The 
pointer u. is rigidly attached to tlie crank as an i d e s  for readiiig its 
position on a dial. In ewli c r d ~  there is a longitiitliiid groove b 
with flaages in whidi n. crank pin d niny be cla.mped in any desired 
position. The cra.nk pin hns a snidl rectangulnr block ns ;I hsse 
whicli is designed .to fit talle groove. in tslie crank, and. .through the 
center of the crauk pin there is n threncled hole for 'the c1n.m~~ screw.f. 
Attached to the under side of the crank-pin block is a small spring 
c that presses the block out,ward against tlic fla.ngrs of the groove, 
keeping it from slipping out of place when uiiclaniped and itt .the 

. 5ame time perniitting it t.0 be inovecl along the groore when setking 
the inadiine. The c.ra.nl\: pin may be secqrely fastened in any !e- 
sired position by tightening up on the c l ~ i i p  screw! whicli, pressllig 

.. 

.. 
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FIGURE 26.-TIDE-PREDICTING MACHIPIE. D I A L  CASE FROM TIME SIDE. 
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FIGURE 27.-TIDE-PREDICTING MACHINE. VERTICAL DRIVING SHAFT OF 
MIDDLE SECTION. 
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FIGURE 28.--TIDE-PREDICTlI-JG MACHINE. FORWARD DRIVING SHAFT OF 
REAR SECTION. 
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FIG U RE 29 .--TI DE- PRED l CTl NG M ACH I NE. REAR END. 
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FIGURE 30.--TIDE-PREDICTIFIG MACHINE. DETAILS OF RELEASABLE GEAR. 

FIGURE ~ ~ . - T I D E - P R E D ~ c T ~ N G  MACHINE, DETAILS OF CONSTITUENT CRANK. 



HARMONIC AX+LSSI+' A 3 3  PREDICTIOB OF TIDES . 131 
against the small spring. at '  the back, forbes the crank-pili block 
outward against the flanges of tlie groove wit.11 sufficient, pressure 
to prevent any slipping. A niilled liead wrench B is used for tighten- 
ing the clamp screw. A siii?ll recta,ngular block t: of harclened steel 
is fitted to tlim freely.upon the finely polisli&rl d e  of the crciik pin. 
This..block is clesignecl to fit into and slide along t,lie slot of the con- 
s tit y cn t f ranie . 

370. Posithe and ncgati,ia cZiwctio.n..-All the coiistituelit cra.nk shafts 
niicl cranks may be grouped into two ranges-tliose above the liiedial 
horizontd plane of tlie framework being in tvlie upper range and those 
below this planc in tlie lower range. 111 the following discussion 
dircc.tion toward this ineclial plane is to be coiisiclerecl 2 % ~  negative 
'and direction away from the plane as positive; that is to say, for all 
constituents in the upper range tlie positive clireckion will be .upward 
m-d the negative direction downwnrd, while for the constituents in the 
lower range the positive direction will be clownward and the negative 
direction upward. 

371. C!on.stiduen.t dink.-To indicate the angular positions of the 
constitueilt crank, sliflfts,, tlie .pointel:. (c., fig. 31) nioves around a dial 
.(.GI, fig. 35) which is gratluated.lin degrees. These clids a.re fastened 
to the frame of the machine back of the 'constituent crniiks on both 
sides of the machine, those on the time side heing graduatecl clockwise 
and those on the lieiglit side c.ouiitercloc.kniise. These clials nncl 
pointers are so arranged that the angulnr positio!i of a constituent 
crank shaft at  any time will be the same whether read from the dial 
on the height8 side or from the dial on the time side of the machine, 
.and a t  the zero reading for any q-nw,tituent tlie height crank will be 
in a positive vertical position and the corresponding time crank in a 
horizontal position. At, a reading of 9O0 the height crmk will be 
horizontal and the time crank in a. negative vertical position. 

372. With the .face of the machine registering the initiic~l epoch, such 
ns January 1, 0 hour, of any yew, thc vdue of f then being taken as 
zero, ewli constituent crank shaft, ma.y be set, by inems of its relcss- 
,?ble gear; so. that the did reacliiigs-will be equal to the a of the coslre: 
sponding constituent as represented in formulits (45sj and (459). If 
the iiiachine is then put, in operation, tlie did readings mill, for succes- 
sive values of t ,  continuously correspond to the angle (afi-a> of the 
formulas, as tlie gearing already clescribed mil l  provide for the 
increment at. 

373. C'oirstitwnt slicling jmines.-For each constituent crank there 
is a light steel frame (4.9, fig: 2.5) fitted to slide verticiilly in grooves in 
a pair of angle ieces nttac.liec1 to tlie side plates of the machine. At 

slides. As the machine is operated the rotation of the crank shafts 
with their cranks cause each crank pin to move in the circumference 
of a c.ircle, the radius of whidi clepends upon the setting of the pin on 
the crank. This motion of the pin, acting in. the horizontal slot of 
the sliding .frn.nie, iinpwts a verticd harmonic motion to that frame. 
The frame is in its zero position when the center horizontal line of the 
slot intersects t8he asis of the crank shxft. Positive niotioii is the 
direction away .from the nleclial horizon tal plaile of the madiine m c l  
negative motion is toward the mcdial plane. ' The clisplncenient of 
each constituent height frame from its zero position will always 'equal 
the product of the amplitude sett,ing of t$e crank pin by tlie cosine 

' 

talle top of the P ranie there is a liorixontal slot in which the crank pin 
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of tlie constituent dial reading, and the clisplacenieii t of each consti- 
tuent time frame will adways equal the proc1uc.t of tlie aiiiplitucle 
setting by minus the sine of the con~t~ituent clial rescling. 

374. Comtitt~mf. puZ1cys.-Each c.onstitue.iit franie is connected with 
R small movable pulley (43, fig. 35). For d l  constit,nents except 
&I2, S,, N2, ICl, O,, 6ncl Sa on the height side mid &I2, S2, N2, aiicl M, 
on the time side this connection is by :I single steel strip, so tilint the 
pulley has the same vertical nio tion as the corresponding frame. 

375. Doubling gecl.rs.-Becsuse of the very hrge aniplitudes of some 
of the constituents two met-liocls were used in order to kcep the lengths 
of tlie cranks within practical limits. For M,, S?, aiid ICl two sets of 
shafts and cranks were provided, so that tlie aniplitudes of these 
constituents 'may be divided when iiec.essnr-y and a portion set on 
each. A fui?lier reduction in the length of the cranks for these and 
the, otlier large constituents is acconiplishecl by the use of doubling 
gears between the sliding frame mcl iiiovable pulley. Two spur 
gears with the ratio of 1:2 (48, fig. 25) we arranged to turn together 
on the same asis.. The snialler gear engages :I. rnck (4G) attached to the 
slicliiig franie and t,he lwger gear engages a rack (47) attached to the 
constrituent pulley. Each rac.1~ is held against its gem by a flange 
roller (491, rind counterpoise weiglits are provided to take up the 
b~cklash in the gears. Through the .action,. of these cloubling gears 
any iiiotion in the sliding frame; c.auslis:'h nmtion 'twice as great in the .. 
constituent pulley. Doubling gen.rs are proviclecl on the height side of 
t.he machine for constituents A t 2 ,  S2, N?, ICl, O,, m c l  Sn and on the 
time side Ior c.onstituents M2, S,, N,, and M,. 

stituent amplitudes me nttsclied to tlie franie of tlie machine and are, 
in general, graclua,tecl into units and tent;hs (44, fig. 35). The scsles 
are arranged to r e d  in a negative direction; that is, downward for 
the constituents of the upper range and upward for the constituents 
in the lower range. On A small ncljustdde plate (45)  attached to 
each constituent pulley there is an iiicles line which is set to read zero 
on tShe scale when the sliding frame is in its zero position. For 
setting the crank pins for the constituent aniplitucles the cranks to 
be set are first turned to a negative vertical position. For the cranks 
on the height side of t-he machine this position corresponds t.0 a dial 
reading of B O o  and for the c r d i s  on tlie time sick to a rending of 90'. 

377. The scales on the height, side of tlie machine, which are used in 
setting the coefficients of formula. (+E&:), are gritd!iated uniformly oner 
half inch to the unit. On the time side of tlie machine the scales are 
iiiodifierl in order to autonlntic,idly trike awount of t-lie nililitioiial 
factor involving tlie' speed of tlie constituent which appears in each of 
the coefficients of formula (459). Dividing the members of t,liis fdr- 
niula by m., tlie speed of coiist~it;ueiit &I2, it  becomes 

376. Scales for mwpbitwh se'ttiirys.-Tlie scales for. setting the con- . 

The modified scales arc grn.clunted 0.5 a / m  inch to the unit. The use 
of tlie inoilified scales on the time side of the iiinchiiie peiiiiits both 
tlie height. aiid time c.rn.nk for any c,onstitue.nt to be. se.t in accord witli 
the factor .fH which is coninion to the coefficients of both formulas 
(458) and (459). There are also providecl for special use on the time 
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sicle of the machine unmodified sccdes grn,duated uniformly to r e d  in 
a positive direction. 

378. Szi:in.nmti.on chcliii.s.-The summations of the several cosine 
terms in foiiiiulit (45s) mid of tlie several sine teiiiis in foiiiiula (459) 
we carried on simultn.iieously by two chains, one (97, fig. 25) on tho 
height side and the d i e r  (as, fig. 30) on the time side of the mac,hine. 
The chains n.re of the chronome.tei' fuse typc, of tmiperecl steel, and 
have 125 links per foot. Tlie t o t d  length of the height chain is 37.6 
feet and of talle time chain 30.6 feet. A platinum point, is attachecl 
to one of the links of the time chain 3.5 feet from its free end for an 
index. 

379. Each of these dinins is fastened a t  one end neetr the back part 
of the machine by e t  pair of adjusting screws (53, fig. 29, ancl54, fig. 32). 
From these itdj ustiiig screws each chain p,ssses alteriintely downward, 
uiicler a constituent pulley of the lower range and upward over a coli- . 
stituent puillep of the upper range. spmning the space between the 
rear and middle section of tlie machine by two idler pulleys and con- 
tinuilng until. every constituent ,pulley ,011 eac.11 side of the machine is 
inclucled in tshe system. 'Tlie. , i i~ov~ble.i)~il le~s are so arranged that 
talie direction of the chain in passing from one to another is always 
vertical and parallel to tlie direction of the motion of tlie sliding frames. 

380. Su.mnicc.ti.i.on wheels.-The free or movable end of each of the 
chains is attachecl to a tlirendecl grooved w1ie.el (29, SO, fig( 25), 12 
inclies in circumf ereiice mcl threaded to hold more than sevbii turns 
of the chain, or about 00 inclies in all. These are cctlleil t,lle height and 
time summation wheels. Each is mounted on a sh?ft that, Sclniits a 
sniall lateral motion, and by iiieniis of a fisecl tooth attn.clied to tlie 
framework of the ma.chine and reacliiiig into the tlireacls of a screw 
fnstenecl to the sha.ft tshe latter wlien rotating is forced iiito a screw 
niotion with a. pitch equal to Iliat of tlle thread groove of t.lie summa- 
ticin wheel; so that the path of the c h i n  as it is wound or unwound 
from the suninintion wheel remains unchanged. 

' 381. .The height :summadi'oii Wlibel '(29, .fig. 35) is located near the 
front edge of the niicldle section of the mncliine, where i t  receives the 
height summation chain direct~ly from the nearest constituent pul- 
ley. The time suninintion pulley (30) is located insicle the dial case 
11e.a.r the lower left side, nncl three fisecl pulleys nr& used to cariy the 
tinie chain from the end constituent pulley to the summation wheel. 
Countrerpoise weights are connected wi tli the shafts containing t,lie 
sumination wheels in order to keep tlie summation clila.ins taut. 

382. When all of t3he slicling frames on either side of the machine 
fire: in tlieir zero posit,ions, the correspoiicling summation wheel is 
a.pprosimate1y half filled by turns of the summation chain. Any 
motion of a sliding frame in x positive clirectioii will tend to unwind 
the chain from the wheel, and any motion in t,lie negative direction 
will tend to slacken tlie chain so that i t  will he wound up by the 
counterpoise weight. With se.verad of the sliding frames on eit>lier 
side of the iliachine moving simultaneously, the resultant motion, 
which is tlie algebraic, suni of all, will be...cornni.unicfl.ted to .t,lie sum- 
mation wheel. ' .The motion. of. .the,.&cling fra1n.e being transmitted 
to the chain through a movable pulley, the.niot.ion of the free end of 
the chain niust be twice as great, as that in the pulley. Tlie scale of 
t,lie pulley motion is onerha.lf inch to the unit of rtrnplitucle, and tliere- 
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fore tlie scale of tlic c1iain motion is 1 ini..li to t-lie mit ,  ani1 one coni: 
plete rotation of the sniiiination wheel represents a change of 12 units 
of aniplitucle. 

383. The zero position of t.he height sumination wheel is indic.ated by 
the conjunction of an incles line (50, fig. 35) on the arm attached to 
the wheel mid an i d e s  line (SI,. fig. 35) on a bracket attached to the 
frmieworlc of the mac.liine just below the sunimation wheel, the 
wheel itself being approsimatdy one-half filled with the summation 
chain. The le.iigth of the. c.hain is adjusted so that the summation 
wheel will be in its zero posit,ioii when J 1  the sliding frmies on the. 
height side of machine are in their zero .positions. 1:t 'will be noted. 
that the conjunckioii of the index lines will not alone deterinine the 
zero pc!sit,ion of tlie wheel, since such conjunctions will occur at eac.11 
turn of the wheel, while there is only one zero position, which is t,liat 
taken when the constituent frames are set at  zero. 

384: The zero position of the time suninintion wheel is indic.atec1 by 
the conjunction o f ' m  index point (11, fig. 23) attached to the time 
summation chain and a fixed index (12, fig. 23) in the middle of the 
horizontal opening near the bottom of the dial case, mid tlie length of 
tvhe. time summation chain is so adjusted that this c.onjunctioii will 
occur when all sliding franies on t,lie' time side of nischine me' in their 
zero positions. 

,385. Predicted h.eights of the tde.-When tlie machine is in operation, 
tshe s u m  of all the cosine ternis of formula (455) inc.luded in the settings 
for a station will be trmismittecl through the height suninintion wheel 
to the face of the mn.chine itiicl there indicated in two ways-first by 
a pointer moving over a circular height scale (S, fig. 23) and second 
by the ordinat,es of a tide curve that is autoniatically traced on a 
roll of paper (15, fig. 33). The motion of t#he height summation wheel 
is transmitted by a gear ratio of 30: 100 to a horizontal shaft which" 
is located just back of t#he dial case. One complete rotation of this 
shaft represents 40 units in the height of !lie tide. From this shaft 
tlie motion is carried by two separate systems of gearing to the height 
pointer on the face of tlie mac.liine and to the pen that traces the 
tide curve. 

386. Height scdc.-The height pointer is gen.red to make one com- 
plete revolution for n change of 40 units in the height of the tide. A 
height scale, with its circumfere.nce divicle.d into 40 equal parts and 
each of these unit parts subdivided into tenths, prqvides for the direct 
registering of the suni of. the c.osine- te.ms. of formulit (458) as coni- 
mumicated t,hrough the sumnation wheel. This scale has its zero 
gaduakion a t  t8he top mcl is graduated positively to the right and 
negatively to the left. The height pointer can easily be adjusted to 
.my position by nie.ms of a sniall milled nut (IO, fig. 23) at the end of. 
its shaft. If it, should be desired to refer4he predicted heights to mean 
sea level, this pointer must be adjusted to read zero a t  the smiie time 
t,hat the suninintion wheel is in its zero position; but if it is desired 
to refer to some other da.tum, the pointer will be adjusted according 
t,o the elevation of mean sea level above this datum. For the value 
of h, in formula (45s) t,he pointer will be. adjusted to R reading corre- 
sponding to the adopted d u e  of I$, at the time the summation 
wheel is in its zero position, then this vadne of H ,  will be autoinstically 
iiicluded with t>lie suni of the cosine terms of that forniula. As f,he 
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ma.cliine is operat,ecl the height pointer will indicate the predicted' 
height of t,he tdde corresponding to the time shown on the. time dials. 

387. In order to iiicrea.se the working scale of the ina.chine when pre-' 
clicting ticles with smaller ranges, two addi t,ional circular lieigli t scales 
are proviclecl, one with the circle cliviclecl into 30 units and the other 
into 10 units, with the units subdivided into tenths. These scdes, 
may be easily removed or replaced on tslie niachine, the scde in use 
being sec,urecl in place by a small button at  bhe top (9, fig. 23). The 
20-unit scale may be conveniently used when the. estrenie range of 
the preclictm-1 tide at. any place is between 10 and 20 feet, and the 
IO-unit sc:i.le when the estrenie range is less than 10 feet. If t,he 20- 
unit, sc.n.le is t.0 be used, t,be value of each coefficient of both the cosine 
and tlie sine terms must be doubled before setting tlie component' 
c.rmks, and if the 1O-unit sc.de is used these original c.oefficients must 
first be multiplied by 4 before setting t,lie values in the machine. If 
the estreine tide is less than 4 feet, the 40;unit dial may be readily 
used as a 4-unit sc.nle by c.onsidering the original unit gmdutxtions as 
tenths of unit8s in the 1a.rger scale. In  this cn.se tlie coefficients of the 
cosine and sine t,crins of the foimulit must be multiplied by 10 before 
entering in the niachine. The factor used for multiplying the c o d -  
c.ieiits to aclnpt them to the different height scdes is called the work+. 
ing scale of t,he machine. Working scales of 1,.3, 4: mid 10 are iiow 
in geiieral use to take account of the different ranges of tide a t  the 
places for which predictions are made. 

388. Predicted t h e s  O J  the ~l:!la.-SimultRneouvly with the summation 
of the cosine terms of fornlulcx (45s) on the height, side of the machiue, 
the sunimnt.ion of t.he sine terms of formula. (460), which was derived 
from formula (459), is being effected on the time side. Being con- 
cernecl only with the tinie a t  whic.li the sum of the sine ternis is zero, 
no provision is made for registering the suni escept a t  this time, 
which is iiidicatecl on t.he machine by the conjuiictioii of the i d e s  
point on tlie time chain and t,he fisecl platinum incles in the dial case. 
New the tirnc of ti high water tlie i d e s  on t,he ch i l i  moves from right; 
to left mid nenr the time of a low \\rater from left to right. The coli- 
junction of the inovable and fisecl iiicles is visible to the operator of 
the mac.hine. m d  he miy note the corresponding did readings for tlie 
time nncl height of t.lie high or low water. 

389. du.2omatic stoppin,g c%rodce.-This device provides for auto- 
instically stopping the niaclCne at  each high and low water. Secured 
to the lia,iicl-crmk shaft is a ratchet wheel a.acl just above tlie ratchet 
wheel is a sted pawl (65, fig. 24) operated by an electronmgnrt (96) 
mounbeil under t,he clesk top. The electmric circuit, for the electromag- 
net is closccl by a. contact spring thnb rests upon a lirtrd-rubber c.yliiicler 
(31, fig. 35) on the rear end of tlie shaft on which the time summation 
wheel is nioiui tecl. A snitdl platinum plug in this rubber cylbider 
conies in contact. with the spring, which is fitted with a fine motion: 
ncljustment,. when the time summation c.ha.in registers zero. This. 
c.loses tho circait and clraws the pmvl agains t the ratchet wheel, 
bhercby autoniaticn~ly stopping the macline. The lateral screw 
motion of tlie shaft on which the .rubber cylinder is niouiitecl prevents 
t,he pla,tinuni plug from coming in contact with tlie spring on 
revolution other than t.he one which brings the time chain to its zero 
position. The- c.irc,uit is led through an insulated rhg on the hub 
of the hand crnnk where a contact is kept closed by a spring. After 



the operittor has. noted the tinie and height rea~:linga of the high or 
low water he may easily l?renl\- t,he circuit a.t the cranlr liub by a slight 
inward pressure against the c.ran k hnnclle, thus rclensing the m i i t i -  
t.ure sncl pawl .and permitting. t,li.e. machine ..to ..be ttirnecl ,fortvn.ril to 
the nest.stop. By nieitiis of a smdl switdi (23, fig.'%) just brlow the 
crank the circuit niay be hclcl open to prevent the n.utonicat4ic. device 
from operating wlieii so desired. 

ing in the desk frame! there is n small ratchet wheel and above this 
tliere is a pawl (24, fig. 34) t1in.t is lifted m a y  from tlic wheel by frict,ion 
springs when tlie machine is being tariicd forwnrcl but mliicli IS 
instantly tlnown. into engageiiicnt when the crc~nk is acciden tally 
t.urned 1jn.cliwa.rcl. By pushing in one of the small lmttons (22, fig. 24) 
just above the cranli the pawl is locliecl so that it c.nnnot- cngage t,he 
ratchet, thus perinitking the machine to be turned bi~ck~varcl when 

. . .  . .' 39 1. Tide c i i , ~ w . -  .The tide c.urve. which. grn.pliion.1ly represents the 
rise and fall of the predicted tide is :ii.itoniiitaic.dly kacecl On n roll of 
paper by the niac.liine nt the smie t h e  that, tlis results are being 
indicated on the diids. The c m w  is the resultniit of a horizon h l  
movement of tlie paper? corresponding to t,he pn.ssiiig of tinic, wiicl a 
verticd niovenient8 of a fountain pen (13, fig. 33), corresponding to t,he 
rise and fd l  of tlie tide. Tlie paper is 6 inches wide with about 380 
feet, to the roll, which is sufficient to include a little iiiore t.1i.m n full 
year of record of the. predic.ted tides n.t a station. The paper slioulcl 
be about 0.0034 inch tliick in order that t.he coliipleCc roll ma.y bc of 
R suitable sim for us& in the nin.c.hinc. 
. 392. Within thc clid cnsc, near the upper right-hand coiner, is L 

inmdrel (33, fig.. 25.)!~jdkli C A I ~  he. quidily removed and rcplacd. I t  
is clesignecl to hold the blank roll of paper,. the latter being wouncl-upon 
L wo0cl;e.n c9r.e especidlij cle.signed Lo fit on. the mnncll:el-. At the 
boX.ton1. of the. nmnchel is. i ~ n  nc1j:ustable friction ilcvice to provide 

. tension on the .pq)er. . .From the blnnlc roll tlie paper is led: o v ~ r  mi 
idler- roller-. (34, fig. %), mounted in the front plate o€ the dial ciase, 
t.1ie.n across the face of. the nia.cliine for a clistnnce of about 13 inches 
to a.feecl roller (35, fig. 251, then over the feecl roller to tbe recciving 
roller (36, fig. 35), upon which i t  is wouncl. 

393. Tlie feed roller governs the motion of the paper across the fn.ce 
of tlie machine and is provided near en.ch end with 13 fine needle point.s 
to prevent the paper honi slipping. The feed roller is c.ontrollecl 
by the main vertical shaft of tlie d id  case. through getwing of such 
ratio that the feed roller will turn at, the sanie rate as the . inn.in 
vertical s1in.ft; tlint is to say, one complete turn of the feed roller 
will represent 13 clid hours in time. The feed roller being 6 inches 
in circmiiference the piper will be moved forwmd net  tlm rntc of 

: one-half inch .:to t,he d i d  hour. A ratchet and pawl (37, fig. 25) me. 
. so ,,pla.ced as to lenvq tlie',l?aper a t  rest wli.ei~ the niac.liine is. tm'necl. 
baclward. If desired, 'the paper f e d  .can be tlirown out of .action 
altogetlicr by turning a snidl iiiillecl head on the ra.tc1iet gear. 

394. TCJ provide for t,lie winding up of tdlie paper 6n the receiving 
roller there is a. sprocket wheel (38, fig. 35) lielcl by ncljiist,zble frickion 
to the upper .elid of the feed roller. Fittecl to t,he top of the receiving 
roller is a siiidler sprocket which is driven by a c.linin -from the feecl- 

. roller sprocket. The rntio of the sprockets is such as to force the 

.. 

390. N o ? 1 : ~ ~ l ~ ~ ~ ~ i ~ ~ ~ ~  .rm/chd.--ZTpo1i the cr:l.~il< s1in.f t ,  c.losi.. to the I>ea.i- 

' desired. Pressure on .another butt-on. releases ..the ..pawl. 



HARMONIC ANALSSISI AND PRED'ICYMON OF TIDES 137 

receiving roller to wind up all the paper cleliverecl by the feed roller,. 
the beiisioii on the pape.r being kept uiiiforiii bv t>lie friction device. 
To remove a completed roll of Fecord the sniafler sprocket is lifted 
from the receiving roller and a pin (39, fig. 2.5) a t  the back of the dial 
case is clrawn out, releasing the upper bearing. braFlcet. The bracket 
cnii then be raised and the receiviiig roller wlth its rec.ord removed. 
A similar br:d<et secmecl by n pin is provided for the reinoval of the 
nianilrel 011 wliich t.he blank roll of paper is pln.cec1. 

395. itJmt*igmm. gems.--The pen t,liat traces the tide curve ismounted 
in a cwriage which is arr:tllgecl to. slide vertdc.:dly on a paif of guiclin 
rods .and is coiitsolled from a horizontal shaft a t  the back -of thedi 9 
c.nse. On this shaft there is inount~ecl a set of three sl.iding change 
gems (18, fig. 26) , 'w.liich are desigiiecl to mesh, respecti.vely, with 
three fixed gems iilouiitd 611 n s1in;f-t just :&ow. .By sliding the 
chimge gews in d i f l ~ ~ e i i t  positioiis any one of them ipay be brouglit 
into niesli with its' correspi;iidiiig fised gen.r. These: gears provide 
for ratios of 1 : 1, 2 : '1; and 3 : 3, according to whether the iniieimiost, 
the middle, or the outer gears are in mesh. At the outer end of the 
shn.ft con taioing the fixed gems is B threacl-grooved wheel 4 iiiches 
in circumference (19, fi . 3G), to which is attached one em1 of the 

wheel and froiii it passes through the dial case to tlie front of the 
machine, then upward over .z pulley near tlie top to B coiinterpoise 
weight within the din1 case. Tlie pen carriage is secured to tliis chain 
by iiieaiis of a clnnip ttntl can be adjusted tro my ilesirecl position. 

396. Scale o j  tide c.uroe.-VVitli n working scale of uiiitay, the rotation 
of the height suiiiniation whccl, as transmitted through marigraiii 
gear. ratio of 1 : 1. to. t,lie cuke-line pcn, will.iiiove the 1gtter.verticdly 
0.1 inch for each uiiit change in the sum of talie .li'nimbnic ternis and 
t.liis niny be taken as t,he basic or natural scale of the graphic record. 
This scale may be enlargecl by the factor 3/2 or 2 tSlirough the use of 
one of the ot,lier gear ratios slid may he further modified to any 
clesiracl extent by the hitrocluction of an arbitrary working scale 
factor. Letting c7 equal the marigrani gert.r ratio (1, ,312, .or 2) and 
5' equd the working scale factor applied to tlie amplitude settings, 
the vertical .scale of tlie grsphic record nia.y be espressecl .as follows: 
1 kith of -gra.ph :represea ts 1.O/.cf;S-uiii.ts .of suniiast.tion . (46.1) 
1 suiilmation uliit is represented by GS/lO .inch& in gntph (4G2) 
The scale ratio of the graph will differ with different units used in 
the predic t,ions. Thus 

pen-carriage c h i n  ($0, a g. 26j. Tlie chain is pa.rtly wouncl upon the 

Graph scale (a.mplitude settings in feet) = GS/130 (463) 
Critph scde (amplitucle settings in meters) = G5'/393.7 
G.rapli scale (amplitude settings in decimeters) = cfS/39.37 

(464) 
(465) 

397. In  selec.ting the msrigrmi gear ratio and scale factor for. t-he 
predictions 3t any staticln, it! is t.hu ge~it!rttl a.im to secure as large. a 
sc.:tle n.s possible wliilc keeping tlie gra.ph within the limits of the paper. 
Soiiie cons~icleraticm milst. be given dso to the limits of the height 
cliaa scde niid in soiiie inst,znces t.6 the. niec.li.anicn.1 liniits of the indi- 
viduitl n.niplitude settings. The nia,rigrmi gear ratio aff e& tlie 
graph oiily but the scale. fnc.tor nPiecti also the :Liiiplitucle settings and 
the height d id  readings. The extreme aniplitucle of the graphis. 
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. record is limited by the width of the paper wliidi esteiicls 3 inchcs on 
either side of the nieclial line', but for nicc1innic.d reasons it is desirable 

. in general to keep the record witaliin a, band 2;i inclies on either 

.'si& of tlie medid line. The following table suggests suitable scde, 
. dial, and gear conibinn.tions for .different tidal. rnnges nnd clifferent 
. current velocities. The tabular innrigrani scales n.re n.pplicable only 
when tlie foot or knot has been used as  the unit, for niacliiiie sc.tiings. 
The niarigra.ni anlplitucle limits given in the lmt  c.olunin are expressed 
in tlie smie unit that is used .in setting tlie niacliine regnrclless of what 
unit tdiat mn.y hn.ve been. 

Working scale, height dial, marigran, gear, and scale 

rids1 range 
liniits 

Fcrr 
0.0- 2.5. 
2.5 3. 5 
3. fi- 4.0 

4 1- 6.0 
6.1- 8.0 
s. 1-10.0 

10.1-12.5 
12. 6-16. 5 
16.6-?O. 0 

30.1-2.5.0 
251-32.5 
32. G- 

-- 

Current 
velocity 
limits 

Knots 
0.0- 1.0 
1.1- 1.5 
1.6- 2.0 

2.1- 3.0 
3.1- 4.0 
1.1- 5.0 

5.1- 6.0 
6.1- 8.0 
8. 1-10.0 

10.1-12.5 
1?.6-10.0 
16.1- 

- - 
Borking 
scale 
factor 

10 10 

10 

4 
4 
4 

2 
2 
2 

1 
1 
1 

- - 

Heirht 
dial 

L- 

4 
4 
4 

10 
10 
1u 

3 
L5J 
20 

40 
40 
40 

-- 

Mari- 
gram 
gear 

-- 

?:I 
3:2 
1:1 

-.l 
3:9 
1:1 

?:l 
3:? 
1:1 

?:1 
3:? 
1: l  

' 0 .  

Marigram scale 

kttings 
in feet - 
Ralio 
1: 6 
1: s 
1:12 

l:lB 
1:?0 
1:30 

1:30 
1:40 
1:60 

1:60 
1:80 
1: 120 

-_. 

Settings 
in knots 

Iiflols 
pfr inrh 

0.50 
0.6i 
1.00 

1.25 
1.6i 
2 . 3  

' 2.50 
3. BY 
5.00 

5.00 
li. 6; 
10. 0u 

.- 

__ 
Mari- 
gram 

ampli- 
t.ode 
limit 

-- 

[;nit* 
1.5 

' 2.0 
3.0 

3.7 
3.0 
7. 5 

i. 5 
10.0 
15.0 

15.0 
20.0 
:w. o 

. 

',scale factor S with gear ratio 3:2, 0: scale fartor 6 with gear ratio 2:l. 

When height dial readings are not required. and aniplitude settings arc in feet. a convenient graph scale 
of 1: M.csn.be obtained liy wing any oue of the fo!lowing combinations: scale factor l? with Fear ratin !:I, 

398. W h i  the tide-predicting ma.c.hine is used for the prediction 
. of: the t,ide-produc.ing force, the graph sccde to be adopted will depend 
. upon the. unit in whic.11 the force is to be espressed. Assume that, the 
'sun1 of all ternis in the verticd coniponent~ of the force [par. 79) is 
desired. Referring to pn.ragrn.ph 43, it  will he noted that the estreine 
value of this component due to the c.onibii?eil action of nioon and sun 
is n,pproxiniatdy 0.2 x with the unit of force taken ais 9, blie iiietri 

' .~celerntion of gravity. In this case x convenient sc.a.lt! relation which 
':d ;bring tlie graph within the desired liniits on tlie paper is obtained 
iby :adopting a working scale factor of 6 Y lo7 with the iiia.rigrani gear 

.,,ratio of 2 : 1. With this conibination 0.1 foot of graph ordinate will 

.iil:epresent 10-~ g units of force. I n  practice the scde factor would be 
,conibinecl with the. gemrsl c.oefficient coninion to n.11 ternis in the 

' folmlull&s. 
. ,399. P~.n.s.-The curve-line pen (IS, fig. 23) ,md the datum-line pen 
(1.4) are each of the ordinary fountain type. Each is fitted with a 
metd  loc.6 joint, so that it may be quickly renioved ~ n t l  replaced in 
*he same position, itiicl is pressed against the paper by a light coil 
.spring when in use. The curve-line pen is iiiounted in :I. swivel wni 
m : a  light carriage. wliic.11 slides vertically along two rods. The datum- 
l i e  pen is mounted in a swivel arm that may be adjusted so that the 

. mean sea4evel line will be traced niiclway between tlie upper and lower 
edges .of the paper. . 
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. 400. Hour-niark$ng dezice.-The arni for the 'datum-line pen is se- 

. cured to the outer end of a, shaft which carries two arinatures, one for 
the upper a.nd the other for the 1osver:of two electromagnets (17, fig. 
36). A spring keeps the armatures a t  equal distances from their re- 
spective e.lectroma.gnets. The uppe.r elec.tronin.g!iet is designed for 

..inclicating t>lie.hours on the chtyn. line slid is in n circuit that. is 
opened and closed by a. plntinuni-tipped contact spring resting upon 
.the edge of ~1 ivory disk in which are embecldecl, equally spaced, 24 
narrow .strips of. platinuni (38, fig. 25). The ivory disk is niounted 
on the shaft .of the hour pointer, and as .this rotates the platinum 
strips suc.cessive1-y l d i e  an electric. contact thkt throws the datum- 
line pen downward for aIi instant, mal+ig a coFresponding jog in the 
datum line, the downward stroke of the pen indicating the esact 
.hour. An estaa strip of platinuni placed close to the one representing 

. the midnight hour causes a clouble jog for the beginning of ehcli clay, 

. the 'downward stroke of the .second jog inclicuting the zero hour. 
401. High. and 1020 water marking clwica.-The lower e1ectronia.gnet 

is in a circuit that is closed when the plxtinuni indes on the .tiriie 
..chiin (11, fig. 33) is in contact with the fisecl platinuni index ( I d ) ;  
taliat .is to. say, a t  tslie times of high and low waters. , When this con- 

, .ta.ct is niacl15. the electromagnet nttracts the mniature, which throws 
the .<latui.ni-line pen upwa.rG, c.ausing a Correspondi1ig~up;rvarcl jog. in 

.' the-datum h e ,  .and .thus automatically niarl\-.ing the t m e  of tjie high 
or low water. A sniall switch (21, fig. 21) just above the hancl-crnnI\-. 
shaft permits the cutting out) of the current, from the two electromag- 

. nets. 
402. Sdj'ustmsret of machhe.-The icljustnient of the machine 

should be tested at least, once each yew nncl nt  any other tinie when 
there is any .reason for believing that. a c,linnge imy have taken place. . The following adjustments are recpiirecl'. 

403. H~ight-chn~~i,~~ad~j.uittn~d.-All aniplitucles should be set a t  zero, 
' so t1in.t the turning of each const,ituent crank sh?f t will produce no 
.'motion in the height chain. This shoulcl brink t,he suninistion wheel 
t,o its zero pqsition, but on a.ccount of n certain amount of backlash 

.and flesires m the niac.hine.tliis" wheel niay not, be in an esnct zero 
position even when the chain IS in. acljustnimt. Now, set, a single 
constituent8 with n very smn'll amplitude and operating the ninchine 
with the hnnd c.rmli, note whether talie indes of the summation wheel 
oscillates equal distances on. both sides of its zero position. If not, 
the chain shoulcl he adjusted by the n.cljusting nut, atm its fisecl end a t  
the back part of tlie machine. 

404. Time-cli,ai,n nd~u8h,i.r?i.t.-Tlie aclj ustnirnt of the time chain is 
-siniil,zr to that of the height chain. The zero position is indicated by 
the conjunction of a sniall triangular-shaped i d e s  on tlie chain and 

. a fisecl platiniini i d e s  in %lie niidclle of t,lie horizontal opening in the 
dial fa.c.e. A midl  aniplitude being set on one. of the constituent 
time craliks and the niadiine oper8tid by the hand crank, tslie cliain 
indes slioulcl oscillate equnl distances on both sides of the platinum 
point. If i t  does not, the necessary adjustment may he made a t  t.lie 
fisecl end of the c.liain. 

405. Hou.r-ha.wl cicljustmc?i,l.-Tliis.Iiiust be so adjusted that it will 
register the esnct hour a t  the sam6fiistant t,lie circuit for tlie electro- 
nia.gnet is closed .for. the hour ~parli'on tlie"niarigran1, wliic.11 is indi- 
'cated by a clown\kard stroke of 'the datwn-line pen. It is also neces- 
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sary tlist the zero hour or beginiiiiig of: the dtty slialll'cori.esponc1 to the 
double hoiir ninrk on tliE'."rnarigram. This ncljustniend niny be acconi- 

. plisliecl by iiioviiig the hour lisncl on its shaft after releasing its set 
screw. A finer adjustnient niay he effected by c.linnging the position 
of the contact spring back of the dial face. 

406. A h u t e - h m d  aclj~r.stnient.-Tliis is to be adjuste.d to read zero 
oIi the esztct hour indicated by the hour hand and the closing of the 
electric circuit for tlie hour mark. The ndjustnieiit  nap lie accom- 
plished either by moving the minute hand on its sliaft after releming 
its set screw or by nienm of the releasable gems on the main vertical 
shaft of the d i d  case. The adjustments just described are those wliicli 
need lie macle only occssionitlly. OJier adjustinen ts are taken into 
account e d i  time the niac,liine is set for a station. 

407. S e t t h g  pr.(diict<ng r)itrcluin.e.-The time inclkators.. on. the 'face 
*of the machine are first set to represent the. esact beginning...of ,the 
ppriocl for which prechtions tire to be ninde, whic.11 will usually be .O 
hour of J n i i ~ n r ~ r  1 of sonie year. The hour slid niiriute hands should 
dwnys he bfouglit into place by tlie turning of the operating crank in 
order tlint the adj iistnient of t.liese 1i:iiicls rehtive to talle electroniztg- 
net circuit niay not be sffected. The date 'd id  may, however, if 
clqsired, be set indepenilently, using the bincliiig nut just above the; 
lnrge dial ring,for id clnmping. If only n snidl motion of 
tlic date d i d  is iiec t is ge1it.rslly.p~efer~ble to set it by the 
operating crmik. 'index-slpild . .  be set, to indicate tlie kind 
of year. 

.408. In tlie usus1 operation of the niachine n rw.tchet, prevents the 
operating crank from btting turned btickw:trcl, but this ratchet niny 
be released wlieii desired hy pressing on ti button in the side of the 
nincliine just above the c.riink. After tlie face of the machine has 
been thus set to register the begi.iining of the predictions the three 
main v e r t i d  shafts slioulcl be damped to prevent them from turning. 

409. To sot the heighf niri.plitudrs.-All t,he constituent c.ran6s on the 
left or height side of tlie machine a.re first turned, by means of the 
relensable gears on the main verticd shafts, to it vertical position, the 
cranks of tlie iipper rmge of consti t,uents pointing downward m d  
those in the lo we^ range upward, in which position dl  angles will read 
lSOo.  For the long-period. c.oiistit.uents the c.ranks c.n.n be inore 
quickly brought to the verticild position by drawing out, small knobs 
on the tiine side of the machine, thus disconnec.t,ing . the gearing. 
The crsnks :we then turned by hand bo the desired position sncl the 
knobs pushed bsck into p1ac.e. The 9.niplitudes niay now be set 
according to the scdes attnchecl to the sides of the machine. The 
crank pin is uiic.la.niliec1 by a sniall iiiillecl hencl ~7renc.h and is then 
niovecl nlnng it,s groovc uiitil thc i d e s  a t  the scale registers the 
aniplitaude setting given in Form 445, wlieii it is c.lamped in this posi- 
tion. If no nmplituile is given for nap c.onstituent, the correspoiicliag 
crank must he set, a.t8 zero. 

410. To .wt f < m  cr.,i~~~biluilas.--Tlie process is siniilnr to that for the 
height, n.mplitudes, tlie cmnks 011 the time side of the machine being 
first .turiie.cl to n. verticd pos,ition with all mgles re.acling YOo. The 
crtinks itre to lie set with the. same amplitudes ns were used for t,he 
height side, the modified scales a.utomaticnlly tnlcing account of the 
true differencm in the nniplitydes. For the constituents Sa and Ssn 
tlie amplitucles are set on the height side only. 

. .  
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411. 'To set constituent angles.LAfter the amplitudes have been set 
and checked on both sides of the machine the angles are set for the 
beginning of the period of predictions, these settings being given .in 
Form 445. The angles may be set from either side of the machine, 
except for constituents Sa and Ssa, for which there are no dials on 
the time side, as the readings are the same for both sides. As each 
constituent angle is set its releasable gear is damped to the main 
vertical shaft. After all the angles have been thus set the three main 
vertical shafts must be unclaniped to permit them to turn. 

412. Changing height scale.-There are three interchangeable height 
scales, known as the 40-footJ the 2O-foot, and the 10-foot scale. The 
40-foot ring may a.lso be conveniently used as a 4-foot scale. The 
scale to be used for any station is indicated in Forni 445. In  removing 
a scale.froni the machine a small button at  the top is tuined to release 
the ring, which is; then lifted slightly as it is heilig removed. The 
desired scale is then placed on the machine and secured in place by a 
button. Before removing or replacing the height scale it is desirable 
that the height pointer be set appro&xhately 45' to-the left of it9 
zero position in order to interfere least wit8h the removal or replacement 
of the scale. 

413. The datum or plane of reference.-The hand-operating crank 
should be turned forward or backward until the index of the sunima- 
tion wheel on the height side of the machine indicates mean sea level. 
It must.be kept in mind, however, that as the index lines may come 
in co,nj,unction at  each complete rotation. of the synmation wheel 
there is' a possibility' of being misled in ;regard :to the meam sbai4eiel 
position. When in doubt, the operating crank should be turned 
forward .to obtain a number of conjunctions, the corresponding height 
dial reading for each being noted. The conjunction. that corresponds 
most closely with the average of such height readings will be:the one 
that applies to the true zero position. Each complete tuni of the 
height summation wheel will cause a change in the height reading of 
12 units, 6 units, or'3 units, respectively, according to whether the 
40-unit, 20-unitJ or 10-unit dial is used. The height hand, which can 
be released by the milled nut on the face of the machine, may now 
be set to the scale reading that corresponds to the height of mean sea 
level above the datum which has been adopted for the predictions, 
this value being given in Forni 445. 

414, The .marigrum gear.-There are t,hree gear combinations, deiig- 
nated as the. 1 ; 1, 3 :2, and 2: 1 ratios. The gear ratio to be used for 
any station'isimlicated in Form 445. When it is necessary to change 
the gear ratio, the machine should be first turned to its mean sea- 
level position. The change is then effected by sliding the lower set 
of geais horizontally, being careful to hold the upper set with one 
hand to prevent it from turning when the gears are released. Before 
engaging the gears in their new ratios the counterpoise for the pen 
carriage should be brought to a position approsimately niidway 
between the limits of its range of motion. The 1 : 1 ratio is obtained 
by sliding the lower set of gears as far as possible toward the height 
side of the machine, thus engaging the innermost gears; the 3 : 2 ratio 
by moving these gears toward the time side until the outer gears are 
engaged, and the 2 : 1 ratio by engaging the middle gem of each set. 

246037-41-10 



142 U. S. C0A.W A N D  GEODETIC SURVEY 

415. In  setting up the machine for successive stations there is a 
niechanical advantage in making the necessary gear changes' before 
setting the new amplitudes if the gear changes are in the order of 
2:1, 3:2, 1:1, and after setting the amplitudes if the gear changes 
.are in the reverse order. This precaution will lessen t1ie:chances of 
.jamming the curve pen carriage and throwing theheight chain off its 
pulleys when setting the amplitudes. 
. 416. Inserting paper roll.-To place the papex on tlie machine, re- 
move the mandril that is mounted within the dial case near the upper 
'ri ht-hand' corner and slip the roll of .paper over the mandril, the 

above md when on the machine the paper unwinds from tlie outer 
.side of the roll. In placing the roll on the mandril care should be 
taken to see that the small projection on the base of the latter enters 
tlie cavity in the wooden core, so that the roll will fit flat against tshe 

. base: After the mandril with tlie roll of papcr has been returned t,g 
' the machine and secured in place, the end of the paper is passed around 
. a roller to the face of the machine, across the face; and over 'the feed 
roller at  the left of the machine. The end is then inserted ilito the 
slit in the receivihg roller, .which.is given a few turns to take .up the 
slack paper and'niake it secure. Before passing tlie paper over ,the 

. feeding roller and on the receiving roller these rolle.rs should be released 
' to permit them to turn independently, thc release bei.ng effected by 
'turning the snidl milled head on a ratchet stud gear near the base of 
the feeding roller and by lifting off from the top of the rcceiving roller 
tlwsmall knob holding the connecting chain. After the paper has 
been secured to the receiving roller these connections should be 
res tored. 

' 417. Curue pen adjwtmen.t.-With the machine in its mean seclevel 
.position, the curve pen must bc adjusted to bring the pen point on 
the mean sea-level line as dinwn by the base-line pen. This 'adjust- 
ment may be effected by releasing tlie pen carriage from the oper- 
'ating chain and moving it to the desired position, where it is clamped 
in pltice by the binding screw. 

' 

418. Verijication of machine settings.-Each 'step in the adjustment 
arid setting o€ tlie machine should be carefully checked before pro- 
ceeding with tlie nest step. After the setting of tlie maclime for any 

' station has.been completed an escellent check on the work is afforded, 
if the predictions for the same station for the preceding year are 
available, by turning the macliine backward several clays and then 
comparing the predic tecl tides with those previously obtained.. 

419. Predict.ln.g.-Tlie dstum and .curve fountain pens are filled and 
put in place, the eleetric cut-out switch under the base of the machine . 
closed, and the ratchet of the operating crank set to prevent the 
machine from being turned backward. If the predicted height of the 

- tide for any given time is desired, the machinc may be turned forward 
until the riquirecl time is registered on the time dials and the cor- 
responding height read off of tlie height dial. 

420. If the predicted high and low waters for the year are desi.red, 
the operating crank is tunled foiwarcl until the machine is auto- 
niatically stopped by tlie brake at  a high or low water. To avoid the 
strain on the machine due to suclckn stops, the operator should watch 
the s m d  indes on the time chain, and as this approaches the fixed 
indes in the center of tlie opening on the face of the niacliine, turn the 

ro f 1 being so placed that the winding is' clockwise w1ie.n viewed from 

, 

. .  
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.crank more slowly until the machine is stopped as the indaes come 
in .contact with each other. The time and height may then be read 
directly from the dials on the face of the machine. .The movement 
of the height pointer before the stopping of the machine sild ,dso 

.the tide curve will clearly ind.icate: .whether. the tide is .a high .or low 
'water. After the tide has been recorded an inward pressure on the 
crank handle will release the brake and the machine can. be turned 
forward to the next tide, the process being repeated until all the 

. tides of the year have been predicted and recorded. 
FORMS USED WITH TIDE-PREDICTING MACHINE 

421. "F'wm 444, standard harmonic eonsfands .for prediction.s (fig. 
32).-This form provides for the conipilation of the harmonic con- 
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stants for use in the prediction of the- tides and also for certain per- 
manent preliminary corn utations to adapt the constants for use 

No. 2. 
422. The constituents are listed in an order that conforms to the ar- 

rangement of the corresponding constituent shafts and cranks on the 
predicting machine. The accepted amplitudes and epochs are to be 
g i v a  in the columns provided for the purpose. At the bottom of the 
page a space is provided for indicating the source from which the con- 
stants were derived. 

423. The column of Reniarks provides for miscellaneous informa- 
tion pertaining to the predictions. This includes the kind of time in 
which the predictions are to be given, the approximate estreme 
range of tide :at .the. place. for d e t e r m ~ g g  .:the proper. scaae .to .be 
used,, .the height .dial, . t ~ . e . , . m ~ ~ ~ . ~ , ~ ~ e . a r , . . t ? l e :  maSigrm!, scale, ,and 
the datum to which' the predicted heights .are to be referred: 

424.' The eytreme range may be estimated from the predictions for 
a preceding year or may be taken approxiniately as twice the sum of 
the' amplitudes of the harmonic constants;:. The height dial, mari- 
gram gear, and marigram scale which are' reco,nmended for use with 
d8erent extreme ranges are given in the table on pa.ge 138: 

425. The principal hydrogra llic datums in general use are as fol- 

States and.Puerto Rico. Mean lower low water for the Pacific coast 
of the .United States, C.mada,. .and .Alaska, and .the Hawaiian and 
Philippine Islands. Approhate .  low water, spfings for the rest of 
tlie'worW, wi& &ew. exceptions. For use 011' the predictin machine 

this relation is usually determined from a reduction of the high and 
low waters,. 

426. Column A of Form 444 is designed for the differences by 
wbiich the epochs of the constituents are adapted once for dl for use 
with the unmodified Greenwich (V,,+u)'s of each year. These dif- 
ferences take account of the longitude of the station and also of the 
time meridian used for the predictions, and .we computed by the 
formula 

(466) 
i.n yl!i& . 

with the U. S. Coast an' R Geodetic Survey tide-predicting machine 
The form is used in a loose-leaf binder. 

lows: Mean low water for the x tlantic and Gulf coasts of the United 

the datum must be defined by its relation to the mean sea f 'evel; and 

' 

aS 
K f - x  =.pL --- 

15 

IC' -K=adapted epoch- true epoch. 
p =subscript of constituent, which indicates number of periods 

in one constituent day. For the long-pefiod constituents 
Mm, Ssa, Sa, MSf, and Mf, p should be taken as zero. 

L=longitude of station in degrees;+if west,-if east. 
a=speed of constituent in degrees per solar hours. 
#=longitude of time mericliaii in degrees;+if west,-if east. 

' a.S The values of the products 15 for the principal tinie nieridians may 
be talien.froni table 35. For any tinie. meridian not given in the 
table the products may be obtained by direct multiplication, taking 
the values for the constituent speeds (a) from tdble 8. 

627. Column B is designed for the reduction of the amplitudes to 
the wodiing scale of the machine. The scale is unity when the 40- 
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foot height dial is used, 2 for the.20-foot height dial, 4 for the 10-€oot 
height did, and 10 for n 4-foot height dial. The working scale 
sho~lcl .be entered at the head of the-column and used as a factor 
with the nmplitudes in order to obtain the values for this column. 

428. Colunins C, and, D are.desi&necl- to. contain the.ad@ted .epochs 
in positive and negative forms which may be used additively, with the 
Greenwich (V0+'z~)'s. It will be found most convenient to compute 
colunui D first, by applying the difference in column A to the K in 
the preceding column and entering the result with the negative sign. 
If the direct application of the dzerence should give a negative 
result, this must be subtra.cted from 360' before entering in column D. 

. . . . .  

Time Meridian .le0 ................... :?' W 

A. ...................... 31.w ........ :i ...... It 

.................................................. 

...................................................... 

....................................................... 

...................................................... 

....................................................... 

....................................................... 

.................................................... 

....................................................... 

...................................................... 

...................................................... 

...................................................... 

.................... :. ............................. 

..................................................... 
................................................. 

..................... i ................................. 
C ~ I P I I ~ . ~  t ..--~% D.. .......r Qh..ze*....?2s........ . Vull*d by ......E.rl~ n. ......   ah .. 89, .. 1821 ..... 
Rcdlocd b ...................................................................................................................................... 
Dab ...................................... _. .................................... 
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The values for column C may tlim be 0btaine.d by applying 360'. 
to the negative values in coluriui D. 

429. Form 445, settings for 'ti&-predictillg machiite (fig. 33) .-This 
form is designed for the coniputations of the settings for the predicting 
machine for the beginning of eac.h year of predictions. The fornis 
a.re bound in books, a separate book being used for each year of 
predictions. This form is used in connection with F'orm 444, and. 
for convenience the order of arxangement of the constituents is identi-. 
cal in the two forms. The name of the station, the time meridian,': 
the height dial; marigram; gear, marigram scale, and datum plane 
are copied directly frqin Form 434. 

430. For the amplitude settings. the amplitudes of column B of 
Form 444 are multiplied by the factorsf from table 14 for the yem for 
which the predictions are to be made. A convenient way to apply 
these factors is to prepare a strip .of paper with t.he same vertical 
spacing as the lines on Form 444 and enter the factors f for the 
required year on this strip. The stri may then be placed alongside 

same strip will serve for every station for which pre&Aions 'are to be 
made for the given year. It has been the recent practice to enter 
the arnplitude. settings to the nearest 0.05 foot as being sufficiently 
close. for all practical purposes. 

431. For the dial settings for January 1, 0 hour, the Greenwich 
equilibrium arguments of (V0+u)'s from table 15 are to be applied, ac- 
cording to the indicated sign, to the angles of column C or D of Form 
444, using the angle in. column D if it is less than tshe argument, 
otlierwise using the angle in colum C. For the applica.tion of the 
(V0+u)'s 8 strip similar to that used for the factors f should be pre- 
ared. The same strip will serve for all stations for the given year. 

'bor the dial settings it is customary to use whole degrees, except for 
constituent Mn, for which the sett,ing is carried to t,he first decimd 
of a degree. 

432. The settkgs for February 1 and December 31 are used for 
checking purposes to ascertain whether there has been any slipping 
of the gears during tthe operation of t he  machine.. To obtain the dial 
settings for Februar 1, Oh, and December 31, 24h, prepare strips 

motion of the constituents from January 1, Oh, to February 1, Oh; on n 
second and a third strip, the angular motion for February 1, Oh, to 
December .31, 24h,' for a common. and-leap :year, respectively. For 
checking purposes R fourth and fjfth strip ma contain the angular 

The values for these strips may be obtained from table 36. These 
stri s will be found more convenient if arranged wit,h two coluinns 
eacl, one column containing t8he vdiies in a positive form and the 
other column containing the equivalent negative value which is 
obtained by subtracting the first from 360'. These strips .are good 
for all years, distinction being made between the common and leap 
years. By applying the first strip to the dial settings for January 
1 the values for February 1 are leadily obtained, and by applying 
the second or third st8rip to the latter settings those for the end of 
the year are obtained. The values obtained by applying the fourth 
or fihh strips to the settings for January 1 should. also give the correct 
setting for the end of the yea.r, and t8hus serve a.s a check. The 

. .  

of calimn B of F o i g  444 and the mu Y tiplication be e.rformed. The 

' 

similar to those for t L e f's and (V,+u)'s. On one e.nter the angular 

c.hanges for a complete common and a complete P eap year, respectively. 

' 
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a.ngular' changes for coniputing thk settings for any day of the year, 
may be obtained from tables 16 and 17. 

PREDICTION OF TIDAL CURRENTS 

433. Since the tidd current ve1oc.ities in any locality may be 
expresse.d by the sum of a series of harmonic terms involving the 
same periodic constituents that are found in the tides, the tide- 
predicting madine may be used for their prediction. For the cur- 
rents, however, consideration must be given to the direction of flow,. 
and in the use of the machine some particular direction must be: 
assumed. At present the machine is used for the prediction of 
reversing currents.in which the direction of the flood current is' 
taken a.s positive and the masinium velocity in. this direction cone-. 

' s  onds to the high water of the predicted tide. The ebb current is.. 

corresponding to the low'water of the predicted tide. Ro taq  cur- . 
rents may be predicted by talring the north m d  east components 
separately but the labor of obtaining the .resultant. velocities nnd 
directions from these. com onents. would. be very great, without. a 

serious difficulties. Formulas for referring the harmonic cons.tants of. 
the north and east components to any desired axxis are given in Coast 
and Geodetic Survey Special Publication No. 215, Manual of Current 
Observations. 
. - 434. The harmonic constants for the rediction of current vdocities 

used in obtaining the harmonic constants from tide observations. In 
the current harmonic constants, however, the amplitudes are expressed . 
in a.un<t of velocity, usually the h o t ,  instead of the linear unit that  
i s  used for the tidd harmonic constants. Forms 444 and 445 for the 
computation .of the settings for the tide-predicting machine. are 
applicable for the ciifrent predictions and the procedure in flling out 
these forms is essentially the same as described in paragraphs 421-432 
for the tide predictions. The node factois ( f )  and arguments (V,,+u) 
are the same as for the tides. The height dial, marigram gear and ' . 
scale suitable to the current.velocity can be obtained from the table 
on page 138. Instead of a sea level elevation there should bc entered 
in the column of "Remarks" the velocity of any perninnent current. 
along the axis in which the predictions are to be made. This velocity 
should be marked plus (+) or minus.(-) according to whether the- 

435. The predicting machine is set. with the current harmonic con- 
stants in the same manner as for the tidal harmonic constants. To. 
take.account of the .permanent current the hei ht  summation wheel 

at  a dial reading corresponding to the ve1oc.ity of. the permanent 
current, the hand being set to the right of the scale zero if the per- 
manent current is in the flood direction and to the left if in the ebb 
direction. The hand crank should 'be then turned to bring the 
height ha.nd to its zero osition and the curve-pen set at  'the medial 
line of the paper, this &.le now representing zero velocity or slack 
water. 

t % en c0nsidered.a~ having a negative velocity with its maximum' 

machine especial1 designe I f  for the purpose. Predictions cm, how- 
ever, be made 8: 7 ong the ,main axis of a rotary movement without. 

, are derived from current observations r& y an analysis similar t.0 that 

permanent curre.nt is in the flood or ebb direction.. . .  

should be brought to its zero position and the f eight hand then set 
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436. The operation of the machine for t.he prediction of the cur- 
rents is similar to that for the prediction of the tides. The machine 
automatically stops at each maximum flood and ebb velocit,y and the 
.corresponding times and velocities are then recorded, the flood veloci- 
.ties being.read to the right ind .the ebb velocities to the left of the 
scale zero. In  the prediction of the currents the times of slack water 
nre also desired. These are indicated by the zero position of the 
recording hand as well as by the intersections of the curve and medial 
line in the graphic record. The velocity of the current at  any inter- 
mediate time can be’read directly’from the height dial when the 
machine has been turned to the time desired and it may be also scaled 
from the graphic record. 

437. .Predictions of hydraulic currents in a strait, ‘based upon the 
difference in the tidal head at the two entrances, may be made by . 
means of harnionic constants derived from the tidal constants for 
khe entrances. Differences in tidal range or in the times of the high 
and low waters at the two ends of a strait will cause the water surface 
at one end alternately to rise above and fall-below.that at  tlie.other 
,end, thus creating a periodic reversing current’ in the strait. 
retically, disregarding friction or inertia, the velocity of the current 
would vary as the square root of the difference in head, being zero 
when the. surface is at the same level at  both ends and reaching a 
maximum when the difference is greatest: Actually they will gen- 
e.rally be a lag of some minutes in the response of the current 
movement to  the difference in head which must be determined from 
observations. 

438. Let the two ends of the strait be designated by A and B, with 
the flow from A toward B considered as flood or positive and the flow 
in the opposite direction as ebb or negative. With the waterway 
‘receiving the tide from two sources, the application of the terms 
9lood” md “ebb” will be somewhat arbitrary, and care must be 
taken to indicate clearly the direction assumed for the flood move 
inent. In  ..,the ’ following.’. discussion .-tidal ’ cm$tmts . pertaining to 
entrances A and B will be distinguished by subscripts a and 6,  respec- 
tively, and those pertaining to. the difference in tidal head by the 
subscript d. Since the usud constituent epochs known as “kappas” 
refer to the local meridian, it will be .necessary for the purpose of 
,comparison between places on different meridians to use the Green- 
wich epochs “G” (par. 236), these being independent of local time and 
longitude. 

439. For any one constituent let T represent time as espressed 
‘ i n  degrees of the constituent reckoned from the phase zero of its 
Greenwich equilibrium argument. Also let 17a and 17b represent the 
height of the constituent tide for an ’ time T as referred to the mean ’ 

{Yo-17b). Formulas for heights and difference may now be written 
lIT,=Ha cos (T-Qb) for location “A” . (467) 

Theo- ’ 

level at locations A and B, respective T y; and let 17,, equal the difference 

II‘,=Hb COS (T- a b )  -for 10CfitiOn ‘!B” (468) 
I‘,=Ha COS (T-Ga)-Hb COS (T-Gb) 
. =(Ha COS Ga-Hb COS GJ COS T+ ( H O  sin Ga-Hb sin O b )  sin T 

= H ~ C O S  (T-Gd) . (469) 
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The proper quadrant for Gd is determined by the signs of the numer- 
ator and denominator of the above fraction, these being the sa.me, 
respectively, as for the s h e  and cosine of the angle. Foniiulas (470) 

' 

and (471) niay be solved graphically (fig. 34) by drawing from any 
point C a line CD to represent in length mid. direction Ha and. 6,; 
respectively; froni the point D a line DE to refiresent in length and 
direction Hb and (G&f 180'), respectively. The connecting line from 

90 

I 
270' 

FIO~IRR 34. . 

C to E will represent by its length the amplitude Hd mid by its direc: 
tion the epoch Gd. 

440. Formulas (470) and (471) may be iiiodified to aclapt them for 
use with tables 41 and 42. 
From (470) we may obtain . 

and from (471) we have' 
(474) . (Hb/Ha) (Gb- Ga f 180') 

Tan (Gd-Ga)=I+(Hb/Ha) COS (Gb-Gaf18O') 
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or 

Forniulas (472) and (474) are to be used &hen the ratio Hb/H,, does not 
exceed unity. In .this case-.talce:argument.r. of..the, tables=H@?,,, and 
argument z=(Gb-Gaf18O0). If the ratio exceeds unity use 
formulas (473) and (475) and take argument r=Ha/Hb and argument 
~=((?~-Gb&180'j. The tabular values will give the ratios and. 
angular differences represented in the first terms of the formulas. 
Therefore, in order to obtain' the amplitude Hd, the tabular value 

.from table 41 must be multiplied b Ha if the ratio Hb/Ha does not 
exceed unit , or by H b  if this ratio B oes exceed unity. Also to obtain 

if the ratio does not exceed unity or by (Gbf 180') if the ratio is greater 
than unity. 

441. By the formulas given above separate computations 'are made 
for each of the tidal constituents. , The values obtained for Hd and Gd 

.are the corresponding amplitudes and Greenwich epochs in an har- 
monic expression for the continually changing difference in elevation 
of the water surface at  the two entrances' to the strait. When on:y a 
single time zone is involved, the small g's or niodified kappas (12) per- 
taining to that zone niay.be substituted for the Greenwich epochs (G). 
in. the formulas. Por the prediction of the current, further modifica- 
tions are necessary in the amplitudes to reduce to velocity units and in 
the epochs to allow for the lag in the response of the cuq-ent to the 
changing difference in water level at the two entrances to the strait. 

442. Since the velocity of an hydraulic current is theoretically 
proportional to the square root of the difference in head, we may write 

(476) 

the epoch B d ,  the tabular value from table 42 must be increased by G,, 

(Velocity)?=constant (0 X height difference 

If we now let V equal the average velocity of the current at time of 
strength as. determined from actud otiservations and assume that the 
corresponding difference in water level is 1.02 times the difference 
resulting from the principal constituent M2, we may obtain an approxi- 
mate value for the constant (0 by,the formula 

C= vZ/ ( 1 .O2M2) (477) 

in whic.h MP is the amplitude of the constituent Ma in the harmonic, 
expression for the difference in head. The application of the factor 
(C) to all the constituent amplitudes in this espression has the effect 
of changing the height units into units representing the square of the 
velocity of the resulting current. 

443. The lag in the current is usual1 determined .by d comparison 
'of the times of strengths and slacks Eom actual observations with 

reliminary predictions of the corresponding phases based upon the 
. Earmonic constants derived by the method 'ust described. This lag 

constituent and the result applied to the preliminary epoch for that 
constituent. 

444. In orcler that the niagnitude of the constituent emplitudes may 
be adapted for use with the predicting machine, a scale factor (8) IS 

espressed. in hours is multiplied successive 1 y by the speed of each 

. .  . .  
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introduced. Thjs factor, which depends upon the velocity of the cur- 
rent, is selectaed with the view of obtaining a reasonably large working 

I scale without, exceeding the 1i.rnitat.ions of the.predicting machine. The 
following scale .factors are suggested: 
-4rerage velocity of current'.& time of strength: ' Scale /ador 
. Less'than 0.3 knot _ _ _ _ _ _ _  1.. _ _  _ _  ___: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  20 

From 0.3 to 0.5 knot ________________________________________-- -  10 
From 0.5 to 1.0 knot _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 5 
From 1.0 to 1.5'knot-s ________________________________________--  3 
From 1.5 to 2.0 knots- - - - - - - - _ - - - - - - _ - - - _ - _ _ _ - _ - - - - - _ - - - - - - - - - 2 
From 2.0 to 3.0 knots _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ -  1 

. From 3.0 to 4.0 knots _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ _ _ _  0.5 
From 4.0 to 5.0 knots _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  '_--:--; _ _ _ _ _ _ _ _ -  0.25 
From 5.0 to 10.0 knots ________________________________________-  0.1 

In practice, the scale factor is usually combined with the'fmtor (C) 
nnd the product applied to each of the constituent amplitudes in the 

445. Usb'gl.'the; h--onic;constan.k, .modified in the manner de-. 
scribed above, in the 'predicting machine, the resulting did readings 
will represent the square of the current velocity. In order to avoid 

. the necessity of extiacting the square root of each individud reading, 
a. square-root, scale may be improvised and substituted for the' regu- - 
lar height dial. on the machine. From a consideration of' t,he con- 
struction of this machine, it, can be shown that with a scale'factor of 
unity the angular position of a velocity graduation as measured in 
degrees from the mer0 point will be 9Ox (velocity)*. Thus tYie.l-knot 
graduation will be spaced 9O from the zero, the 2-knot graduation a t  
36O, the 3-knot graduation at 81°, etc. For any scale factor (S), the 
formula for constructing the square-roo t scale becomes 

Angular distance horn dit11 zero=9°XSX (velocity)2 (478) 

446. To take iLGCOUnt of m y  nontidal current not attributed to 
difference in.head..a+-the .two e n h e e s .  t o  .the stmi$, -a..special..gradu- 
ation of the square-root scale is necessary. Let Vo represent the 
nontidal current velocity, positive or ne ative according' to whether it 

velocity as indicated by any scale graduation, positive or negative 
nccorcling to whether it is flood or ebb. The angular distance of any 

. . scale graduation as measured from an initial point, usually marked by 
an arrow, niay then be expre.ssed by the following formula: 

- expression for difference in head. . 

. . 

' 

. 

sets in the flood or ebb direction, and s et V represent the resultant 

Angle in degrees=SXSX (V-Vo)2 (479) 

The required angle is to be nieasured to the right or to the left of the 
initial point according to whether the angle (V-Vo) is positive or 
negative. mien  setting the predicting machine the velocity pointer 
must be at  the initial point marked by the arrow when the. sum of 
the harmonic t-ernis .is. zero. 

447. In the graphic representation of the summation of the har- 
monic terms by the predicting machine, the scale of the marigram 
depends upon the marigram gear ratio as well as upon any scale factor 
which niay have been introduced. With a gear ratio of unity, the 
sca3e of the marigram is 0.1 inch per unit of machine setting. In  the 
summation for the hydraulic currents, the marigram read by a natural 
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scale would indicate the square of the velocity. A special square-mot 
reading scale for talring the velocities direct from the marigmm niay 
be prepared as follows: Let P=clistance of any velocity graduation 
from zero of scale. Then 

I7 (in inches) =0.1 X (scale factor) X (gear ratio) X (velocity)z (480) 

With the scale frtctor and gear ratio each unity, 1 knot of velocity 
woulcl be represented by 0.1 inch on the marigram, 2 h o t s  b 0.4 
inch, 3 b o t s  by 0.9 inch, etc. With a scale thus constructec T the 
velocity of the tidal current may be taken directly from the mari- 
gram. Any nontidal curxent which is to be included may afterward 
be applied. 



. .  
TABLES ' 

EXPLANATION OF TABLES 

:. Table 1. %undumental astronomical data.-This table incluijes 
fundasnental constants nnd formulas with references which form the 
basis for the computation of other tables contained in this volume. 
Because of the smallness of the solar and lunar parallax no distinction 
<s made between the parallax and its sine. The eccentricity.of the 
earth's orbit and the obliquity of the ecliptic are given for epocli 
Januaiy 1, 1900. The former changes about 0.000042 per centuiy 
and the latter about 0.013 of a degree in a century. The values given 
may' therefore be considered as applicable to the present century. 

The forinulas for lon itude of both sun and moon are the same as 
used in the previous efition of this book and are from-the work of 
Sinion Newcomb. .In a later work by 'Eiwiiest. W. .-Brown,:. slightly 
iliffereiit values are obtained for the elements of the moon's orbit but 
the differefices may be considered negligible in so far as the tidal work 
of the present century is concerned. In  these formulas it will be noted 
that T is the number of Julian centuries reckoned from Greenwich 
lilean noon on December 31, 1899,.of the Gr orian calendar which 

to.m&e suitable allowances for the particular calendar in use a t  tlxe 
time. See page 4 for hiforination in regard to'calendms. 

Table 1 includes the numerical values of the mean longitude of the 
solar micl 1unar"elemeuts for the beginihg of the century years 
1600 to 2000 and also the rate of change in these longitudes as of 
Januiiy 1, 1900. As the variations in these rates are very small, 
they are applicable without material error for dl modern times. 
.This table includes also the principal astronomical periods depending 
on the solar and lunar elements with fonnulllas showing how they are 
derived. In these formulas the 1ongitude.symbol is used to represent 
its own rate of change according to the unit in whicli.the period is 
expressed. 

Table 2. Harmonic! constibueds.-This table includes the arguments, 
speeds, and coefficients of the constituent harmonic teims obtained 
in the develapment.of the tide-producing forces of the moon and sun. 
They are grouped Vciith' reference to the formulas of. the t.ext from 
which t.hey are. derived, the loxperiod constituents first, .followed 
by the .diurnal, seiiidiurixal,. &dd tercliurnal terms. The reference 
numbers in the first column correspond to the numbered terms of the 
fomulas of the text, the letter A indicating a term hi the lunar 
development and the letter B a term in the solar development. In 
the second column the usual symbols are given for the principal 
constituents, parentheses being used when the .term only partially 
re resents the constituent. 
'. %or an esplanation of the constituent argument (E) see page 22. 

'The argument consists of two parts-the V which contains the 

, corresponds to Decebe r  19, 18.99, b the J 3 ian calenclar. In  the 
application of these formulas to early (9 ates special care must be taken 

' 
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uniformly changing element8 and determines the speed and period of 
the constituent, and the u which is a function of the moon’s node with. 
slow variations and which is treated as a constant for a limited series. 
of observations. Because of the very small change in the element pI 
it  may for practical purposes also be treated as a constant with a mean 
value of 282O for the present century.. ’ 

The constituent speeds are obtained by adding the hourly rates of 
change in the elements appearing in the V of the arguments. The . 
hour angle (2‘) .of the mean sun changes a t  the rate of 15’ per hour. 
The hourly rate of change for each of the other elements will be fo.und 
in table 1. . 

For an explanation of the constituent: coefficients (C) see page 24.. 
The coefficients of. the solar ternis include the solar factor 8’ (para- 
graph 118), and soeffisiefits of .the.lunar .t.ernis inyorving. the 4th power 
of . . ~ e : . ’ m o o n ! s , p ~ a l ~ a ~  inclpdFptlip. ,factqr :d/c;: (p,eagra h .1’083;. in 
order that all terns’ may’be’comparable when used with t i e common 
basic factor U. .It is .to be noted that hi the present system’ of coef-. 
ficienfs .for the terrns’of the principal tide-producing force there is 
included a factor “2” which was formerly incorporated hi the general 
coeflicient. For.’the .terms involving the 4th power of the paralla.x 
there is a corresponding factor of “3” in order that all terms may be 
comparable in respect to the vertical component force. 

In. general. the coefficients have been computed in accordance with 
the coefficient: fomulas of the text, but exceptions were made for the 
evectional.:Wd:variational constituents pl, v2, Xi, and pz, the coeffi- 
cie&s .,af’.,which are based’ upon computat.ions by Professor J. C. 
Adams wlio was associdthd with ...D arwip .in the ,ihvestigation of hp- 
monic analysis and who carried. the development’ of the lunar theory 
to a .higher. order of precision than is provided in this work. (See 

p. 60-61 of the Report of British Association for the Advancement of 
cience for year 1883.) 
The node factor (f) is explained ompage 25. The last column of 

table’2 contains references to the formulae for.the node.factors of the 
various constituents. . . .  

Table 2a. SMlow-wizter consti&erits.-In this table there are listed 
the overtides .and compound ‘tides which are described on page 47. 

. Table 3. LaSibude.factors.-This table indudes numerical valueg of 
the latitude (1’3 ‘functions, which: appear in the text as factors ‘in 
formidas - representing. ..component tidal.. forces, and the equilibrium 
height’of the tide. The combimtion”symbo1 at the head of ‘each 
column is taken to suggest the formula to which it ap lies. Thus, 
the letters v, s; and w refer respectively to the verticaf south, and 
west coniponents of the ’force, the letter o being applicable also to the 
forniulas for the equilibrium height of the tide which have the same . 
latitude fructors as the corresponding terms.in, the vertical component 
of the force. The first numeral “3” or .“?I” indicates whether the 
formula is from’the development of. the principal force involving the 
cube of -thk parallas or from the.&evelopnient involvhl the 4th power 
of the pwallau of the tide-producing body. The.fnst digit “0,” 
“I,” “2,” or “3.” refers to the species of the colrstituents and indicates 
whether. they are long-period, diurnal, semidiurnal, or terdiurnal. 
Inseveral cases the shnie latitude factor. is applicable to n number of 
different groups as indicated a t  the head of tpe column in the table. 

ig 
. .  
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. The following formulas were used in computing the latitude factors. 
The maximum value (irrespective of sign>.with corresponding latitude 
is also given for each function. , 

Ym= (1/2-3/2 sh2Y ' ) -~ - - - -  masimuni-1 when P= f90'. . 
' Yogl=sm 2Y _ _ _ _ _ _ _ _ _ _ _ _ _ _  mayiniumf 1 when IT= f45O. 

Ylm, Yea, and YM, same Y ~ I  
max,hum+l when .Y=o. 

maximumfl. when Y=O orf90'. 
rnaximuri k.1 when Y= &go0. ' 

ni&iuni+l when Y=O. 
ni&umT0.4 whenY= &goo. 
maxhum-0/2754 when I-= A58.91'. 

maxhiumf0.3849 when Y= f35.26'. 
. . .  

nimmmun+ 1 when Y=O. 
maxinium ? 0.2667 when Y= f 90'. 

maxh~~n-0 .8  when Y= &goo. 
maXim~m-0.2095 when Y=f61.87'. 

Table 4. Mean longitude of lunar and solar elements.-This table 
. contains the mean longitude of the moon (s), of the lunar perigee (p), 
of the sun. (6) i .  of .;the solar ;perigee ..(p.J, and of the moonls ascending 
node (N) ,  far J18nutix-y 1 , 0  boyr,.Greenwich mew civy tiaie, for each 
year from 1800 to 2000, the dates refeh-hig to'tlie'Gregorian calendar. 

These values are readily derived from.table 1, the rate of change in 
the mean longitlide of the elements for the epoch January 1, 1900, 

. being applicable without material error to an time-within the two 

tance, to extend table 4 to dates beyond these limits. In  extending 
the table, care should be taken to distin uish between the common 

given to the kind ,of calendar in use. (See p. 4 for discussion of 
calendars.) It will be noted that each Julian century contains 36,525 
days, while the common Gregorian century contains only 36,524 days, 
with an additional day every fourth century. 

Table 5. Difler6nces to adapt table 4 , to  any month; day, and hour.- 
These difFerenees are derived from the daily and hourly rate of change 
of the elements as given in table 1, multiples of 360'. being rejected 
when they occur. The table is prepared especially for common years, 

. but is applicable to leap ears by increasing the given date by one 

rection for the hour of the day refers to the Greenwich hour, and if: 
the hour for'which the elements are desked is expressed in another 
kind of time the equivalent Greenwich hour must be used for the 
table. . .  . 

Table 6. Valzles of .I, v,  4, v'; and Wv" for each degiee qf N.-Refenkg 
to figure 1 (page 6), note tha t  by constrdctiop arc bb T' equals arc 
A T . ' Then in the spherical tiiangle A TA, the three sides are R;, V ,  

and (N-E),.and the opposite angles are respectively (lSOo-l), i, and o. 

centuries 1800 to 2000 covered b table 4. T z e same rate of change 
may also be used, without h t ro  B ucing any errors of practical impor- 

and leap years, and for the earlier dates f ue consideration should be 

. 

day if it is .between Marc i 1 and December 31, inclusive. The cor- 
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Therefore we have the following relations which niay be used in com- 
puting the values of I, .v, and 5 in the table.:. 

cos I=cos i cos w-sin i. sin w cos N 
-0.91370 - 0.03869 -COS N - . . . - . . . . . .  _ .  

cos 3 ( w - i >  
tan f(N-E+v)=cos tan )N=1..01883 tan 3N 

I .  , 

For the computation of v' and 2v", fol-mdas 7(224) and (232) on 
pages 45-46 may be used. The tabular values themselves were taken 
from the preceding edition of this work.where theyywere based upon 
formulas differing slightly from. those given here but. any differences 
arising from the use of the latter may be consiclerecl as negligible. ' . 

Table 7. VaZues of log €2, .for. amplitwde , qf constituent L2.-Values 
in this table are bnsed up.on forniula (213) ,on ptge 44. 
' Table 8. Vcllues. of R for argument of. cogstituent La.-Valaes in 
this table are derived from formula (214) on page 44. 

Table 9. T7due.s of log Qa for anp?i.tude of constituent M1.-Values in 
t,his table are based upon formula (197) on page 41. 

TabIe 10. Tral.u.es qf Q .for argu.ment of constit~ent MI.-Values in 
this table are derived from forniula (203) on page 42. 
. Table 11. Vakles qf u .for equ.ilib;rium a.rguments.-This table is 
based upon the u-formulas in table 2 arid includes values for the 
principal lunar constituents for each degree of N. The u's of La and 
.MI, which are functions of both N and P are given separately in 
table 13 for the years 1900. to '2000. 
. Table 12. Log factor F for each degree of I.-The factor F is the 
reciprocal of the node factor-f to which references are iven in table 2. 

and are given for all the lunar constituents used in the tide-predict.ihg 
machine, excepting values for L2 and M, which are given separately 
in table 13. 

Table 13. Values sf u and log F .for L2 and M1.-From a corn- 
parison of the u's of constituents L?, M,, and Mz in table 2, it  will be 
noted that the following relations exist: 

The values in table 12 are based upon the formulas P or these factors 

u O f  L2='('f6 Of M,)-R 
u of M1=4(?6 Of M,)+Q 

Also,. the ,follo~ving relations may be derived from foirnula (215) on 
page 44 and foi;iiiula'"(20i') 'on page 43 since the factor F is the recip- 
rocal of the node factor f: 

log F(LJ =log F(M2) +log R, 
log F(MI) =log F(O1) +log &a 

The vdues for table 13 were computed by the above formulas, the 
component parts being taken from tables 7 to 12, inclusive. The 
values for log F(MJ in this table are in accord with Darwin's original 
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formula from which a factor of approximately 1.5 was inadvertently 
omitted (see age 43). 
. Table 14. %ode.factor f for middle of each year.1850 to 1889.-The 
factor f is the reci rocal of factor F. The values for the ears 1850 to 
1950 were taken Brectly from the Manual of Tides, by s1 . A. Harris, 
and the values for 1951 to 1999 were derived from tables 12 and 13. 

Table 15. Equilibrium argument (V,+u) for beginning of each year 
1860 to 2000.-The equilibrium argument is discussed on page 22. 
The tabular values are computed by the formulas €or the argument 
in table 2, the V, referring to the value of V on January 1, 0 hour 
Greenwich mean civil time, for each year, and the u referring to the 
middle of the same calendar year; that is, Greenwich noon on July 
2- in conunon years and the preceding midnight in lekp years. The 
value of the T of the formulas is 180' for each midn' ht, and the 
values of the other elements for the V may be obtainez from .table 
4. The u of the ar ument may be obtained from tables 11 and 13 
after the value of #has been determined for the middle of each year 
from tables 4 and 5. In constructing table 15 the values for the 
years 1850 to 1950 were taken directly from the Manual of Tides, by 
R. A. Harris, and the values for the years 1951 to 2000 were computed 
as indicated above. 

Tables 16, 17, and 18.-These tables give the differences to adapt 
table 15 to any month, day, and hour, and are computed from the 
hourly speeds of the c0nstituent.s as given in table 2. The difl'er- 
ences refer to the uniformly varying portion V of the argument, it 
being assumed that for practical purposes the portion u is constant 
for the entire year. 

The approximete Greenwich (V,+u) for any desired Greenwich 
hour may be obtained by applying the appropriate djfFerences from 
tables 16, 17, and 18 to the value for the first of January of the 
required year, as given in table 15. To refer this Greenwich (V,+u) 
to any local meridian, it is necessary to apply a further correction 
equal to the product of the longitude in degrees by the subscript of 
the constituent, whic.h represents the number of periods in a con- 
stituent day. West longitude is to be considered 8s positive and 
east longitude as negative, and the subscripts of the long-period 
constituents are to be taken as zero. This correction is to be 
subtracted. 

The (Vo+u) obtained as above will, in general, differ by a small 
amount from the value as computed by Form 244, because in the 
former case the u refers to the middle of the calendar year and in 
the latter case to the midclle of the series of observations. 

Table 19. Products for F o m  184.-This is a multiplication table 
especially adapted for use with Form 194, the multipliers being the 
sines of multiples of 15'. 

Table 20. Au,gmenting factors.-A discussion of augmenting factors 
is given on page 71. The .tabular values for the short-period constit- 
uents are obtained by formulas (308) and (309) on page 72, and those 
for the long-period constituents by formulas (403) and (404) on 
page 92. For constituents SI, &, etc. the augmenting factor is unity. 

Tables 21 to 26.-These tables represent perturbations in R1 and 
Sa due to other constituents of nearly equal speeds. They are based 
upon formulas (359) to (364), inclusive, on page 83. 

. . I  

. 2-16037-41-11 
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Table 27. Critical logarithms for Form 245.-This table was de- 
signed for uickly obtaining the natural numbers to three decimal 
places for co P umn (3) of Form 245 from the logarithms of column (2). 
The logarithms are given for every change of 0.001 in the natural 
number. Each logarithm given in this table is derived from the 
natural number that is 0.0005 less than the tabular number to which 
it applies. 
natural number as the preceding tabular logarithm. For example, 
logarithms less than 6.6990 apply to the natural number 0.000 and 
logarithmsfrom 6.6990 to 7.1760 apply to thenaturalnumber0.001, etc. 

Table 28. Constitumt speed d$et.ences.-.The constituent speeds as 
given in table 2 were used in the computation of this table. 

Table 29. Elimination fators.-These' tables provide for certain 
constant factors in formulas (389) and (390). Separate tables for 
each length of series and different values for each term of the formulas 
are required. The tabular values are manged in groups of three, 
determmed as follows: 

Intermediate logarithms, therefore, apply to the same ' 

180 sin 6 (b-U)T First value=logarithm of - 
qr +(b-a)T-' . 

always taken as 180 sin + (b-U)T Second value=natural number - 

Third value=+(b-a)i; i f  sin Hb-a)T is positive, 

positive. U 

+ (b - 4 7 

Table 30. Products-for Form 245.-This table is designed for ob- 
taining the products for columns (6) and (7) of Form 245. 

Table 31. For construction of primary stencils.-This table gives 
the differences to be applied to the solar hours in order to obtain the 
constituent hours to which they most nearly coincide. Each. differ- 
ence applies to several successme solar hours, but for brevity only 
the fist solar hour of each group to which the difference applies is 
given in the table. 

An asterisk (*) indicates that the solar hour so marked is to be used 
twice or rejected according to whether the constituent speed is greater 
or less than 15p, when in the summation it is desired to assign a 
single solar hour to each successive constituent hour. For the 
usual summations in which each solar hour height is assigned to the 
nearest constituent hour no attention need be given to the asterisk. 

The table is computed by substituting successive integral values for 
d in formula (243) and reducing the resulting solar hour of series (shs) 
to the corresponding day and hour. The solar hour to be tabulated 
is the integral hour that immediately follows the value of (sh) of 
the formula. If the fractional part of (shs) exceeds 0.5, the tabular 
solar hour is marked b an asterisk (*). The successive values of d, 

negative in the application of the table when the speed of the con- 
stitutent is less than 15p. When the constituent speed is greater than 
15p, the difference is to be taken as positive. AU tabular differences 
are brought within the limits 4-24 hours and -24 hours by rejecting 
multiples of f24 hours when necessary, and for convenience in use 
all differences are given in both positive and negative forms. 

although used positiv e i  y in formula (243), are to be considered as 
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The following example will illustrate the use of the table: To fhd  
constituent 2Q hours corresponding to solar hours 12 to 23 on 16th 
day of series. By the table we see that solar hour 12 of the 16th day 
of series is within the group beginning on solar hour 8 of the same day 
with the tabular difference of +19 or -5 hours, and that the Kier- 
ence changes by -1 hour on solar hours 15 and 21, the latter being 
marked by an asterisk. Applying the differences indicated, we have 
for these sola,r hours on the 16th day of series:, 
Solar hour _ _ _ _  12, 13, 14*, 15, 16, 17, 18, 19, 20, 21*, 22, 23 
Difference---- - 5  -5 -5 -6 -6  -6 -6  -6 -6 -7 -7  - 7  --- 

In the results it will be noted that the constituent hours 9 and 14 are 
each represented by two solar hours. If it should be desired to limit 
the representation to a single solar hour each, the hours marked 
with the’asterisk should be rejected. 

To h d  constituent 00 hours corresponding to solar hours 0 to 18 
on the 22d day of series. The 0 hour of the 22d day is in the 
beginning on solar hour 14 of the preceding day with the ta ular 
difference of +14 or -10 hours, and changes of +1 hour in the 
differences occur on solar hours 3 and 17 of the 22d day. It will be 
noted that the hour 3 is marked by an asterisk. Applying the 
differences from the table as indicated, we have for the 22d day 
of series: 

7Yp 

Solar hours.. . 0, 1 2, 3. 4; 6, 6, 7, 8, 9, lo, 11 12. 13, 14, 15, 16*, 17, 18 
Difterences .+14, +14: +14, +I< +I% +IS, +I% +I% +IS -9, -9, -9: -9, -9, -9, -9, -9, -a -8 

Constituent 
00 hours.. 14, 15, 16, 18, 19, 20, 31, 22, 4, 0, 1, .% 3, 4 5, 6, 7, 9, 10 

In the results it will be noted that constituent hours 17 and 8 are 
missing. If it is desired to have each of these hours represented also, 
the solar hours marked by asterisks will be used again.. In this table 
the constituents,have been arranged in accordance with the length of 
the constituent day. 

Table 32. Divisors for primary stencil sums.-This table contains 
the number of solar hourly heights included in each constituent hour 
group for each of the standard length of series when all the hourly 
heights have been used in the summation. 

Table 33. For construction of secondary stencils.-Constituent A is 
the constituent for which the original primary summations have been 
made, and constituent B is the constituent for which the sums are to 
be derived by the secondary stencils. The “Page” refers to the page 
of the original tabulations of the hourly heights in Form 362. The 
differences in this table were calculated by formula (252), and t.he 
corresponding “Constituent A hours” from formula (250), m being 
assigned successive values from 1 to 24 for each page of record. 
Special allowance was made for page 53 of-the record to take account 
of the fact that in a 369-day series this page includes only 5 days of 
record. The s i r  of the difference is given at the top of the column. 
For B-P and -T the positive sign is to be used for constituents 
K and R and the negative sign for constituents P and T. 

For brevity a l l  the 24 constit.uent hours for every page of record 
are not direct1 represented in the table. The difference for the 
omitted hours 9 or any page should be taken numerically one greater 
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than the Werence for the given hours on that page. For an example, 
take the hours for page 2 for constituent 00 as derived, from con- 
stituent J. According to the table the dBerence for the const.ituent 
hours 10 to 3, inclusive, is 9 hours; therefore the difference for the 
omitted hours 4 to 9, inclusive, should be ta.lcesl as 10 hours. For 
constituent 2Q as derived from constituent 0 the three differences 
usually required for each page are given in full. 

The use of the table may be illustrated from the example above, as 
follows: 

Page 2- 

-- ---_ 
00-hours _ _ _ _ _ - -  9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 19, 20 

J-hours _ _ _ _ _ _ - _ _ - -  12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 
Difference _ _ _ _ _ _ - -  +9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9 

OO-hours _--__--  21, 22, 23, 0, 1, 2, 3, 4, 5, 6, 7, 8 
The period 24 hours should be added or subtracted when necessary 

in order that the resulting constituent hours may be between 0 and 23. 
Table 34. For summation of long-period consf~fuenis.-This table 

is designed to show the assignment of the daily page sums of the 
hourly heights to the constituent divisions to which the most nearly 
correspond. The table is based upon formula (395). T<e constituent 
division to which each day of series is assigned is given in the left-hand 
column. For Mf, MSf, and Mm there will frequently occur two 
consecutive days which are to be assigned to the same constituent 
division. In such cases the da which most nearly corresponds to the 

marked by an asterisk (*). The missing day, whether i t  precedes or 
follows the one marked by the asterisk, is t.0 be assigned to the same 
constituent division. For Sa a number of consecutive days of series 
are assigned to each constituent division. In  the table there are 
given the first and last days of each group. 

Table 35. Products as116 for Form .4&.-This table contains the 
products of constituent s eeds and time meridian longitudes for 

of Form 444. 
Table 36. Angle deferences for Form 445.-This table gives the 

differences for obtaining and checking the dial settings for February 1 
and December 31, as entered in Form 445. The differences me de- 
rived from tables 16 and 17. 

Table 37. Coast and Geodetic Survey tide-predicting machine No. 2- 
Generd gears.-This table gives the details of the eneral gearing from 

the details of the earing in the front section or dial case. In  this 

venience of reference, the gears being designated by the letter (7 and 

and the diameter of each shaft. The next 

spur gear. The pitch is the number of teeth per inch of diameter of 
the gear. The worm screw is equivalent to a gear of one tooth, as it 
requires a complete revolution of the screw to move the engaged wheel 

-- - 

constituent division is the on f y one given in the table, and t h i s  is 

formula (466) which is use (P in obtaining values of (.'-IC) for column A 

' 

t,he hand-operating crank to the main vertical s f afts, together with 

table the gears rn % shafts are each numbered consecutively for con- 

S. In the second column are given the face 

of teeth and pitch of each bevel and 
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one tooth forward. The period of rotation of each shaft and gear is 
relative and refers to the time aa indicated on the face of the machine, 
which for convenience is c d d  dial time. 

Table 38. Coast and Geodetic Survey tide-predicting machine No. 2- 
Constituent gears.-This table contains the details of the gearing from 
the main vertical shafts to  the individual constituent cranks. ' Column 
I gives the number of teeth in the bevel gear on the main vertical 
shaft; column 11, the number of teeth in the gear on the intermediate 
shaft that meshes with the gear on the vertical shaft; column 111, the 
number of teeth in the gear on the intermediate shaft that meshes with 
the gear on the constituent crahk shaft; and column IV, the number 
of teeth in the gear on the crank shaft. 

For the long-period constituents the worm gear is taken as the 
equivalent of one tooth. For each of these constituents there is a 
short secondary shaft on which sliding gears are mounted, but the 
extra gears do not affect the speed of any ot the crank shafts except 
that for constituent Sa in which case a ratio of 1:2 is introduced. 

The crank-shaft s eed per dia.1 hour for each constituent is equal to . 

'I1. For constituent Sa the product of 
. both values appearing in each of the columns I1 and I11 is to be taken 
as the value for the column. The column of "Gear speed per dial 
hour" contains the speeds as computed by the above forg~ula. 

For comparison the table contains also the theoretical speed of each 
of the constituents and the accumulated error per year due to the 
difference between the theoretical and the gear speeds. 
. For convenience of reference the table includes also the maximum 

amplitude settings of the constituent cranks. 
Table 39. Synodic periods of constituents.-This table is derived 

from table 28, the eriod represented by 360' being divided by the 

Table 40. Day of year comes onding to-.any..date.-This table is 
convenient for obtainm the derence between any two dates and 

Table 41. Values of h in fornula  h= (1 +15+2+'cos z):.-This table 
may be used with formulas (472) and (473) on page 149 to obtain 
constituent amplitudes for the prediction of hydraulic currents. 

--This table r s i n x  Table 42. Values of k in fornula  k=tun-'l+r cos 

may be used with formulas (474) and (475) on.pa es 149-150 to 

, 

f cO1umn I Xco 
300 column II co~umn IV 

, 

speed difference an a the resulte reduced to days. 

. also in finding the midd K e of any series. 

obtain constituent epochs for the prediction- of hydra. 3 ic currents. 
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Table 1.-Fundamental astronomical data 

Mean distance, earth to sun _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean distance, earth to moon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Equatorial radius of earth (Hayford's Spheroid of 1909)-_- 
Polar radius of earth (Hayford's Spheriod of 1909)--,__-_ 

92,897,416 miles 0 

238,857 miles 

3,963. 34 miles 
3, 949. 99 miles 0 

Mean radius of earth (a), (Intern. Ell.) 6,371,269 meters b = 20,903,071 feet 
=3, 958. 91 miles 

Solar paraIIax (Paris Conference) _ _ _ - _ - _ _ _ _  - - -_8.80" = = 0.000,042,66 radian 
Lunar equatorial horizontal parallax (Brown3 -57' 2.70" 0 = 0.016,59 radian 

Mean solar parallax in respect to mean radius (a/cl) - - - - - - _ - 0. 000,042, 61 radian 
Mean lunar parallax in respect to mean radius (a/c) - - - - - - _ _  0. 016,57 radian 

Eccentricity of earth's orbit (el), epoch Jan. 1,1900- - - _ _ _ - - 0.016,75 c 
Eccentricity of moon's orbit (e)_-: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.054,QO d 

Obliquity of the ecliptic (@),'epoch Jan. 1, 1900 

Inclination of moon's orbit to plane of ecliptic (t3 
23O 27' 8.26" c = 

5' 08' 43.3546" d = 

23.452' 

5. 145O 

Ratio of mass of sun to combined mass of earth and moon 
(Sitter) _ _ _ _  - _ - - _ - _ _ _ - - - _ - _ _ - - - - - - - _ - - - _ - - _ - _ _ - - _ _ - - . 

Ratio of mass of earth to mass of moon (Hinks) _ _ _ _ _ _ _ _ _ _  327,932 b . 
. 81.53b 

Mass of sunlrnass of earth @/E)  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mass of moon/masa of eart.h (M/E) . . . . . . . . . . . . . . . . . . . . .  331,954 

0. 012,27 

In the following formulas for longitude, T represents the number of Julian 
centuries (36525 days) reckoned from Greeqwich mean noon, December 31, 1899 
(Gregorian Calendar). 
Mean longitude of sun (h) 

Longitude of solar perigee (p 1) 

Mean longitude of moon (8) 

Longitude of lunar perigee (p) 

Longitude of moon's node (N )  

Ratio of mean motion of sun to that of moon (tn) _ _ _ _ _ _ _ - _ _ _  

= 279' 41' 48.04" + 129,602,768.13" T + 1.089" T c 

= 281' 13' 15.0' + 6,189.03" T + 1.63" T 2 + 0.012" T' C 

= 270° 26' 14.72"+ (1336 rev.+ 1,108,411.20") T+9.09ttT*+O:006,8t~T 8 c 

= 334O 19' 40.87" + (11 rev. + 392,515.94") T - 37.24" TS - 0.045" TI 0 

= 259O 10' 57.12" - (5 rev. + 482,912.63") T + 7 . 5 2  Ta + 0.008" Ta 0 

0.074,804 
American Ephemeris and Nautical Almanac for year 1940, p. xx. 

b Table of astronomical constants by W. de Sitter, published in Bulletin of the Astronomical Institutes 

Astronomical Papers for the American Ephemens, by Simon Newcomb: Vol. VI, pp. W O ,  and Vol. 
of the Netherlands Vol. VnI. No. 307, July 8,1938. pp. zJo-a31. 

IX, pt. 1. 
The S&?arallar and Related Constants, by M'illiam Harkness, p. 140. 
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lo00, Jan. 1,0  hour _ _ _ _  . . . . . . . . . . . . . . . . . . . .  
1700, Jan. 1, Ohour _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
lS00, Jan. 1 ,0  hour _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
le00, Jan. 1, Ohour _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2IXKl,Jan.l.Ohour _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Table l.-Fundcrmental astronomical data-Continued 

MEAN LONOITUDE OF SOLAR AND LUNAR ELEMENTS POR CENTURY YWRa 

279.857 276.067 
280.624 277.7% 
280.407 278.543 
280.190 281.221 
27Q.873 282.940 

E ocb. Oregorian calendar 
J-wich mean civil time 

Per J u l i  cen- Per common 
tury (36525 days) year (365 days) 

0 0 

per day 

0 

Moon ' 

1 

Per J u l i  cen- Per common 
tury (36525 days) year (365 days) 

D 

per day 

w. 725 
47.604 

342 313 
277.028 
211.744 

0 1  0 

0 

7.417 
116.501 
M5.453 

83.m 
. ma% 

I o  

Moon's 
node 
N 

301.408 
167.343 
33.248 
259.156 
1%. 088 

FATE OF CHANCE IN MEAN LONGITUDE OF SOLAR AND LUNAR ELEMENTS mrom, JAN. I, 1000) 

Elements 

I I 

MEAN ABTRONOMICAL PERIODS 
(Symbols refer to rats of change i n  mean longitude) 

Per solar hour 

0 

a 041, om 64 
O.OOO,OOl, 96 

0. .MQ,Ola, 53 
0, oor, 641.83 

-0, Ooa, #)6,41 

Revolution of lunar perigee, 31Wp::~ - _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.85 Jullan years 
Revolution of moon's node, 380° N 18.61 Julian years 



FJ; 

Zero (permanent term) _ _ _ _  - . . . . . . . . . . . . . . . . . . . .  
8-p _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  z%ro _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.544,374,7 
2d-Zp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Z0lW _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  l . W 7 4 9 , 4  

zero 

Argument (E) 
speed per 

Symbol solar hour 
V -- 

LIXAR LONG-PERIOD TERM, FORMULA (68) 

s-2h+p . . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.471,621,1 
%--ah _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  zero _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.015,895.8 
2d _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -Z _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.098,033,1 

Zero (permsnent term) _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  m 
m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.041,066.7 
m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.08%133,4 I I 

T-2d+h+W _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T-36+h+p+W _ _ _ _ _ _ _ _ _ _ _ _ _  
T-6+h-p-W _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T-48+h+2p+90° _ _ _ _ _ _ _ _ _ _ _ _  
T--sS+3h-~+w)~ _ _ _ _ _ _ _ _ _ _ _ _  
T-8-h+p-90° _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T--rL1+3ir+Boo 
T-h+90° - -__________________ 
T+h-90° 

T--8+h+p-W _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T+s+h-p-W _____________. 
T-2d+h+2p--8o0 

+z€-u- _-_-_-____- la, W,139,8 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  15.041, o w e  
+%-v. _ _ _ _ _ _ _ _ _ _ _  14, SSS, 931.4 

' v _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14.496,698.9 
v _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  15.585,443,3 

-v _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13. Ssa, 319,Z 

- - 

LUNAR DIURNAL TERMS, FOBXULA (68) I I 

T+3s+h-p-90°-. _ _ _ _ _ _ _ _ _  
T+s+h+p+BOo _ _ _ _ _ _ _ _ _ _ _ _  
T+48+h-@-gOo _ _ _ _ _ _ _ _ _ _  

- ~ t - ~  _ _ _ _ _ _ _ _ _ _  _ _  IS. ma 4764 - x - ~  _ _ _ _ _ _ _ _ _ _ _ _  .15. w,m, a 
-2f-v _ _ _ _ _ _ _ _ _ _ _ _  17. !227,851, I 

IIy3s-h+p-W _ _ _ _ _ _ _ _ _ _ _ _  
T+6+3h-p+W- - _ _ _ _ _ _ _ _ _ _  
T+4s-h-9Q _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Iy3h-90°-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - 
CO0ffi- 
ient (C) 

- 

0.5044 
0.0827 
0. OOBS 

0.0116 
0. om 
0.1566 

0.0003 
0.0043 
0.0040 

0.0043 
0. ooo8 
0.0025 

0. m1. 

0.0889 
0.0065 
0.0022 

0.0032 
0. m 

0.2340 
0.0118 
0.O003 

0.011 
0.0043 
0.m 

0. ooo2 

__---_ _. 

0.3771 
0.0730 
0.0104 

0.0087 
0.0142 
0.0015 

0. 0061 
0.0003 
0.3623 

0.0387 
0.0297 
0.0024 

0.0024 
0.0042 
0.0042 

0.0030 
0. o030 
0.0183 

o. 0032 a m  

a 0001 

0. ooo4 
0.0004 

0. wo3 
- - - _ _  _ _  - 
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Table 2.-Ifarmonic constit uenta-Continued 

Argument (E) - 
V 

Speed per solar hour 

' I  I 

ST-&+& _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  -%. __________-_-_ 
#T+#+th .__________________ -2E-2. -__________  
#T+dS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  % _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I -  

T+!?d+h-p _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I -E-v _ _ _ _  1 ________I I&la4,459,g 

SOLAR DIURNAL TERMS, FORMULA (180) 

29. OSS, W1,6 

31; 180,17d3 
31 OlB.033 1 

LUNAR SEMIDIURNAL TEEMS, FORMULA (W 

ST+dS+Sh-#p _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -% _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  31.170,886,7 
dT-84-4h-p _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _  -%- _ _ _ _ _ _ _ _ _ _ _ _  _ _  29.610.616,Z 
#T+8+p . . . . . . . . . . . . . . . . . . . . .  % _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30.553,853;4 I -  
#T+Jl+#h-p _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -%-% _ _ _ _ - _ _ _ _ _ _  31.724.545, O 
ST+s+#h+p+lW _ _ _ _ _ _ _ _ _ _ _  -%-% _ _ _ _ _ _ _ _ _ _ _  30 635 795 6 
#T+&+Sh-#p _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -%-2v. _ _ _ _ _ _ _ _ _ _  32!&919: 7 

#T+4h . . . . . . . . . . . . . . . . . . . . . . .  1 -%-%._________.I 80.164,274,8 

- - 
C M -  

lient (0: 

- 

0.0116 
0.0039 
0.0367 

0.0060 

0.0134 

0. 0022 

0. oom 

0.1755 
0.0103 
0.0016 

aoM)4 
0.1681 

0. 0042 
0.0001 
am1 
aW76 

0. 0001 

a 0042 

a 0004 

.---_--- 

.-_-_-__ 

0. om 
0.6305 

0.9085 
0.1758 
0.0361 

0.0235 
0 0341 

0 0219 

0.0786 

0,0064 
0. rn 
0. m 
0.0005 
0, LmQ 
0, LmQ 

0.0007 
0. oO07 
0,0017 

0.0003 

0: 0066 

0:m 

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

_ _  _ _  - - -. ____-_-. ______-. 
_ _  _ _  _ _  -. 

165 

Factor4 
formula 

'Adapted for use with tabular node factors, theoretical value I s  0.0817. 8- p. 43. 
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Table 2.--.Harmonic constit~centa-continued 

Argument (E) 
Speed per 
solar hour 

m --- 
LUNAR SEMIDIWNAL TERMS, FORMULA (139) I. I 

IT+Sh-p1___________________ E ~ K )  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30.123, m.0 
IT+Spi . . . . . . . . . . . . . . . . . . . . . .  ~81'0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3O.lKHl.W3,9 
#T+#I-#~I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  zero _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30.164,270,6 

Bm _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  IT+Jh--.: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  zero _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  $0.464, m4.6 
B57 _ _ _ _ _  ..________ IT+slr-p~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30.ZOF,.341.2 
B5: _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  dT+Sh+p1+1W _ _ _ _ _ _ _ _ _ _ _ _ _  zero _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30.123, aW, 9 . . I  I 
Bu _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  #T+C?/&-Sp1__________________ I Zero--. _ _ _ _  _ _ _ _  _ _ _ _  I 30.246407,B 

COMBINATION SEMIDIURNAL TERMS, FORMULAS I2123 AND (230). 

Note 3. b _ _ _ _ _ _ _  #T--s+#h-p+lW _ _ _ _ _ _ _ _ _ _ _  +Y P R _ _ _ _ _  29.528,478,9 
Note4. Kz _ _ _ _ _ _  IT+Ih ____________: _ _ _ _ _ _ _ _ _  .I -!%?--I-:: _ _ _ _ _  IsO.oS2,137,3 

LUNAR TERDIURNAL TERMS, FORMULA (110) 

An:.-:- Ma _ _ _ _ _  L ST-S8+Sh _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -I-%-& _ _ _ _ _ _ _ _ _ _ _  43.476156.3 
AM _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ST-&+Sh+p _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4-3E-3~ _ _ _ _ _ _ _ _ _ _ _  42931 781 6 
A* _ _ _ _ _  _ _  _ _ _ _ _ _ _ _  ST-2d+Sh-p+lSOD _ _ _ _ _ _ _ _ _ _  +3€-3u _ _ _ _ _ _ _ _ _ _ _  44.020: 531: 0 ' I  I 

CoefB- 
ient (C) 

0.0323 
0. ma 
0.0012 

0.0208 
0. 0034 
0.001s 

0.4237 
0.w2 
0,0035 

0.0010 
0.0365 
0. ooog 

0. ooog 

Note 1-Combines terms AM and -41r. 
Note !&Combinas terms Ar? and Bas. 

Note %Combines terms Au and A48 
Nota CCombinea terms A47 and Bo. 
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Table 2a.-Shallow-water conetit uents 

Origin 

. Argument, 
. Speed 

D ___--____- 
de- per h. ' " 1 .  .... 

&midiurnal I 
2~-53+4h+p _ _ _ _ _ _ _ _ _  +a-.lU _ _ _ _ _ _ _ _ _ _ _  n.m,saa, 7 
3T+!&-th- _ _ _ _ _ - _ _ _ _ _  -%+k - _ _ _ _ _ _ _ _ _  31.016, 8Q5,8 I I 

Factor# ' 
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Table 3.-Latitude factors . .  

.124 

.115 

.106 

.094 
,088 
,072 

.wo 

Y 

- 
0 

0 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
1' 
14 

II 
1 
11 

1 
2 
2 

a 
a 
a 
2 
1 
I 

I 
i 

1 

i 

Y dl 

- 
0.200 

.%lo 

.188 

.197 

.195 

.1Q2 

.189 

.186 . l8l 

.176 

.1M .la 

.157 

.la 

.14' 

.13 

Y v i  

c_ 

0.500 

.m 

.498 

.4ss 

.403 

.48Q 

.484 

.47a 

.471 

.463 

.456 

.445 

.43a 

.4% 

.41: 

.401 

.a8 

.37: 

.34 

.32 

.30 

.a 

.a7 

.25 

.a3 

. I 1  

.19 

.10 

.14 

.1$ 

.1( 

.o: 

. 0: 

.M -. 0: 

-.@ -. 01 -. 01 

-.I! -. 1, -. 1 

-. 1 
_.. 

. as 

T.. 

.047 

.036 

.021 

.008 -. 008 
-.om -. 0% -. 050 
-. 085 -. 081 -.ow 
-. 113 -. 120 -. 145 

-. 164 -. 179 -. 196 

-. 213 -. a30 -. 248 

-. 206 -. %- E 

Y *I 
Ylro 
Ya 
Y d1 - 
I. ooo 
.036 

. lo8  

.139 

.174 

.m8 

.24a 

.276 

.3oQ 

.342 

IM 
43a 
lBI- 
50 

53 
55 
58 

61 
.I34 
-60 

-88 
.7I 
-74 

. 7t .n 

.a 

.8: 

.& 

.a 

.81 

.8! 

. 9  

. Q! 

.9 

.% 

.B 

.9 

.9 

.9 

.9 

.9  

.e 

.om 

. a75 

pt - 
* 

1.w 
.017 
.036 
.@a 
.w .w 
.IO3 

.m .w 

.QQ7 

. w 5  

.eo2 

.e89 

.w 

.98l 

.976 

.8&1 

.967 

I49 
941 
6% 

8% 
811 
801 

8B 
118: 
87 

86 
84 
83 

,Bo 
, m  
,7E 
.70 
.75 

,72 
.71 .n 
.e! 
.8; 
.6! 

.e4 

.a 

.a 

.a 

. B  

.5 

. 5  

, .! 

. grn 

, aa 

.. 
- 

Y.u 

-- 
1.m 

t O O O  
0.m 
.906 

..QQ3 
.888 
.W 

Y ~ I  

-- 
1 . m .  

0.9W 
.BBB 
.886 

.880 .w 

.078 

.&48 

.sa0 . m. 
.788 
.766 
.743 

.719 

.695 

.m 

.&a3 

.til6 
. .588 

.559 

.530 .m 

.4m 

.438 

.407 

.375 

.342 .m 
.276 

.8os 

.174 

.la 

.lo6 

.OM 

.03 .oo 

. H a  

- 

Ylai 

* 
0.m 

.017 

.035 

.062 

.m .ow 

. lob 

I 27t 
-29: 
,501 

.3!3 

.34: 

.I 

.37! 

.39 .w 
.42 
43 

.45 

.M 

.I 

.m 

.51 

.53 

.54 

.55 

.bi 

.M 

.a 

.61 . e: 

.6! 
.6! 
.a 
.e! 
- I :4 

Y d  

- 
.ooo 
.ooo 
.m ." 
.oos .w 
. w 5  

. w 3  .m 

.Q88 

. Q83 . e82 

.Q78 

.974 .m 
.9B( 

.w 
,951 
.95 

.94  

.94 

.93 

.92 

.92 

.91 

.Bo 

.88 . 88 

.88 
.87 
.8t 

.@ 

.84 

.G 

.8: 

.81 .a 

.n 

.b 

.71 

.71 

.F 

.n 

* I  
- I:: 

Y .40 

- 
0. m 
. 010 . 021 
.031 

.041 

.052 .om 

.M1 

.081 

.owl 

.om . loa 

.116 

.w 
.19' 
.13 

.14 
.15 
.15 

.16 

.10 

.11 

.ll  

.11 

.178 . I7Q 

.17Q 

. l7a . l7r 

.176 

.172 

.169 

.165 

.161 

.156 

.1m 

.143 

.I36 . la8 

.la . 111 

.lo2 

.092 .os' 
-07 

. i e  

- 

Y.41 
YM 
- 
). 2M) 

.m . 199 . M 
.I95 
.I92 
.188 

.184 

.1m 

.173 

.167 

.161 

. 18  

. I46 
.l37 
. 1 a  

.11! 

.111 .ow 

.08! . MI 

.os 
.05 
.04 
.03 

. 01 .w -. w 
-. 01 -. w -. 04 
-. 01 -. oe -. (# 

-. OI -. 1I -. 11 
-. 1: -. 11  -. 14 

-. 11 -. 1' -. u 
-. 1' 

1::: - 

.1m 

.136 

.153 

.lea 

.I84 

.199 

214 
3% 
241 

255 
?67 
a80 

281 
302 
312 

,82a 
,331 
,339 

,347 
.354 .m 
.3M 
.371 

.37E 

.a81 

.383 

.384 

.381 .w 

.38! .a 

.3N 

. 3 z  

.37' 

. as! 

. a75 

.an 

888 
,875 
,860 

,845 
,830 
,814 

.797 

.780 

.762 

.744 

.7% 

.707 

.888 

.671 

.8M) 

.e30 

.610 

.m 

.570 
.b50 
.5ao 

.509 .w 

.4m 

.450 

.430 

.410 

.391 

YdI 

- 
0. m 
.013 . 0% 

.051 .m .me 

.oBs .ow 

.111 

.132 

.133 

.143 

.oas 

.I54 

. la 

.17! 

.18 

.18 

.19 

.a 

.21 

.21 

.22 . I 

.I 

.a 

.2! 

.21 

.w 
.a! 
.a! 

.% 

.% .z 

.a: 

.2 

.a 

.2 . a  

. a  

1 
. 1  

.a  

f 
- 

Y,¶ 

- 
0.333 

.333 

.332 

.330 

.338 

.324 

.321 

.316 

.311 

.305 

.a9 . a 1  .w 

.275 

.387 .as 

.N 
.2a' .m 
.all 
.?M 
.19 

. 17 . 161 

.15 

.14 

.12 

. l l  

. IO 

.@ 

.07 

.05 

.04 .a 

.M 

.M: -. 01 
-. 0: -. 0: -. 0' 

-. O( -. 0: -. 01 

-. M -. I' -. I - 

Y 

- 
0 

0 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

a 
.4 
15 

16 
17 
18 

19 
20 
21 

22 
a3 
24 

as 
a7 

28 
!Kl 
30 

31 
32 
33 

34 as 
88 

37 
38 
89 

40 
41 
u) 

43 

m 

*In these columns reverse signs for south latitude. Other values are applicable to'either north or south 
. latitude. 



- - 

Y 

- 
0 

46 

40 
47 
48 

49 
50 
51 

62 
63 
€4 

65 
68 
67 

I 
59 
00 

61 
6!a 
63 

04 
66 

67 
68 
68 

70 
71 
72 

78 
74 
76 

76 
77 
78 

79 
80 
81 

8a 
84 

8t 
a6 
81 

8E 
88 
80 

ea 

sa 

- 

- - 
Yvao 

- 
-0.250 

-. 276 -. 302 -. 325 
-. 364 -. w -. 406 
-. 431 -. 457 -. 482 

-. 507 -. 531 -. 656 
-. 579 -. 602 -. 835 
-. 847 -. 689 -. 091 

-. 712 
-.732 -. 752 

-.771 -. 790 -. 807 

-. 825 -. 841 -. I 7  

-.872 -. &88 -. 900 

-. 913 -. 924 
--.I335 

-. Q45 -. 955 -. 963 

-. 911 -. 978 -. gsrl 
-. 98s -. W3 -. Wf 
-. w -1.m 

-1.ooc - 

HARMONIC ANALYSIS AND P'REDICTION OF !J?IDES 

Table 3.-Latit ude factors-Continued - - 
Y.u 
YdO 
Y S  
Yrrr -- 
oaa 
999 

,998 
w 5  

Bgg 
I gs5 
,978 

,070 
,961 
.951 

,940 
,927 
.914 

,889 
.883 .w 
.848 
.E29 
.809 
.788 
.766 
.743 

.719 

.095 

.689 

. a 3  

.610 

.m 

.568 

.so . boo 

.409 

.438 

.407 

.375 

.%2 

.309 

.276 

.242 

.208 

.174 

.139 

.1os 

.m 

.035 

.M)o - 

- - 
Ylu 
Y d a  

- 
. a0 
.483 
.406 
.448 

.430 

.413 

.as8 

.370 

.302 
,345 

.a9 

.313 

.297 

. a81 
,265 . 250 

. a 5  

.m .zoo 
, lsa 
,179 
.166 

.163 
,140 
.128 

.117 

. lo0 

.095 

. op5 

.076 

.087 

.059 

.051 

.043 

.036 

.030 

.024 

.019 

.016 

.Oll 

.om 

.005 

.om 

.001 

.a00 

.ma - 

- - 
Yam 

- 
0. oo!l 
-. -. 070 -. 105 

-. 139 -. 174 -. 208 

-. 244 -. 276 -. 309 

-. 342 -. 375 -. 407 

-. 438 -. 468 
-.boo 

-. 530 -. 669 -. 588 

-.Ma -.m 
-. 695 -. 719 -. 743 

-. 706 -. 788 -. 808 
-. 828 
-.%a -. 888 

-. 883 -. 888 -. 914 
-. 92i -. w -. 951 

-. 901 -. 97c -. QR 
-. gs! -. 99c 
-, QQl 

-. 891 -. 99f 
-1. M)( 

-. 6ia 

- 

Y w a i  

-- 
,707 

I 719 
.731 
,743 

,755 
.766 
.777 

.m 

.I99 .me 

.a19 .m 

.a39 

.848 
.E57 .mi 
.875 
.883 
.E91 

.E89 

.QO6 . 914 

.921 

.927 

.934 

. 940 

.946 

.951 

.950 . 901 
.966 

.970 . Pi4  

.m 

.Pa2 

.@SO 

.m 

.m 

.Q93 

.895 

.m 

.gga . 889 

. BB9 

Loo0 
i.ooa 

- 

Y "ai 

.707 

.@a6 

.882 

.069 

.e50 

.e43 

.629 

.e10 . ea2 

.m 

.574 

.569 . s45 

.530 

.515 

.so 

.485 
.4@ 
, 4 5 1  

..I38 
.423 
.407 

. a 1  

.375 

.358 

.342 

.326 

.309 

.292 

.276 

.259 

.242 

.225 .m 

.191 

.174 

.156 

,139 
.la 
.lo5 

.087 

.070 

.052 

.036 

.017 . ooc 
I 

- - 
Y.40 

-- 
Q 011 

,059 
.048 
.a5 

.023 . 010 -. 003 

-. 017 -. 030 -. 044 

-.068 -. 072 -. 087 

-. 101 -. 115 -. 130 

-. 144 -. 168 -. 173 

-. 187 -. a 1  -. 214 

-. 228 -. I 1  -. ?54 

-. 330 -. 278 -. 290 

-. 301 
-.311 -. 322 

-. 331 
-.ala -. 349 

-. 851 -. 364 
-. 377 -. 382 -. 987 

-. 391 -. 394 -. 391 
-. 3M -. u)( -. rM( 

-. 371 

- 

- - 
Y.41 
Y*o 

-0.m 

-. 221 -. 2 8  -. 130 

-. 242 -. XQ -. a51 
-. 259 -.!m -. 287 

-. 270 -. 272 -. 274 

-. 276 -. 276 -. 276 

-. 214 -. 272 -. 270 

-. 286 -. 203 -. 258 

-.os -. 247 -. I 1  

-. 234 -. 2% -. 218 

-. 209 -. 200 -. 190 

-. 179 -. 169 -. 158 

-. 146 -. 134 -. 121 

-. 108 -. 098 -. 082 

-. 069 -. 055 
-.Ma 

-. 028 -. 014 .om - 

Y.42 
Yn 
_-- . 
.a& 
.347 
.340 
.%a 
. a 5  
.317 
.308 

. a 9  

.a89 .m 

.a89 

.a59 . !a49 

.238 

.227 

.217 

.200 

.195 

.1M 

.I% 

.I02 

.151 

.141 

.130 . 120 

.I10 

.I00 

.091 

.m 

.073 
* 065 

,057 
,049 
,042 

,036 
.030 
,024 

.OI9 

.015 

.011 

.008 

.005 

.003 

.001 

.m .ooo - 

Y .U 

--- 
I. 354 

.335 

.317 

.m 

.m 

.a66 

.249 

.a33 

.a le  .m 

.189 

.I76 

.I62 

.149 

.137 

.126 

.114 . lo3 

.OM 

.OS4 

.075 

.087 

.080 

.053 

.040 

.040 

.036 

.m 

.031 

.017 

.014 . 011 

.m 

.om 

.006 

.OM 

.003 

.MI1 . 001 

.001 . 000 . ooc 

.OM .m 

.OM: 

. oao 

- 

- - 
Y*l 

-- 
* 

1. 186 

.155 

.I46 

.136 

.124 

.112 

. lo1 

.a89 

.070 

.064 

.061 
,038 
.025 

,012 -. Do1 
-,014 

-. 028 -. 041 
-.OM 

-. 007 
-.OW 
-.ma 
-. 10s -. 117 -. 129 

-. I41 -. 152 -. I63 
-. 173 -. 183 -. 193 

-. 211 -. 219 

-. 220 -. 233 -. a9 
-. 245 -. a50 -. a54 
-. WI -. !a1 -. as1 
-. 28s -. 18a 
-.261 

-.ma 

- 

-0.111 

-. 128 -. 187 -. 140 
-. 156 -. 163 -. 170 

-. 177 -. 183 -. 189 

-. w -. 198 

-. 204 -. a07 
-.!ma 

-.2lO -. 209 

-.m -. 208 -. 204 
-. 201 
-.Is? -. 193 

-. 188 -. lsa -. 177 

-. 1M -. 163 -. 165 

-. 147 -. 139 -. 130 

-.la -. 111 -. 1EM 

-. ORC -. 079 -. 089 

-. 0 1  
-.ope -. 036 

-.m -. 01: 
.oo( 

-. 202 

-. 209 

- 

169 

- - 
Y W C l  

.- 

-a 300 

-. 317 -. 335 -. 853 

-. 370 -. 387 -. 404 

-. 421 -. 438 
-.m 
-.471 -. w -. 503 

-. 519 -. 536 -. 660 
-. bal -. 580 -. 694 

-.MI8 -. 0n -. 035 

-.tu7 -. 6oO -. 072 

-. 683 -. eD4 -. 706 

-. 715 -. 724 -. 733 

-. 741 -. 7'19 
-.757 

-. 764 -. 770 -. 776 

-. 781 
-.786 -. 188 
-. 702 -.ma -. 797 
-. 788 -. 800 -. 800 
- 

- - 
Y 

- 
0 

45 

46 
47 
18 

49 
40 
51 

52 
t13 
M 

66 
50 
67 

1 
58 
80 

01 
02 
08 

e4 
66 
e3 

67 
68 
09 

70 
71 
72 

73 
74 
75 

76 
77 
78 

70 
80 
81 

83 
83 
84 

86 
86 
87 

88 
88 
80 
- 

*In these damns ns*m signs lor south latitude. Other values sre sppllesble to either north or m t h  
latitude. 
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Table $.-Mean longitude of lunar .and solar elements at Jan. I ,  0 hour, 
Greenwich mean civil time, of each year from 1800 to 2000 

Year. s 

-17 0 

225.45 
288.12 
308.78 
3 4 7 . a  

28.10 
68.88 

109.54 
1m. 20 

190.86 
231.64 m. 30 
312 96 

353.63 
W 40 
75. OB 

115.73 

68.39 
197.11 
237.8: 
m . 4 !  

319.11 
359. B: 
40.8 
81. a 

121.9 
162. (Y m. 3 
244.0 

a s l 6  
325.4 

6.1 
46.7 

87.4 
128.2 
168.8 
308. : 
m. 5 
290. ( 
331. t 

52. 
93. 

134. : 
175. I 

215.' 
256.I 
287. 
337. I 

18. 
69. 
99. 

1.10 

pa. i 

I 

. . .  

h PI -- 
0 0 

m . 4 1  279.60 
280.17 279.52 
279.93 279.54 
279.09 279.55 

279.45 
280.20 
279. 90 
279.12 

279.48 
280.23 
279.99, 
279.75 

79.51 
30.26 
30. na 
79.78 

79.64 
!so. 39 
Z80. 05 
m. 81 

i79.57 
BO. 32 
180.08 
t79. s4 
279.61 
280.35 
a8R 11 

279.64 
280.38 
280.14 
W. 91 

279.67 
om.  41 
280. le 
279.94 

279.7c 
280.44 
280. 21 
279.8; 

279. 'E 
280. 4( 
280.4 
m. o! 

279.71 m. 5 
280.2 
280. M 

am. 87 

m. 57 
m. 59 
V9.61 
m. I 
!79. 64 
m. 66 
t79.67 m. 69 

Z79.71 
Z79.73 
879.74 
nS. 76 

279.78 

279.81 
279.g 

279.81 
279. El 
279: 81 
279. w 
279.9: 
279. % 
279: 9 
279. w 
278. w 
280.0 
280.0 
280.0 

m. 0 
280.0 
280. 0 
280.1 

280.1 
280. I 
280. I 
280. I 

280. I 
280. li 
280. I a. : 
280. : 
m. : 
m. : 
280. ! 

am. n 

Year. s P --- 

316.93 1856---. 198.15 344.00 
296.56 1857---- 341.12 24.78 
m.23 1858 _ _ _ _  111.10 65.44 
257.90 1859---- 240.48 106.10 

219.19 1861 _ _ _ _  152.43 187.54 
199.86 18@2.--- 281.83 228.20 
180.53 1863 _ _ _ _  51.28 N . 8 7  

161.20 1&l4-.-. 180.59 m.53 
141.82 1865 _ _ _ _  323.15 350.30 
122.49 1866 _ _ _ _  93.53 30.96 
103.17 1867 _ _ _ _  221.92 71.63 

230.57 1880---- 9.87 146.77 

83.84 1%%--.- 351.30 I 
64.46 1869---- 131.86 
45.13 1870--.- 263.25 
25.80 l871---- 83.83 

6.47 1812---. 162.02 
347.09 18 73.... 244.68 
327.76 1874..-. 73.96 
308.43 l875..-. %03.35 

289.11 1876--.. 332.73 
268.72 1877-.-- 116.29 
250.40 IS%---- %68 
231.07 1879.-.. 14.06 

311.74 lsBo---- 143.45 
192.36 188l--.- 286.01 
173.03 1883---- 55.39 
153.70 1883 _ _ _ _  ,184.78 

134.37 1884---- 314.16 
114.M 1885.-.. 96.72 
95.88 1888---- 226.11 
76.34 lSm-.-- 355.49 

57.01 1888..-. 124.88 
37.63 1889 267.44 
18.30 1 m - . - -  36.83 

353.97 l891---- 166.a1 

339.64 1893-.-- 296.59 
a.36 lam---- 78.16 
900.83 1894.--- 207.54 
281.61 1895--.- 336.93 

262.28 1896.--- 106.31 
242.90 1897---- 248.87 

204.24 l899.--- 147.64 

184.91 
165.153 
146.20 

1 126.87 

223.57 i m - - - -  iaae 

12. as 
153. o! 
193.7: 
2 8 1  3! 

735. o! 
315.8: 
356.I 
37.11 

77.8 

159. 2 
199.9 

240.6 
281.3 
333.0 

2 6  

43.3 
84.1 

124.7 
165.4 

206.1 
246. I 
287.. 
328.2 

8.5 
49. t 
90. i 

130. ( 

171. I 
212. a 

293. 

118. B 

353. ! 

I 

h PI -- 
0 0 

279.83 !2%0.40 
280.57 280.41 

280.09 280.46 
2 8 0 . 3  280.43 

279.85 
280. Bo 
m.36 
380.12 

279.88 
280.63 
m. 39 
280.15 

279.91 
280.88 
m. 43 
280.18 

79.94 
80. 69 
w. 45 w. 21 

m. 97 
Bo. 72 
Bo. 48 
w. 24 

m. 01 
m. 75 
BO. 61 
180. a 
m. 04 
280.78 
280.64 
280.31 

280. oi 
280.81 
280. 57 
280.34 

m. 1c 
280. 84 
280. 61 
280.35 

280.13 
280.81 
280.64 
280.4 
280.1t 
290. 9: 
280. (I' m. c 

, 

!SO. 46 
!80.48 w. 50 
Iso. 8 

Iso. 53 
80.55 
w. 57 
w. 58 

Zso. 60 
M. 62 m. I34 m. 65 
so. 87 
180. B( 
i80.71 
380.7: 

280.7< 
280.71 
280.7; m. 7( 

280.8 
280.8: m. 8 
-84 

280. 81 
280.8' 
280.9 
280.9 

280.9 
293.9 
280.9 
281.0 

a n .  a 
a i .  a 
281. a 
%I. 0 

281. c 
281. I 
281.1 
281. I 
a81. I 
281. I 
281.1 
281. : 

I 

0 

107.55 
88.16 msh4 
49.51 

30.18 
10.80 

351.47 
332.14 

312.81 
293.43 
274.10 
254.78 

235.45 
216.07 
196.74 
177.41 

158.08 
138.70 
119.37 
lao. 04 

80.72 
61.34 
42.01 
22.68 

3.35 
343.97 
324.64 
305.31 

285.98 
268.60 
247.28 
227.95 

!m.1 
l89. 24 
169.91 
150.58 

131.25 
111.87 
93.64 
73. aa 
53.89 
34.61 
15.18 
355.85 

336.52 
317.14 
281.81 
278.48 
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259.16 
239.83 
220.60 
201.17 

181.84 
162.46 
143.13 
123.81 

Table 4.-lUean longitude o f  lunar and solar elements at Jan. 1, 0 hour, 
Greenwich mean civil t ime, o f  each year from 1800 to  2000-Continued 

1962----' 323.15 
1953----' 106.72 
1954--.. 235.10 
1955-.-- 4.49 

1956-.-. 133.87 
1957--.- 276.43 
1958-.-. 45.82 
1959---- 175.20 

27.11 
7.13' 

348.40 
329.07 

309.76 
m.36 
271.04 
251.71 

232.38 

193.67 
174.34 

1.55.01 

116.31 8R.w 

21aoo 

135.6.3 

lQ64---- 115.30 
1965--:. 257.80 
1866-.-. 27.25 
1967-..- 156.63 

1968-..- 286.02 
1969..-- 68.68 
1970-.-- 197.96 
1971---- 327.35 

1972---- 96.73 

1974--.. 8.68 
1975.--- 138.06 

1976..-. 367.45 

1978---- 179.40 
1879---- 308.78 

1 9 ~ ~ -  ~30.3 

im7..-- 50.01 

1920.1-.. 
18 Zl.-... 
19 22.-... 
1923-.-.. 

0 

334.38 
15.05 
55.71 
96.37 

137: 03 
177.81 

2.59.13 

299.79 
340.57 
21.23 
61.89 

102.65 
143.33 
183.99 
224.65 

265.32 
306.09 
346.75 
27.41 

6k OS 
108.85 
149.51 
190.18 

230.84 
271.61 
312.27 
352.94 

33. 60 
74.37 

115.03 
155.70 

196.36 
237.13 
277.80 
318.40 

359.12 
39.89 
80.56 

121.22 

161.88 

243.32 
283.98 

324.64 
5.42 

46.08 
86.74 

127.40 
168.18 m. 04 
249.50 

ala 47 

302.65 

37.43 
179. w 
3G9.37 
78.76 

- - 
h - 
0 

m. 19 
279.96 
279.71 
279. 47 

m. 23 
279.98 w. 74 
279.50 

279.27 aso. 01 
279.77 
279.53 

279.30 m. 04 
279. 80 
279. s7 

279.33 
260.01 
279.84 
279.60 

279.36 
280.10 
279.87 
279.63 

279.39 

279.90 
279.68 
279.42 
280.17 
279.93 
279.69 

279.45 
BO. 20 
279.96 
279.72 

279.48 
280.23 
279.99 
279.76 

279.51 m. 26 m. 02 
279.78 

279.54 m. 29 
280.05 
279.81 

279.57 
280.32 m. os 
279.34 

mo. 14 
1924: -... 
1925---.. 
IS%----- 
1927.---- 

19 28...-. 
l929..--- 
1930..--. 
1931 --... 

- - 
PI 

-- 
0 

281. aa 
281.24 
281.26 
281.27 

281.3 
281.31 
281.33 
281.34 

281.36 
281.38 
381.39 
281.41 

aR1.43 
281.44 
281.46 
251.48 

241.50 
251.51 
281.53 
281.55 

281.56 
281.68 
381.60 
281.62 

281.63 
281.65 
281.67 
mi .  69 
SI. m 
mi .  74 
281.72 

281.76 

281.77 
381.79 
281.81 
281. 82 

281.84 
281.88 
281.87 
281.88 

281.91 
281.93 

a81.98 

281.88 
281.99 
.!m. 01 
283.03 

2a2.06 
282.06 
282.08 
29. 10 

mi.  04 

20814 
350.71 
120.09 
249.47 

18.86 
161.42 
280.81 
Bo. 19 

1932 ....- 
1833 --... 
1934-.-.- 
1835---.. 

189.58 
332 14 
101.52 
230.91 

0.28 
340.90 
321.57 
30425 

282.W 
263.54 
244.21 
224.88 

20655 
186.17 
166.84 
147.61 

128.19 
108.80 
89.48 
m.15 

60.82 
31.44 
1 2  11 

352.78 

0 

290. 16 
330.94 
. 11.60 
62. a6 

9 2  92 
133.70 
174.36 
215.02 

2555.88 
286.46 
337.11 
17.78 

58.45 
99. 22 

139.88 la. 54 

221.21 
261. gs 
302.64 
843.31 

23.97 
81'74 

105.40 
146.07 

188. 73 
237.50 
26% 17 
308 83 

349.49 
30.28 
70.93 

111.69 

15;. 25 
193.02 
233.69 
274.35 

315.01 
855.79 
36.45 
77.11 

117;77 
158.55 
199. 21 
239.87 

m. 53 
32l. 31 

1.97 
42.68 

83. as 

1884--.. 268.88 
1985-.-- 31.44 
l986-.-- 160.83 
1987---- 290.21 

1Bs8---. 69.60 
1989..-- 20316 
1900---- 331.64 
199l---. 100.83 

1992 _ _ _ _  234.31 
1!%3.--. 12.87 
19Q4-.-. 14226 
1896.--. 271.M 
1896..-. 41.03 
1997..-- 193.59 
i m - - - -  3iz.m 
1899---- m a 6  

mo.--- 211.74 
. 

' 0  

279M 
280.3 m. 11 

279.37 

279.63 aso. 38 
280.14 
279.90 

Zi'9.67 
!Xl. 41 
280.17 
279.93 

279.70 
280.44 
m.3O 
279.97 

279.73 
280.47 m. 24 
m.00 

279.76 
280. M)  m. 27 

279.79 m. M 
280.30 

279.82 
280.67 
280.33 
280.09 

279.85 m. 60 
280.36 

279.88 
280.63 
280.39 
290.15 

279.91 
280.68 
ANI. 42 
280.18 

279. 94 
280.69 
280.45 
280.21 

279.97 

280.93 

280.08 

m. ia 

- 
PI -- 
0 

282. 12 
282 13 
283.15 
282.17 

262.18 asa. m 
283aa 
28324 

283.25 
282 27 
29.29 
29. 30 

29.a aaa. 34 
282.36 
?62 37 

282.39 
282.41 
282.43 
2% 44 

29 .46  
232.48 
2@. 49 
282.51 

282. I 
S 2 . M  
282.56 
282 58 

a82.60 
282.61 m e  
29.65  

282 67 
282.68 
282.70. 
282.73 

282.73 
a8a 75 
282.77 a'. 79 

282.80 
aaa.83 
m 8 4  
Z32.85 

282.87 
283.89 m 91 
aRaW 

aSa9.4 

- - 
N - 
0 

333.46 
514.07 
294.75 
275.42 

256.09 
236.71 
217.38 
198.05 

178.72 
159.34 
140.01 
130.69 

101.36 
81.98 
62.65 
43.32 

23.90 
4.61 

346.28 
325.95 

308.63 
287.24 
387.92 
%59 

239.28 
208.88 
180.55 
171.22 

151.89 
132 51 
11% 19 
93.86 

74.53 
65.15 
35.83 
16.49 

357.16 
337.78 
318.45 
299.13 

279.80 
380.42 
241.09 
221.76 

m2.43 
183.05 
163.72 . 
144 39 

126.07 

- 
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Jan. 1 
Feb. 1 
MM. 1 

May 1 
June 1 

Apr. 

Table 5.-Differences to  adapt table 4 to  any month, day, and hour of 
Greenwich mean civil t ime 

DIFFERENCES TO FIRST OF EACH CALENDAR MONTH OF COMMON YEARS I 

0.00 0.00 0.00 0.00 0.00 J u l y 1  %I493 20.16 17&N 0.01 -9.68 
48.47 3.45 30.56 0.00 -1.64 A u g . l  273.40 a 6 2  20886 0.01 -11.23 
67.41 a 5 7  s . 1 6  a 0 0  -3.12 sept. 1 321.88 27.07 238.51 0.01 -1287 

141.17 13.37 118.28 a 0 1  -a35  NOV. 1 45.62 33.87 m.64 0.01 -16.10 
189.64 16.82 148.83 . 0.61 -8.00 Dec. 1 80.92 37.31 339.n 0.02 -17.69 

1 1 0 6 . 8 8  10.03 88.71 0.00 -4.77 O c t . 1  367.16 30.41 289.08 0.01 -14.46 

o 0 

N 

0 

0.00 
-0.05 
-0.11 

-0.16 
-0 .21  
-0.B 

-0.33 
-0.37 
-0.42 

-0.48 
-0.53 
-0.58 

-0.64 
-0.69 
--a74 
-0.79 

Day 8 --- 
0 

17 _ _ _ _ _ _  210.82 
18 _ _ _ _ _ _  224.00 
19 _ _ _ _ _ _  237.18 

20 _ _ _ _ _ _  250.35 n ____- -  m 6 3  
32..-.-. 276.70 

23 _ _ _ _ _ _  289.88 
24 _ _ _ _ _ _  3W.00 
26 _ _ _ _ _ _  316.23 

B _ _ _ _ _ _  329.41 n __-__ -  342Q 
28 _ _ _ _ _ _  356.76 

29 _ _ _ _ _ _  8.94 
30 _ _ _ _ _ _  a 1 2  
31 _ _ _ _ _ _  36.29 
32 _ _ _ _ _ _  48.47 

I I I I I I1 I I I I I 

DIFFERENCES TO BEGINNING OF EACH DAY OF MONTH FOB COMMON YEARS 1 

1 _ _ _ _ _ _ _ _  
2 _ _ _ _ _ _ _ _  
a _ _ _ _ _ _ _ _  

0.00 
13.18 
28.36 

4 _ _ _ _ _ _ _ _  39.63 
6 _ _ _ _ _ _ _ _  6271 
6 _ _ _ _ _ _ _ _  66.88 

10 ___._-- 
11 _ _ _ _ _ _ _  
12 .______ 

7 79.06 
8 _ _ _ _ _ _ _ _  9233 
9 _ _ _ _ _ _ _ _  I 105.41 

1 x 6 9  
131.76 
144.94 

13 _ _ _ _ _ _ _  
14 _ _ _ _ _ _ _  
15 _ _ _ _ _ _ _  
16 _ _ _ _ _ _ _  

1% la 
171.29 
184.47 
197.65 

- 
P - 
0 

0.00 
0.11 

0.33 
0.46 
0.54 

0.67 
0.78 
0.89 

1. 00 
1.11 
1.23 

1.34 
1.45 
1.56 
1.67 

a 22 

h 

0 

0.00 
0.04 
0.08 

0.12 
0.16 
0. 21 

0.25 

0.33 

0.37 
0.41 
0.45 

0.29 

h - 
0 

a oo 

aaa 

0.99 
1.97 

3.1 
4.93 

5.91 
6.90 
7.89 

8.87 
9.86 

10.84 

11.83 
12.81 
13.80 
14. 78 

PI -- 
0 

0.00 
0.00 
0.00 

.0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

am 

PI - 
0 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0..00 
0. 00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

-0.01 
-0.01 
-0.01 

-0.01. 
-0.02 
-0.02 

12 _ _ _ _ _ _  6.59 0.08 
13 _ _ _ _ _ _  7.14 0.08 
14 _ _ _ _ _ _  7.69 0.06 

15 _ _ _ _ _ _  8.24 0.07 
16 _ _ _ _ _ _  8.78 0.07 
17 _ _ _ _ _ _  9.33 0.08 

18 _ _ _ _ _ _  9.88 0.08 
19 _-___-  10.43 0.09 
20 _ _ _ _ _ _  10.98 0.m 

P - 
0 

'1.78 
1. 89 
2. 01 

2 12 
2!3a 
234 

2 4 5  
2 56 
2 67 

279 
2 90 
3.01 

3. 12 
3. 23 
3. a4 
3.45 

6. _ _ _ _ _ _ _  
7 ____-___  
8 _ _ _ _ _ _ _ _  
9 _ _ _ _ _ _ _ _  
10 _ _ _ _ _ _ _  
11 _ _ _ _ _ _ _  

h - 
0 

16.77 
16.76 
17.74 

18.73 
19.71 
20.70 

21.68 
22.67 
23.66 

24.64 
25.63 
26.61 

!a. e4 
2s68 
29.57 
30.56 

3.29 
3.84 
4.39 

4.94 
6.48 
6.04 

1 - 
0 

0.00 
0.00 
0.00 

0. 00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

0. 00 
0.00 
0.00 
0.00 

aoo 

- 
N - 
0 

-0.85 
4.90 
-0.95 

-1.01 
-1.00 
-1.11 

-1. 16 
-1.22 
-1. n 
-1.32 
-1.38 
-1.43 

-1.48 
-1.54 
-1.59 
-1.64 

DIFFERENCES TO BEGINNING OF EACH HOUB OF DAY, GRENWICH CIVIL TIME 

0 

0.00 
0.00 
0.01 

0.01 
0.03 
0.02 

0. 03 
0.03 
0.04 

0.04 
0.06 
0.05 

: ll Hour I ': I : 

0.10 
0.10 
0.11 

- 
h - 
0 

0.49 
0.53 
0.67 

0.62 
0. ea 
0.70 

0.74 
0.78 
0.82 

0.86 
0.90 
0.94 

0 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0. M) 
0.00 

0.00 
0.00 
0.00 

aoo 

- 
N 

0 

-0.03 
-0.03 
-0.03 

-0.03 

-0.04 

-0.04 
-0.04 
-0.04 

-0.05 
-0.05 
-0.06 

-a 04 

* The table may also be used dlrhtly for datesbetween Jan. 1 and Feb. 28, inclusive, of leap years; but 
if the requued date falls between Mar. 1 and Dec. 31, inclusive, of a leap year, the day of month should be 
Increesed by one before entering the table. 
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Table 6.-VaZues of I ,  V ,  5, V I ,  and 2 ~ "  for each degree o f  N. 
I 

- 
Nff. 

0 

0 
1 
0 

1 
0 
1 

1 
1 
2 

1 
2 
1 

2 
2 
2 

a 
2 
8 

a 
3 
2 

3 
3 
3 

4 
3 
4 

3 
4 
4 

4 
4 
4 

4 
5 
4 

5 
5 
5 

5 
5 
5 

5 
6 

. .. - . . . . . . . 

Pdt lve  when N is between 0 and 180'; negative when N is 
between 180 and 360' 

v 

0 

0.00 

0.19 
0.38 
0.58 

0.75 
0.94 
1. 13 

1.31 
1.50 
1.68 

1.87 
2 05 
2. 24 

2.42 
2.61 
2. 79 

2. 98 
3.16 
3.34 

3.70 
3.88 

4. OB 
4.24 
4.42 

4.60 

4.95 

5.13 
5.30 
5.48 

6.65 
5.82 
5. % 

6.1f 
6: 33 
6. X 

6.6f 
6. Si 
6. % 

7. l! 
7.31 
7.4i 

7. IX 
7. 7I 
7. Q! 

3.54 

4.78 

.. . .. - 

- 
tiff. 

19 

19 
18 
19 

19 
18 
19 

19 
18 
19 

18 
19 
18 

19 
18 
19 

18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
17 
18 

17 
18 
17 

17 
17 
17 

17 
17 
16 

17 
16 
16 

16 
16 
16 

16 
15 

E - 
0 

0.00 

0.17 
0.34 
0.51 

. 0.67 
0.84 
1.01 

1.18 
1.35 
1.51 

1.68 
1.85 
2. 02 

2.18 
3.35 
2.51 

2.68 
2.84 
3.01 

3.17 
3.34 
3.50 

3.66 
3.82 
3.98 

4.14 
4.30 
4.46 

4.63 
4.78 
4.94 

5.10 
6.25 
6.41 

5.56 
5.71 
6.88 

6.01 
6.16 
6.31 

6.46 
6.61 
6.76 

6.90 
7.04 
7. If 

. . . . . . . 

- 
tiff. 
17 

17 
17 
16 

17 
17 
17 

17 
16 
17 

17 
17 
16 

17 
16 
17 

16 
17 
16 

17 
16 
.I6 

16 
16 
16 

16 
16 
16 

16 
16 
16 

13 
1E 
1t 

1f 
1: 
11 

1: 
1: 
1: 

1: 
14 
1t 

14 
14 

v' - 
0 

0.00 

0.13 
0.27 
0.40 

0.54 
0.67 

0.94 
1.07 
1.30 

1.34 
1.47 
1.80 

1.73 
1.86 
1.99 

2. 12 
2.25 
2.38 

2.51 
2. e4 
2. 77 

2. 90 
3.03 
3.15 

. 3.28 
3.40 

am 

3;" 
3. a5 
3.78 
3.00 

4.02 
' 4.14 

4.26 

4.38 
4.50 
4.62 

4.74 
4.85 
4.97 

5.08 
5.19 
6.30 

5.41 

5.83 
5.5a 

- 
Diff. 

13 

14 
13 
14 

13 
13 
14 

13 
13 
14 

13 
13 
13 

13 
13 
13 

13 
13 
13 

13 
13 
13 

13 
12 
13 

12 
13 
13 

13 
12 
12 

12 
12 
13 

l? 
l?  

11 

11 

11 
11 
11 

11 
11 

i a  

i a  

25" - 
0. 

0.00 

0.28 
0.57 
0.85 

1.14 
1.42 
1.70 

1.99 
2. 27 
2.65 

2.83 
3.11 
3.39 

3.67 
3.96 
4. 23 
4.61 
4.78 
5.06 

5.33 
5.60 
5.87 

6.14 

6. BB 

6.94 
7.21 
7.47 

7.73 
7.88 
8.35 

8.50 
8.75 
9.00 

9.25 
9.50 
9.74 

9.9s 
10.23 
10.46 

10.89 
10.93 
11.16 

11.38 
11.60 
11.83 

a. 41 

- 

- 
xff. 
38 

as 
28 
28 

28 
29 

38 
28 
28 

28 
28 
28 

28 
38 
28 

37 
28 
27 

27 
27 
a7 
27 
27 
36 
37 
26 
26 

26 
26 
25 

-23 
35 
25 

I 
24 
24 
!a 
24 
23 

24 
33 
23 

22 
22 

28 

- 

- - 

N 

- 
0 

360 

359 
358 
357 

358 
365 
354 

353 
352 
361 

350 
349 
348 

347 
346 
346 

344 
343 
342 

841 
340 
339 

338 
337 
336 

335 
334' 
333 

332 
331 
330 

329 
328 
337 

328 
335 
324 

323 
3 1  
321 

320 
319 
318 

317 
316 
315 
- 

246037-41- -12 
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Table B.--Yaluee of I ,  v, E ,  V I ,  and 2d' for each degree of N-Continued 

. o  
45 _ _ _ _ _ _ _ _ _ _ _  
46 _ _ _ _ _ _ _ _ _ _ _  
47 _ _ _ _ _ _ _ _ _ _ _  
49 _ - _ - _ - - _ _ _ _  
50 _ _ _ _ _ _ _ _ _ _ _  
51.. _ _ _ _ _ _ _ _ _  
5-2 _ _ _ _ _ _ _ _ _ _ _  
53 _ _ _ _ _ _ _ _ _ _ _  
54 _ _ _ _ _ _ _ _ _ _ _  
56 _ _ _ _ _ _ _ _ _ _ _  
56 _ _ _ _ _ _ _ _ _ _ _  
55 ____._____ ~ 

58 _ _ _ _ _ _ _ _ _ _ _  
59 _ _ _ _ _ _ _ _ _ _ _  
60 _ _ _ _ _ _ _ _ _ _ _  
61 _ _ _ _ _ _ _ _ _ _ _  
62 ________._. 
63 _ _ _ _ _ _ _ _ _ _  ~ 

64 ...-___.___ 
65 ____.______ 
66 __.._______ 
67 _ _ _ _ _ _ _  ..:. 
68 
69 __._______. 
50 ___._______ 
.71. - _ _ _ _ _ _ _ _  
72 _._________ 

78 _________. ~ 

74 _ _ _ _ _ _ _ _ _ _ _  
75 ..-------__ 

76 .______ _ _ _ _  
77 ___----.___ 

"IS _ _ _ - _ _ _ _ _ _ _  
79 ~ 

80 __---. ~ - - _ _  
81 _ _ _ _ _ _ I  _ _ _ _  
82 _ _ _ _ _ _ _ _ _ _ _  
83 _ _ _ _ _ _ _ _ _ _ _  
84 __- - - - - - -__  
85 _ _ _ _ _ _ _ _ _ _ _  
86 _ _ _ - _ _ _ _ - _ _  
87 ___-------_ 
88 _ _ _ _ _ _ _ _ _ _ _  
89 _ _ _ _ _ _ _ - _ _ _  
90 _ _ _ _ _ _ _ _ _ _ _  

I 

. 0 

27.32 

27.27 
27.a 
27.15 

27.09 
27.03 
m.97 

xQi 
26.85 
%.78 

26.72 
m65 
26.59 

26.52 
26.45 
28.38 

26.31 
26.24 
26.17 

26.10 
28.03 
25.95 

25.88 
2680 
25.72 

26.66 
25.57 
25.49 

25.41 
. 25.33 

25.25 

25.17 
2509 
25.01 

24.92 
24.84 
24.76 

24.67 
24.59 
24.4.50 
N 4 2  
H.33 
24.24 

24.16 
H.07 
23.88 

Positive 

- 
Diff .  

5 

6 
6 
6 

6 
6 
6 

6 
7 
6 

7 
6 
7 

7 
7 
7 

7 
7 
7 

7 
8 
7 

8 
8 
7 

8 
8 
8 

8 
8 
8 

8 
8 
9 

8 
8 
9 

8 
9 
8 

9 
9 
8 

9 
9 

- 

Positive when Nis between 0 and 1800; negatke when Nis 
between 180 and 860' 

' Y  - 
0 

7.94 

8.25 
8.40 

a io 

a 55 a 69 

a% 
8.84 

9.12 
9.20 

9.40 
9.54 
9.67 

9.81 
9.94 
10.07 

10.19 
1O.L' 
10.44 

10.56 
10.68 
10.79 

10.90 
11.01 
1l. 12 

11.23 
11.33 
11. e 
11.53 
11.63 
11.72 

11.81 
11.89 
11.98 

' 12.06 
12.14 
12.21 

12.28 
12 36 
12 42 

12.48 
12 54 
12.80 

12 Bs 
12.70 
12 55 

# 

- 

- 
viff, 
16 

15 
15 
15 

14 
15 
14 

14 
14 
14 

14 
13 
14 

13 
13 
12 

13 
12 
12 

12 
11 
11 

11 
11 
I1 

10 
10 
10 

10 
9 
9 

8 
9 
8 

8 
7 
7 

7 
7 
6 

6 
6 
5 

6 
5 
- 

t 

0 

7.18 

7.33 
7.46 
7.00 

7.73 
7.87 

8.14 
8.27 
8.40 

8.52 
8.65 

aw 

a 77 
am 
9.03 
9.14 

9.25 
I). 37 
9.48 

9.59 
9.70 
9.81 

9.92 
10.02 
10.12 

10.22 
10.32 
10.41 

10.50 
10.69 
10.68 

lo. 77 

10.83 

11.01 
11.08 
11.15 

11.32 
11.29 
11. 38 

11.42 
11.47 
11.53 

11.58 
11.63 
11.68 

io. 85 

- 
D i f f .  
i4 

14 
I4 
E3 

14 
13 
14 

13 
13 
12 

13 
12 
13 

12 
12 
11 

12 
11 
11 

11 
11 
11 

10 
10 
10 

10 
9 
9 

9 
9 
9 

8 
8 
8 

7 
7 
7 

7 
7 
6 

5 
6 
5 

6 
5 
- 

I' 

0 '  

5.63 

5.74 
5.84 
6.95 

6.05 
6.15 
6.25 

6.35 
. 6.45 

6.54 

6. ffl 
6.73 
6.82 

6.91 
7.00 
7.08 

7.17 
7. as 
7.34 

7.42 
7.49 
7.57 

7.64 
7.73 
7.79 

7.86 
7.92 
7.99 

8.05 
, 8.11 

8.17 

8.23 
8.28 

8.39 

8.48 

8.53 

8.61 

a34 

. ae4 

a 57 

a61 am a 71 

a m  
8.74 
8.76 

- 

- 
Diff. 
11 

10 
11 
10 

10 
10 
10 

10 
9 
10 

9 
9 
9 

9 
'9 
8 

9 
8 
8 

7 
8 
7 

8 
7 
7 

6 
7 
6 

6 
6 
6 

5 
6 
5 

5 
4 
6 

4 
4 
3 

4 
3 

2 
3 

3, 

- 

2r" -- 
0 

11.82 

12. op 
1 2  26 
12 47 

I268 
E?. 88. 
13. Os 

13.28 
1% 48 
13.67 

13.86 
14.05 
14.23 

14.40 
14.58 
14.75 

14.92 
15.08 
15.24 

15.39 
15.54 
15.69 

15.83 
15.98 
16.10 

16. 2-3 
16.35 
16.47 

16.58' 
16. @a 
16.80 

16.80 
17.00 
17.09 

17.17 
17.25 
17.33 

17.40 
17.46 
17.52 

17.58 
17.63 
17.67 

17.71 
17.74 
17. 7l 

- 
Diff. 
2a 
2a 
21 
21 

20 

20 

19 
19 

19 
18 
17 

I8 
17 
17 

16 
16 
15 

15 
15 
14 

13 
P 
13 

12 
13 
11 

11 
11 
10 

10 
9 
8 

8 
8 
7 

6 
6 
6 

6 
4 
4 

3 
3 

m 

m 

- 

- - 

N 

- 
0 

' 315 

314 
313 

311 
310 
3va 

308 
307 
308 

SO5 
304 
303 

3 m  
301 
300 

299 
298 
297 

396 
295 
a94 

293 
292 
291 

290 
289 
288 

3 7  
286 

m 
283 
282 

281 
280 
279 . 
278 
277 
276 

275 
274 
273 

272 
' 271 

!a70 

3ia 

285 

- 
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Table 6.-Values of I ,  Y ,  E, ut ,  and dv" for each degree of N--Continued 

Positive 
always N I 
- 
m. 

9 

9 
8 
9 

9 
9 
9 

9 
9 
9 

g 
9 
9 

9 
9 
9 

9 
9 
9 

8 : 
{ 

I - 
0 

12.75 

12. 79 
1 2  83 
12.87 

12. 90 
12. 93 
12.95 

12.97 
12.99 
13.01 

13. oa 
13.02 
13. oa 
13. oa 
13.01 
13.00 

lz9f 
13.97 
12. BL 

1 2  sx 
12. 81 
12.8' 

1 2  a 
12.1 
12 7 

12. e 
1 2  t 
12. ! 

12.4 
12.4 
1 2  i 

13. : 
1 2 '  
1 4  ( 

11. f 

11. 

11. I 
11.1 
11. ' 

11. 
11. 
11.1 

10. 
10. 
10. 

11. ! 

- 
W. 

4 

4 
4 
3 

3 
2 
2 

2 
2 
1 

0 
0 
0 

1 
1 
1 

2 
2 
3 

3 

I 

, 
I 
I 

1 

1 
I 
I 

I 
I 
1 

I 
I 
I 

I 
I 

€ 
I_ 

0 

11.88 

11.72 
11.76 
11.80 

11.83 
11.86 
11.89 

11. Ba 
1L 94 
11.95 

11.98 
11.97 
11.98 

11.98 
11.98 
11.97 

11.98 
11.96 
11.83 

11.91 
11.89 
11.8" 

11.8 
11.7 
11.7 

11.7 
11.0 
11.0 

11.6 
11.4 
11.4 

11. a 
11. I 
11. I 

11. I 
11.( 
10. $ 

10. I 
10. : 
lo. ( 

10. I 
10. : 
10. ! 

10. : 
10. I 
g. I 

- 
Diff. 

4 

4 
4 
3 

3 
3 
3 

2 
1 
1 

1 
1 
0 

0 
1 
1 

1 
2 
2 

2 

3 
< 
< 
I 

1 
1 
I 

I 

1 

1 
1 
1 

1 
I 
I 

I 
1 

V' - 
0 

8.79 

a 81 
a s  

8 8 6  

ass 

8.85 

8.87 

8.89 
8.90 
8.90 

8.89 
8.89 
8.88 

8.81 
8.88 

8.83 
8.80 
8.7a 

8.76 

8.W 

8.6, 
8.6 
8. S 

8.5 

as4 

a 72 

a 4  
a 4  

a3 
8.3 
8.3 

8.1 
8.1 

7. I 
7. I 
7. I 

7.1 
7. f 
7. ! 

aa 

';:: 
7. i 

7. : 
7. : 
7. ( 

- 
%ff. 

2 

2 
2 
1 

1 
1 
1 

1 
0 
1 

' 0  
1 
1 

1 
2 
2 

a 
a 

a 
a 

3 

ay' 

0 

17.77 

17.79 
17.81 
17.82 

17.83 
17.83 
17.82 

17.81 
17.79 
17.77 

17.74 
17.71 - 17.67 

17.62 
17.57 
17.51 

17.45 
17.38 
17.30 

17. 22 
17.14 
17. or 
16.9! 
16. 8 
16.7: 

16.8: 
16.5l 
16.8' 

16. P 
16.11 
15.9 

15.8 
15.6 
15.5 

15.3 
15.1 
14.9 

14.8 
14.6 
14.4 

14.1 

13. 

13. 
13.4 
13. I 

14. m 

- 
>iff. 

2 

2 
1 
1 

0 
1 
1 

2 
2 
3 

3 
4 
S 
6 
0 
6 

7 
8 
8 

8 
B 

11 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
I 
1 

1 
1 
I 

I 
1 

: 
! 

. .  

- - 

N 

- 
210 

289 
268 
267 

268 
3% 
264 

283 
262 
281 

260 
259 
258 

257 
251) 
255 

254 
253 
353 
251 
2.50 
249 

248 
247 
246 

246 
244 
243 

242 
W1 
240 

239 
??.a 
237 

238 
236 
234 

233 
232 
231 

230 
229 
aa8 

237 
226 
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I v' 

I 

1 

1 
I 
1 

1. 
1f 
11 li 

11 
18 

19 
19 

m 

ia 

m m 
21 
21 
21 

42 
22 
23 

23 
23 
23 

24 
24 
24 

I 
25 
26 

26 
25 as' 

28 
26 

26 
37 

28 
37 

2 8  

m 

always I pT 

31 
32 
32 
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Table 8.-Valuee of R. for argument of constituent Ls 
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104.3 
108.2 
10s. 2 

110.1 
111.9 
113.8 

115.6 
117.3 
119.0 

120.7 
122.3 
123.9 

125.5 
127.0 
128.5 

129.9 
131.8 
132.7 

134.0 
135.3 
138.5 

137.7 
138.9 
140.1 

141.2 
1423 
143.4 

144.4 
145.4 
148.4 

147.3 
148.3 
149.2 

150.1 
150.0 
151.8 

162.8 
163.4 
154.2 

ma 

10% a 

135 

136 
137 
138 

139 
140 
141 

142 
143 
144 

145 
148 
147 

148 
149 
150 

161 
152 
163 

154 
155 
1% 

157 
158 
169 

180 
181 
182 

163 
181 
165 

166 
187 
188 

169 
170 
171 

173 
174 

175 
176 
177 

178 
180 

171 

178 

0 

164. a 
155.0 
155.8 
158.6 

167.2 
157.9 
168.8 

159.3 
1ao. 0 
160.7 

181.3 
182.0 
182 8 
183.2 
1R3.8 
184.4 

0 
165.6 
166. 2 
186.7 
167.3 
187.0 

169.0 
169.5 

170.8 
171.1 

171.8 
172 1 
172.8 

173.1 
173.8 
174.1 

174.8 
175.1 
175.6 

178.1 
176.8 
177.1 

177.6 
178.1 
178.5 

179.0 
179.6 

188.4 

170. o 

180. a 
- 

0.8 

0.8 
0.7 
0.7 

0.7 
0.7 
0.7 

0.7 
0.7 
0.8 

0.7 
0.8 
0.6 

0.8 
0.8 
0.6 

0.8 
0.6 
0. 5 

0.6 
0.6 

0.8 
0. 6 
0.5 

0.8 
0.6 
0.5 

0.6 
0.5 
0.5 

0. ti 
0.5 
0.5 

0.5 
0. 6 
0.5 

0.5 
0.5 
0.5 

0.6 
0.4 
0.6 

0.5 
0. 5 

' 0.6 

- 
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Table 10.-VaZues of Q for argument o f  constituent M1-Continaed 

181 

Diff. 

a. 1 

2. 0 
2.1 
2. 0 

2. 1 
2. 0 
2 0  

1.9 
2 0  
1.9 

1.8 
1.9 
1.7 

1.8 
1.7 
1.7. 

1.0 
1.0 
1.0 

1.6 
1.6 
1.4 

1.4 
1.4 
1.3 

1.3 
1. 2 
1. 2 

1. 2 
1. 2 
1.1 

1.1 
1. I 
1.0 

1.0 
1.0 
0.9 

1.0 
0.9 
0.9 

0.8 
0.9 
0.8 

0.8 
0.8 

- - 
P - 
0 

180 

181 
182 
183 

I84 
186 
188 

187 
188 
164 

190 
191 
192 

193 
194 
195 

190 
197 
198 

199 
a00 
m1 

202 

a04 

206 
a0 
a07 

rn 
a09 
210 

211 
213 
213 

ala 
a0 
217 
218 
216 

aac: 
221 
2% 

pi 
2% m 

203 

ai4 

- 

P -- 
0 

LBO. 0 

180.6 
181.0 
la. 5 

181.9 
182.4 
182 9 

183.4 
183.9 
ls4.4 

184.9 
185.4 
185.9 

180.4 m. 9 
187.4 

187.9 
18% 4 
188.9 

188.4 
190.0 
190.6 

191. a 
191. 0 
192.1 

192 1 

193.8 

194.4 
195. C 
19L t 

190. f 
196. 
197.4 

1%. 
199. i 

m. : 

202. : 
202. I m. 1 

a04. ! m. I 
m6. I 

193. a 

198. ; 

zoo.( 
m i .  ! 

Diff. -- 

0.8 

0 .8  
0.8 
0.9 

0.8 
0.9 
0.9 

1.0 
0.9 
1.0 

1.0 
1.0 
1.1 

1.1 
1.1 
1 .2  

1. 2 
1. 2 
1. 2 

1.3 
1.3 
1.4 

1.4 
1.4 
1. 6 

1.5 
1.0 
1.0 

1.0 
1.7 
1.7 

1.8 
1.7 
1.9 

1.8 
1.9 
2. 0 

1.9 
2. 0 
2. 0 

a0 
2.1 

2.0 
2.1 

a i  

P - 

' 

- - 
Q -- 
0 

205.8 

206.0 
207.4 
208.3 

m. 1 

no. 8 

311.7 
212 7 
213.0 

214.0 
215.0 
210.0 

217.7 
218. 8 
219. 9 

221.1 
3223 
223.6 

224. 7 
2%. a 
227.3 

m. 1 
230.1 
aal. 5 

334. E 
230. I 

337.1 
339.3 
?41. c 
242 1 
M. l 
M! 
248.7 
349. I 
251. I 

253. I 
355. : 
?67. ! 

a59. ' 
261. I 
203. I 

267. 
270. I 

209.9 

m. a 

265. / 

- 

DUX 

0.6 

0.5 
0.5 
0 .4  

0.6 
0.6 
0.5  

0.6 

0.5 
0.6 
0.6 

0.5 :: 
;:; 
0.6 

0.0 
0.6 
0.5 

0.0 

;:: 

P 
-- 

0 

E as1 
2; 
a34 

gi 
287 

E 
a40 

243 

249 

0 

270 

271 
272 
273 

274 
275 
270 

m 
278 
279 

280 
281 
Za2 

283 
284 
285 

ass 
287 
288 

289 
290 
291 

29a 
293 
394 

9 6  
396 
397 

298 
299 
sw 
301 
so1 
302 
304 
301 
3ot 

3(yi 
3of 
8oI 

31( 
311 
31: 

31! 
311 
311 

0.0 

0.0 

;:; 
0.0 
0.0 
0.0 

0.7 
0.0 
0.7 

0.7 

;:; 

::; 
0.7 

0.8 
0.8 

0 

270.0 

372.1 
374.1 
270.2 

280.3 
382.3 

m. 3 
280. 2 ass. 2 

290.1 
391.9 
295.8 

295.6 
297.3 
399.0 

300.7 
302. .9 
303.9 

805.6 
307.0 
308.5 

308.9 
311.3 
313.7 

314.0 
315.3 
316.5 

317.7 
318.9 
3m. 1 

333.3 
313.4 

324 4 
325.4 
326.4 

3 n .  9 
328.3 
3 9 .  I 

330. I 
330. I 
331. I 

353. ( 
333. ! 
331 ! 

am. 3 

321. a 

-- 

E 
2R 

as: 

f = 
. %  
26' 

g 

0 

315 

310 
317 
318 

319 
320 
331 

322 
323 
324 

325 
326 
327 

3% 
329 
330 

331 
332 
333 

334 
336 
33t 

331 
3 s  
336 

3 4  
341 
w 
34! 
34! 
34! 
34( 
34: 
361 

3 4  
35( 
35: 

351 
35: 
35 

35, 
38 
3 s  

36 
38 
36 

- - 
Q _-- 
0 

334. 2 

335.0 
335.8 
330.6 

337.3 
337.9 
338.6 

339.3 
340.0 
340.7 

341.3 
342. 0 
342.0 

343.8 
344.4 

345.0 
340.2 

340.7 

347.9 

398.4 
349. E 
349. L 

350. t 
361. I 

351. t 
352.7 
352. ( 

353.1 
353. t 
364 1 

354. I 
366. : 
355. I 

360. : 
356. I 
367. : 
857.1 
358.' 
358. 

359.1 
359. 
380. ' 

383. a 

345. a 

347. a 

am. c 

- - 
18. .-- 

0.8 

0.8 
0.7 
0.7 

0.7 
0.7 
0.7 

0.7 
0.7 
0.0 

0.7 
0.0 
0.6 

0.0 
0.6 
0.0 

0.0 
0.0 
0.5 

0.0 
0.6 
0.6 

0.0 
0.5 
0.5 

0.0 
0.6 
0.5 

0.5 
0.6 
0.5 

0.5 
0. 5 
0.6 

0.5 
0.6 
0.5 . 0.5 
0.6 
0.6 

0.6 
0.4  
0.6 

0.5 
0.6 
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Table 11.-Values of  u for equilibrium arguments 
[Use sign at head o/c&mn when Ni8 b h u s n  0 and IW, r m a a  s i ~ n  when Ni8 between 180 and SeO"1 

MK 

O D  

0.00 

0.17 
0.34 
0.52 

0.69 
0.88 
1.03 

1. !& 
1.37 
1.54 

1.71 
1.88 
2 0 5  

2.21 
2.35 

2 7 2  
2.89 
3,05 

3. a 
3.38 
3. !H 

3.71 
3.87 
4 0 3  

4 1 9  
4.35 
.4.61 

4.67 
4.82 
488 

5. IS 
5 . B  
5.44 

5.59 
5.74 
6.89 

6.03 
6.18 
6.32 

6.46 
6.60 

6.88 

7.15 

a. w 

6.74 

7.oa 

- - 
N 

- 
0 

0 

1 
2 

' 3  

4 
5 

' 6  

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 

I9 
20 
21 

23 
23 

. 2 4  

25 
26 
27 

28 
!39 
30 

31 
32 
83 

34 
35 
36 

37 
38 
39 

40 
41 

43 
44 
45 

42 

- 

3MK 

-- 
- +  

0.00 

0.06 
0.12 
0.17 

0 . 3  
0.29 
0.35 

0.41 
0.47 
0.63 

0.59 
0.64 
0.70 

0.76 
0.83 

0.93 
0.99 
1.05 

1.11 
1.17 
1.23 

1 . B  
'1.34 
1.40 

1.46 
1.52 
1.57 

1.113 
1.69 
1.75 

1.80 
1.88 
1.92 

1.97 
203  
2.09 

2.15 
2.20 
2.28 

2.31 
2 3 7  

2.48 

269 

0.88 

2.4a 

253 

0 - 
0.00 

0.19 
0.38 
0.58 

0.75 
0.94 
1.12 

1.31 
1.50 
1. (18 

1.87 
2.05 
224 

2 4 2  
2.61 
2.79 

2. 98 
3.16 
3.34 

3.52 
8.71 
3.89 

4.07 
425 
4.42 

4. Bo 
4.78 
4 96 

5.13 
5.30 
5.48 

5.65 
5. 82 
6. 99 

6.16 
0 33 
6.50 

6. BB 
6.83 
6.99 

7.15 
7.31 
7.47 

7.63 
7.79 
7.94 

&,MN 

-- 
O D  - -  
0.00 

0.08 
0.15 
0.23 

0.30 
0.38 
0.45 

0.53 
0.60 
0.68 

0.75 
0.82 
0.90 

0.97 
1.04 
1.12 

1:19 
1 . B  
1.34 

1.41 
1.48 
1.65 

1.62 
1.69 
1.75 

1.82 
1.89 
1.96 

2.02 
2.09 
I 1 6  

2.22 
2% 

2.41 
2.47 
2.53 

2. a 
2.65 
2.71 

2.77 
2. 83 
2.88 

2.94 
2.99 
3.04 

2.35 

- - 
hl 

- 
0 - 

0.00 

0.13 
0. n 
0.40 

0.54 
0.67 
0.80 

0.94 
1.07 
1.20 

1. a4 
1.47 
1. 60 

1.73 
1.88 
1.99 

2 12 
2.25 
2 38 

?. 51 
2.64 
2. 77 

2. 90 
3.03 
3.15 

3 . 3  
3.40 
3.53 

3.65 
3.78 
3.90 

4 02 
4.14 
4.26 

4.38 
4.50 
4.62 

4.74 
4.85 
4.97 

5. cL9 
5.19 
5.30 

6.41 
8. I 
5.63 
- 

Me 

0.00 

0.11 
0.23 
0.34 

0.45 
0. 58 
0.88 

0.79 
0.90 
1.01 

1. 12 
1.24 
1.34 

1.45 
1.56 
1.67 

1.79 
1.90 
2.00 

2. 11 
2.21 
2.33 

2.42 
2. 53 
2.63 

2.73 
283 
294 

3.04 
3.13 
3.23 

3.33 
3.43 

3.61 
3.71 
3.80 

3.89 
3.88 
4.07 

4.15 
4.24 
4.32 

4.40 
4.49 
4.57 

3.5a 

0 - 
0.00 

0. 28 
0.67 
0.85 

1. 14 
1.42 

1.99 a 27 
2 56 

2. 83 
3.11 
3.39 

3.67 
3.95 
4.23 

4 61 
4 7 8  
5.06 

5.33 
5.60 
6.87 

6.14 
6. 41 
8.68 

6.94 
7. 21 
7.47 

7.73 
7.99 
a 2 4  

8.50. 
8.75 
9.00 

9.25 
9. €0 
9.74 

9.98 
LO. 22 
LO. 46 

LO. 69 
LO. 93 
11. I6 

11.38 
11 .80  
11.82 

1. m 

- - 
d% N2 
N. MI 
b P, v - 

0 - 
0.00 

0.04 
0.08 
0.11 

0.15 
0. I9 
0.23 

0.26 
0.30 
'0.34 

0.37 
0.41 
0.45 

'0.49 
0.52 
0.56 

'0. Bo 
0.83 
0.67 

0.74 
0.77 

0.81 
0.84 
0.88 

0.91 
0.94 
0.98 

1.01 
1.04 
1.08 

1.11 
1.14 
1.17 

1. 20 
1.24 
1.27 

1.30 
1.33 
1.36 

1.38 
.1.41 
1.44 

1.47 
1.50 
1.52 

0. 70 

- - 

Ma 

- 
0 - 

0: 00 

0.05 
0.11 
0.17 

0.23 
0.28 
0.34 

0.40 
0.45 
0.51 

0.56 
0.62 
0.67 

0.73 
0.78 
0.84 

0.89 
0.95, 
1.00 

1.06 
1.11 
1.16 

1.21 
1.26 
1.31 

1.37 
1.43 
1.47 

1.52 
1.57 
1.m 

1.67 
1.72 
1.76 

1.81 
1.85 
1.90 

1.94 
1.99 
203 

2os a 12 
2.16 

2 2 4  
a28 
2 2 0  

- 

- - 

M8 

- 
0 - 

0.00 

0.16 
0.30 
0.45 

0. Bo 
0.75 
0.90 

1.05 

1.35 

1.49 
1. &1 
1.79 

1.94 
2. OB 
a.33 

2.38 
2.53 
2. 67 

a SI 
2 95 
3.09 

3. I 
3.37 
3.51 

3.64 
3.78 
3.92 

4.06 
4.18 
4 31 

4 45 
4 58 
4.70 

4.82 
4.94 
5.06 

5.18 
5.30 
5.42 

5.54 
5.65 
5.76 

5.87 
6. 98 
6.09 

1. a0 

- 

0 + 
0.00 

0.15 
0.30 
0.45 

0.60 
0.75 
0.90 

1.05 
1 . 3  
1.35 

1.49 
1.64 
1.79 

1.94 
2.09 
2 . 3  

2. 38 
2.53 
2 6 8  

2.83 
2.97 
3.11 

3. a6 
3.40 
3.65 

3.m 
3.83 
3.98 

4.12 
4.96 
4. Bo 

4.54 
4.68 
4.82 

4.96 
5.10 
5. 28 

.5.37 
5.50 
5.64 

5.77 
5.90 
6.03 

3.16 
6.29 
6.42 
- 

- - 
00 

- 
0 - 

0.00 

0.53 
1.05 
1.57 

2. 10 
2 6 2  
3.14 

3.67 
4.19 
4 71 

5.33 
5.76 
6.27 

6.79 
7.31 
7.82 

8.85 
9.36 

9.87 
LO. 38 
LO. 89 

11.39 
11.89 
12.39 

12.64 
13.39 
13.89 

14.38 
14.87 
15.36 

15.84 
16.32 
16.80 

17.28 
17.76 
18.23 

19.16 
19.62 

20. 08 
20.53 
m. 98 

21.43 
21.87 
2 2  31 

aa4 

ia m 

- - 
MI 

- 
D - 

0.00 

0.34 
0.67 
1.01 

1.35 
1.68 
2. 02 

2 3 6  
2 6 9  
3.03 

3.36 

4. 03 

4.36 

5.03 

6.36 
5.69 
6.0' 

6.36 
6.67 
7.00 

7.33 
7.66 
7.97 

8.29 

3. m 

4. m 

a 61 
8% 

9.25 
9.67 
9.88 

10.19 
10.50 
10.81 

11.12 
1 1 . a  
11.13 

12. 03 
12.33 
12. 63 

1292 
13.22 
13.51 

13.80 
14.09 
14.37 

- - 
N 

- 
0 

360 

369 
358 

356 
365 
354 

3 1  
352 
351 

350 
849 
348 

347- 
346 
345 

344 
343 
342 

341 
a40 
339 

338 
337 
336 

335 
334 
333 

332 
331 
330 

329 
328 
327 

326 
32.5 
824 

333 
3aa 
321 

319 
318 

317 
316 
315 

367 

320 

NOTE.-FOI LI and MI see Table 13; for 28M and MBf, take u of MI wltb sign reversed; for PI, R:, SI, 
81, Ea, 84, TI, Mm. 88. and 8sa, take u=O. 



183 HABMONID AN:ALYSIS AND PREDIoTION OF TIDES 

MI 
- 

0 - 
4.57 

.64 

.72 
I. 80 
I. 87 
I. 94 
i. 01 

i. 08 
i. 15 
i. aa 
5. ?s 
i. 34 
5.40 

5.46 
5.52 
5.58 

5.63 
5.68 
6.74 

6.78 
5.83 
5.88 

5.93 
5.97 
6.01 

6.05 
6.08 
0.11 

6.15 
6.1f 
6.21 

0.34 
6. at 
La( 
0.31 
0.3: 
0.31 

6.31 
6 .3  
6.3! 

6.3' 
6.41 
6.4 

- 

N 
- 

0 

45 

46 
47 
48 

49 
.50 
51 

52 
53 
54 

55 
66 
57 

I 
58 
BO 
01 
03 

* 03 

04 
65 
88 

67 
ge 
89 
7c 
71 
7: 

7t 
74 
7! 

71 
7; 
n 
n 
8( 

' 8: 

81 
8: 
8 

' 8  
8 
8 

8 
8 
9 
- 

MI 

- 
0 - 
i 09 

i 19 
130 
I. 40 

5.50 
3.59 
3.68 

3.78 
3.87 
3.96 

7.04 
7.12 
1.20 

1. ?s 
5.36 
7.44 

7.51 
7. I 
7.65 

7.71 
7.78 
7.84 

7.80 
7. Qt 

8. Ot 

a 01 

a 11 
a 1: 

a 2t 
8. ac 
8. w 

8.3: 
8.3! 
8.31 

8.4 
8.4 
8.41 

R. 41 
8. Y 
8.5 

8.5 
8.6 
8.5 

. Table 11.-Valrtes of u for equilibrilrm arguments-Continued 
[Use atgn at head ofcolama when N is between 0 and 1800.rmr6e ri& when N f a  between 180 and SW] 
- - 

JI 

- 
0 - 

7.94 

8.10 
8.25 
8.40 

8.55 
8.70 
8.84 

8. W 
9.13 
9.27 

9.41 
9.54 
9.68 

9.81 
9.94 
LO. 07 

LO. 19 

IO. 44 

10.54 
LO. 68 
LO. 79 

LO. 91 
11.02 
11.11 

11.23 
11.32 
11.g 

11. a 
11.82 
11.7: 

11.81 
11. M 
11. QI 

12.01 
12.18 
12. 21 

12 9 
12. 3 
12.4 

1 2  41 
12.5 
12 6 

12 6 
12 7 
12.7 

IO. 34 

- 

- - 

6 1  

- 
0 - 
-63 

.74 

.&I 

.96 

.05 
L 16 
L a 5  

I. 46 
iM  

i. 04 
i. 73 
I. 82 

I. 91 

1.35 

1. oa 
r. 08 

1.17 
1. I 
1.34 

1.41; 
1.45 
1. 5i 

1. fl! 
7.7: 
1. .n 
1.M 
7. Q! 

B. 01 
B. 1' 
B. 1' 

7. w 

az 
a2 
8.5 

8.3 
8.4 

s. 5 
8.5 
8.0 

8.8 
8. 8 
8.1 

8. I 

a4 

a? 
a: 
- 

- - 
Ka 

- 
0 - 
1.82 

3.04 
2. 28 
3.47 

2.68 
2.88 
3 .08  

3.28 
3.48 
3.67 

3. 86 
4. Ob 
4.33 

4.40 
4.58 
4.75 

4.92 
5. 08 
5.24 

5.39 
5.54 
5.69 

5.83 
.5. WI 
0.10 

.6.23 
16.35 
10.47 

16. 58 
16.89 
16.80 

16.80 
17.00 
17.08 

17.17 
17.21 
17.33 

17.a 
17.4f 
17.5: 

17.51 
17. tl! 
17.8; 

17.7 
17.72 
17. r 
- 

- - 
2, NI 
f, MS 
P, p - 
0 - 
1.52 

1.55 
I. 57 
1.60 

1.62 
1.65 
1.07 

1.69 
1.72 
1.74 

1.76 
1.78 
1.80 

1. 82 
1. &I 
1.86 

1.88 
1.90 
1.91 

1.93 
1.94 
1.98 

1.88 
1.N 
a. 00 
2. 02 
2.03 
2.04 

2. O! 
2.0( 
2. 01 

2.01 
2. o( 
2 1( 

2. 11 
2. 1 
2. 1 

2. 1' 
2. 1' 
21 

a. 1 
2.1 
2 1  

2.1 
2.1 
2. 1 

- 
MI 
- 

0 - 
i. 38 
Z.32 
2.36 
L 40 

3.44 
3.47 
2.51 

2.54 
2.58 
2. G 1  

2. e4 
2.67 
270 

2. 73 
2. 70 
2. 78 

2.82 
2. 81 
2. 81 

2 89 
2. g? 
294 

a 9e 
2. Ql 
3.01 

3.0: 
3. O! 
3. M 
3.01 
3. cn 
3.11 

3.1: 
3.1: 
3.1. 

3.1, 
3.11 
3 . 1  

3.1 
3.1 
3.1 

3.2 
3.2 

3.2 
3.2 

3. a 

- 
3.04 

3.10 

3.20 

3.25 
3.30 
3.34 

3.39 
3.44 
3. I 

3.52 
3.66 
3.60 

3.64 
3.68 

3.70 
3.79 
3.82 

3.86 
3.89 
3.92 

3.95 
3. Bs 
4.00 

4.03 
4.06 
4.08 

4.10 
4.12 
4.14 

4.18 
4. 18 
4.16 

4.24 
4. 2! 
4. z 
4.2< 
4.2: 
4.24 

4. 24 
4.2: 
4.2 

4.2 
4.2 
4 2  

a. 15 

3.73 

L - 
I, QI 
2, P I  - 
0 

4- 
0.42 

6.55 
0.68 
8.80 

0.92 
7.05 
7.17 

7.29 
7.41 
7.53 

7.65 
7.76 
7.88 

7.99 
a i o  
a 21 

a 42 

a. 73 
a 83 

8.32 

8.53 

8. 63 

8.93 
9.03 
9 . x  

9.25 
9.31 
9.44 

9.41 
9.x 
9. e! 
9.7: 
9.81 
9. I 

9.91 
10.0: 
10.11 

10.1 
IO. a: 
10.3 

10.'3 
10.4 
10.4 

10.5 
10.6 
10.0 
- 

- - 
30 

- 
0 - 

2.31 

2. 75 
3.18 
3.60 

4.02 
4.44 
4.86 

5.26 
5.86 
Lo6 

6.40 
6.86 
n. 23 

R. 61 
YI. Bs 
!a. 34 

D. 06 
89.41 

M). 75 
10.09 
10.42 

10. 74 
31.08 
31.31 

31.64 
31.88 
32.27 

32.5: 
3 2  
33.0s 

33.3! 
33.H 
33.81 

34. cn 
34. J' 
34. E 
34.71 
M. Q! 
35.13 

36.31 
35.51 
35.6 

36.0 
36.1 

B. 70 

36. a 

- 

- - 
bfK 

- 
0 - 

7.15 

7.28 
7.41 
7. M 
7.67 
7.80 
7.92 

8.04 
8.17 

8.40 
8.61 

8.73 

a= 

a m  

884 
a ~t 

9. O! 
9.1: 
9.31 

9.31 
9.4! 
9.x 

9.8: 
9.5: 

9.8' 
9.91 

10.0; 

10.11 
10.1 
10.2 

10.3 
10.3 
10.4 

10.4 
10.5 
10. s 
10. e 
10. 8 
10.7 

10.7 
10. E 
IO. I 
10. I 
10. 5 
10. ! 

9. n 

- 

- 
LfK 

- 
0 + 
L 69 

8.64 
L 69 
2.75 

2. 80 
2.85 
2.91 

2.96 
3.01 
3.06 

3. 12 
3.17 
3. a2 

3. n 
3.31 
3.31 

3.42 
3.4f 
8.61 

3.56 
3.61 
3. M 
3. e4 
3.7! 
3.71 

3.8: 
3.8: 

3. €I! 
3. w 
4.0: 

4.0 
4.1' 
4.1, 

4.1 
4.2 
4.2 

4.2 
4.3 
4.3 

4.3 
4.4 
4.4 

1. 4 
4.4 

a. 9: 

.- - 
Mi 

0 - 
4.37 

4.66 
4.93 
5.20 

5.47 
5.74 
6.01 

0.28 
.A54 
16.80 

17.06 
17.30 
17.55 

17.80 
18.04 

18. 61 

La 28 

la 74 
La 97 

19.18 
19.41 
19.63 

19.84 
%.or 
20. a: 
m. 4: 
m. 8: 

ai. 3: 

20. & 

21.0 
21.24 

21.5 
21.7 
21.8' 

2 2 0  
23.1 
22.3 

22.4 
22.6 
22.7 

22.8 
2 a 9  
23.0 

23.1 
23.3 

23. ; 
4. ! 

- - 

r .  
- 
1 

16 

14 
13 
12 

11 
810 
09 

08 
07 
106 

05 
D4 
103 

102 
101 
u)o 

P9 
188- 
297 

8 0  
8 6  
294 

293 
m 
291 

190 
289 
288 

?a7 
288 
285 ' 

a&4 
283 
a83 

?a1 
!Bo 
379 

278 
277 
276 

275 

273 

a72 
271 
270 

274 

- 
NOTE.-FOI L and MI see Tabla 13; for 28M and MBf, taka u of Mi ,with 8im reversed; lor PI, RI, 81. 

&. 8p, &, Ti, Mm, Sa, and Ssa, takc %A. 
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Ma 

3.20 

3.20 
3.20 
3.m 

3. 20 
3.19 
3.19 

3.18 
3.17 
3.16 

3.15 
3.14 
3.13 

3.11 
3.10 
3.09 

3.07 
3.06 
3.04 

3.02 
3 .m 
2.98 

2.96 
2 9 4  
2 9 2  

2.89 
2.87 
2 8 4  

2 8 2 .  
2 7 9  
2 7 7  

2 7 4  
2 7 1  
268 

264 
2 6 1  
2 5 8  

2 . H  
2 5 1  
248 

2 4 4  
2.41 
2 3 7  

2 3 3  
2 2 9  
2 %  

Table 11.-Values of u for equilibrium arguments-Continued . 
[ Uae sipn ai head of d u m n  when N is between 0 and 1800, remae rim w h  N is W e e n  180 and SW] 

&ME; 

-- 
D O  - -  

4. w 
4.27 
4.27 
4.28 

4.28 
4.26 
4.26 

4.24 
4.22 
4.31 

4.20 
4.19 
4.17 

4.15 
4 14 
4.12 

4.10 
4.08 
4.06 

4 . m  
4.00 
a98 

3.95 
3.83 
3.89 

3.86 
3.82 
3.79 

3.76 
3.72 
3.69 

3.65 
3.61 
3.57 

3.62 
3.48 
3.44 

3.39 
3.34 
3.30 

3.28 
3.21 
3.16 

3.11 
3.06 
3.00 

- - 
N 
- 

0 

90 

91 
92 
93 

94 
96 
96 

97 
98 
99 

100 
101 
102 

103 
104 
105 

108 
107 
108 

109 
110 
111 

112 
113 
114 

115 
116 
117 

118 
119 

121 
122 
lap 

124 
125 
128 

127 
1% 
la0 

130 
131 
132 

133 
134 
135 

. im 

8.54 

8.64 
8.54 a 53 

13.51 
a 4 9  

a 4 7  

843 

a 4 1  
8.38 
8% 

am 
8.27 

a i 9  air, 

aoi 

7.90 

8.53 

8.45 

8.23 

8.11 

8.06 

7.96 

7.M 
7.78 

7.71 
7.65 
7.68 

7.52 
7.45 
7.35 

7.30 
7.22 
7.14 

7.05 
6.96 
6.87 

6.78 
6.69 
6.60 

6.51 
6.42 
6.32 

6.22 
6.11 
6.01 

- - 
JI 

- 
0 - 

1276 

1 2  79 
12.83 
1 2  87 

1 2  90 
1 2  93 
1 2  96 

1 2  98 
13.00 
1% 01 

13.02 
13. 03 
13.03 

13.02 
13.02 
13.01 

1 2  99 
1297 
1 2  95 

la 83 
12. 90 
1 2  86 

13.82 
1 2  77 
1 2  72 

1 2  67 
1 2  61 
1 2  65 

ia gs ia 41 
1 2  34 

1 4  3 
12 17 
la08 

11. 98 
11.88 
11.78 

11.56 
11.44 

11.31 
11.18 
11.05 

10.91 
10.77 
10.62 

11. a7 

01 &I 
2 d , P  

-- 
D O  - +  

10.62 

10.86 
io. m 
10.74 

10.80 
10.83 

10.86 

io.90 

10.92 
10.93 
10.84 

10.95 
10.85 

10.94 
10.94 

10.89 

iasr 

10.77 

10.88 

10.95 

10.83 

10.91 

10.87 

10.81 
10.75 

10.74 
10.70 
10.65 

10.80 
10.55 
10.49 

10.43 
10.37 
10.30 

10.22 
10.14 
10.06 

9.97 
9.88 
9.79 

9.69 
9 . 1  
9.47 

9.36 
9.24 
9.12 

- - 

KI 

- 
0 - 

8.79 

8.81 
8.83 
8.85 

8.86 
8.87 
8.88 

8.90 
am 
aw 
am 

a 87 
a a  
8 8 4  

am am 
a 75 

a 68 

a 65 

a 57 

a 52 
a48 
a43 
a 37 

8% 

am 

8.89 
8.88 

8.82 

8.72 

8.61 

8.31 

8.19 
8.13 

7. 99 
7.91 
7. 83 

7.75 
7.67 
7.68 

7.49 
7.40 
7.30 

7.10 
7. w 
7. 20 

Mi 

-- 
D O  - 

23.37 

23.46 
23.54 
23.61 

23.67 
23.73 
23.79 

23.84 
23.83 
23.91 

23.93 
23.96 
23.96 

23.97 
23.87 
23.96 

23.94 
23.91 
23.88 

a 8 4  
33.79 
23.7% 

23.66 
23.59 
23.50 

23.41 
B.31 
23.21 

23.09 
23.96 
2283 

22.69 
23.54 
22.37 

?am 
22.03 
21.84 

n.64 
21.44 
21.23 

21.00 
20.76, 
20.52 

20.27 
20.01 
19.75 
- 

- - 
Ks 
- 

0 

17.77 

17.79 
17.81 
17.82 

17.83 
17.83 
17.82 

17.81 
17.79 
17.77 

17.74 
17.71 
17.67 

17.62 
17.67 
17.51 

17.45 
17.38 
17.30 

17.22 
17.14 
17.06 

16.95 
16.84 
16.73 

16.62 
16.50 
16.37 

16.24 
16.10 
15.96 

15.81 
15.66 
15.50 

15.33 
15.16 
14.99 

14.81 
14.62 
14.43 

14.23 
14.03 
13.83 

13.62 
13.40 
13.18 

N 

270 

a88 
288 
267 

288 
266 
284 

a63 
262 
281 

260 
a58 
258 

!a57 
256 
256 

254 
253 
252 

a51 
a50 
249 

248 
247 
246 

246 
244 
243 

242 
241 wo 
239 
238 
237 
238 
235 

238 
232 
231 

280 
2% 
228 

227 
226 
226 

- - 
VI% NI 
N, ME 
4, PI 1' - 

0 - 
2.14 

2. 14 
2 13 
2 13 

2 13 
2 13 
2 12 

2 12 
2. 11 
2. 11 

2.10 
2. 09 
2. 09 

208 
a' 07 
2 06 

2.05 
204 
2 03 

2.02 
2 0 0  
1.88 

1.98 
1. I 
i. 94 

1.93 
1.91 
1.90 

1.88 
1.86 
1.84 

1 . s  
1.80 
1.78 

1.76 
1.74 
1.72 

1.70 
1.67 
1.65 

1.63 
1.80 
1.68 

1.56 
1.63 
1. Eo - 

- - 
ME 
- 

0 - 
6.41 

6.41 
6.40 
6.40 

6.39 
6.38 
6.37 

6.35 
6.34 
6.32 

6.30 
6.23 
6. !M 

6.23 

6.17 

6.14 
6.11 
6.08 

6. Ob 
6.01 
5.97 

5.93 
b. 88 
5.83 

5.78 
5.74 
5.69 

5.64 
5.59 
5.53 

5.47 
5.41 
5.35 

6. !24 
6.22 
5.16 

5.08 
5.02 
4.95 

4.88 
4.81 
4.74 

4.68 
4.58 
4.51 

6. m 

- 

- - 
00 

- 
0 - 

36.12 

36.26 
36.37 
36.48 

36.58 
36.67 
36.75 

36. Ea 
36.87 
36.82 

36.95 
36.98 
36.99 

37.00 
36.99 
36.96 

36.93 
36.89 
36.83 

36.76 
36.67 
36.58 

36.48 
30. So 
36.23 

36.09 
35.93 
35.76 

35.67 
35.37 
35: 16 

34.94 
34.70 
84.49 

34.19 
33.91 
33.62 

33.31 
32.99 
3 2  66 

3 2  31 
31.95 
31.58 

31.19 
30.79 
30.37 
- 

- - 
MK 
- 

0 - 
10.83 

10.96 
10.96 
10.88 

10.99 
11.00 
11.01 

11.01 
11.01 
11.00 

11.00 
10. 99 
10.97 

10.93 
10.90 

10.84 
IO. 81 

10.77 
10.72 
10.88 

10.63 
10.57 
10.51 

10.45 
10.39 
10.32 

10.25 
10.18 
10.10 

10.02 
9.93 
9.84 

9.75 
9.65 
9.56 

9.45 
9.34 
9.23 

9.12 
9.00 

8.76 

8.50 

io. 95 

io. 87 

8.88 

a@ 
- 

- - 

MK 

-- 
D + 

4. 52 

4.51 
458 
4.58 

4.60 
4.62 
4. 64 

4.65 
4.67 
4.68 

4.69 
4.70 
4.71 

4.72 
4.72 
4.73 

4.73 
4. I3 
4.73 

4 72 
4.72 
4.71 

1.69 
4.68 

4.67 
4.85 
4.63 

4.61 
4.I 
4. 67 

4.54 
4.52 
4. 49 

4 . 1  
4.43 
4.10 

4.36 
4.32 
4.23 

4.23 
4.19 
4.14 

4.00 
4.04 
3.99 

4. m 

- 
Nm.-For L a n d  Mi 888 table 13; for 2SM and MSf, tske i( of Ma with sign r e v d ;  for Pi, Ri, SI, 8% 

8i,S4, Ti, Mm, Sa and Ssa, take d. 
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-- 
Ma i 

0 '  

- 
- 
-35 

.21 

.17 

.13 

.09 

.06 

.00 

.9G 

.91 

.87 

.82 
.78 
.. 73 

.m 
I .  64 
L. 59 

L. 54 
1.49 
1.44 

1.39 
1.34 
1.29 

1.24 
1.19 
1.14 

1.08 
1.04 
D. 88 

0.83 
0.88 
0.82 

0. n 
0.71 
0. e4 
0.61 
0.5! 
0. K 
0.4! 
0.3% 
0.3: 

0.24 
0. a: 
0.1: 

0.1 
0. O! 
0.01 - 

Table 11.-Values of it for equilibriunl arguments-Continued 
[Use dgn at head of dumn taken N is b M 0 m  0 and 180', rmme aim when N is bntween 180 and SW] - - 

00 

-- 
0 - 

10.37 

D. 94 
D. 49 
D. 04 
1. Ea 
a. 08 
37.68 

37.07 a. 54 
26.00 

5 . 4 5  
1.89 
4.31 

3.73 
3. 12 
1. 51 

I. 88 
1.24 
D. 59 

9.93 
9. as 
8. E# 

7.89 
7.18 
6.M 

3.75 
6.02 
4 28 

3.54 
2.72 
2.0: 

L1.Z 
LO. 41 
9. n 

8.11 
7 . 8  

6.5 
5.7 
4 .9  

4 .0  
3. z 
2.4 

1.6 
0.8 
0.0 

ae. 

c - 
N 
- 

0 

13s 

136 
137 
138 

139 
140 
141 

142 
143 
144 

145 
140 
147 

148 
149 
150 

151 
1 s  
1 8  

1M 
' 15: 

15( 

15' 
1M 
15! 

16l 
16 
l d  

16: 
16 
16 

16 
16 
16 

10 
17 
17 

17 
17 
17 

11 
17 
l i  

11 
11 
11 - 

- 
1 
Kz 
- 

0 - 
13.18 

.96 

. is 

.Ed 

.26 

.M 
.77 

.52 

.27 
.. 01 

I. 74 
1.48 
I. 21 

I. 84 
b. 66 
). 38 

#. 10 
3. 81 
3.52 

8.73 
1.94 
7.64 

7.34 
7.04 
6.74 

6.43 
6.12 
5.81 

5.19 
4.87 

4.5: 
4 . 1  
3.91 

3. M 
3.2: 
2.9 

2s: 
2.21 
1. I 

1 . 6  
1.3 
0.0 

0. e 
0.3 
0.0 

5. m 

- 

- - 
l i l  

- 
0 - 

7.00 

6.89 
8.18 
0.66 

6.55 
6.43 
6.31 

6.18 
6.06 
5.93 

5.80 
5.66 
5. I 

5.38 
5.24 
6.10 

4.95 
4.80 
4.66 

4.60 
4.34 
4.19 

3.87 
3. M 

3. M 
3.37 
3. aa 

4. oa 

- - 
h 
- 

0 - 
IO. 62 

io. 47 
10.31 
10.15 

9: 6a 
9.81 
9.64 

a. 27 
0.08 

8. 89 

8.49 

La8 
8.07 
7.85 

7.68 
7.41 
7.1E 

6.a 6.n 
6.a 
6.9 
5.91 
R 7, 

5.41 
6. % 
4!3l 

a. 46 

am 

Mf 

- 
0 - 

19.75 

19.47 
19.18 

Is. 58 

17.94 

7.61 
7.27 
8.92 

0.60 
8.20 
6.82 

5.44 
5.05 
4.86 

424 
3.83 
3.41 

2. w 
2.54 
.2. 1( 

.l. a 
tl. 1% 
LO. 7: 

!O. ac 
9.71 
9.31 

8.8 
8.8: 
7.81 

7.3: 
6.8 
6.3 

5.8 
5. 2 
4 7  

3.7 
3.1 

2 0  
2.1 
1. e 
1. c 
0. : 
0. C 

ta 88 

ia % 

4 a  

- 

3.92 
3.05 
3.38 

4 7 2  
4 4 6  
4.19 

2. 5: 
2.34 
2 1: 

3.03 
2 . g  2a 

2 2 7  1 .4  
1 . w  1 . 2  
1.71 1.01 I 
1.42 
1.14 
0.86 

0.8' 
0.71 
0.0 

0.57 
0.29 
0.00 

0.3 
0.1 
0.0 

- - 
1, Ns ', M S  
PI y - 
D - 
1. w 
1.48 
1.45 
1.42 

1.39 
1.36 
1.34 

1.31 
1.28 
1.25 

1.22 
1.19 
1.16 

1.12 
1.08 
1.06 

1.03 
1.00 
0. BB 
0.03 
0. w 
0.H 

0.81 
0. n 
0.W 

0.7: 
0. B( 
0. B( 

0.8: 
0.51 
0. M 

0. E 
0.4 
0.4 

0.41 
0 . 3  
0 . 3  

0.3 
0.2 
0 .2  

0 .1  
0 . 1  
0.1 

0. a 
0. a 
0. a 
- 

- - 

- 
0 - 
3 . w  

2.95 
2. w) 
a84 

2.18 
273 
2 67 

2 61 
2. 55 
2. I 

24? 
B3i  
2.31 

2 %  
2. 1s 
2.15 

2.0( 
1.ffl 
1.9: 

1.81 
1.71 
1.1' 

1. b 
1.5 
1.5 

1.4 
1.5 
1.3 

1.2 
1.1 
1.1 

1.0 
0.8 
0.8 

0. E 
0.1 
0. 

0.88 
0.51 
0.44 

0.37 
0.3a 
0.B 

0.14 
0.07 
0. o( - 

- - 
br, 

- 
0 - 
,. 51 

.43 
I 34 
I. 20 

1. 18 
1. OB 
L 01 

1.92 
1.83 
3.74 

3.65 
3. 56 
3.47 

3.37 
3.28 
3.18 

3.08 
288 
2 89 

3.- 
2ee 
2& 

2. 4t 
2.31 
2% 

2. l i  
2 Oi 
1. Qi 

1.N 
1.7! 
1.68 

1 . 5  
1.4: 
1.3: 

1 .2  
1.11 
1; 01 

0.8 
0.7 
0.6 

0.5 
0 .4  
0.3 

0.1 
0. a 
0. a - 

- - 
M8 

- 
0 - 
. 01 

.90 
-79 .ea 
.57 
.46 
.34 

'. !aa 
8. 10 
:. 98 

I. 86 
!. 74 
h 62 

I. 50 
I. 37 
L 24 

1. 11 
3 . s  
3. 86 

3.71 
3. 5f 
3.4: 

3.31 
3. It 
3.w 

1. CN 
a. 7( 
2.8: 

24 
2.3' 
2 l! 

2.0, 
1.9 
1.7 

1.6 
1.4 
1.3 

1.1 
1.0 
0.8 

0.7 
0.5 
0.4 

0. I 
0.1 
0. ( 
- 

- - 
Q1 I, P 
- 
0 

;tl2 

I. 00 
I. 87 
I. 73 

L 59 
3.45 
130 

1.15 
5.00 
7.84 

1.67 
7-50 
7.33 

7.16 
6.98 
6.80 

6.61 
6.42 
6.22 

6.03 
5.62 
5. @ 

5.41 
La( 
4. Ql 

4.7i 
4.5! 
4. % 

4.N 
3. s; 
3. L 
3.4' 
3.11 
2. B 

2? 
a. 4 
2 2  

1.0 
1.7 
1.4 

1.2 
0.9 
0.7 

0.6 
0.2 
0. a - 

- - 
5K 

0 - 
L LO 
%. 36 
3.2a 
3.08 

7.94 
1.79 
7.64 

7.49 
7.33 
7.17 

7.01 
6.84 
6.68 

6.51 
6.33 
6.16 

6.98 
6.80 
6.61 

6.43 
6.24 
5.05 

4 %  
4. BB 
4 4 6  

4.28 
4.00 
3.88 

3.68 
3 .G 
3.24 

3.02 
2 81 
2 6 l  

2% 
.2 11 
1.9; 

. l .  7: 
1.5: 
1.3: 

1.M 
0.N 
0.N 

0.4 
0. a 
.o. 0 - 

- - 
kiK 

-- 
0 

f99 

I. 94 
L88 
1.83 

3.76 
3.70 
3. G4 

3.67 
3. 60 
3.43 

3. a0 

3.14 
3.08 
2.98 

2.w 
4 81 an 
261 
2 51 
2 41 

2% 
2.21 
a 11 
2.Q 
1.W 
1.81 

1. n 
1. n 
1. Br 
1. u 
1 . 3  
1.2 

1.1 
1.0 
0.9 

0.7 
0.0 

0. I 
0.4 
0.3 

0. 5 
0. I 
0. ( 

a 38 

3. ai 

0. a 

- 

- - 
N 
- 

25 

24 
23 
2!a 

21 
a0 
119 

118 
!17 
!16 

n5 
!I4 
!13 

!l2 
I l l  
8 0  

m 
io8 
107 

Mw 
206 
204 

203 ma 
a01 

m 
199 
198 

167 
1% 
196 

194 
193 
192 

191 
190 
189 

198 
187 
186 

185 
184 
183 

183 
181 
180 
- 

Ncrn.-Fm h and MI see Table 13; for 2SM and MSI, take u of MI with sign revsrsed; for PI, R:, SI, Sa, 
&, S,, TI, Mm, Sa, and Sm, tSge u-0. 
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Table 12.-Log factor F correeponding to every tenth of a degree 0f.I 

DS. 

-21 
-13 

+3 
+4 
+4 

+8 
+lo 
-23 
-68 

-10 
-7 

-46 
+a 

--22 

Diff. 

-20 
-12 
-23 

+2 +a 
+5 

+8 
+lo 

-31 
-67 

-9 
-7 

-44 
+8 

Diff. 

-18 
-12 
-23 

+3 
+3 
+5 

+8 
+11 

-20 
-65 

-9 
-6 

-43 
+9 

18.4' 

-- 
0.0808 
0.0535 

9.9841 
9.9762 
9.9682 

9.9524 
9.9365 

0.0917 
0.3070 

0.0376 
0.0311 

0.1992 
9.0473 

aim 

19.0' 

-- 
0 . W 7  
0.0465 
0.1112 

9.9856 
9 . m  
9.9712 

9.9669 
9.9435 

0.07W 
0.3858 

0.0321 
0.0177 

0.1725 
9.9522 

19.6' 

-- 
0.0574 
0.0396 
0.0978 

9.9872 
9.9807 
9.9743 

9.9615 
9.9487 

0.0868 
0.2262 

0.0288 
0.0140 

0.1466 
9.9673 

'\ Constituont 

JI ..____________ 
K, .____________ 
Ks- _ _ _ _ _ _ _ _ _ _ _ _  
MI*, Ni, 2N _ _ _ _  
Ma ...._________ 

. Md. MN _ _ _ _ _ _ _  
MI _ _ _ _ _  ~ _ _ _ _ _ _ _  
Ms _ _ _ _ _ _ _ _ _ _ _ _ _  
01. QI 2Q, PI - - -  
00 _ _ _ _ _ _ _ _ _ _ _ _ _  
Mh.. _ _ _ _ _ _ _ _ _ _  
2MK _ _ _ _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
M m  _ _ _ _ _ _ _ _ _ _ _ _  

Mi*, N,, 2N _ _ _ _  9.9854 
MI _._______ _ _ _ _  99780 
MI, MN _ _ _ _ _ _ _  9.9707 

18.3' 

- 
0.0827 
0.0547 
0.1263 

9 . m 9  
9.9758 
9.9678 

9.9516 
9.9355 

0.0939 
0.3139 

0.0386 
0.0234 

0.2039 
9.8485 

JI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
KI- _ _ _ _ _ _ _ _ _ _ _ _  
IC, _ _ _ _ _ _ _ _ _ _ _ _ _  

MI _ _ _ _ _ _ _ _ _ _ _ _ _  9.9607 
Ms _ _ _ _ _ _ _ _ _ _ _ _ _  1 9.9476 

0.0707 
0.0477 
0.1134 

01, QI, 2Q. PI--- 0.W 
00 ________._.. 0.2327 I 

Mc _ _ _ _ _ _ _ _ _ _ _ _ _  
Ma. _ _ _ _ _ _ _ _ _ _ _ _  
01 QI. 2Q, pi--- 

MK .___________ 
2MK _ _ _ _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _  :- 

06 _ _ _ _ _ _ _ _ _ _ _ _  

MK _ _ _ _ _ _ _ _ _ _ _ _  0.0277 
ZMK _ _ _ _ _ _ _ _ _ _ _  0.0146 

9.9661 
9.9415 

a0811 
0.2726 

0.0330 
0.0184 

0.1769 
9.9514 

Mf _ _ _ _ _ _ _ _ _ _ _ _ _  0.1508 
. Mm _ _ _ _ _ _ _ _ _ _ _ _  9.0564 I 

- - 
Diff. 
- 
-m 
-12 
-21 

+3 
+4 
+5 

+7 
+IO 

-31 
-70 

-9 
-6 

-45 
+a 
- - 
Dift. 

- 
-19 
-12 
-23 

+3 
+4 
+5 

+7 
+IO 
-a0 
-67 

-9 
-6 

-44 
+8 - - 

Diff. 

- 
- 19 
-11 
-2a 

+a 
+4 
4-6 

+8 
+lo 
-m 
-65 

-9 
-7 

-4a 
+8 - 

- - 
18.5' 

0.0786 
0.0523 
0.1233 

9. 9844 
9.9766 
9.9687 

9.9531 
9.9375 

0.0896 
0 . m  

0.0367 
0.0211 

0.1948 
9. w 1  
- - 
19.10 

0.0668 
0,0453 
0. logo 

9. 9859 
9.9788 
9.9717 

9.9576 
9.9435 

0.0770 

0. 0313 
0.0171 

0.1681 
9.9530 

0.3593 

- - 
19.7' 

-. 

0.0555 
0.0385 
0.0956 

9.08i4 
9.9811 
9.9749 

9.9623 
9.9497 

0.0648 
0.3197 

0.0358 
0.0133 

0: 1423 
9.9581 
- 

- - 
Difi. 
- 
-a 
-11 
-21 

+2 
+3 
+5 

+7 
+10 

-23 
-69 

-9 
-7 

-46 
fs 
- - 
Diff. 
- 
-19 
-11 
-22 

+2 
+4 
i-6 

+10 

-21 
-67 

-9 
-7 

-44 
+9 

+6 

- - 
DB.  

- 
- 18 
-11 
-23 

+a 
+4 
. +5 

+8 
+I1 

-19 
-65 

-9 
-6 

-43 
+8 
- 

0.0766 
0.0512 
0.1199 

9.9846 
9.9769 
9.9692 

9.9538 
9.9385 

0.0874 
0.2931 

0.0358 
0. o!m4 

0.1903 
9. ggs9 
- - 
19.2' 

0.0649 
0.0443 
0.101 

9.8881 
9.9792 
9.9723 

R. 9584 
9.9445 

0.0749 
0.2525 

0.0303 
0.0164 

0.1637 
9.9539 
- - 
19.80 

0.0537 
0.0374 
0.0933 

9.0877 
9. a 1 5  
9.9754 

9.9631 
9.8508 

0.0629 
0.2132 

0. ow) 
0.0127 

0.1380 
9.9690 - 

- - 
Diff. 
- 
-20 
-13 
-23 

+3 
+4 
+5 

+8 
+10 
-21 
-68 

-9 
-7 

-45 
fs 
- - 
Dlff. 
- 
- 19 
-11 
-23 

+3 
+4 
+5 

$8 
+10 

-20 
-66 

-9 
-6 

-43 
+8 
- - 
Diff. 
- 
- 19 - 12 
-2a 

+3 
+a 
+5 

s;s 
+lo 
-?a 
-64 

-8 
-6 

-42 
+9 
- 

- - 
18.7' 

0.0746 
0.0500 
0.1177 

9. w9 
9.9773 
9.9697 

9.9546 
9.9395 

0.0853 
0.2883 

0.0349 
0.0197 

0.1868 
9.9497 
- - 
19.3' 

- 
0.0630 
(1.0431 
0.1045 

9.9864 
9.9796 
9.0738 

9.9682 
9.9455 

0.0738 
0.2459 

0.0294 
0.0168 

0.1594 
9.9547 - - 
19.90 

0.0518 
0.0362 
0.0911 

9.9sso 
9.9819 
9.9759 

9.9639 
9.9518 

0. oww 
0.2068 

0.0242 
0.0121 

0.1338 
9.9599 
- 

- - 
Diff. 
- 
-18 
-12 
-32 

+Z 
+4 
+5 

+7 
+IO 
-21 
-69 

-10 
-1 

-45 
+a 
- - 

D B .  
- 
- I9 - 12 
-23 

+2 
+4 
+a 
+7 

+11 

-a0 
-66 

-9 
-6 

-43 
+Q 
- - 

D B .  
- 
-18 
-11 
-23 

+2 
+4 
+5 

+8 
+11 

-a0 
-64 

-9 
-6 

-41 
+9 
- 

- - 
18.80 

0.0727 
0. a488 
0.1155 

a. w 1  
9.9777 
9.9702 

9.9553 
9. 9405 

0.0832 
0.3794 

0.0339 
0.0190 

0.1818 
9.9505 
- - 
19.4' , 

- 
0.0611 
0.0419 
0.1023 

9.9866 
9. gsM) 
9.9733 

9.9598 
9.9468 

0. m 
0.2393 

0.0285 
0.0152 

0.1551 
9.9556 
- - 
20.00 

0. o500 
0.0351 
0.0883 

9. w3 
9.9823 
9.9764 

9.9647 
9.9529 

0.0588 
0 . m  

0.0?33 
0.0116 

0 . 1 m  
9. rn 

- - 
M. 

- 
-m 
-11 
-31 

+3 
4-3 
4-6 

+S 
t 1 o  

-21 
-68 

-9 
-6 

-44 
+9 
- - 
)fl. 
& 

- 19 
-11 
-22 

+3 
+4 
+5 

+8 
t 1 o  

-21 
-66 

-a 
-6 

-4.3 
+s 
- - 
)iff. 

- 
-18 
-11 
-24 

+3 
+4 
+6 

fs 
t 1 1  

- 19 
-64 

-8 
-6 

-42 
+Q 
- 

*Log *'of A 1 m vi MS 2SM and M8f are each equal to log Fof MI. 
Log F of PI h; S: SZ k51 SO 'TI 8% and 8sa are each are. 
For log F o i b  Lnd'M; & Tkble'13. 
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Table'l2.-Log factor F corresponding to every tenth of a degree of I-Con. 

JI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
KI _ _ _ _ _ _ _ _ _ _ _ _ _  
6, _ _ _ _ _ _ _ _ _ _ _ _ _  
M?*, Nz. 2N- - - 
Ma--: _ _ _ _ _ _ _ _ _ _  
M4, MN _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
Ma.-.. _ _ _ _ _ _ _ _ _  
01. QI, 38, PI--- 
00 _ _ _ _ _ _ _ _ _ _ _ _  
MK _ _ _ _ _ _ _ _ _ _ _  
3MK _ _ _ _ _ _ _ _ _ _  
Mf _ _ _ _ _ _ _ _ _ _ _ _ _  
M m  _ _ _ _ _ _ _ _ _ _ _ _  

0.0489 
0.0340 
0.0884 

9.9885 
9.9827. 
9. 9770 

9.9655 
9.9540 

0.0570 
O.lQ40 

O.OE.5 
0. OlOD 

0.1255 
8.9617 

JI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
KI-- - - - _ _  _ _  - - ~ - 
Ka _ _ _ _ _ _ _ _ _ _ _ _ _  
MI', Nz, 2N _ _ _ _  9 . 9 "  
Ma 9.9862 
Md, MN _ _ _ _ _ _ _  9. @SO3 

0.0377 
0.0374 
0.0725 

MI _ _ _ _ _ _ _ _ _ _ _ _ _  
Ms _ _ _ _ _ _ _ _ _ _ _ _ _  
01 QI. ZQ, PI--. 

MK _ _ _ _ _ _ _ _ _ _ _ _  
2MK _ _ _ _ _  _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _ _ _  

06 _ _ _ _ _ _ _ _ _ _ _ _  

9.9704 
9.9605 

0.0456 
0.1565 

0.0175 
0.0076 

0.1010 
9.9671 

- - 
Diff. 

- 
-18 
-11 
-23 

+3 
+4 
+5 

+8 
t 1 o  

- 19 
-63 

-8 
-5 

-41 
+9 
- - 

Difl. 

- 
- 17 
-11 
-24 

+3 
+4 
+5 

+8 
+I1 

-19 
-61 

-8 
-5 

-40 
+9 
- - 
Dift 
- 
-17 
-11 
-24 

+3 
+5 
+a 
+8 

+I1 

-1s 
--Bo 

-a 
-5 

-38 
+e 
- 

lWL- I 

JI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
.KI  _ _ _ _ _ _ _ _ _ _ _ _ _  
Kz ___._________ 

Ma _ _ _ _ _ _ _ _ _ _ _ _ _  
MI, MN _ _ _ _ _ _ _  
M c  _ _ _ _ _ _ _ _ _ _ _ _  
Ma _ _ _ _ _ _ _ _ _ _ _ _ _  
01. QI, 2Qs PI--- 
00 _ _ _ _ _ _ _ _ _ _ _ _ _  
MK _ _ _ _ _ _ _ _ _ _ _ _  
2MK _ _ _ _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
M m  _ _ _ _ _ _ _ _ _ _ _ _  

MP, N ~ ,  ZN _ _ _ _  

0.0464 
D . ' 0 3 3  
0.0841 

8. 9888 
8.9831 
8.9775 

8.9663 
D. 9550 

0.0551 
0.1877 

0.0217 
0.0104 

0.1214 
u. gem - - 
20.80 

- 
0 . m  
0.0263 
0.0701 

9.9904 
9. gs66 
9. OSOE 

9.9712 
9.8616 

0.0431 
0.1504 

0.0185 
0.0071 

0. og7t 
9 . M  - - 
21.4' 

I .  

21.3' 

0.0378 
0.0208 
0.0583 

9.9871 
9.9838 

9.9754 
8.9673 

O.ON€ 
0.1201 

0.01zi 
0.004L 

0.Om 
9.97Zi 

9.wia 

0.033 
0.01w 
0.m 

9.99% 
9.08s: 
9.984: 

9. 97a 
9.96% 

0.0324 
0. 1141 

0.011( 
0.004( 

0.073; 
9.9733: 

- - 
Diff. 
- 
-17 
-11 
-23 

+2 
+4 
+6 

+8 
+I1 

-3 
-63 

-9 
-6 

-41 
+9 
- - 
Diff. 
- 
-17 
-11 
-23 

+3 
+4 
+6 

+8 
+I1 

-18 
-61 

-8 
-6 

-39 
+10 
- - 
Diff. 

- 
- 16 
-11 
-25 

+3 +r 
4-6 

+g 
+la 

-la 

-a 

+io 

-59 

-5 

-N 

- 

D. 0447 
D. 0318 
3.0818 

0.9890 a. 9a35 a. 9781 

8.9671 
8.9561 

0.0531 
D. 1814 

D. 0208 
D. 0088 

D. 1173 
8. 9635 
- - 
29.00 

0.0343 
0.0252 
0.0678 

9.9807 
9.8880 
9.981a 

9. m 
9.9627 

0.0419 
0.1443 

0.0158 
0.0065 

0.0931 a. am 
- - 
31.5' 

- 
o.(rA3 
0.0187 
0.0534 

9. QQz4 
9. BSSB 
9.8848 

9.9772 
u. gsgs 
0.0310 
0 . 1 w  

0.0111 
0.0035 

0. ow6 
9.9747 

- - 
Diff. 
- 
-18 
-11 
-23 

+3 
4-6 
4-6 

+8 
+I1 

-19 
-63 

-8 
-6 

-41 
+Q 
- - 
DH. 
- 
-17 
-11 
4 4  

+3 
$4 
+5 

+9 
+12 

-19 
-61 

-8 
-5 

-40 
+Q 
- - 
DB. 
- 
-16 
-10 
-24 

+3 
i-4 
+6 

+8 
+11 

-18 
-59 

-8 
-5 

-38 
+10 
- 

- - 
3.40 

- 
0 . 0 4 3  
0.0307 
0.0795 

8.9893 
9.9840 
9.9786 

9.9679 
9.9572 

0.0512 
0.1751 

0. oacrr 
0.0093 

0. I132 
9.9844 
- - 
21.00 

0.0326 
0 . m 1  
0.0654 

9.9910 
9.9864 
9. 9819 

9.9729 
8.9639 

0. o400 
0.m 
0.0151 
0. oo60 

0.0881 
8.9699 
- - 
21.6' 

- 
0. o ! m  
0.0177 
0.0510 

9.9827 
9. gsw) 
9.8851 

9.8'189 
9.9707 

0. m 
0.1023 

0.0103 
0. oo30 

0.0658 
9.9757 

- - 
Diff. 

- 
-18 
-11 
-24 

+3 
-H 
4-6 

+8 
t l l  

-I9 
-62 

-9 
-6 

-41 
+9 
- - 

- 
- 17 
-11 
-24 

+2 
+5 
+6 

4-8 
+I1 

-18 
-61 

-8 
-5 

-39 
+lo 
- - 
Diff 

- 
-18 
-11 
-24 

+3 
+4 
+5 

+s 
+ l S  

-17 
-59 

-1 
-5 

--3( 
+IC 
- 

- - 
20.50 

- 
0.0411 
D. 0296 
D. 0771 

8.9896 
8. 9844 
8.9792 

D. 8887 
8. 9583 

0.0493 
0.1889 

0: 0191 
0.0087 

0.1091 
8.9653 
- - 
21.1' 

0. om 
0. om 
0.0630 

9.9812 
0.9869 
9.9825 

9.9737 
8.8650 

0.0382 
0.1321 

0.0143 
0. mb5 

0.0853 
9.9709 
- - 
21.70 

- 
0.0?11 
0.0166 
0.0486 

9. 9830 
9.9894 
9.8859 

9. 9789 
9.9719 

0.0375 
0. OQgq 

00096 
0.0035 

0. 0619 
9.9767 

- - 
lift. 
- 
-17 
-11 
-23 

+3 
+4 
+5 

+9 
t l l  

-18 
-62 

-8 
-5 

- 40 
+Q 
- - 

- 
-17 
-11 
-23 

+3 
+4 
+s 
+9 

+11 

- 18 
-60 

-8 
-5 

-40 
+9 
- - 
Diff. 

- 
-16 
-10 
-24 

+3 
+5 
4-6 

+Q 
+I1 

-la 
-58 

-a 
-4 

-38 
+8 
- 

- - 
20.W 

- 
3.0394 
3.0285 
I. 0748 

a. 9898 a. gs48 a. 9797 

D. 9696 
0.9694 

D. 0475 
D. 1627 

D. 0183 
0.0062 

0.1061 
8. 9662 
- - 
21.20 

D. 0292 
D. O Z l Q  
0.0807 

8. 9915 
9. 9873 
8. W1 

9.9746 
9.8681 

0. O W  
0.1261 

0.0135 
0. oo50 

O.OSl2 
9. 9718 
- - 
21.8" 

- 
O.Ol95 
0.0156 
0.0463 

9.993% 
9.9899 
9.9865 

9.8788 
9. Q730 

0.0257 

00088 
0. 0021 

0.0581 

0. q808 

9. 9776 

- - 
3m. 

- 
-17 
-11 
-!a 
+a 
$ 4  
+6 

4-8 
+11 . 

-19 - 63 

-8 
-6 

-41 
+9 
- - 
D1ff. 

- 
- 16 
-10 
-24 

+3 
+4 
+5 

4-8 
+la 

-18 
-60 

-8 
-5 

-39 + 10 
- - 
Diff. 

- 
-16 
-11 
-24 

+3 
$4 
+6 

+8 
+I2 

-17 
-58 

-7 

-37 
+lo 

- 5 .  

- 
*Log F of XI, ps, YZ SM, 2SM and M8f ere each equal to log P of MI. 
Log F of P! R: S; Ss 8r 86 'TI 88. and 888 art.& Zero. 
For log F oi b k d  nd1 & &bd 13. 
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Table 12.-Log factor F corresponding to eoery tenth of a degree of I-Con. 

Diff. 

-18 
-10 
-24 

+3 
+5 
+8 

+Q 
+l2 

-17 
-57 

-8 
-4 

-37 
+lo 

Diff. 

-14 
-io 
-24 

+3 
+5 
+8 

+Q 
+l2 
-17 
-56 

-7 
-4 

-S6 
+lo 

DH. 

-14 
-Q 

-24 

4-3 
+5 
+7 

+Q 
+la 
-16 
-63 

-7 
-3 

-35 
+11 

- - 
Diff. 
- 
-18 
-10 
-24 

+2 
+5 
4-6 

+Q +la 
-18 
-50 

-8 
-6 

-38 
+10 
- - 
Diff. 
- 
-15 
-10 
-a5 

+3 
+5 
+6 

+Q 
+I2 
-17 
-56 

-7 
-5 

-37 
+lo 
- - 
Dfl. 
- 
-15 
-10 
-24 

+3 
+5 

. +7 

+Q 
+la 
-16 
-66 

-7 
-4 

-35 
+I1 
- 

22.4O 
-- 

0.0101 
0.006)3 
0.0617 

9.QQbo 
Q.QQ26 
9.Wl 

8.8851 awl 
0.0154 
0.0561 

0.0043 
Q.QQD4 

0.0357 
8.8837 

23.00 

-- 
omia  
00032 
0.0170 

Q.QQ8Q 
8.8953 

.Q.QlB7 

Q.QQO6 
8.8874 

0.0054 
0.m 
o.oO01 
Q.QQ6Q 

0.0140 
Q.88QQ 

a3.60 

-- 
9.QQ26 
9.QQ73 
0.om 

Q.QQ87 
9 . m 1  
Q.8975 

Q.QQ63 
9.694Q 

Q.QQS 
Q.W 

Q.gg00 
Q.8848 

8 . m  
Q.M 

- - 
23.0' 

- 
0.0163 
0.0135 
0.0414 

9. QQ38 
Q. ggo8 
Q. %77 
9.9815 
9.9754 

0. M2a 
0. m 
0.0073 
0.0011 

0.0508 
Q. 9798 
- - 
22.8' 

-15 
-11 
-24 

0.0071 
0.0073 
0.0388 

Q. 8958 
9.8935 
8.9913 

8.8888 Q.m 

0.0448 

0. om 
Q. 8985 

0.0284 
Q. 8857 

0. o m  

- - 
2a.P 

- 
Q. ma 
0.0012 
0. O l a l  

Q. 8875 
0. QQ83 
Q. 8850 

9. QQ24 
Q. BBBB 

0.0033 
0.0118 

8. QQ87 
9. QQ62 

0.0068 
8. ggZl 

0.0148 
0.0124 
0 . m  

Diff. 33.P 

+3 
+4 
+8 

,+e +a 

-I- 

Q.QQ41 
Q.QQl2 
8.9883 

8.9824 
9.9766 

-8 
-4 

-37 
+lo 

D a .  

0.0066 
0.0007 

0.0469 
9.8808 

!&lo 

-17 0.0206 
-68 I 0.0732 

4-3 
+4 
4-8 

Q.9959 
8.9939 
Q.QQlQ 

-15 0.0066 
-10' 0.008s 
-24 0.0244 

Dill. B.3O 

-- 

-18 0 0104 
-56 I &03QZ 

-14 
-10 
-26 

-7 om 
-4 1 iQQ8l 

Q.QW 
o.oO02 
0.0088 

-16 
-!a 
-7 
-4 

O.ooo6 
0 . m  

Q.W 
9.W8 

+10 9.$934 
3.13 I 9. Wla 

-36 0.0034 +io 1 Q.rn3i 

- - 

Diff. 
- 
-16 
-10 
-25 

+3 
+5 
.ts 
+9 

$11 

-17 
-57 

-7 
-5 

-38 
+10 
- - 
Difl. 
- 
-15 
-11 
-25 

+3 
+5 
+6 

+Q 
+la 
-17 
-56 

-7 
-4 

-36 
$10 
- - 
DifG 
- 
- 14 
-10 
-24 

t! 
4-6 

+Q 
+la 

-16 
-56 

-6 
-3 

-36 
+I1 
- 

- - 
P.20 

- 
0. O l s a  
0.0114 
0.0365 

Q. 8944 
9. QQl7 
Q. WQ 
9.6a33 
Q. 9777 

0.0188 
0.0675 

0.0050 
0. oooa 
0.0431 
8.9818 
- - 
2 2 3  

0.0041 
0.0062 
0.0219 

8. QQ63 
0. QQ44 
Q. 9925 

9.8887 
0.8850 

0.0087 
0.0336 

0.0015 
Q. 8977 

0.0213 
8. 9878 - - 
23.40 

- 
Q. 8854 
Q. QQQ3 
0. (3073 

Q. 8981 
8.9872 
Q. 8862 

Q. QQ43 
Q. 8824 

Q. QQDO 
0. m 
Q. 8974 
Q. m5 

9. QQQQ 
Q. 6942 

- - 
Diff. 
- 
-15 
-11 
-24 

4-3 
+4 
+e 
+e 

+la 
-17 
-57 

-7 
-4 

-37 
+I1 
- - 
Dift 
- 
-15 
-10 
-a5 

+4 
+a 
4-6 

+lo 

-18 
-65 

-7 
-4 

-36 
+I1 

+la 

- - 
Difl. 
- 
-14 
-10 
-25 

+3 
+1 
4-6 

+lo 
4-18 

-16 
-54 

-7 
-4 

-35 
+I1 
- 

- - 
23.30 
- 
0.0117 
0.0103 
0.0341 

8.6947 
0. QQZI 
Q. W 5  

9. QM!2 
9.078Q 

0.0171 
0.0818 

0.0051 
Q. Bgee 
0.03Q4 
Q. Bsn - - 
%80 

0. boae 
0.0042 
O.OlQ4 

8. QQ66 
Q. 8848 
Q. QQ31 

Q. 98Q7 
Q. W.2 

0.0071 
0. O a s l  

0. OOOB 
0.0073 

0.0176 
Q. 888Q 
- - 
23.50 

- 
8. QQ40 
8. QW 

Q. Qgsp 
Q. 8876 
8.6968 

9. QQ53 
Q. QQ37 

0.8874 
9.8953 

Q. QQ67 
Q. 8861 

9. QQ64 
Q. 8953 

o. 0047 

- - 
Diff. 

-15 
-lo 
-24 

+a 
+4 
ts 
+Q 

+la 
-17 
-67 

-7 
-4 

7;: - - 
Diff. 

- 
-15 
-10 
-2s 

+3 
+5 
+6 

+Q 
+I3 

-16 
-65 

-7 
-3 

-36 
+I1 
- - 
Diff. 
- 
-14 
-10 
-24 

+4 t: 
+lo 

-18 
-54 

-6 
-4 

-35 
i-11 

+13 

- 
*Log Fof XI M, m, M8 28M snd MSf are each equal to log F of M:. 
Log 4 of PI R: 81 82 b 88 T: 8a and 8sc. are each m. 
Por log Poi  L: anh MI &a Table l i  
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Table 12.-Log factor F corresponding to every tenth of a degree of I - h n .  7 Constituent - 

JI _ _ _ _ _ _ _ _ _ _ _ _ _ _  9.9912 
KI _ _ _ _ _ _ _ _ _ _ _ _ _  9.9963 
Kg .____________ 9.8998 

Mr*, Nr, 2N _ _ _ _  9.9091 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _  9.9986 
MI, MN _ _ _ _ _ _ _  9.9881 

MI _ _ _ _ _ _ _ _ _ _ _ _ _  9.9972 
Mo _ _ _ _ _ _ _ _ _ _ _ _ _  9.9062 

00 ...-.-..--... 9.9846 

MK _ _ _ _ _ _ _ _ _ _ _ _  9.9964 
2MK _ _ _ _ _ _ _ _ _ _ _  9.9944 

Mf _ _ _ _ _ _ _ _ _ _ _ _ _  9 . W  
Mm------------ 9.9975 

ol, Q, ~ Q , P ~ - - -  9.9942 

. .  
JI _ _ _ _ _ _ _ _  ~ ._.__ 9.9830 
KI _ _ _ _ _ _ _ _ _ _ _ _ _  9.9805 
KI _ _ _ _ _ _ _ _ _ _ _ _ _  9.9850 

MI', N?, 2N _ _ _ _  0.0010 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _  0.0015 
Ma, MN _ _ _ _ _ _ _  0.0020 

MI _ _ _ _ _ _ _ _ _ _ _ _ _  O.Oo30 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _  0.0039 

01. 81, ZQ, PI--- 9.9860 
00 ______---.__ 9.9524 

MK _ _ _ _ _ _ _ _ _ _ _ _  9.9915 
2MK _ _ _ _ _ _ _ _ _ _ _  9.9925 

Mf _ _ _ _ _ _ _ _ _ _ _ _ _  9.9690 
Mm _ _ _ _ _ _ _ _ _ _ _ _  0 . W 3  

MI*, NI. 2N _ _ _ _  0.0030 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _  0.0045 
M,, MN _ _ _ _ _ _ _  0 . W  

Ma ._____---___. 0.0089 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _  0.0119 

01, QI, BQ, PI--- 9.9760 
00 _-_-________- 9.9322 

M I  .___________ 9.9879 
2MK _ _ _ _ _ _ _ _ _ _ _  9.8809 

MI _ _ _ _ _ _ _ _ _ _ _ _ _  9.9491 
Mm _ _ _ _ _ _ _ _ _ _ _ _  0.Olla 
I-.. _. . ... .^ - 

'Log F of XI, m, R, M 
For log F oi LI bd Log FofPi  RI SI S, 

- - 
Dlff. 
- 
- 14 
-9 

-25 

+3 
+5 
4-6 

+9 
+I3 

- 15 
-53 

-7 
-3 

-34 
+I1 
- - 
Diff. 

- 
- 14 
-9 

-25 

+3 
+5 
+o 
+Q 
t 14 

-15 
-52 

-6 
-3 

-34 
+I1 
- - 
DH. 
- 
- 13 
-9 

-24 

+3 
+5 
+7 

+10 
+13 

-14 
-51 

-6 
-3 

-32 
+12 
- ... .. 
251 c,, s 

see l  

9. 9888 
9.9954 
9.9973 

9.9994 
9.m1 
9.9987 

9.9981 
9.9975 

9 .89z  
9.9793 

9.9947 
9.9941 

9. gsoo 
9.9986 
- - 
29.40 

- 
9. M16 
9.8896 
9.9826 

0.0013 
0. oo20 
0. m 
0.0039 
0.0053 

9. 9835 
9.9478 

9. ggog 
9.992a 

9..9656 
0.0064 
- - 

25.0' 

9.97% 
9.9840 
9.9657 

0.0033 
0.0050 
0.0066 

0.0088 

9.9746 
9.9171 

9.9872 
9.8906 

9.9858 
0.013 

0.0132 

- - 
Dift. 
- 
-14 
-10 
-25 

' + 3  
+4 
+7 

+10 
+13 

-16 
-53 

-6 
-4 

-35 
+11 
- - 
Diff. 

- 
-13 
-9 

-26 

+3 
+5 
+7 

+10 
4-13 

-15 
-52 

-6 
-3 

-33 
+12 
- - 
Dift. 

- 
-13 
-9 

-25 

+3 
+5 
+7 

+10 
4-14 

-15 
-50 

-6 
-2 

-33 
+12 
- 

- - 
23.90 

9.9884 
9.9944 
9.9948 

9.8987 
9.9996 
9.9694 

9. m 1  
9.9988 

0.9911 
9.9740 

9.9941 
9.9937 

9.9825 
9.9997 
- - 
24.5O 

- 
9.9803 
9.9887 
9.9800 

0.0016 
0.0025 
0. o(w8 

0.0049 
0.0066 

9.9426 

0.9903 
9.9919 

9.9623 
0.0066 

9. gam 

- - 
35.10 

- 
9.9720 
9.9831 
9.8652 

0. m 
0.m 
0.0073 

0.0108 
0.0146 

9.9731 
9.9121 

9.9867 
9.9go4 

9.*26 
0. ,0136 
- .. 

- - 
Dlff. 
- 
-14 
-10 
-24 

+3 
+5 
+6 

+10 
+I3 

-16 
-53 

-7 
-3 

-34 
+I2 
- - 
Diff. 

- 
-13 
- 10 
-24 

+4 
+5 
4-6 

+IO 
+13 

-15 
-51 

-G 
-3 

-33 
+I1 
- - 
DIE 
- 
- 13 
-9 

-24 

$4 
+5 
+7 

+IO 
+13 

- 14 
-50 

-6 
-3 

-3a 
+la 
- 

- - 
24.00 

9. am 
9.9934 
9.9924 

0. oooo 
0. m c. .m 
0.0001 
0. ooo1 

9.8896 
9.8687 

9.8834 
9.9934 

9.9791 
0. MMg 
- - 

24.6' 

- 
9..97so 
9.982 
9.9776 

0. o030 
0.0039 

0.0059 
0. 0078 

9.9805 
9.9375 

9.9897 
9.8916 

9.9590 
0.0077 

0. oom 

- - 
25.20 

9.9713 
9. gBaa 
9.9625 

0.0040 
0. oo60 
0. oo80 

0.0119 
0.0159 

9.9717 
9.9071 

9.9861 
9. geol 

9.9304 
0.0148 

- . 
and 8 
T:;'Sa, and 8sa nre each zero. 
,ble 13. 

I are each equal to log F d MI. 

- - 
Dlff. 
- 
-13 
-10 
-25 

+3 
+5 
+7 

+Q 
+I2 

- 16 
-53 

-7 
-3 

-34 
+I1 
- - 
Difl. 

- 
-13 
- 9  
-25 

+3 
+5 
+7 

+IO 
+13 

-E 
-51 

-6 
-2 

-33 
+12 
- - 
DW. 
- 
-12 
-10 
-25 

+3 
+5 
4-6 

+I1 
4-14 

- 15 
-60 
-5 
-2 

-32 
+12 - 

- - 
24.10 

9.9857 
9.9924 
9.9899 

0.0003 
0.0005 
0.0007 

0.0010 
0.0013 

48880 
9.9634 

9.9927 
9.8931 

9.9757 
0. oom 
- - 
24.70 

- 
9.0777 
9.8868 
$. 9761 

0.0023 
0.0035 
0.0046 

0. 00Bg 
0.0092 

9.9790 
9.9324 

9. 9891 
9.9914 

9.9557 
0. oos9 
- - 
25.3O 

-- 
9.9701 
9.9812 
9. 9eo3 

0.0043 
0. ow5 
0.00% 

0.0130 
0.0173 

9.9702 
9.9021 

9. gS56 
9. gs88 

O.Ols0 
9. ma 

- - 
Difl. 
- 
- 14 
-9 

-25 

+4 
+5 
4-6 

+10 
4-13 

-15 
-52 

-6 
-3 

-33 
+11 
- - 
Diff. 

- 
-13 
-10 
-25 

+3 
+5 
+7 

+IO 
+13 

-15 
-51 

-6 
-3 

-33 
+12 
- - 
Diff. 
- 
-13 
-9 

-24 

+4 
+5 
+7 

+10 
+13 

-14 
-.SI 

-6 
-2 

-32 
+12 - 

- - 
24.20 

- 
9 . w  
9.8915 
9.9874 

0 . 0 7  
0.0010 
0.0013 

0.0020 
0.0026 

9.9865 
9.9582 

9.9921 
9.9928 

9.9724 
0. ow1 
- - 
24.80 

- 
9.9764 
9. 8858 
9.9726 

0 . 0 0 1  
0 . w  
0.0053 

0.0078 
0.0105 

9.9775 
9.9273 

9.8885 
9. 9911 

9.9624 
0.0101 
- - 
25.40 

9.9685 
9. gso3 
9.9579 

0.0047 
0.0070 
0.0083 

O.OlS6 

9. 9ssa 
9.8971 

9.9850 
9. ggg'l 

9.9330 
0.0172 

0:0140 

- - 
m. 
- 
-13 
-10 
-24 

+3 
+5 
+7 

i-10 
f 1 3  

-15 
-52 

-6 
-3 

-34 
i-12 
- - 
)iff. 

- 
-13 
-9 

-35 

+4 
+5 
4-6 

+10 
+14 

-15 
-51 

-6 
-2 

-33 
+I1 
- - 
>iff. 
- 
-12 
-9 

-25 

+3 
+5 
+7 

+lo 
+14 

-14 
-49 

-6 
-3 

-32 
4-13 - 

24603741-13 
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Table 12.-Log factor F corresponding to every tenth of a degree of I-Con. 

MI*, Na. 2N _ _ _ _  
MI..-. ____. _ _ _ _ _ _  
MI, MN _ _ _ _ _ _ _  

0.0050 
0.0075 
0.0100 

Mo _ _ _ _ _ _ _ _ _ _ _ _ _  0.0150 
Ms _ _ _ _ _ _ _ _ _ _ _ _ _  I 0.0200 

Oi,Qi, ZQ, pi _ _ _ _  
00 _ _ _ _ _ _ _ _ _ _ _ _ _  
MK _ _ _ _ _ _ _ _ _ _ _ _  
2MK. _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _ _ _  

9.9674 
9.8922 

9.9844 
9.9894 

9.9288 
0.0185 
I \yl 26.1O 
Constituent - 
Ji _ _ _ _ _ _ _ _ _ _ _ _ _ _  
K, _ _ _ _ _ _ _ _ _ _ _ _ _  
hr _-___________ 
MI*, NI, 2N _ _ _ _  
MI ___..________ 
MiMN ________. 

MI _ _ _ _ _ _ _ _ _ _ _ _ _  
Ms _ _ _ _ _ _ _ _ _ _ _ _ _  
01, QI, ~Q.PI--- 
OO------------- 

MK _ _ _ _ _ _ _ _ _ _ _ _  
2MK _ _ _ _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _ _ _  

9.9604 
9.9741 
9.9408 

0.0071 
0.0106 
0.0142 

0.0213 
0.0283 

9.9590 
9.863 

9.9812 
9.M3 

9.'9110 
0.0259 

I .  

L"i1: 
Mt*, NI, 2N.-. - 
MI _ _ _ _ _ _ _ _ _ _ _ _ _  
MI, MN.-. _ _ _ _  

0.0092 
0.0138 
O . O l S 4  

MI _ _ _ _ _ _ _ _ _ _ _ _ _  9.8926 
Mm _ _ _ _ _ _ _ _ _ _ _ _  0.0336 

- - 
Diff. 
- 
-12 
-9 
-2.5 

+3 
+5 
+7 

sz 
-14 
-49 

-5 
-2 

-32 
+la 
- - 
Diu. 
- 
- 12 
-9 
-24 

+3 
4-6 
+7 

+10 
+15 
- 13 
-48 

-6 
-2 

-31 
4-13 
- - 
Diff. 
- 
-11 
-8 
-25 

+4 
+6 
+8 

+lo 
+I4 
-13 
-47 

'- 5 
-2 

-30 
+14 
- 

9.9664 
9.9785 
9.9529 

0.0053 
0. OMU) 
0.0107 

0. Oleo 
0.0214 

9.9660 
9.8873 

9.9839 
9.9892 

9. gass 
0.0197 
- - 
26.20 

- 
9.959a 
9.9m 
9.9382 

0.0074 
0.0112 
0.0149 

0. om 
0.02s 

9.9577 
9.8581 

9. m 7  
9.8881 

9.9079 
0. 0272 
- - 
26.8' 

9.9524 
9.9681 
9.9235 

0. m 
0.0144 
0.0192 

0.0287 
0.0383 

9.9496 
9.897 

9.9777 
9.9872 

9.8898 
0.0350 
- 

- - 
>iff. 
- 
- 12 
-9 
-25 

+4 
+5 
+7 

4-11 

-14 
-49 

-6 
-2 

-31 
+I2 

4-14 

- - 
Diff. 
- 
-12 
-8 
-25 

+1 
+5 
+7 

+I1 
4-14 
- 14 
-45 

-6 
-1 

7:; 
- - 

Diff 
- 
-12 
-9 

--Y 

+3 
+5 
+1 

+I1 
+E 
-13 
-47 

4 
-1 

--3( 
+I3 
- 

- - 
25.70 

0.9652 
0.9776 
8.9504 

D. 0057 
D. OM5 
D. 0114 

D. 0171 
D. 0228 

0.9646 
0.8824 

9.9833 
B. 9890 

9.9235 
0.0209 
- - 
26.3' 
- 
9.9580 
9.9734 
9.9357 

0.0078 
0.0117 
0.0156 

0.0234 
0.0312 

9.9563 
9.8533 

9.9802 
9. gsso 

9.9048 
0.0385 
- - 

26.90 

9.9512 
9.9672 
9.9211 

0.0099 
0.0149 
0.0199 

0.0298 
0.0398 

9.9483 
9.8250 

9.9772 
9.9871 

9.8866 
0.0363 - 

- - 
Diff. 
- 
-13 
-8 
-44 

+3 
+6 
+7 

+lo 
4-13 
- 14 
-49 

-5 
-2 

-32 
+13 
- - 
Diff. 
- 
-11 
-9 
-34 

+3 
+5 
+7 

+lo 
+14 
-14 
-47 

-5 
-3 

-31 
4-13 
- - 

Diff, 
- 
-11 
-8 
-24 

+4 
4-6 
+7 

+I1 
4-14 
-13 
-47 

-5 
-1 . --29 

+13 - 
'Log F of ka, I, I, MS, 28M, and M8f am each equal to log 
Log Fof PI 4, 91 8; 81 88 TI 8 s  and Bsaareeach m. 
For log F oi La 'sd dl & T'ablk 13 : 

- - 
25.80 
- 
3.9639 
L97M 
3. 8680 

). 0091 
).0121 

).0181 
1.0241 

a. 9633 
0.8775 

0.9838 
0.9868 

0.9203 
D. 0222 

).OoOO 

- - 
26.4' 

- 
B. 9580 
8.9715 
0.9333 

D. 0081 
0.0122 
0.0163 

0.0244 
0.0336 

9.9549 
9.8486 

9.9797 
8.9878 

9.9017 
0. om 
- - 
27.0' 
- 
9.9501 
9.9604 
9.9ls1 

0.0103 
0.0155 
0. om 
0. ow 
0.0412 

9.94n 
9.8% 

9.97% 
9.88x 

9.883i 
0.037t 

B,ot 1 
- 

- - 
Diff. 
- 
-12 
-9 
-25 

+4 
+5 
+7 

+I1 
+14 
-14 
-49 

-5 
-a 
-31 
+la 
- - 
Die. 
- 
-12 
-9 

-2.5 

+4 
+6 
+7 

+I 1 
4-14 
-13 
-4s 

-5 
-1 

-30 
+I2 
- - 
Diu. 
- 
-11 
-8 
-25 

+4 
+5 
+7 

+I1 
,+I5 
-13 
-46 

-5 
-1 

-30 
4-13 - 

- - 
25.80 

9.9627 
9.9759 
9.9455 

0.0064 
0. oogs 
0.0128 

0.0192 
0.0255 

9.9618 

9.8823 
8.9886 

9.9172 
0. om 

9. s7m 

- - 
26.5' 
- 
9.9557 
9.9706 
9.9308 

0.0085 
0.0128 
0.0170 

0.0255 
0.0340 

9.9536 
9.8438 

9.9792 
9.9877 

9.8987 
0.0310 
- - 
27.10 

9. wo 
9.9656 
9.9162 

0.0107 
O.Ols0 
0.0213 

0.0320 
0.0427 

9.9457 
9.8157 

9.9762 
9.0809 

9. Bsol 
0.0388 - 

- - 
Diff. 
- 
-11 
-9 
-24 

+3 
+5 
+7 

4-10 
4-14 
- 14 
-49 

-6 
-1 

-31 
4-18 
- - 
Dif? 
- 
-11 
-8 
-24 

+r 
+5 
+7 

+11 
+14 
-13 
-47 

-5 
-2 

-30 
+I3 - - 
Diff 
- 
-11 
' -9 
-24 

+3 
+e + 
+I] 
4-14 
-13 
-4t 

-4 
-1 

-x 
4-14 - 

9.9616 
9.9750 
9.9431 

0.0067 
0.0101 
0.0135 

0.0269 

9.9604 
9.8677 

9.9817 
9.9885 

9.9141 
0.0247 

D. nm2 

- - 
26.6' 
- 
9.9546 
9.9698 
9.9284 

0.0089 
0.0133 
0.0177 

0.0266 
0.0354 

9.9523 
9.8391 

9.9787 
9.8875 

9.8857 
0.0323 
- - 
27.20 

9.9479 
9.9647 
9.9138 

0.0110 
0.0166 
0.0221 

0.0331 
0.0441 

9. 9444 
9.8111 

9.9758 
9. 9868 

9.8717 
0 . m  - 

- - 
DM. 
- 
-12 
-9 
-25 

z 
+7 

+I1 
+I4 
-14 
-48 

-5 
-2 

-31 
+I2 - - 
Diff. 

- 
-11 
-9 
-24 

+3 
+5 
+7 

+I1 
+15 
- 14 
-47 

-5 
-1 

-31 
+I3 
- - 
Diff. 
- 
- 10 
-8 

-24 

+4 
+5 
+7 

+11 
4-15 
-13 
-46 

-6 
-1 ' 

-29 
4-13 - 
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Table 12.-Log factor F corresponding to  eoery tenth of a degree o f  I-Con. 

191 

Diff. 

-11 
-8 
-24 

+3 
+5. 
4-8 

t11 
4-15 
-13 
-46 

-5 
-1 

Constituent 
27.5' 

-- 
9.9447 
9.9823 
9.9086 

0.0121 
0.0182 
0.0243 

0.0364 
0.0486 

9.8105 
9.W3 

9.9744 
9.9865 

7- Conatituent 

-10 
-8 
-24 

z 
+7 

9.8416 
9.9599 
9.8884 

0.0133 
0.0199 
0.0285 

0.0398 
0.0530 

9.9368 
9.7838 

g. 9731 
9.9864 

9.8603 
0. w 5  

9.9437 
9.9615 
8.9042 

::;E 
0.0250 

- - 

Diff. 

0.0129 
0.0193 
0.0258 

-11 
-8 
-24 

+4 
+e 
+7 

+n 
+15 
-13 
-46 

-4 
-1 

-29 
4-14 
- - 

DH. 

+4 
+6 
+7 

-11 
-9 

-24 

+3 
4-6 
+p 

+I1 
+15 
- 13 
-45 

-4 
-1 

-29 
+14 
- - 

0.0387 
0.0515 

9.8380 
9.7883 

- - 
27.4' 

4-11 
4-15 
-12 
-45 

9.9458 
9.9631 
9.9090 

0.0118 
0.0177 
0.0235 

0.0363 
0.0471 

9. 9418 
9.8019 

9.9749 
9.9866 

9.8719 
0.0430 - - 
27.9' 28.20 

9.9405 
9.9590 
9.8970 

0.0205 
0.0273 

0.0409 
0.0545 

9.9356 
9.7793 

9.9m 
9. 8863 

9.8574 
0.0499 

o. 0136 

- - 

Diff. 

9.9375 
9.9567 
9.8808 

0.0148 
0.0222 
0.0295 

I .  

I 

-10 
-8 

'-24 

+4 , 

+5 
+8 

I I 28.30 ' 1  Diff. 

-I- 

-12 I 9.9393 
-45 9.79s 

-:I ::E 

-I- 
-2 1 ::= 
-24 9.8W 

-13 9.9330 
-45 9.7703 

-5 9.9718 
-1 9.9882 

A 
I 

28.40 Diff. 

-- 
9.9355 -10 
9.9551 -8 
9.8850 -24 

0.0155 .+4 

0.0311 +7 
0.0233 +6 

0.0466 +l2 
0.0621 I +le 
9.9294 -12 
9.7571 -44 

9.8706 -4 
9.8862 0 

0.0570 +14 
9 * m 2 1  

- - 
Diff. 

- 
-11 
-8 
-24 

+4 
+5 
+E 

+12 
+I4 
-13 
-45 

-5 
-1 

-29 
+14 
- - 

DH, 

- 
-la 
-7 
-24 

E 
+7 

+I1 
4-15 
-12 
-44 

-4 
0 

-28 
+15 
- - 

28.50 

- 
9.9345 
9.9643 
9.8826 

0.0159 
0.0239 
0.0318 

0.0478 
0.0637 

9.9282 
9.7527 

9.9702 
9. 9862 

9.8404 
0.0684 

_I 
27.7O Dift. i 

9.9735 I -4' 
9.- 0 

9 9318 -12 
9:7659 I -44 
9.9714 -4 
9.9F62 0 

98489 -29 
60542 I +14 - - 

Diff. 

- 
-10 
-8 

-23 

+4 
4-6 
4-8 

+11 
4-15 
-12 
-44 

-4 
0 

-28 
+16 

1 

a8.6' 

- 

- 
9.9335 
9.9635 
9.8803 

0.0163 
0.0246 
0.03% 

0.0489 
0.0653 

9.9270 
9.7483 

9.9888 
9.8862 

9.8376 
0.0599 
-- 

*Log F of Xr, m m, M8 and M8f are each eqnal to log F of Mi. 
Log F d  PI R9 81 82'8, 86 TI Sa, and 8SS are each m. 
For log F 0; Li 'md GI & $abd 13. 
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Table 13.-Values of u and log F of Ir, and MI for years 1900 to 2000 

1899 

1WO 

1901 

lsOa 

1903 

1 W  

1905 

1806 

1907 

leoS 

leog 

1910 

1911 

1912 

1913 

1914 

- 

- - 
N - 
0 

260 

a55 
350 
245 
240 

!235 
a30 
225 

a20 
215 
210 m5 
a00 
195 
190 
185 

190 
175 

165 

160 
155 
150 
145 

140 
135 
130 
125 

120 
115 
110 
105 

100 
. 96 

90 

85 
80 
75 

65 
60 
66 
50 

45 
40 
35 
30 

25 

15 
10 

5 
0 

355 
850 

346 
340 
336 
330 

im 

m 

m 

- 

U O f L  
--- 

0 '  

+11.4 

+5.1 
-1.3 
-6.2 
-9.1 

-10.0 
-9.4 
-7.8 

-5.5 
-3.0 
-0.4 
+a. 2 

+c 5 
+6.5 
+8. 0 
H . 8  

H. 9 
+8. 2 
+6.4 
+b 6 

+o. 1 
-3.7 
-7.3 

-10.1 

-12.1 
-11.3 
-9.4 

-6.7 
-3.4 +o. 3 
+4. 2 

4-8.0 
+11.2 
+13.4 

+13.8 
+l l .  3 

+6.3 
-3.9 

-13.2 
-19.4 
-31.5 

-ii. 8 

-m. 4 

-17.0 
-12 2 
-6.4 
-0.2 

4-6.1 +la 1 
+17.4 
+2l. 3 

+n. 7 
+19.9 + n o  

-2.6 

-14.5 
-20.5 
-21; 2 
-18. 7 

- - 
DKf. -- 

6.3 

0.4 
4.9 
2.9 
0.9 

0.6 
1.6 
2 3  

2.6 
2.6 
2. G 
3.3 

2 0  
1.5 
0.8 
0.1 

' 0.7 
1.8 
2.8 
3.5 

3.8 
3. ti 
2.8 
1.7 

0 .3  
0.8 
1.9 
2.7 

3.3 
3.7 
3.9 
3.8 

3.2 
2. 2 
0 .4  

2 5  
6.0 
8 3  

. 9.3 

6.2 
2.1 
1.1 
3.4 

4.8 
5.8 
6.2 
6.3 

6.0 
5.3 
3.9 
1.4 

2.8 

13.6 
11.9 

6.0 
0.7 
2.5 

a9 

u of Mi 

0 .  

353.5 

358.7 
3.7 

14.2 

m. 4 
27.6 
36.5 

47.9 
62.5 
80.5 
99.9 

117.6 
132.0 
143.0 
151.6 

158.6 
164.4 
169.5 
174.1 

178.6 
183.1 
187.7 
192.8 

198.6 
ao5.6 
214.4 
225.9 

241.3 
260.7 
281.8 
300.8 

315.8 
327.1 
335.8 

343.0 
349.1 
354.6 

0.0 

5.5 
11.3 
18. 0 
26.2 

30.7' 
50.8 
69.8 
92.6 

114. R 
133.6 
145.6 
155.6 

163.2 
169. S 
175.7 
181.3 

187.0 
193.1 
200.0 ma 5 

as  

- - 
Diff. 

r 2  

5.0 
5.1 
6.4 
6.2 

7.2 

11.4 

14.6 
18. 0 
19.4 
17.7 

14.4 
11.0 
8.6 
7.0 

5.8 
5.1 
.4.6 
4.5 

4.5 
4.6 
5.1 
5.8 

7.0 

11.5 
15.4 

19.4 
21.1 
19.0 
15.0 

11.3 

7.2 

6.1 
5.5 
5.4 
6.5 

5.8 
6.7 
8 . 2  

10.5 

14.1 
19.0 
22.8 
22.2 

17.7 
13.1 
9.9 
7.7 

6.6 
5 9  
6.6 
5.7 

6.1 
6.9 

a9 

as 

a 7  

a 5  

Log F (Li -- 
0.0964 

0.1125 
0.1052 
0.0793 
0.0446 

0 . m  
9.9779 
9.9529 

9.9347 
9.9233 
9.9183 
9.9193 

9.9254 
9. BOB 
9.9523 
9.9713 

9.8826 
0.0148 

, 0.w57 
0.0523 

0.0816 
0.0611 
0.0502 
0.0307 

0.0058 
9.9790 
9.9636 
9.93m 

9.9159 
9.8080 
9.9059 
9.9137 

9.9314 
9.9596 

. 9.9986 

0. lMl9 
0.1472 
0.1663 

0.1454 
0.0945 
0.0343 
9.9787 

9.9338 
9.9014 
9.5823 
9.8784 

9. Wl 
9.9060 
9.94% 
9.9954 

0.0634 
0.1414 
0. m9 

0.0473 

0.22711 

n. 18% 
0.1072 
0.0334 
9.9730 

- - 
Diff. -- 

161 

78 
259 
388 
a53 

313 
250 
182 

114 
50 
10 
01 

115 
164 
190 
213 

222 
209 
166 
93 

5 
109 
I95 
249 

368 
254 
216 
161 

90 
11 
79 

177 

282 
390 
487 

536 
463 
191 
208 

508 
602 
550 
449 

324 
191 
69 
77 

219 
368 
526 
880 

'Is0 
675 
187 
450 

754 
738 
Bo4 

LO.&! P (MI) 

9.7295 

9.7280 
9.7338 
9.7527 
9.7824 

e. 8328 
9.8734 
9.9330 

9.9977 
0.&586 
0.0998 
0.1056 

0.0780 
0.0383 
9.9760 
9.9276 

9.8881 
9.8525 
9.8289 
9.8081 

9.1891 
9.7970 
9.8033 
9.8185 

88433 
9.8782 
9.9228 
9.9744 

0.0238 
0.0531 
0.0397 
9. w 3  

9.9195 
9.8612 
Q. 7921 

9.7449 
9.7103 
9.6883 
9.67R9 

9.8832 
9.6886 
9 . 7 s 5  
9.7722 

9.8288 
9.8931 
9.9461 
9.9626 

9.9%3 
9.8010 
9.7959 
9.7374 

9.6924 
9.6616 
9.6447 
9.6414 

9.6515 
9.8755 
9.7133 
9.7651 

I 
Dift. N -1- 

35 

7s 
189 
297 
404 

506 
596 
647 

09 
412 
5.5 

376 

497 
523 
485 
414 

336 
256 
178 
100 

21 
63 

152 
248 

348 
446 
516 
494 

D 

260 

255 
250 
245 
240 

235 
230 
236 

m 
215 
2 l O  
205 

280 
195 
190 
185 

180 
176 
170 
166 

100 
156 
150 
145 

140 
135 
130 
125 

883 
691 
472 

346 m 
94 
33 

164 
260 
437 
584 

635 
540 
165 
343 

643 
Bs1 
585 
450 

308 
169 
33 

. 101 

240 
378 
518 

100 
95 
90 

85 

75 

65 
Bo 
55 
50 

45 
40 
35 
30 

25 m 
15 
10 

5 
0 

355 
350 

345 
340 

'-335 
330 

80 

m 
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Table 13.-Values o f  ic and log F o f  La and MI for years 1900 to 2000-Con. 

Year 

1914 

1916 

1910 

1917 

1918 

1919 

1924I 

1921 

l9aa 

1933 

1924 

1825 

19% 
. .  

1927 

1938 

1929 

- - 
N _- 
330 

385 
3% 
315 
310 

305 
300 
295 

ago 
385 
as0 
275 

an, 
205 m 
255 

a50 
245 
240 
235 

!Bo 
a25 
?a0 
215 

210 
205 m 
195 

1w) 
186 
180 
175 

185 
180 

155 
150 
145 
140 

135 
130 
125 

115 
110 
105 
100 

95 
90 
85 
80 
75 

05 
80 

65 
50 
45 
40 

i m  

im 

m 

u of L2 

0 

-18. 7 

-14.3 -a 8 
-2. 9 
+3.0 

+S. 6 
4-13.6 
4-17.4 

+19. 0 
+l9. 4 
+10.1 
+9. 0 

+l. 7 
-6.4 
-9.8 

-11.0 

-11.2 
-9.4 
-6.8 
-3.7 

-0.5 
+26  
+5.4 
+7.0 

*. 2 
+lo. 1 
+lo. 1 
+e. 0 

+7.0 
+4. 1 
+O. 6 
-2 9 

-6.1 
-8.5 
-9.9 

-10.3 
-9.8 
- a 4  
-6.3 

-3.7 
-0.7 
+2 6 
+r 8 

+lo. 9 
+ll .  8 
+lo. 9 

+7.3 
H.9 
-7.1 

-14 5 

-a 9 

-18.4 
-15.0 

-10.3 
-4.8 
+l. 1 
+7.1 

+a 7 

-20. o 

- - 
Diff. -- 

4.4 

5.5 
5.9 
6. 9 
5.0 

5.0 
3.8 
2. 2 

0. 2 
3.2 
0 .5  
7.9 

7 .1  
4.4 
1.8 
0.4 

1.8 

3.1 
3.2 

3.1 
2 8  
2 2  
1.0 

0.9 
0.0 
1.1 
2. 0 

2 9  
3.5 
3.5 
3. 2 

2. 4 
1.4 
0 .4  

0.5 
1.4 
2.1 
2. 6 

3.0 
3.3 
3. 2 
2.9 

2. 2 
0. Q 
0. 9 
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10.9 

1 4  0 
19.5 
23.3 
21.0 
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0.5 

8. 2 
10.4 
13.9 
17.6 

m. 2 
19.3 
15. 9 
12 2 

9.4 
7.6 
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0.0458 
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9.9583 
9.9348 
9. 9m 

9.9133 
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0.0172 
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Table 13.-Valites of I( and log F of La and MI for years 1900 to  2000-Con. 
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9.6431 
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9.9578 
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9.8803 
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190 
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4.9 

6.5 
6.5 
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,Table 13.-Values o f  u and log  F o f  Lp and MI for years 1900 to WOO-Con. 
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0.6 
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.Table 13.- Values of u and log F of La and MI for years 1900 to 2000-Con. 
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260 

275 

- - 
UofMi - 

0 

237.7 

254.1 
272.7 
291.0 
306.6 

318.9 
328.5 
336.1 

342.5 
345.1 
353.2 
358.0 

2. 9 

13.6 

2s. 3 
38.8 
52.9 
71.6 

93.7 
114.9 
131.9 
144.7 

154.3 
162.0 
168.6 
174.3 

179.8 
185.4 
191.4 
198.2 

m 4  
217.0 
231: 3 
250.5 

273.5 
295.7 
313.4 

326.4 
330.3 
343.9 
350.4 

356.3 
1.8 
7.4 

13.4 

20.2 
28.4 
38.8 
52.8 

71.3 
93.3 

. 114.9 
132.0 

144.8 
154.5 
162.1 

ao 
m. a 

168. a - 

-2.4 
+ 2 7  

4-11.3 

+14.4 
+16.0 
+15.9 
+ l a 7  

+7.3 

16.4 

18. 6 
1% 3 
15.6 
13.3 

9.6 
7.6 
6.4 

5.6 
5.1 
4.8 
4.9 

5.1 
5.6 
6.6 
8.1 

10.5 
14.1 
18.7 
22.1 

21. 2 
17.0 
12. 8 
9.6 

7.. 7 
6.5 
5.8 
5.5 

5.6 
6.0 
6.8 
8. 2 

10.6 
14.3 
19. 2 
23.0 

22.2 
17.7 
13.0 

9.8 
7.7 
6.5 
5.9 

5.5 
5.6 
6.0 
6.8 

10.4 
14.0 
18.5 

22.0 
21.6 
17.1 
12.8 

Q. 7 
7. 

R a  

a. 

9.9299 

9.9228 

9.9237 
9 .930  

9.9457 
9.9648 
Q.gSW 

0.0465 
0.0728 
0.0894 

o.oBo2 
O.Oi33 
0.0428 
0.0058 

9.9680 
9.9370 
9.9125 
9.8969 

9.8921 
9.8981 
9.9161 
Q. 9470 

9.9917 
0.0498 
0.1173 
0.1795 

0. ?oGB 
0.1786 
0.1135 
0.0418 

9.9794 
9.9310 
9.8975 
9.8785 

9.8735 
9.8828 
9.9058 

9.9437 
9.9965 
0.0638 
0.1355 

0.1938 
0.2058 
0.1643 
0.0974 

0.0313 
9.9767 
9.9359 
9. m 
9.8945 
8.8019 
9.9005 
9.9188 

9 . 9 w  
9.9805 
0.0185 
0.0549 

9.9207 

0. oim 

- - 
Dlff. 

71 

21 
30 
83 

137 

191 
242 
380 

285 
363 
168 

8 

169 
305 

368 

320 
245 
153 
48 

60 
180 
309 
447 

581 
675 
622 
274 

a93 
661 
717 
6% 

48.4 
335 
1W 
50 

91 
a32 
379 

528 
683 
737 
503 

121 
416 
009 
,001 

546 
408 
271 
143 

26 
86 

183 
274 

343 
380 
364 

370 

- 

-0g F.(Mi 

0.0692 

0 . 1 m  
0.1203 
0.0951 
0.0444 

9.8841 
9.9352 
9.8739 

9.8394 
9.7950 

9.7554 

9.7507 
9.7565 
9.7736 
9.8035 

9.8437 
9.8956 
9.9523 
9.9888 

0.0049 
9.8657 
9.8991 
9.8289 

9.7674 
9.7185 
9.6832 
9.0614 

9.6529 
9.6577 

9.7081 

9.7545 
9.8137 
9.8803 
9.9370 

9.9555 
9.9227 
9. 8603 

9.7940 
9.7388 
9.6905 
9.6883 

9.6540 
9.6531 
9.6656 
9.6912 

9.7305 
9.7833 
9.8483 
9.9191 

9. 9802 
0.0058 
9.9834 
9.9326 

9.8780 
9.8388 
9.7895 
9.7642 

9.7’103 

I 9.6759 

- - 
Diff. 

404 

107 
352 
507 
603 

588 
523 
435 

344 
247 

’ 149 
47 

58 
170 
a80 
412 

510 
537 
465 
61 

392 
066 
703 
615 

489 
353 
218 
85 

48 
183 
332 
464 

593 
666 
567 
185 

328 
6% 
657 

558 
423 
!?a2 
143 

9 
1% 
256 
393 

528 
649 
709 
611 

356 
224 
508 
588 

491 
374 
253 

- 

- - 
N - 
0 

180 

175 
170 
lG5 
160 

155 
150 
145 

140 
135 
130 
125 

120 
115 
110 
105 

loo’ 
95 
w) 
85 

80 
75 

65 

60 
55 
50 
45 

40 
35 
30 
25 

20 
15 
10 
5 

0 
355 
350 
345 
340 
335 
330 

325 
320 
315 
310 

305 
a00 
296 m 
286 
280 
275 
270 

365 
as0 
255 
a50 

70 

- 
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Table 13.-Values o f  u and log  F o f  La and MI for years 1900 to 2000-Con. - - 
Yea1 - 
1974 

1975 

1976 

1977 

1978 

1979 

lW 

1981 

1982 

1993 

1984 

1 W  

1W 

19% 

l9N 

198$ 

- - 
N - 
0 

7.50 

245 
240 
235 
230 

2% 

216. 
210 

205 
200 
196 

190 
185 
180 
175 

170 
165 
180 
155 

150 
145 
140 
135 

130 
125 

115 

110 
105 
100 
95 
w) 
85 
80 
75 

65 
60 
65 
50 
46 
40 
35 
30 
25 

15 
10 
5 
0 

355 
350 
345 
340 

335 
330 
325 
320 

2 9  

120 

m 

20 

- - 
u of L2 

0 

+13.7 

+9. 6 
+4. 2 
-1.1 
-5.3 

-8.0 
-9.0 
-8.8 
-7.7 

-5.9 
-3.7 
-1.4 

4-1.0 
+3.2 
+5. 2 
+6.9 

+a6 

+6.9 

+4.3 
+O. 6 
-3.7 
-8.0 

-11.4 
-13.4 
-13.8 
-12. 8 

-10.5 
-7.3 
-3.4 +o. 9 
+5.3 
+9.5 
4-13.0 
+15.3 

+15.4 
+12.0 
+4.2 

-6.6 
-16. 2 
-21.5 
-22 4 

-20.1 
-15.9 
-10.4 
-4. 2 

+2. 3 
+8. 6 
4-14.5 
+?9.4 

4-B. 6 
+22 7 
+IS. 1 
+7.4 

-6.0 
-15.8 
-19.8 
-19.4 

+a 1 
+a 3 

- - 
Diff. 

4.1 

5.4 
5.3 
4. 2 
2.7 

1.0 
0.2 
1.1 
1.8 

2.2 
2 3  
a4 
2 2  
2.0 
1.7 
1. 2 

0.5 
0.3 
1.4 
2. 6 
3.7 
4.3 
4.3 
3.4 

2. 0 
0.4 
1.0 
2 3  

3.2 
3.9 
4.3 
4.4 

4.2 
3.5 
2. 3 
0.1 

3.4 
7.8 
10.8 

9.6 
5.3 
0.9 
2.3 

4. 2 
5.6 
6.2 
6.5 

6.3 
5.9 
4.9 
3. 2 

0.1 
4.6 
10.7 
13.4 

9.8 
4.0 
0.4 

u 01 &I1 

0 

188. 3 

173.8 
178.8 
183.6 
188.5 

193.8 
199.6 

214.7 

225.2 
338.7 
255.5 

274. a 
292 3 
307. 6 
319.5 

328.8 
336.2 
342.4 
347.8 

352.7 
357.3 
1.9 
6.7 

11.9 
17.9 
25.0 
34.0 

46.0 
62.0 
82 1 
103.8 

132.9 
137.6 
148.7 
157.3 

164.3 
170.4 
176.0 

181.4 
187.0 
193. 2 m. 3 

m. 4 
m. 1 
236.6 

280.0 
301.0 
317.3 
328. 2 

33s. 3 
345.6 
351.9 
357.7 

3.3 
9.0 
15.2 
22.5 

mti 4 

209.0 

- - 
Diff. 

5.5 

5.0 
4.8 
4.9 
5.3 

5.8 
6.8 

10.5 

13.5 
16.8 
18.7 

15.3 
11.9 
9.3 

7.4 
6. 2 
6.4 
4.9 

4.6 
4.6 
4.8 
5. 2 

6.0 
7.1 
9.0 
12 0 

16.0 
20.1 
21.7 
19.1 

14.7 
11.1 
8.6 
7.0 

6.1 
5.6 
5.4 

5.6 
6.2 
7.1 

11.4 
16.7 
20.5 
a3.4 

21.0 
16.3 
11.9 
9.1 

7.3 
6.3 
6.8 
5.6 

5.1 
6.2 
7.3 

a 3  

ia 1 

a 7  

-- 
Log F (Ld 
I- 

O. 0549 
0.0823 
0.0938 
0.0871 
0.0660 

0.0374 
0.0074 
9.9801 
9.9573 

9.9389 
9.9281 
9.9318 

9.9203 
9.9248 
9.9337 

9.9649 
9.8862 
0. oogo 
0.0340 

0.0553 
0.0696 
0.0729 
0.0630 

0.0418 
0.0128 
9.9817 
9.9524 

9.9278 
9,9101 
9.9008 
9.8004 

9.9104 
9.9315 
9.9645 
0.0099 

0.0659 
0.1263 
0.1741 

0.1839 
0.1474 
0.0849 
0.0189 

9.9639 
8.8210 
9.85% 
B. 8768 
9.8754 
9.88l?O 
9.9150 
9.9573 

0.0151 
0.0868 
0. lsas 
0.2165 

0.2126 
0.1553 
0. m 
0.0132 

9. m72 

- - 
Diff. - 
274 

116 
68 
211 
286 

300 
273 
228 
174 

118 
63 
10 

40 
89 
135 
177 

n 3  
237 
241 
213 

143 
33 
89 
314 

as7 
312 
a83 
246 

177 
96 
2 

100 

211 
330 
454 
580 

604 
478 
98 

365 
635 
650 
560 

428 
290 
152 
14 

126 
270 
433 
579 

717 
761 
536 
39 

573 
744 
677 
- 

Log F (MI) --- 
9.7642 

9.7508 
9.7M 
9.7588 
9.7761 

9.8033 
9.8411 
9. ssR2 
9.9436 

0.0042 
0.0631 
0.1MO 

0.1189 
0.0871 
0. om 
9.9949 

9.9413 
9.8936 
9.8538 
9.8731 

9.7989 
9.7842 
9.7783 
9.7816 

9.7947 
9.8184 
9.8533 
9.8890 

9.9523 
0.0031 
0.0307 
0.0146 

9.9597 
9.8894 
9.8218 
9.7646 

9.7201 
9.6889 
9.6706 

9.6652 
9.6738 
9.6941 
9.7291 

9.7781 
9.8395 
9. m 5  
9.9% 

9.9524 

9.8400 
9.7750 

9.7215 
9.6820 
9.6565 
9.6451 

9.6469 
9.8633 
9.6912 
9.7341 

a. 9068 

- - 
Difl. - 
134 

a2 
83 
183 
2% 

378 
471 
554 
606 

588 
439 
128 

228 
469 
553 
536 

477 
398 
317 
233 

147 
59 
33 
131 

237 
349 
457 
533 

508 
276 
161 
649 

703 
676 
572 
445 

312 
183 
54 

n 
212 
350 
490 

614 
640 
471 
13 

456 
688 
650 
535 
395 
255 
114 
18 

154 
as9 
428 
- 

- - 
N - 
0 

2.60 

!a6 
240 
235 
330 

335 
a20 
215 
310 

m m 
195 

190 
186 
180 
175 

166 
160 
165 

150 
145 
140 
135 

13U 
125 

115 

110 
105 
100 
96 

90 
85 
80 
75 

70 
65 
Bo 

55 
50 
45 
40 

35 
30 
25 
20 

1s 
10 
5 
0 

365 
3110 
345 
340 

235 
830 
325 
320 

im 

im 

- 
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Table 13.-Values of u and log F 01 L2 and MI for years 1900 to 2000-Con. - - 
Year - 
1889 

1990 

lQ9l 

1992 

1'293 

1 M  

1995 

1996 

1997 

1898 

1888 

2oM) 

- - 
N - 
0 

320 

315 
310 
305 
300 
395 
290 
285 
280 

275 
270 
265 

280 
255 
250 
245 

240 
235 
230 
a25 

220 - 215 
210 
3 5  

?oo 
195 
190 
185 

' 180 
175 
170 
165 

160 
155 
150 
145 

140 
135 
130 

135 
la0 
115 
110 

ro f  Ln 

0 

-19.4 

-16.4 
-11.8 
-6.5 
-0.9 

+4.6 
+9. 7 

4-14.0 
4-17.0 

t l 8 .  3 
4-17.3 
+13.6 

+7.7 
+o. 8 
-5.0 
-8.6 

-10.2 
-9.9 
-8.5 
-6.4 

-3.8 
-1.1 
4-1.8 
+4.1 

+a 2 
+7.9 
w . 9  
+9.2 

+8. 6 
+7.0 
+4.5 
+I. 2 

-2 5 
-6.1 
-9.1 

-11.1 

-11.8 
-11.4 
-9.9 

-7.5 
-4.4 
-0.9 
4-2 8 

- - 
Dlff. - 

3.0 

4.6 
5.3 
5.6 
5.5 

5.1 
4 .3  
3.0 
1.3 

1.0 
3.7 
5.9 

6.9 
5.8 
3.6 
1.6 

0 .3  
1.4 
2. 1 
2.6 

2 7  
2 7  
0.5 
2.1 

1.7 
1.0 
0 .3  
0.6 

1.6 
2.6 
3.3 
3. 7 

3.6 
3.0 
2.0 
0. 7 

0.4  
1.5 
2.4 

3. 1 
' 3.5 

3.7 

- - 
L O f  Mi -- 

0 

22: 5 

31.5 
43.0 
50.0 
79.5 

102 2 
122.6 
138.2 
149.7 

158.0 
165.5 
171.5 

176.9 
182 0 
187.0 
192 4 

198.3 

213.5 
224.1 

31.9 
255.1 
274.5 
m3. 1 

308.5 
3%. 4 
329.7 
337.0 

343.0 
348.3 
353.0 
357.5 

1.9 
6.4 

11.3 
16.9 

31.4 
31.5 
42. 0 

55.9 
73.9 
94.8 

114.7 

205.2 

Diff. Log F(Ld =F 
9.0 

11.7 
15.8 

2 2 . 4  

15.0 
11.5 
8.9 

6.9 
6.0 
5.4 

5.1 
5.0 
5.4 
5.9 

6.9 
8.3 

10.6 
13.3 

17.2 
19.4 
18.6 
15.4 

11.9 
9.3 
7.3 
6.0 

5.3 
4.7 
4.5 
4.4 

4.5 
4.0 
5.6 
6.5 

8. 1 
10.5 
13.9 

18.0 
20.9 
19. 9 

3.5 

m. 4 

0.0132 

9.9595 
9.9209 
9.8967 
9.8858 

9.8876 
9. 9011 
9. U257 
9.9601 

0. ooa9 
0.0479 
0.0887 

0. I147 
0.0833 
0.0581 

0.0218 
9.9878 
9. 9598 
9.9388 

9.9252 
9.9193 
9.9177 
9.9328 

9.9330 
9.9477 
9.9661 
9.8870 

0.0091 
0.0302 
0.0477 
0.0588 

0.0605 

0.0355 
0.0124 

9.8860 
9.8613 
9.9389 

9.9215 
9.9103 
9.9068 
9.9111 

0. im 

0.0524 

- - 
Diff. - 

537 

386 
242 
lM 

, 17 

135 
246 
344 
428 

450 
408 
250 

10 
314 
342 
373 

340 
280 
209 
137 

69 
6 

51 
102 

147 
184 
?OB 
221 

21 1 
175 
109 
19 

81 
169 
211 
2% 

253 
224 
174 

112 
37 
45 

- 

9.7341 

9.7906 
9.8552 
9.9276 
9.9776 

9. ge27 
9.9433 
9 . m  
9. sa83 

9.7819 
9.7493 
9. law) 

' 9.7211 
9.7249 
9.7400 
9.7602 

9. m 3  
9.8510 
9. @Is6 
9.8131 

0.0372 
0. os68 
0.1041 
0.0839 

0.0385 
9.8876 
9.9382 
9.8955 

9.8607 
9.8338 
9.8148 
9.8035 

9.7999 
9. Pa44 
9.8174 
9.8395 

9.8714 
9.9130 
9.9627 

0.0141 
0.0516 
0.0540 
0.0142 

- - 
Diff. - 

565 

676 
694 
500 
51 

394 
585 

,565 
464 

826 
203 
79 

33 
151 
262 
371 

417 
576 
645 
641 

496 
173 
202 
444 

519 
494 
427 
348 

?68 
191 
113 
36 

45 
130 
a21 
319 

416 
497 
514 

375 
24 

388 

- 

- - 
N - 
0 

320 

315 
310 
305 
a00 

295 
a80 
285 
380 

275 
270 
265 

280 
255 
2 5 0 .  

, 2 4 5 .  

340 
215 
230 
226 

a20 
215 
210 
205 

200 
195 
190 
185 

175 
170 
165 

160 
155 
150 
146 

140 
135 
130 

125 
120 
115 
110 

Is0 

- 
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Table 14.-Node factor f for middle of each gear, 1850 to 1999 

199 

1858 

1.180 
1.1W 
1.302 

Constituent 1 ,  1850 1859 

1.141 
1.095 
1.254 

-- 

MI', N2,2N, XL.PI, V I -  
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI, MN _______-_____  
MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.085 
Ms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 1.114 

1.027 
1.042 
1.056 

0.889 
0.867 

1.176 
1.745 

Mf _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.743 
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.094 I 

0.915 
0.888 

1.153 
1.627 

Constituent -1lSao 

01, Qi, ZQ, pi _ _ _ _ _ _ _ _ _  
00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2 M K  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

MI', Nr, ZN, XI, m, m- 0.880 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.970 
MI, MN _ _ _ _ _ _ _ _ _ _ _ _ _  0.960 

0.874 
0.631 

0.948 
0.974 

Me _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.941 
Ms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 .93  

0.843 
0.563 

0.933 
0.964 

01, Qi, 28, pi _ _ _ _ _ _ _ _ _  1.116 
00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.447 I 0.896 

0.685 

0.958 . 
0.981 

Y K  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2Mh _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mf _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ;.. 
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Constituent I ,1870 

1.050 
1.029 

1.270 
0.828 

I- 

Ms', N?, 2N, XI, P I ,  m- 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI, MN _ _ _ _ _ _ _ _ _ _ _ _ _  

1.013 
1.019 
1.0% 

Mu .__________________ 1.039 
M I  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.052 

1.059 
1.031 

1.335 
0.m 

01, Qi,2Q, pi _ _ _ _ _ _ _ _ _  0.858 
00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.858 

1.044 
1.027 

1.224 
0.943 

M K  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI .... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - 
1851 

0.987 
. 1.000 

0.907 
1.043 

0.948 
0.959 
0.887 

0.905 
1.675 

1.017 
1.028 
1.035 

1.053 
1.071 

0.933 
0.786 

0.976 
0.993 

0.856 
1.059 
- - 
1861 

1.066 
1.041 
1.088 

0.924 
1.792 

0.891 

0.983 

0.074 
0.966 

1.065 
1.230 

1.033 
1.023 

1.145 
0.968 

-- 

a 8117 

- - 
1871 

I. 028 
1.014 
1.014 

1.145 
1.300 

1.000 
1.001 
1.001 

1.001 
1. ooa 
1.0% 
1.067 

1.014 
1.015 

1.044 
1. m 
- 

- - 
3862 

1.007 
0.999 
0.977 

0.725 
1.974 

1.005 
1.008 
1.011 

1.016 
1.021 

0. m 
0.983 

1.004 
1.010 

0.990 
1.016 

- 

- - 
1862 

1.013 
1.004 
0.988 

1.2% 
1.048 

1.004 
1.006 
1.008 

1.011 
1.015 

1.005 
1. a08 

1.007 
1.011 

1.007 
1.011 

- 

- - 
1872 

1.079 
1.050 
1.112 

1. !aA 
1.185 

0.m 
0.982 
0.976 

0.965 
0.953 

1.080 
1. a80 

1.037 
1.025 

1.181 
0.957 
- 

1. Ml  
1. a37 
1.075 

1.055 
1.559 

0.993 
0.989 

0.978 
0.971 

1.069 
1.204 

1.028 
1.022 

1.129 
0.973 

0: 986 

- - 
1863 

0.955 
0.964 
0.997 

1.117 
1 . m  

1.016 
1.024 
1.032 

1.049 
1.065 

0.941 
0.807 

0.879 
0.995 

0.872 
1.054 

- 

- - 
1873 

1. im 
1.079 
1.201 

0.516 
2004 

0.977 
0.966 
0.955 

0.933 
0.912 

1.127 
1.500 

1.054 
1.030 

1.30 
0.919 
- 

- - 
1854 . 

1.105 
1.069 
1.168 

1.263 
1.118 

0.951 
0.972 
0.963 

0.944 
0.9.27 

1.110 
1.422 

1.048 
1.029 

1.257 
0.933 

- 

- - 
1864 

0.898 
0.920 
0.m 

0.865 
1 ; W  

1. M6 
1.040 
1.054 

1.081 
1.110 

0.880 
0.647 

0.951 
0.976 

0.756 
1. on1 

- 

- - 
1574' 

I. 147 
1. ow 
1.269 

0.545 
2.286 

0.969 
0.954 
0.939 

0.910 
0.881 

1.161 
1.680 

1.065 
1.032 

1.3W 
n. 891 
- 

- - 
1855 

1.138 
1.092 
1.246 

0.944 
1.860 

0.972 
0.058 
0.944 

0.918 
0.892 

1.150 
1.608 

1.062 
I. 032 

1.360 
0.900 

- 

- - 
1865 

0.852 
0.898 
0.773 

0.879 
1. Bog 

1.034 
1.051 
1.069 

1.105 
1.143 

0.832 
0.540 

0.928 
0. BBO 

1.117 
0. 670 

- - 
1875 

.l. 162 
1.111 
1.309 

LOR7 
1.666 

0.964 
0.947 
0.930 

0.896 
0.864 

1.179 
1.764 

1.071 
1.032 

1.442 
0.874 
- 

- - 
1858 

1.158 
1.107 
1.268 

0.468 
2.348 

0.966 
0.849 
0.932 

0.900 
0.868 

1.174 
1.736 

1.069 
1.033 

1.427 
0.879 

- 

- - 
I&% 

0.828 
0.883 
0.749 

1.082 
1.164 

1.038 
1.057 
1.076 

1.117 
1.168 

0.808 
0.489 

0.916 
0.950 

0.6% 
1. 130 
- - 
1876 

1.164 
1.112 
1.315 

1.270 
1.227 

0.963 
0.946 
0.9% 

0.894 
0.862 

1.182 
1.779 

1.072 
1.039 

1.450 
0.872 
- 

- - 
1857 

1.165 
1.113 
1.317 

0.962 
1.872 

0.963 
0.945 
0.9% 

0.894 
0.861 

1.183 
1.783 

1.072 
1.033 

1.452 
0.871 

- 

- - 
1867 

0.832 
0.885 
0.753 

1.190 
0.812 

1.037 
1.056 
1.075 

1.115 
1.156 

0.812 
0.497 

0.918 
0.962 

0.035 
1.1% 

- 

- - 
I877 

1.164 
1.104 
1. a87 

0.858 
1.998 

0.967 
0.951 
0.935 

0.804 
0.874 

1.168 
1.708 

1.068 
1.032 

1.413 
0.884 

- 

- 

1 . m  1.001 
1.177 I 1.776 

0.965 0.971 
0.948 0.857 
0.931 a942 

1432 1.370 
68781 0.897 

1 8 q  1868 -- 

1.100 1.073 
1.135 I 1.099 

0.689 0.783 
1.111 1.082 

187s 1 '1879 -- ;:%I 1.227 ;:E 1.144 

0.543 1.036 
2.2691 1.645 

0.074 0.984 
0.961 I 0.976 
0.949 0.968 

0.9% 0.953 
0.900 I 0.938 

1.140 1.098 
1.563 I 1.366 

*Factor/of MS 9SM and MSf are each equal to lactorfof M I .  
Factor / of PI, d ~ ,  SI, b ~ ,  SI, 66, T I ,  Sa, and Ssa are each unity. 
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Table 14.-Node factor f for middle o f  each g,ear, 1850 to  1999-Continued 

JI . . . . . . . . . . . . . . . . . . . .  
KI ________.___________ 
Kz 

- - 
1889 

1,047 
1.021 
1.048 

01. QI, 24, PI _ _ _ _ _ _ _ _ _  
00 _-________________-  
MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1.043 
1.144 

1.023 
1.010 

Ma*, NI, 2N, Aa, us, n- 
Mz .____._____________ 
MI, MN _ _ _ _ _ _ _ _ _ _ _ _ _  

0. gwI 
0.993 
0.991 

- - 
1881 

- - 
1883 

- - 
1886 Constituent I 1880 

0.991 
0.w 
0.951 

1.528 

1.008 
1.013 
1.017 

1.0% 
1.035 

a980 
0.928 

0.697 
1.005 

0.953 
1.028 

I. om 

- - 
1891 

0.932 
0.949 
0.886 

0.786 
1.824 

1.020 
1.031 
1.041 

1.062 
1.084 

0.918 
0.739 

0.968 
0. gps 

1.068 
a 823 

- - 
m2 

0.878 
0.914 
0.800 

0.944 
1.529 

1.030 
1.045 
1.080 

1.093 
1.124. 

0.860 
0.599 

0.941 
0.969 

0.717 
1. loa 
- - 
1893 

1.155 
1.105 
I .  289 

1.185 
1.434 

0.967 
0.950 
0.934 

0.903 
0.873 

1.713 

1.088 
1.032 

1.416 
0.883 

- 

1. im 

- - 
1903 

0.832 
0. $85 
0.752 

1.117 
1. of99 

1.037 
1.056 
1.076 

1.115 
1.157 

0.811 
0.496 

0.918 
0.953 

0. (LU 
1.128 

- 

0.840 
0.m 

1.152 
0.9n 

1.036 
1.054 
1.073 

1.111 
1.151 

0.513 

0.933 
0.955 

0.649 
1.124 

a 780 

0. Rm 

- - 
1894 

0.827 
0.882 
0.748 

1.171 
0.877 

1.038 
1.057 
1.077 

1.118 
1.160 

0.806 
0.486 

0.015 
0.950 

0.6% 
1.131 
- - 
1895 

0.841 
0.891 
0.762 

1.008 
1.3M 

1.036 
1.054 
1.073 

1.111 
1.150 

0.821 
0.516 

0.9a  
0.955 

0.651 
1.123 
- - 
1896 

a w  
0.915 
0.803 

0.824 
1.721 

1.044 
1.060 

1.091 
1.123 

0. 862 
0.604 

0.942 
0.970 

0.721 
1.101 

1. om' 

- - 
1897 

1.118 
1. m 
1.197 

1.141 
1.471 

0.978 
0.967 
0.956 

0.934 
0.913 

1.125 
1.491 

1.054 
1. wo 
1.296 
0.921 

- 

- - 
1907 

0.934 
0.950 
0.869 

0.945 
1.593 

1.020 
1.030 
1.040 

1.081 
1.082 

0.919 
0.746 

0.9m 
0.988 

0.828 
1.007 
- - 
1888 

1. on 
1.054 
1.108 

1.229 
1.166 

0.989 
0.983 

0.988 
0.955 

1.078 
1.281 

1.036 
1.025 

1.175 
0.958 

- 

a gn 

- - 
1Qo8 

0.994 
0. ggo 
0.955 

1.205 . 
1.076 

1.008 
1.012 
1.016 . 
1.024 
1.033 

0.983 
0.930 

0.998 
1. om 
0.958 
1.026 
- - 
1899 

LI . . . . . . . . . . . . . . . . . . . .  1.246 
MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.048 I 
MI', Nz, ah', A a , p ~  R. 0.996 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.994 
MI, MN _ _ _ _ _ _ _ _ _ _ _ _ _  0.992 ' I  

constituent 1 ISW 
I- 

1.096 
1.082 
1.148 

0. 709 
a 091 

0.884 
0.976 
0. gsg 

0.952 
0.936 

1.100 
1.315 

1.045 
1.028 

1.230 
0.941 
- - 
le01 - 
0. gin 
0.934 
0.838 

1.030 
1.399 

1.024 
1. a36 
1.049 

1.074 
1.100 

0.8s 
0.678 

0.957 
0. gsrl 

0.778 
1.083 

1.132 
1.058 
1.230 

0.683 
2. 158 

0.974 
0.961 
0.948 

0.923 
0.898 

1.571 

1.059 
1. w1 

1.338 
0.9m 

1.142 

- - 
1903 

0.8R1 
0.903 
0.78? 

1.193 
0.853 

1.035 
1.046 
1.008 

1.101 
1. l3t 

0.8.1: 
0.556 

0.9% 
0. mi 
0.681 
1. 11: 

-- 

1.165 
1.112 
1.316 

1.219 
1.369 

0.963 
0.946 
0.928 

0.894 
0.861 

1.182 
1.780 

1.032 

1.451 
0.872 

1. ma 

- - 
?BO4 

1.163 
1.110 
1.305 

0. i04 
2.176 

0.964 
0.947 
0.830 

0.898 
0.864 

1.179 
1.761 

1.071 
1. w 2  

1.441 
0.876 
- - 
1905 

1.146 
1.099 
1.267 

0.6437 
a240 

0.989 
0.954 
0.939 

0.910 
0.882 

1.160 
1.680 

1.005 
1. w2 
1.387 
0.892 
- - 
I906 

1.0% 
1.012 
1.010 

0.897 
1.781 

1.001 
1.002 
1.002 

1.003 
1.004 

1.020 
1.058 

1.013 
1.014 

1 . m  
1.001 
- - 
1909 

1.068 
1.042 
1.080 

0.653 a 112 

0.986 
0.982 

0.973 
(L 964 

1. OBB 
1.240 

1.033 
1. E 3  

1.151 
0.966 

- 

a mi 

- 

I M P  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.024 
2MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.OlQ 

Constituent I 1900 

0.8% 
0.883 
0.750 

0.925 
1.507 

1.038 
1.057 
1. 078 

1.117 
1.159 

0. SIX 
0.49c 

0.91t 
0.951 

0.w 
1. 1 x  

0.854 
0.699 
0.774 

0.858 
1.643 

1.034 
1.051 
1.088 

1.104 
1.142 

0.834 
0.543 

0.920 
0.960 

0.673 
1.116 - 

a 900 
0.828 
0.825 

1.051 
1.340 

1.0% 
1.039 
1.053 

1.080 
1.108 

0.882 
0.652 

0.952 
0.977 

0.758 
1.06% 
- 

0.957 

0.9m 

1.221 
0.946 

1.016 
1.023 
1.031 

1.047 
1.063 

0.944 
0.814 

0.980 
a996 

0.877 
1.052 

n. 965 

- 

1.016 
1.005 
0. B82 

1.062 
1.479 

1. OW 
1.005 
1. OM 
1.010 
1.013 

1.008 
1.017 

1.008 
1.012 

1.012 
1.010 
- 

*Factorfof MS 2SM and MSI are each equal to factor/oI MI. 
~ a c t o r f o ~  pI, $I, si, bs, ~ r , ~ 6 ,  TI, Sa, and SSI are each unity. 
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Ml*, NI, 2N, XI, ps, YI. 
MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI, M N  ________.__-_ 

Constituent I 1910 

0.980 
0.969 
0.959 

Me 
Ms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01. QI, 24, pi ____-  ---- 
00 .____________--- -- 
MK--- __________.____ 
OXK 

0.940 
0.9% 

1.118 
1.455 

1.051 
1.028 

MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.275 
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.927 

M:*, Nr, ZN, At, pz, YI- 
Ma _______________-_ - -  
Ma, MN _________-___  

I 

Constituent I 19% 

1.028 
1.042 
1.056 

1938 

1.038 

1.033 

0.859 
1.850 

0.998 
0.997 
0.996 

0.994 
0.982 

1.034 
1.10s 

1.019 
1.017 

1.070 
0.991 

i . n a  

ol, Q ~ ,  24, _ _ _ _ _ _ _ _ _  n. 871 
00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.628 

1937 -- 
0.982 

0.937 

1.190 
'1.098 

1.011 
1.016 
1.021 

1.032 
1.043 

0.970 
0.894 

0.992 
1.003 

0.931 

0 . 9 8 ~  

:I. .m 

M:*, Ns, 2N, Xr, pi, PI- 
Ma __.._______________ 
MI, MN _ _ _ _ _ _ _ _ _ _ _ _ _  

0.868 
0.9.52 
0.937 

- - 
I911 

1.142 
1. OBB 
1.256 

1.246 
1.248 

0.970 
0.9% 
0.94? 

0.914 
0. $97 

1.154 
1.633 

1.083 
1.033 

1.373 
0.896 

- 

- - 
1921 - 
a 847 
0.894 
0.767 

1. oG4 
1.3oR 

1.035 
1.052 
1.071 

1.108 
1.146 

0.827 
, 0. 528 

0.925 
n. 9% 

0.060 
1.120 - - 
1931 

01, 91, ZQ,  pi _____----  
00 

MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
PMK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1.163 
1.112 
1.313 

0.471 
2.353 

0.964 
0.940 
0.929 

0.895 
0. s63 
1.181 

1.071 

1.440 
0.873 

1. na 

1. ma 

1.165 
l . w  

1.088 
1.032 

1.180 
1.109 
I .  303 

1.136 
1. Fl67 

0.965 
0.948 
0.931 

0. ggs 

1.176 
I. 748 

1.010 
1.032 

1.434 
0.877 

a a37 

- - 
1922 

0. 827 
0.882 
0.748 

0.870 
1.597 

1.038 
I.  057 
1. an 
1.118 
1.160 

0.806 
0.487 

0.915 
0.950 

0.6% 
1.131 
- - 
1933 

1.164 
1.112 
1.313 

1.992 

0.964 
0.946 
0.9% 

0.895 
0.882 

1.181 
1.773 

1.071 
1.032 

1.447 
0.873 

n. 873 

- - 
1913 

1.165 
1.113 
1.317 

0.561 
2 297 

0.963 
0.945 
0.928 

0.894 
0.861 

1.183 
1.783 

1.073 
1.032 

1.452 
0.871 

- 

- - 
1923 

n. me 
0.887 
0.756 

0.932 
1.503 

1. n38 
1.055 
1.074 

1.114 
1. 154 

0.815 

0.920 
0.953 

0.041 
1. 126 

n. 504 

- - 
1933 

1.151 
1.103 
1.279 

1.270 
1.197 

0.068 
0.952 
0.936 

0.906 

1.165 
1.690 

1.067 
1.032 

1.403 
0.887 

0. sn 

- - 
1914 

1.157 
1.107 
1.298 

0.728 
2 146 

0.988 
0.949 
0.933 

0.901 
0.870 

1.173 
1.732 

1.069 
1.032 

1.435 
0.880 

- 

- - 
1924 

0.87a 
0.909 
0.701 

1.133 
1. w 
1.031 
1.047 
1.083 

1.096 
1. 1 3  

0.578 

0.937 
0.96s 

1.107 

0.850 

n. 701 

- - 
1934 

1. 1% 
1.089 
1.318 

1.078 
1. 61.1 

0.975 
0.963 
0.951 

0.905 

1.134 
1.535 

1.057 
1.031 

0.913 

a 9s 

1.320 

- - 
1915 

1.137 
1. IN2 
1.243 

1.221 
1.310 

0.972 
0.958 
0.045 

0. 918 
0.893 

1.148 
1. Boa 

1.061 
1.032 

1.356 
0.9m 

- 

- - 
19% 

0.921 
0.942 
0.852 

1. I99 
0.9.54 

1. m 
1.034 
1.045 

1.088 
1.092 

0.905 

0.963 
0.984 

0.801 
1.076 

-- 

0. 710 

- - 
1935 

1.088 
1.056 
1.130 

0.636 
2.148 

0.986 
0.979 
0.972 

0.958 
0.945 

1.090 
1.332 

1.041 
I. 028 

1 . m  
0.949 

-- 

- - 
1916 

1.104 
1.007 
1.165 

1. 172 
1.371 

0.982 
0.972 
0.964 

0.946 
0.928 

.I. 109 
1.414 

1.048 
1.028 

1.253 
0.934 

- 

- - 
1928 

0.980 
0.981 
0.034 

0.963 
1.619 

1.011 
1.016 
1. on 
1.033 
l o 4 4  

0.889 

0. 992 
1. m 
0.9% 
1.036 

a m  

- - 
1017 

1. a59 
1.036 
1.071 

0.761 
1.893 

0.993 

- 

:% 
0. Qw 
0.973 

1.056 
1.195 

1. m 
1.021 

1.124 
0.975 
- - 
1927 

1. 037 
1.0% 
1.030 

0. (160 
2.063 

0. ggs 
0. QQa 
0.997 

0.995 
0 894 

1.032 
1. 102 

1.017 

1.086 
0.993 

- 

I. nis 

- - 
1918 

1.001 
0.997 
0.973 

0.780 

1.006 
1.008 
1.012 

1.017 
1.023 

0.995 
0.974 

1.003 
1.009 

0.985 
1.018 

- 

1. eo8 

_. - 
i9m - 
1.088 
1.055 
1.127 

0.975 
1.739 

0.986 
0.979 
0.973 

0.959 
0 946 

1. MYI 
1.325 

1.040 
1.024 

1.201 
0.950 
- - 
193s 

0.923 
0.943 
0.854 

1.162 
1.070 

1 . 0 3  
1.033 
1. M4 

1.067 
1.091 

0.907 
0.714 

0.964 
0.985 

0.804 
1.075 

- 

- 

- - 
1919 

0.945 
0.955 
0. $84 

1.118 
1 . m  

1.018 
1. m 
1.036 

1.054 
1.073 

0.931 
0.779 

0.976 
0.983 

0.851 
1.080 

- 

- - 
1929 

1.125 
1. h53: 
1.214 

1.270 
1. 138 

0.976 
0.884 
0.952 

0.929 
0906 

1. 134 
1.630 

1.056 
1.031 

1.317 
0.914 - - 
1639 

0.871 
0.909 
0.792 

0.933 
1. -534 

1.031 
1.047 
1.063 

1.096 
1.130 

0.852 
0.581 

0.938 
0.988 

a704 
1.107 

- 

- 
'Factor of MS, ZMS, and MSf are each equal to factorfnf MI. 
Factor/of PI, Rs, SI, Sz,S4, Ss, Tz, Sa, and Ssa we each unity. 
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Table 14.--Node factor f for middle of each gear, 2850 to 1999-Continued 

MI*, Nz, ZN, k, m, n. 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Md. MN- _ _ _ _ _ _ _ _ _ _ _ _  

Constituent I 1940 

1.038 
1.056 
1.074 

-----I- 

Constituent ___--- 
JI . . . . . . . . . . . . . . . . . . . .  
KI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ks _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1950 - 
1.165 
1.113 
1.317 

MI< _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.W 
2MIi _ _ _ _ _ _ _  :: _ _ _ _ _ _ _ _  0.953 I 

MP, NB, 2N. Aa, m, n- 
MI _________._________ 
Mc, MN _ _ _ _ _ _ _ _ _ _ _ _ _  

Mf _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.642 
'Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.126 I 

0.963 
. 0.945 
. 0.928 

Ma*. NI, eN, XI, PWL 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI, MN _ _ _ _ _ _ _ _ _ _ _ _ _  

1.037 
' 1.0% l.m 

Constituent I IBBO 

- 
1941 

0.827 
0.883 
0.748 

1.021 
1.313 

1.038 
1.057 
1. 077 

1.118 
1.160 

0.808 
0.688 

0.915 
0. Bw 

0.6% 
1.131 

- 

- - 
1951 

1.160 
1.109 
1.303 

1.330 

0.965 
0.848 
0.931 

0.898 
0.867 

1.177 
1.750 

1.070 
3.032 

1.435 
0.817 

-- 

1. 120 

- - 
1961 

0.860 
0.903 
0.781 

1.081 
1.197 

1.033 
1.048 
1.068 

1.111 
1.137 

0. Mo 
0.557 

0.934 
0.962 

0. B&( 
1.113 

_c 

- 

- 
1942 

0.848 
0.894 
0.766 

1.180 
0.879 

1.035 
1.053 
1.071 

1.10s 
1.147 

0.826 
0.526 

0.m 
0.957 

0.659 
1.121 

-- 

- - 
1952 

1.143 
1. we 
1.257 

1.014 
1.778 

0.970 
0.856 
0.941. 

0.914 
0.887 

1.155 
1.637 

1.063 
1.033 

1.375 
0.896 

-- 

- - 
1962 

0.909 
0.934 
0.836 

0.848 
1.690 

1. OH 
1.037 
1.050 

1.076 
1 . m  

0.891 
0.671 

0. 956 
0. gs( 
0.77f 
1.084 

- 

- 

- - 
1943 

0. 888 
0. 920 
0.812 

1.144 
1.076 

1. oas 
1.044 
1.067 

1.086 
1.117 

0.623 

0.946 
0.973 

0.736 
1.096 

- 

D. 870 

- - 
1953 - 
1. iia 
1.074 
1.184 

0.653 
2.161 

0.982 
0.988 
0.958 

0.939 

1.119 
1.450 

1.051 
1.0% 

1. m 
0.838 

0. gao 

- 
1963 

0.76t 
0.975 
0.914 

0.8% 
1 . m  

1.014 1.m 
1.0% 

1.041 
1 . w  

0.9% 
0.w 

0.98: 
0.m 

0.8W 
1.M 

- 

- 

- - 
lQ44 

0.944 
0.956 
0. sa 
0.976 
1.714 

1.018 
1.027 
1.038 

1.055 
1.074 

0. 9a9 
0.774 

0.974 
0.081 

0.848 
1.061 

- 

1954 

1.070 
1.043 
1. oga 

1.001 
1. ea4 

0. m 
0.886 
0. e81 

0.972 
0.962 

1. ow 
1.248 

1.033 
1.023 

1.154 
0.965 

--- 

- - 
1984 

1.035 
1.011 
1.00s 

1.200 
1.166 

1.001 
1.002 
1.003 

1.004 
1. a06 

1.018 
1.053 

1.013 
1.014 

1.031 
1.002 

-- 

- 

- - 
1943 

1.003 
0.096 
0.970 

0.748 
1.944 

1.006 
1.009 
1.012 

1.018 
I. 025 

0.994 
0.969 

1. 002 
1. 008 

0.981 
1.019 

- 

1955 

1.002 
1. 001 
0.995 

1.280 
0.964 

1. ow 
1.004 
1.006 

1.00s 
1.012 

1.010 
1. oa3 

1. on9 
1.012 

1.016 
1.008 

-- 

- - 
1965 

1.076 
1.048 
1.108 

1.237 
1.171 

0. 886 
0. w 
0. m 
0.9% 
0.w 

1.07( 
1.27i 

1. O I f  
1.0% 

1.17: 
0.951 

- 

- 

- - 
1946 

1.057 
1.034 
1.068 

1.091 
1. BBO 

0.604 
0.m 
0.987 

8. 981 
0.975 

1.055 
1.189 

1.038 
1.021 

1.120 
0.976 

- 

- 
1956 

0. 85Q 
0.966 
0.903 

1.276 

1.015 
1.033 
1.031 

1. G40 
1.081 

0.945 
0.819 

0.981 
0. wt 
0.w 
1.051 

- 

1. i ia 

- - 
1966 

1. Ili 
1. 07; 
1 . m  

0.831 

0.m 
0.96: 
0.954 

0.931 
0.81, 

1.12 
1.48' 

1. OS 
1.03 

1.28: 
0.92 

- 

1. g n  

- 

- - 
1947 

1.103 
1.067 
1.162 

1.255 
1.138 

0.982 
0.973 
0.964 

0.947 
0 . 9 B  

1.107 
1.469 

1.047 
1.0% 

1 . 2 4  
c. 935 

-- 

- - 
1957 

0.901 
0.929 
0.827 

0.86'1 
1.656 

1.026 
1.039 
1.053 

1.079 
1.107 

0.884 
0.656 

0.853 
0.977 

0.761 
1. w)8 

- 

- - 
1967 

1.146 
1. ggP 
1. a85 

0.m 
2.175 

0.954 

0.911 
0.583 

1.1% 
1 . 6 s  

1.084 
1.031 

1. a8! 
0.89: 

-- 

0.969 

0. 94a 

- 

- 
1948 

I. 138 
1.091 
I. a(2 

I. 894 
1.927 

I. 973 
I. 959 
I. 945 

1.818 
I. 894 

1.147 
1.588 

1.061 
1.033 

1.354 
1.902 

- 

_. - 
1958 

I. 855 
D. (100 

0.915 
1.527 

1.033 
1.051 
1.088 

1.104 
1.141 

0 . 1 5  
0.548 

0.930 
0. go 
0.675 
1.116 

- 

J. 776 

- - 
1968 

1.161 
1.110 
1.307 

1.185 
1.503 

0.964 
0.947 
0.930 

0.881 
0.865 

1.178 
1.758 

1.071 
1.031 

1.439 
0.876 

- 

- 

-- - 
1948 

1.157 
1.107 
1.295 

0.483 
2. 339 

0. gsa 
0.949 
0.933 

0. 901 
0.870 

1.173 
1.728 

1.088 
1.033 

1.424 
0.880 

- 

- - 
1959 

0. aa9 
0.853 
0.770 

1.115 
1.053 

.1038 
1.057 
1.076 

1.116 
1.159 

0.808 
0.491 

0.916 
0.851 

0.830 
1.130 

- 

_. - 
1969 

1.165 
1.113 
1.316 

1.310 
I.  187 

0.963 
0.945 
0.928 

0. M 
0.861 

1.182 
1.782 

1.072 
1.032 

1.431 
0.872 

-- 

- 
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Tabbie 14.-Node factor f for middle of each year, 1850 t o  1999-Continued 

19711 

0.827 
0.883 
0.748 

1.169 
%874 

1.038 
1.057 
1.077 

1.118 
1.160 

0.806 
0.486 

0.915 
0.950 

0.625 
1.131 

MI’, N:, 2N, Xr, pi, 4- 0.968 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.950 
M4, MN _ _ _ _ _ _ _ _ _ _ _ _ _  0.934 

1079 

0.839 
0.890 
0.780 

a m  
1.361 

1.036 
1.054 
1.073 

1.112 
1.151 

0.819 
0.512 

. 0.922 
0.955 

0.647 
1.124 

-- 

Me _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01. QI, 2Q, PI _ _ _ _ _ _ _ _ _  
00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Mf _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.417 
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.881 

0.m 
0.873 

1.170 
1.716 

01 QI, ~ Q , P I  _ _ _ _ _ _ _ _ _  0.858 06 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.596 

MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mi _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0.941 
0.969 

‘0.715 
1.103 

MI’. Ni, ZN. XI, uz, YI- 
Ma _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI. M.N _ _ _ _ _ _ _ _ _ _ _ _ _  

0.977 
0.966 
0.965 

- - 
1971 

L-132 
- 
l i0M 
1 . 9 9  

0: 688 
2.176 

0.973 
0.960 
0.818 

0.922 
0.898 

1.143 
1.575 

1.059 
1.031 

1.341 
0.808 
- - 
l98l 

0.930 
0.948 
0.864 

1.001 
1.468 

1.021 
1.031 
1.042 

1.063 
1.085 

0.915 
0.735 

0.967 
0.987 

0.820 
1.070 

- 

- - 
1991 

1. om 
1.051 
1.115 

1.248 
1.156 

0.988 
0. 982 
0.976 

0.964 
0.952 

1.081 
I.  386 

1.038 
1.025 

1.184 
0.966 

-- 

- 

ME _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01. &I, 2Q,p1_________ 
00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MK ._________________ 
2MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - 
1972 

L.097 
1.083 
1 . m  

1.118 
1.803 

0.975 

0.951 

1.101 
1.380 

1.045 
1.028 

1: 2% 
0.940 

- 

a m  
a 967 

a 9% 

- - 
1882 

0.989 
0. a 7  
0.949 

1.236 
0.974 

1.008 
1.013 
1.018 

1.037 
1.036 

0. 979 
0.921 

0.996 
1.005 

1.0% 

- 

0. 949 

i8aa 
- - 

0.932 
0.911 

1.1% 
1.505 

1.054 
1.030 

1.303 
0.918 

1.030 
1.015 
1.016 

0.898 
1.778 

1. ooo 
1. OOO 
1. ooo 
1. OOO 
1. coo 
1.024 
1. on 
1.015 
1.015 

1.048 
0.998 

- - 
1973 

1.051 
1. om 
1.055 

1.270 
1.012 

0.995 
0.993 
0.901 

0.886 
0.981 

1. og7 
1.159 

1.024 
1.0% 

1.102 
0.982 

-- 

- - 
1983 

1.046 
1.038 
1.045 

1.157 
1;323 

0.887 
0.994 
0.993 

0.989 
0.988 

1.041 
1.137 

1. m 
1.019 

1.088 
0.886 

- 

- - 
1993 

0. 072 
0.976 
0.922 

0.801 
1.- 

1.013 
1.019 
1.02s 

1.038 
1.051 

0.960 
0.w3 

0.988 
1. ooo 
0.910 
1.042 

- - 
1974 

0.995 
0.881 
0.957 

1.014 
1.535 

1.008 
1.012 
1.016 

1.024 

0.034 
0.940 

0.998 
1.006 

0 . m  
1.025 

-- 

I. 031 

- - 
1984 

1.093 
1.060 
1 . 1 4  

0.74s a 050 

0.9w 
0.977 
0.969 

0.954 
0.939 

1.096 
1.381 

1.043 
1. om 
1.221 
0.944 

-- 

- - 
1994 

0.914 
0.937 
0.842 

1.077 
1 . 3 2  

1. oa4 
1.036 
1.048 

1. on 
1. C98 

0.897 
0.688 

0.959 
0.982 

0.766 
1.081 

- - 
1975 

0. (K(6 
0.951 
0.871 

0.808 
1.777 

1.020 
1.029 
1.039 

1.080 
1.081 

0.920 
0.750 

0.970 
0.989 

0.831 
1.067 

_-.-- 

- - 
1985 - 
1:130 
1. os8 
1. a28 

0.811 
2.032 

0.974 
0.962 
0.949 

0. gap 
0.901 

1.140 
1.560 

1.058 
1.031 

1.333 
0.900 
- - 
1995 

0.864 
0.906 
0.785 

1.208 
0.800 

1.032 
1. 048 
1.065 

1.069 
1.134 

0.844 
0.565 

0.934 
0.964 

0.691 
1.110 

-- 

- - 
1976 

0.881 
0.916 
0.804 

0. ggs 
1.438 

1.029 
1.044 
1.058 

1.090 
1.122 

0.863 
0.607 

0.813 
0. 970 

1.100 

- 

am 

- - 
1886 

1.153 
1.104 
1. a86 

1.263 
1.292 

0.967 
0.951 
0.935 

0.904 

1.166 
1.108 

1.088 
1.033 

1.412 
0.884 

.--- 

a 874 

- - 
1BB8 

0.833 
0.886 
0.754 

1.107 
1.063 

1.037 
1.056 
1.075 

1.115 
1.156 

0.812 
0.408 

0.952 

0. ti36 
1.1% 

- 

n. 918 

- - 
1977 - 
0. Ma 
0.8Ql 
0.783 

1.179 
0.870 

1.035 
1.054 
1. on 
1.110 
1.149 

0.m 
0.517 

0.923 
0.956 

0.652 
1.133 - - 
1987 

1.164 
1.112 
1.315 

1.244 
1.367 

0.964 
0. 946 
0.828 

0.894 
0.882 

1.182 
1.778 

1.072 
1.032 

1.m 
0.872 

- 

- - 
lQ97 

0.828 
0.883 

0.921 
1.487 

1.036 
1.057 
1. Oi6 

1.117 
1.159 

0.808 
0.489 

0.916 
0.951 

0. 629 
1.130 

a 750 

Factorfof MS 2SM. and MSf are each equal to factorfof MI. 
Factor f of PI, R;, SI. 92, 84, S8, Ts, Sa, and S8a are each unity. 
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81 ________: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SI.,( 1 _ _ _ _ _ _ _ _  _. _ _ _ _ _ _ _ _ _  
Ti ________ !  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
h _ _ _ _  :---i _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
pa _ _ _ _ _ _ _ _  j _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
II _________: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
pi- _ _  _ _ _ _ _  ,- _ _ _ _ _ _ _ _ _ _ _  _ _  

180.0 
0.0 
0.1 

148.8 
241.0 
270.8 
370.9 

par, 1850 to 2000 Table ;15.-Equilibrium argument (V,+ u) for meridian of Greenwich at beginning of each calendar - - 
1869 

- - 
1853 - 

0 

m. 5 
2.2 

184.0 
330.9 
50.6 

217.0 
146.5 
74.1 

291.1 
148.1 

268.0 
319.1 
318. 5 
318. 0 

349.4 
269.5 
320.5 
180.2 

180.0 
0.0 

358.8 

22s. 9 
76.2 
25. 1 
26.6 

219.2 
71.9 

125.1 
217.0 
143.0 

320.1 
143.0 
309.0 

280.6 
201.1 
- 

- - 
1854 

- - 
1855 - 

0 

139.4 
5.0 

189.5 
26.0 

274.8 

59.3 
88.9 

118.5 
177.8 
237.0 

292.8 
166.4 
56.3 

129.0 

349.9 
289.9 
1%. 4 
17Q. 6 

iso. a 
o:a 
0.4 

52.2 
119.9 
246.3 
243.4 

64. 
113.. 
352. I 

3 0 3 . 1  

3M). d 
1%. 4 

280.1 
200. : 

-59. E 
126.2 

- 

- - 
1856 - 
321.2 

7. 1 
194.0. 
194.6 
170.8 

160.6 
61.0 

321.3 
121.9 
282.5 

305.5 
00.3 

154.6 
37.5 

350.2 
299.4 
84.3 

179.4 

180.0 
0.0 
0. ti 

324.1 

177.2 
171.1 

322. a 

167. a 
314.1 
108.1 
160.6 
199.4 

31.1 
199.4 
215. Z 
279. E 
199. 5 
- 

- - 
1857 - 

0 

327.3 
10.4 

200.9 
353.3 
55.4 

237.7 
356.6 
115.4 
353.1 
230.9 

250.8 
323.8 
237.3 
333.4 

349.4 
270.4 
313.4 
180.1 

180.0 
0.0 

359.9 

223.0 
115.5 
72.4 
6 2  0 

248.2 

158.5 
237.7 
122.3 

3%. 1 
122.3 
316.9 

m. E 
201.2 

10s. a 

- 

- - 
1858 - 
59.4 
1 2  8 

205.8 
204. 2 
347.2 

339.2 
328.8 
318.4 
397.6 
276.7 

393.5 
247.9 
325.4 
242 0 

349.6 
279. 8 
234.1 
179. S 

180.0 
0.0 
0 .3  

135.0 
317.7 

3.4 
349.6 

352.0 
305. 6 
252.7 
339.2 
20.8 

2%. 3 
20.8 
45.7 

280.4 
200. 7 
- 

- - 
1858 - 

0 

151.2 
14.9 

!lo. 4 
54.4 

Bl .  7 

80.6 
300.9 
101.2 
241.7 
322.3 

306.2 
l i l . 8  
63.7 

150.0 

349.9 
280.3 
154.9 
179.6 

1so. 0 
0.0 
0.4 

46.9 
159. s 
"04.3 
277.3 

95.5 
146.2 
26.8 
80.6 

279.4 

133.9 
279.4 
134.4 

1 0 . 1  
200.2 

- - 
1861 

- - 
1862 

- - 
1883 - 

0 

165.2 

217.0 
72.2 

280.0 

99. 8 
149.7 
199. 0 
398.5 
39.3 

317.5 

75.0 
148.7 

349.8 
294. 7 
152.3 
179.6 

180.0 
0. 0 
0.4 

39. R 
197.7 
340.1 
317.2 

118.5 
181. c 
57.3 

260.1 

125. E 
260. : 
142. i 

280. : zoo. : 

ia 7 

175. a 

99. f 

- - 
1867 

- 
1866 

- 
1851 - 

0 

116.0 
1.6 

183.8 
350.6 
273.5 

40. 1 
240.2 
80.2 

120.3 
160. 4 

381.6 
163.2 
4 2  6 

132.5 

349.9 
284.1 
165.6 
179.7 

180.0 
0.0 
0.3 

59.6 
82.1 

200.6 
103.1 

41.8 
78.6 

321.8 
40. 1 

319.9 

134.9 
319.9 
118.5 

1 0 . 1  
m. 1 

t42 6 
16. 5 

Y4.0 
t29.0 
178.9 

181.8 
172.7 

3.6 
la. 4 

7.3 

31% 7 
95.6 

162.3 
56. R 

350.1 
399.3 
76. 1 

179.3 

180.0 
0.0 
0. 7 

318.7 
1. 8 

PA. 9 
205.4 

198.5 
346.9 
140.5 
181. S 
1%. 2 

37:3 
178.2 
223.1 

279.9 
199.8 

0 

147.4 

118. 2 
26. 0 
61.0 

w . 5  m. 7 
156.9 
65.4 
113.9 

293.6 
328.7 
136.0 
348.9 

349.4 
271.1 
306.2 
180.1 

180.0 
0.0 

359.9 

217.3 
154.9 
119.8 
97.3 

277.4 
138.1 
192.0 
258.5 
101. s 
3%. 4 
101.5 
324.9 

280.6 
3 1 . 3  

ia 9 

0 

77.0 
19.3 

218.6 
229.0 
341.0 

359.3 
178.9 
358.5 
357.8 
357.1 

305.6 
252.0 
335.9 
250.7 

349.6 
282.3 
228.7 
179.8 

180.0 
0.0 
0 .2  

128.5 
358.4 
50.0 
26.7 

18.5 
339.2 
304.9 
359.3 

0.7 

227.4 
0.7 

53.6 

so. 4 
200.8 
- 

0 

251.7 
17.0 

213.2 
259.4 
179.7 

m. 2 
120.2 
40.3 

240.5 
80.7 

329.1 
98. 0 

179.5 
41.8 

350.1 
308.5 
77.4 

179.3 

180.0 
0.0 
0.7 

310.5 
38.8 

269.8 
249.2 

217.2 
23.3 

169.3 
m. 2 
159. E 
21. I 

159.6 
231. I 

279. $ 
199.8 

0 

950.6 
15.2 

209.7 
6 2 5  
56.8 

376.0 
53.9 

191.9 
107.9 
23.8 

303.1 
330.3 ?s. 2 
317.3 

349.3 
285.4 
312.6 
180.0 

180.0 
0.0 
0.0 

m. 1 
191.0 
163.8 
146.1 

291.2 
176.7 
319.1 
376.0 
84. a 

isi. 4 

332. a 

mi. 3 

84.0 

280.7 

0 

74.0 
11.7 

203.2 
249.4 
311.8 

16.0 
24.0 
3 2 1  
48.1 
64.1 

314.5 
252.9 

3.6 
201.3 

349.6 
302.0 
240. 5 
179.8 

180.0 
o.,o 
0.2 

118.7 
31.8 
93.4 
80.9 

27.7 

330.5 
16.0 

344.0 

ao. 4 

188. a 
a44. a 

200. a 

61.0 

280.4 

0 

157.0 
8 .0  

196.4 
86.0 

235.5 

116.1 
35L. 1 
232.2 
348.3 
104.3 

325.8 
175.5 
108.3 
84.1 

349.8 
319.0 
168.8 
179.5 

180.0 
0.0 
0.5 

39.3 
232.6 
22.9 
16.2 

124.0 

81.9 
,116.1 
243.9 

77.4 
243.9 
150.3 

m. 2 
200.4 

224. 2 

0 

240.8 
4.6 

190.0 
183.9. 
102.6 

216.2 
324.2 
7 2  3 

288.5 
144.7 

337.3 
98.1 

214.4 
329.1 

350.1 
335.4 
96.4 

179.3 

180.0 
0.0 
0.7 

299.9 
73.4 

312 4 
310.7 

220.8 
67.7 

193.3 
216.2 
143.8 

327.3 
143.8 
239.0 

279.9 
199.9 

0 

340.1 
3.1 

187.0 
loo. 4 
47.2 

292.0 
25s. 0 
224.0 
156.0 
88.0 

311.2 

292.7 
245.8 

349.3 
311.9 
331.1 
180.0 

180.0 
0.0 
0.0 

197.6 
225.6 
208.4 
207.2 

i85.1 
220.9 
243.2 
292.0 
88.0 

246.5 
68.0 

340.8 

280.7 
701.4. 

330.4 

0 

w4.0 
0.9 

181.8 
161.5 
165.2 

140.6 
111.0 
81 .3  
61.9 
202.6 

193.4 
86.2 

143.8 
39.8 

350.2 
396.6 
89.4 

1%. 4 

180.0 
0.0 
0.6 

330.7 
283.4 
130.6 
133.8 

141.6 
280.4 
74.1 

140.0 
219.4 

33.0 
219.4 
207.2 

279.8 
199.6 

0 

38.1 
3.3 

186.0 
177.7 
346.9 

318.0 
117.0 
276.1 
3 4 . 1  
192.1 

280.3 
242.0 
315.7 
222.1 

349.7 so. 0 
242.2 
179.9 

180.0 
0.0 
0. 1 

140.4 

315.3 

321. '4 
273.8 
238. 4 
318.0 
42.0 

222.7 
42.0 
37. .7 

280.3 
200.7 

z: D 

- 



Table 15.-Eauilibrium argument (V,+ u) for meridian o f  Greenwich at beginning o f  each calendar year, 1850 to 2000-Con. 

103.9 
16.2 
2129 
331.4 
310.0 

73.2 
a89.8 
14R.4 
219.2 
292.I 

347.8 
s2.3 
51.7 
1e.z 

329.3 
243.9 
179.7 

349.5 

Constituent 
le * -  
0 0 

195.0 235.3 28.5 
17.7 1s.6 19.7 
216.0 217.6 219 2 
151.8 359.2 189;s 
207.5 i42.2 58.2 

174.4 275.3 351.6 
261.5 232.9 167.4 
348.7 190.6 393.2 
163.0 105.9 3.34.8 
137.4 21.2 3B.5 

0. 2 12.4 347.0 
186.0 m . 5  342.3 
153.5 252.8 327.A 
68.3 332.0 259.8 

349.7 359.0 349.2 
339.3 350.0 323.2 
165.2 87.1 318.5 
179.4 119.2 170.9 

W + J I  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
IKi _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
$ KI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mz _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ma ._________________________ 

MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ms _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NI _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . .  
2N _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
00 _______._____ ~ _ _ _ _ _ _ _ _ _ _ _  
PI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
QI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2Q 
RI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sr:4,s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I __-___  
TI ... __________.__________ 1- 

hz _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
fu _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
e.-- . . . . . . . . . . . . . . . . . . . . . . .  
pi . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MK _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
2 M K  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2SM 

Mf ---..-._---....-.--------- 
M8f _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sss.: . . . . . . . . . . . . . . . . . . . . . . .  

P 

M, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

MN _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - 
1873 

67.1 155.7 245.6 
1.7 1.4 2.0 

183.7 1826 183.6 
271.0 100.6 307.8 
297.7 201.0 145.3 

32.4 133.0 03.9 
338.6 lW.5 170.8 

97.2 39.0 341.R 
129.0 1721 215.5 

:322.9 334.8 3M.9 
253.4 176.5 99.9 
34.8 135.6 235.2 
140.3 39.3 3020 

349.6 349.8 350.0 
325.3 337.3 348.3 
2.55.8 179.1 10i.3 
173.7 179.5 179.2 

180.0 1sh.o 180.0 
0.0 0.0 0.0 
0.3 0.5 0.8 

108.5 19.6 201.0 
66.8 268.2 109.8 
136.3 66.4 356.8 
138.8 69.0 358.1 

34.1 134.4 235.9 
63.1 264.6 105.7 

32.4 133.0 233.9 
327.6 227.0 126.1 

142.7 41.9 303.4 
337.6 227.0 126.1 
69.5 158.2 247.0 

m . 4  2812 2.30.0 
m . 9  m . 4  200.0 

w.8 368.0 107.8 

355.3 107.3 220.8 

0 

350.5 
4. 

188. 
139.4 
4s. 0 

310. 6 
in5.g 
261.3 
211. 8 
162 4 

321.8 
333.1 
308. 8 
334.8 

349.3 
3%. 0 
331.3 
180.0 

180 0 
0.0 
0.0 

180.6 
262.9 
?51.6 
249.8 

315.0 
256.8 
272 4 

49.4 

233.0 
49.4 
318.8 

201.4 

310.6 

m. 7 

257.2 

154.4 

?9.8 
111.0 
310.7 
225.1 

205.8 

- - 
1874 - 

0 

82. 1 
6.3 

192.1 
208.9 
301.8 

51.9 
77.8 

10% 8 
155.6 
207.5 

w. 4 
256.9 
47.3 
141.9 

349.5 
329.8 
252.3 
179.7 

180.0 

0.3 

lo!. 4 
104.9 
182. 4 
177. 8 

s. 2 
97.5 
25.3 
51.9 
305.1 

137.3 
308.1 
77.5 

280.5 
201.0 

0. n 

49.4 Q 

n.1 
98.8 
4.1 * 

343.6 2 
26.9 
158.8 

- - 
lSi5 - 

0 

174.0 
8.5 

196.8 
121.8 
2n2. 5 

153.3 

306. R 
90. 

253. I 

447.1 
190.9 
145.5 
50.3 

349.8 
339.3 
173.1 
179.4 

180.0 
0.0 
0.6 

13.3 
307.1 
113.3 
105.5 

161.8 
298.1 
140.4 
153.3 
m0. 7 

42.3 
206.7 
166.2 

290.2 
200.5 

50. n 

349.9 
31.9 
113.1 
179.1 

- - 
1876 - 

0 

386.1 
10.9 
201.8 
334.7 
145.5 

254.8 
22 2 

44.3 
299.1 

359.9 
104.9 
243.6 
318.8 

350.0 
348.7 

179. - 
180.0 

0.8 

2s5.3 
149.3 
44.2 
33. 1 

285.6 
13s. 7 
254.8 
254.8 
105.2 

307.6 
1115.2 
254.9 

280.0 
200.0 

149. a 

sa. ; 

n. o 

- 

349.2 
6.3 

345.7 3 
179.8 

- - 
1877 - 

0 

12.2 
14.1 

208.6 
170.6 
55.4 

331.8 
317.8 
303.7 
275.5 
217.4 

335.1 
33s. 4 
316.4 
2% 6 

349.2 
319.6 
822.9 
179.9 

180.0 n. o 
0.1 

144.2 
392. 8 m. 5 
284.0 

346.0 
2I19.6 
3oi. 0 
331.3 
3.2 

21(- 
356.7 

m. 8 
201.5 

239. A 

- 

180.0 
0.0 
0.9 

259.4 
259.9 
177.8 
1’19.9 

1878 1879 laso 1831 ---- 
a l o I . / o  

180.0 
0.0 s 
0.2 g 

157.3 3 
51.5 
72.1 8 
74.2 !4 

180.0 
0.0 
0.3 

96.1 
144.8 
230.3 
211.8 

180.0 180.0 190.0 
0.0 0.0 0.0 
0.6 0.8 0. 1 

7.8 279.2 177.4 
346.8 185.5 341.2 
169.9 91.3 345.8 
140.0 Bs.9 322.0 

89.3 192.1 293.9 11.3 
130.2 331.0 1720 323.6 
80.9 174.5 287.7 338.6 
73.2 174.4 275.3 351.6 

286.8 1185.6 1 84.7 I ~4 

310.6 
255.3 
33s. 4 
305.6 
51.4 

227.2 
51.4 
278.8 

- - 
1882 

M.7 0 
47.5 
25.8 
24.7 
335.3 

150.9 
335.3 
Xl.6 

8 
M 

0 

116. 1 
18. 6 
216.7 
8.8 

312.8 

92. 1 
138.1 
184.2 
276.2 

8.3 

35s. 7 
2f35.3 
69.4 
150.0 

349.5 
336.0 
242 4 
179.6 

180.0 
0.0 
0.4 

88.4 
lS2.4 
275.8 
253.1 

110.7 
165.5 
90. 8 
92. 1 
267.9 

133.3 
267.9 
93.4 

280.5 
201.1 

- - 
1883 

0 

201.9 
10.5 
212.0 
184.5 
203.4 

lo?. 4 
10s. 5 
24.7 
217.1 
49.4 

10.2 
188.1 
172 5 
47. 1 

349.7 
350.4 
168. 3 
179.4 

180.0 
0.0 
0.6 

359.2 
33.4 

185.7 

208.9 
8. 2 

32.6 
192 4 
167.6 

27.3 
167.6 
182.1 

m. 3 
300.6 

205. s 

0 

258.1 
13.4 
206. 2 
17; 7 

292.5 
78.7 
225.0 
157.4 
89.9 

21.6 
110.9 
277.2 
293.4 

349.9 
6.4 
95.5 
179.1 

180.0 
0.0 
0.9 

269.8 
2%. 3 
135. 1 
119.8 

305.9 
211.5 
314.1 
293.5 
67.5 

27s. 1 
67. 5 
270.8 

280.1 
200.1 

iw. 2 

0 

23.3 
10.7 
201. 5 
204.5 
31. 1 

8.2 
12. 2 
16.3 
24. 4 
32. 6 

355.5 
342 9 
357.5 
203.9 

349.2 
344.8 
332 2 
179.8 

180.0 

E 
167.4 
13.3 
28.9 
IS. 3 

1s. 9 
5.6 
3.7 
A. 2 

351.8 

193.2 
351.8 
12.6 

280.8 
201.6 

- - 
1886 

0 

106.5 
7.1 

194.8 
3s. 9 
301.4 

108.2 
342.3 
216.4 
324.6 
72 8 

6.9 
265.5 
103.1 
87.2 

349.4 
1.7 

260.4 
179.6 

180.0 
0.0 
0.4 

217.1 
318.5 
313.3 

115.3 
308.3 
115.1 
108.2 
251. 8 

82.1 
251.8 
101.3 

280.6 
201.2 

n. 9 

0 

isn. 8 
4.0 

188.9 
219.8 
193 6 

208.3 
312.5 
56.7 

285.0 
113.3 

1s. 3 
188. 2 

333.7 

349.7 
17.6 
187.5 
179.3 

180.0 
0.0 
0. 7 

348.0 
58.0 
24s. 1 
247.4 

212 3 
52 7. 
226. 0 
?os. 3 
151.7 

333.0 
151.7 
190.1 

280.3 
200.7 

207. 6 

1888 1889. T 



Table 15.-Equilibrium argument (V.+ u) for meridian o f  Greenwich at beginning o f  each calendar year, 1850 to  2000-Con. t\3 

1902 

137.8 
14.9 

209.0 
147.1 
271.7 

!ax9 
133.4 
57.8 

256.7 
116.6 

59.8 
328.7 
191.2 
24.3 

350.3 
71.1 

311.0 
178.4 

180.0 
0.0 
1.6 

61.0 
56.7 

176.8 
159.1 

223.8 
42.9 

297.7 

151.1 

6.6 
151.1 
120.1 

279.7 
199.4 

208.9 

Constituent . 1 ISW 1903 -- 
D O  

221.5 
11.6 

202.7 
345.0 
ao3.3 

308.0 
103.5 
258.0 
207.0 
156.0 

loo.2 
251.4 
296.3 
269.2 

350.5 
87.6 

178.- 

18QO 
0.0 
1.8 

331.6 
257. 6 
106.4 
93.i  

320.6 
246.4 
49.2 

51.0 

2,s. 4 
51.0 

m 8  

279.5 
199.0 

238.: 

309.11 

219.0 
1 8 2  

2047 
295.3 
199.8 

11.2 
134.9 
22.3 

269.8 

41.5 
195.5 
234.5 
331.5 

349. fl 
28.6 

182.5 
179.3 

m.0 
0.0 
0.7 

334‘5 
134.4 
340.4 
327.4 

259.7 
1226 
288.9 
247.4 
1126 

247.4 

3is.1 
1126 
mo 
280.4 
m . 8  

- - 
1891 

D O  

310.9 
1 4 4  

208.4 
86.6 
93.4 

343.3 
337.: 
325.6 
315.4 

54.2 
119.5 
3327 
239.7 

349.8 
38.0 

103.3 
179.0 

180.0 
0.0 
1.0 

246.5 
336.5 
2 i l .2  
255.1 

3.3 
323.3 
43.0 

348.9 
11.1 

3489 

223.5 
11.1 

294.i 

280.2 
200.3 

0 

197.9 
3.0 

185.4 
260.3 
193 3 

226.4 
159,6 
9 2 8  

319.1 
185.5 

28.4 
190.3 

313.2 

349.6 
28.5 

190.5 
179.3 

180.0 

0.7 

340. 
94. I 

292.7 
292.8 

229.4 
89.8 

254.7 
2%. 4 
133.6 

313.3 
133.X 
198. 0 

Bo. 4 
m a 7  

325. s 

ao 

Mh-. _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
2MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
MN _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
38M _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - 
1892 

127.5 
248.8 
,141.6 
125.4 
234.6 

0 

m .  n 
4.6 ~. ~ 

18% 6 
55.9 
85.3 

327.6 
131.3 
295.1 
242.7 
230.2 

a 8  
114.1 
825.2 
219.4 

340.9 
38.5 

111.8 
179.0 

180.0 

1.0 
ao 

251. 8 
296.6 
223.4 
221.0 

333.1 
200.6 

8.4 
327. 6 
32. 4 

a17.i 
32.4 ass. 7 

280. 1 ma 3 

- - 
1893 

0 

34.8 
7.6 

194.8 
240.3 
340.4 

44.5 
66.8 
89.0 

133.6 
178.1 

16.0 
347. 5 
38.2 

154.4 

349.1 
9.7 

241. a 
179.8 

180.0 
n. o 
a 2  

11s. 5 

160.6 
89.9 

112.2 

62. 1 
R1.4 
60.5 
4 . 5  

315.5 

I&. 1 
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a 8 5  
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201.8 
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0 
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17.3 
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349.1 
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129.8 
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36.5 
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0 
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18.6 

217.8 
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166. 8 
250.3 
333.7 
140.5 
307.4 

41.6 
276.4 
144.8 
79.4 

349.3 
19. 6 

254.4 
179.5 

180.0 
0.0 
0.5 

58.8 
331.6 
96.8 
74.8 

185.5 
315.0 
208.5 
166.8 
193.2 

57.3 
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280.7 
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- - 
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19.2 
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30.5 
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321.5 
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92.3 
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- - 
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0 
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18 9 

217.5 
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97.5 

8.3 
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16.6 
24.9 
33.2 

65.7 
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349.8 
42.6 
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0.0 
1.0 
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11.6 
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357.7 
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361.7 
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- - 
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0 
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17.5 
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351.0 

108.7 
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74.8 

77.3 

87.4 
135.2 

350.0 
56.0 
24.7 

178.7 

180.0 
0.0 
1.3 

150.3 
215.8 
247.1 
325.8 

126.2 
199.9 
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108.7 
251.3 

113.9 
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31.4 
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199.9 
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0 

304.6 
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195.9 
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350.8 
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0.0 
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297. 5 
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- - 
1905 - 

0 

4 1  I 
h 3  
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124. 7 
7. 1 

249.4 
14. 2 
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85.4 
46.1 
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350.0 
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139.7 
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0 
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2.6 

186.0 
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224.0 
337.4 
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96.8 
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311.8 

35a.3 
98.0 

329.9 
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0.0 
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814.7 

1.0 
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- 

- - 
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0 

213.6 
0.9 
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1.2 
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355.8 
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1.8 

321.3 
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73.8 
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34.7 
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34.7 
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0 
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0.4 
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65.8 
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0 

45.5 
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17.5 
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Table 15.-Equilibrium argument (Vo+ u) for meridian at Greenwich at beginning o f  each calendar year, 1850 to  2000-Con. 

19% 

0 0  

343.7 
1.7 

182.9 
308.7 
15.3 

159.1 

117.3 
276.5 

173.8 
188.6 
160.7 
16.1 

350.6 
175.4 
190.2 

180.0 

2 3  

1928 
320.2 
305.5 
307.1 

160.8 
316.5 
333.0 
159.1 
m.9 

17.7 
200.9 
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218.4 
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177.7 

0.0 
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88.7 
4.2 

187.7 
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61.8 
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180.0 
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87.0 
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4.8 
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313.4 65.2 

218.4 270.8 
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16.4 
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a 3  

145.7 
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87.7 

131.1 
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177.8 

0.0 
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173.7 
151 3 
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198.7 
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- 
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350.1 
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7.4 
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14.8 
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349.9 
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35.2 

180.0 
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1.4 

5.3 
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348.9 
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176.3 
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176.3 
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- 
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0 
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16.1 
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94.0 
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0 
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6.9 
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328.1 
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0 
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336.6 
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316.7 
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331.3 
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Table 15.-Equilibrium argument (V.+ u 

1947 

296.0 
3.7 

18k8 
371.8 
91.3 

151.6 
227.4 
303.2 
94.9 

246.5 

315.3 
279.0 
151.9 
27.4 

315.6 
379.3 
177.8 

180.0 
0.0 
2 2  

241.8 
305.1 
a 1 . 4  
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154.3 
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6.9 
151.6 
208.4 

27.7 
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O D  

27.3 
4.4 

188.3 
118.7 
14.5 
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202.8 
350.6 
293.9 

325.6 
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177.5 

180.0 
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172.1 
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107.2 
25.0 

379.6 
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0 
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235.8 
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70.8 
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279.7 
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330.8 
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0.3 
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0 
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257.1 
25.7 

154.3 
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140.3 
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m 2  
200. 4 

for meridian o f  Greenwich at beginning o f  each calendar year, 1850 to 2000-Con. 
- - 
1934 
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15.9 
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18.8 

234.4 

358.4 
357.7 
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174.7 
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17.4 

215.3 
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279.5 
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19.1 
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193.6 
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1.0 

79.1 
191.5 
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169.5 

- - 
1940 - 

0 

23.1. 
12. 4 

304.2 
44.3 
22.0 

217.6 
146.4 
75.1 

392.7 
150.3 

m. 4 
199.3 
203.6 

4.3 

350.5 
194.5 
185.4 
177.6 

lsa 0 

2 4  

171.4 
74.6 
83.7 
89.8 

229.9 
62 8 
B a O  

317.6 
142 4 

350.3 
142 4 

9. 1 

279.5 
199.0 

ao 

- 
1911 - 

0 

120. 3 
9.6 

199.4 
215.2 
280.9 

293.3 
79.9 

228.5 
159.7 
92.9 

183.3 
71.4 

m. 0 
274.6 

349.7 
173.1 
62.1 

178.3 

180.0 
0.0 
1.7 

88.0 
228.6 
337.5 
328.3 

302.8 
216.8 
115.6 
293.3 
88. 8 

365.3 
66.8 

110.9 

280.3 
200. 5 

- 
1943 - 

0 

2a3.5 
6.0 

193.7 
49.6 

173.4 

33.3 
49.9 
66.6 
99.9 

133.2 

193.6 
351.0 
29.5 

158.2 

350.0 
189. s 
350.2 
178.1 

180.0 
0.0 
1.9 

339.5 
67.4 

287.0 
2433.2 

39.3 
60.6 

238.9 
33.3 

326.7 

154.4 
326.7 
199.6 

280.0 
200.0 

- 
1943 - 
D 

288.0 
3.1 

187.0 
249.0 
109.5 

133.4 

266.9 
40. 3 

173.8 

205.1 
276.7 
133.8 
45.4 

350.2 
205.5 
277.1 
157.8 

180.0 
0.0 
2 2  

250.2 
m . 3  
196.7 
197.1 

136.5 
283.8 
338.6 
133.4 
228.6 

45. s 
226.6 
288.4 

279.8 
169.6 

20. 3 

- 
1944 - 

0 

14.2 
1 .2  

182.9 
82.0 
12.9 

233. 8 
350.6 
107.5 
341.3 
215.0 

316.7 
199.6 
236.6 
397.5 

350.5 
219.6 
202.5 
177.6 

lso. 0 
0.0 
2.4 

161.0 
100.4 
128.4 
129.4 

234.9 
106.3 
90.4 

233. s 
126.3 

3m. 4 
126.2 
17. 1 

279.5 
199.1 

- - 
1945 - 

0 

116.2 
1.4 

183.8 
240.2 
253.0 

308.9 
B 4 . 8  
259.8 
308.6 
159.5 

191.0 
72.1 

313.6 
222.0 

348.7 
193.7 
74.9 

178.3 

180.0 
0.0 
1.7 

59.0 
281.9 
20.7 
23.4 

311.3 
258.4 
140.9 
309.9 
50.1 

224.7 
50.1 

280.3 
200.6 

iia 9 

- .__ 

1946 

0 

205.5 
1.6 

182.8 
64.4 

151.2 

50.6 
256.0 
101.3 
151.9 m. 5 

203.0 
355.4 
52.7 

123.2 

350.0 
305.1 
357.5 
178.0 

180.0 
0. 0 
2.0 

330.3 
103.4 
311.0 
313.0 

5 2  2 
99.6 

253.7 
50.6 

309.4 

125.2 
309.4 
207.6 

280.0 
200.1 
- 

- - 
1949 - 

0 

133.1 
7.4 

194.6 no. 7 
257.4 

329.8 
134.7 
288.6 
269. 5 
239.3 

76.2 
323.5 
239.1 

349.7 
196.7 
69.9 

178.3 

0.0 
1.7 

5 2  4 
300.4 
67.3 
61.0 

337.3 
292 2 
172.8 
329.8 
30.2 

222 8 
30.2 

126.8 

280.3 
200.6 

!ai. 0 

180. o 

- 



Table 15.-Equilibrium argument (V,+u) for meridian of Greenwich at beginning of each calendar uear, 1850 t o  2000-Con. 

1M3 

325.2 
1.2 

182.8 
2.4 

36.5 

1964 1965 --- 
0 0 0  

53.7 157.6 
0.9 2.4 

181.6 184.4 
194.4 30.4 
302.6 236.6 

154.6 
17.0 

214.7 
306.1 
285.6 

351.0 
346.6 
342.1 
333.1 
324.2 

216.3 
81.5 

331.2 
248.5 

349.6 
lB6.4 
61.6 

178.2 

245.3 335.0 
18.3 18.7 

217.0 217.6 
114.5 322.8 
159.0 85.3 

9 2  1 192.9 
318.1 289.4 
184.3 25.5 
276.3 218.7 

8 .4  51.6 

228.6 NO.7 
5.1 288.5 

70.3 170.1 
153.4 155.4 

349.9 350.1 
206.8 317.9 
343.3 265.7 
178.0 177.7 

226.0 

92.1 
318.1 
184.2 

357.9 
289.8 
229.0 
305.2 

339.1 
326.7 43.1 

293.3 86.2 
280.0 128.4 
226.6 172.5 

269.8 1 4 . 5  
213.0 85.8 
329.8 44.1 
204.0 133.8 

3111.0 m . 7  

180.0 
0.4 
2.4 

209.9 
94.1 
C2.2 
65.1 

180.0 180.0 
0.0 0.0 
2 6  1.9 

131.0 19.3 
296.4 88.3 
352.3 246.9 
356.4 247.9 

180.0 

1.8 

47.0 
340.3 
115.1 
95.3 

0.0 
180.0 180.0 

2.0 2 3  

318.6 a28.9 
182.1 B . 7  
45.6 335.9 
23.8 313.1 

0. o 0. n 

MK _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2MK.. _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M N  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M S  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2SM _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

81.0 
132 8 
B7.0  
71.3 

288.7 

8 .1  

207.3 
951.0 

9.0 

228.6 
9.0 

134.8 

280.4 
200.7 

325.0 
110.4 211.6 

3 3 . 7  73.6 
92.1 1929 

267.9 167.1 

131.6 32.7 
267.9 167.1 
323.5 3122 

250.1 279.9 
200.2 199.8 

165.9 7.1 

- - 
1966 

- - 
1967 

- - 
1951 -- 

0 

317.2 
12.1 

298.5 
91.6 

172.8 
79.2 

348.5 
158.3 
331.1 

328.6 m. 2 
159.8 
46. 2 

350.2 
216.5 
271.3 
177.7 

180.0 
0.0 
2 .3  

238.4 
344.9 
288.2 
276.2 

184.9 
333.5 
41. 3 

172.8 
187.2 

33.2 
187.2 
304.3 

279.8 
199.7 

204.4 

- 

- - 
1952 

- - 
1956 

- - 
1957 1953 I 1954 I 1955 

0 

49.1 
14.2 
309.0 
147.4 
22.2 

274.2 
51.3 

188.3 
102.5 
16.7 

241.2 
208.2 
358.0 
314.2 

350.4 
m. 0 
192.0 
177.5 

180.0 
0.0 
2 5  

148.3 
187.1 
220.1 
m. 9 

? s . 4  
174. 1 
155.4 
274. 2 
85.8 

!2%1 

33.0 

279.6 
199.3 

85.8 

- 

D 

03.3 
18.2 

216.0 
165.4 
21.9 

293.5 
260.2 
227.0 
160.4 
93.9 

252.5 
211.6 
271. 1 
313.6 

350.4 
230.2 
189.2 
177.4 

180.0 
0.0 
2 6  

141.0 
225.0 
200.0 
243.6 

311.7 
203.7 
188.0 
293.5 
66.5 

291.3 
68.5 
41.0 

279.6 
199. 3 
- 

0 

104.0 
17. 0 

214.4 
338.9 
266.9 

9.4 
194.2 

28.4 
37.8 

226.7 
81.0 

348.2 
234.4 

349.6 
m. 4 
6 2  7 

178.2 

180.0 
0.0 
1.8 

17.4 
180.1 
138.8 

27.0 
1 .3  

236.2 
9.4 

350.6 

213.1 
350.6 
142.7 

2ao. 4 
200.8 

1s. 9 

38. 8 

0 

m9.o 
14.9 

2011.0 
153.8 
155.7 

109.6 
164.6 
219.3 
3%. 9 
78.6 

-238.2 
6.7 

9 2  2 
122.8 

349.9 
2-3.7 
349.2 
177.9 

180.0 
0.0 
2 1  

309.5 
318.3 
89.8 
72.3 

124.6 
m. 4 
347.8 
108.6 
250.4 

105.3 
250.4 
,231.5 

200.3 
280. 1 

- 

0 

332 5 
11.4 

202.6 
3444 
5 4  4 

209.7 
34.6 
59.4 

269.2 
118. 9 

249.5 
289.4 
197.4 

7.1 

350.1 
237.2 
277.1 
177.7 

180.0 
0.0 
2.3 

59.1 
19.3 
7.0 

221. 2 
48.0 
99.3 

209.7 
150.3 

354.8 
150.3 
320.2 

199.8 

am. 1 

=a o 
- 

0 

55.5 
7.7 

195.8 
179.5 
341.3 

309.5 
104.0 
259.5 
209.3 
159.0 

m. 9 
212. 0 
303.2 
250.0 

350.3 
254.3 
205.4 

180.0 
0.0 
2 6  

130.7 m. 9 
308.8 
3022 

317.4 
251.8 
210.6 
309.8 
50.2 

243.4 
50.2 
48.9 

279.7 
199.3 

i n .  4 

0 

153.2 
5.3 

191.4 
5.4 

252 2 

25.5 
35.3 
.XI9 
76.4 

101.8 

234.8 
84.1 
23.0 

162.0 

349.6 
232.3 
81.6 

178.1 

180.0 
0.0 
1.9 

28. 3 
52.0 

202.7 
m 2  

30.7 
45.7 

360.2 
25.5 

334.5 

159.5 
334.5 
150.7 

!Bo. 4 
200.8 

0 

238.3 
2.7 

186.2 
191.0 
146.5 

125.7 
8.5 

3 1 . 3  
17.0 

142.6 

246.2 

126.8 
51. 1 

349.8 
247.4 

7.9 
177.9 

180.0 
0.0 
2 1  

290.0 
253.0 
132 4 
133.4 

128.4 
248.6 
11.9 

125.1 
234.3 

53.1 
234.3 
3 9 . 4  

280.2 
200.4 

6. a 

0 

248.4 
3.8 

188.9 
230.4 
147.6 

144.2 
216.3 
288.4 
72.6 

216.8 

256.8 
9.5 

143.1 
39.0 

349.8 
255.8 

8.4 
177.8 

150.0 
0.0 
2.2 

290.9 
290. 1 
In. 5 
176.4 

148.0 
284.6 
41.0 

144.2 
215.8 

38.0 
315.8 
247.4 

280.2 
200. 4 

0 

340.0 
5.6 

190.8 
26.6 
40.3 

245.5 
188.3 
130.9 
10.4 

261.9 

269.4 
293.3 
241.6 
306. 1 

350.0 
265.5 
299.4 
177.6 

180.0 
0.0 
2 4  

202 7 
132.1 
10s. 2 
104.4 

251. 1 
125.3 
154.8 
245.5 
114.5 

302.3 
114.5 
330.1 

280.0 
199.9 

0 

71.9 
7.8 

195.4 
215.8 
302.7 

M6.9 
160.3 
333.8 

307.6 

282.1 
217.3 
339.8 
314.3 

350.3 
275.0 
9 0 . 2  
177.3 

180.0 
0.0 
2 7  

114.7 
334.3 
3Q. 1 
3 2  0 

354. I 
3%. 0 
209.0 
346.9 
13.1 

207.2 
13.1 
64.8 

279.7 
199.4 

320.7 

0 

178 0 
11.2 

202.4 
57.9 

217.8 

64.0 
96.0 

128.0 
191.9 
255.9 

257.4 
90.7 
52.6 

150.3 

349.5 
246.0 
79.4 

178.1 

180.0 
0 0  
1.9 

13.6 
127.8 
294.4 
9 2 . 9  

75. 1 
116.8 
321.4 
64.0 

298.0 

138.9 
296.0 
1G6. 6 

280. 5 
201.0 

3op.1 207.1 134.8 
134.0 I 33.3 1 316.9 
328.1 513.9 i t a 6  

279.9 279.7 280.4 
199.9 199.4 200.9 I I  



Table 15.-Equilibrium argument (V,+ u) for meridian o f  Greenwich at beginning o f  each calendar year, 1850 to  ,2000-Con. 

Constituent 1 1970 1971 - 
0 

1.8 
15.5 

211.5 
80.3 
48.0 

260.8 

173.0 
80.4 

347.1 

282.7 
298.7 
249.0 
326.4 

350.0 
265.0 
281.0 
177.0 

180.0 
0.0 
2 4  

197.4 
172 1 
156.1 
138.4 

158.1 
189.5 
24%. 8 
93.3 

308.7 
93.2 

344.0 

280.0 
200.0 

4 0 . 2  

2823 

- 

- 
1972 - 

0 

93.1 
17.1 

214.8 
245.2 
307.8 

8.0 
11.9 
15.9 
23.9 
31.8 

295.2 
222.4 
347.8 
2320 

350.2 
276.0 
202.2 
177.3 

180.0 
0.0 
2 7  

108.1 
14.0 
80.8 
00.0 

15.1 
358.8 
303.2 

8.0 
352.0 

212 4 
352.0 
7 2  8 

279.8 
199.5 
- 

- - 
1973 - 

0 

197.4 
19.0 

218.4 
81.8 

234 9 

84.5 
306.8 
109.1 
253.0 
338.2 

270.0 
95.4 
01.7 

163.9 

349.5 
247.2 
7 2  0 

178.0 

180.0 
0.0 
2 0  

7.0 
107.0 
341.5 
318.7 

103.0 
150.0 
354.6 
84.5 

275.6 

141.1 
275.5 
174.0 

280.5 
201.0 

- - 
1974 - 

0 

286.6 

21s. 2 

185. a 

19.2 

282 4 
158 7 

277.9 
10.5 

195.8 
21.0 

282 0 
18.7 

162 0 
04.6 

349.7 
258.7 
355.4 
177.8 

180.0 
0.0 
2.3 

278.8 
8.4 

271.7 
248.4 

204.4 
351.4 
107.2 
185.3 
174.7 

41.3 
174.7 
263.3 

m. a 
200. 5 

- - 
1975 - 

0 

14.3 
18.2 

215.8 
90.0 
51.8 

285.8 
248.6 
311.5 
137.2 
63.0 

293.8 
301.8 
203.6 
321.1 

350.0 
271.5 
378.5 
177.5 

180.0 
0.0 

' 2 5  

189.8 
209.7 
201. 'I 
178.4 

304.0 
193.3 
219.5 
285.8 
74.2 

m. 8 
74.2 

352.0 

280.0 
200.0 

- - 
1970 - 

0 

loo. 2 
10.2 

211.5 
2%. 4 
302 5 

20.0 
219.0 
52.1. 
78.1 

104.1 

305.3 
224.0 

0.5 
212 0 

350.2 
285.8 
205.1 
177.3 

180.0 
0.0 
2.7 

100.0 
50.7 

131.4 
111.9 

42.2 
36.9 

331.3 
26.0 

334.0 

193.0 
334.0 
80.7 

279.8 
199.0 
- 

- - 
1977 - 

0 

188.6 
14.1 

207.6 
99.7 

198.6 

101.8 
152.7 
203.0 
305.3 
47.1 

279.3 
90.8 
85.7 

1%. 5 

349.5 
203.2 
80.7 

178.0 

180.0 
0.0 
2 0  

358.2 
252.8 

9 .2  

115.9 
189.4 
21.1 

101. s 
258.2 

110.4 
258.2 
182.5 

280.6 
201. I 

2.5. a 

- 

- - 
1978 - 

0 

281.8 
10.5 

200.9 
297.9 
135.7 

122.7 
43.7 

245.6 
87.3 

290.0 
18.4 

191.3 
9.8 

349.7 
280.1 

8.8 
177.7 

180.0 
0.0 
2.3 

288.8 
43.6 

314.9 
304.3 

212.3 
33.2 

132 4 
201.8 
158. 2 

859.3 
1%. 2 
271.2 

280.3 
Mo. 0 

201. 8 

- 

- - 
1979 - 

0 

4.9 
6.8 

194.3 
130.9 
41.8 

301.9 
92.8 

243.8 
185.7 
127.5 

301.9 
302.0 
200.9 
253.0 

349.9 
297.0 m. 0 
177.5 

180.0 
0.0 
2 5  

179.4 
244.4 
244.4 
239.4 

308.9 

243.8 
301.9 
58.1 

248.0 
58.1 
0.0 

280.1 
200.1 

237. n 

- 

- - 
1980 - 

0 

89.1 
3.7 

188.2 
310.2 
291.5 

4 2  0 
63.0 
84.0 

1%. 0 
188.0 

313.3 
224.7 
41.6 

139.2 

350.2 
312.9 
224.3 
177.2 

180.0 
0.0 
2.8 

90.0 
85.3 

174.0 
173.6 

45.7 
80.4 

355.3 
4 2  0 

318.0 

138.8 
318.0 
88.7 

279.8 
199.0 
- 

- 
1981. - 

0 

198.9 
2.5 

185.6 
110.6 
170.8 

117. 9 
350.8 
235.8 
353.7 
111.0 

287.4 
97.0 

119.4 
57. 5 

289.0 
88. 5 

178.0 

180.0 
0.0 
2 0  

347.8 
237.6 
68.0 
09.0 

120.4 
233.3 
45.3 

117.9 
242.1 

59.0 
2421 
190.5 

280.0 

349.4 

201. 1 

- - 
1882 ' - 

0 

270.5 
1.5 

183.1 
313.4 
87.9 

218.4 
327.0 
70.7 

295.1 
153.4 

288.2 
20.0 

221.1 
313.0 

349.7 
301.9 
22.7 

177.7 

180.0 
0.0 
2.3 

258.8 
78.8 

358.0 
0.7 

219.8 
75.3 

157.5 
218.4 
141.0 

310.2 
141.0 
279.2 

280.3 
200.0 

- - 
1 M  - 

0 

5.6 
1.5 

182.6 
158.2 
30.0 

319.1 
288.0 
278.1 
237.2 
196.2 

311.2 
303.2 
321.4 
213.9 

349.9 
313.5 
305.0 
l i7 .4  

180.0 
0.0 
2.0 

170.0 
?so. 2 
288.2 
280.5 

270.0 
242.2 
319.1 
40.9 

216.2 
40.9 
7. 8 

280.1 
200.2 

320.5 

- - 
1984 - 

0 

85.8 
2.4 

184.2 
350.3 
201.6 

80.0 
,270.0 
120.0 
180.0 
240.0 

323.4 
226.7 
00.8 

117.0 

350.2 
324. 3 
227.5 
177.2 

180.0 
0.0 
2.8 

81.4 
121.9 
218.6 
219.4 

02.4 
117.6 
23.4 
Bo. 0 

300.0 

118.4 
300.0 
98.6 

279.8 
199.7 

- - 
1885 - 

0 

201.0 
4.9 

189.3 
135.8 
171.7 

136.8 

273.0 
50.3 

187.1 

298.4 
loo. 0 
134.2 
51.0 

349.4 
285.8 
97.4 

177.8 

0.0 
2 1  

275.1 
113.5 

205. 2 

180. a 

340. a 

110.9 

141.7 
26.3. e 
75. I 

136. E 
223.2 

48.4 
223. I 
198.4 

280. I 
mi .  
- 

- - 
1886 - 

0 

202.7 
6.9 

193.5 
334.5 
. 8 2  0 

238.1 
177.2 
110.2 
354.3 
3 2 . 4  

311.0 
23.8 

232.0 
318.5 

349.0 
305.4 
18.3 

177.7 

180.0 
0.0 
2. 3 

251.9 
117.2 
44.3 
38.8 

245.0 
108.3 
188.1 
238.1 
121.9 

313.0 
121.9 
287.1 

280.4 
200.7 
- 

- - 
1887 - 

0 

24.7 
9.2 

l a .  3 
188.0 
31.2 

339.0 
149.3 
319.1 
298.7 
278.2 

323.7 
307.8 
330.7 
227.0 

349.9 
314.8 
399.0 
177.4 

0.0 
2.0 

163.9 
319.4 
335. 2 
326.4 

348.8 
309.9 
303. 2 
339.6 
20.4 

218.1 
20.4 
15.9 

250.1 
200.2 

180.0 

- 

- - 
1BBB - 

0 

116.8 
11.0 
203.3 
25.5 

2QQ. 1 

81.0 
121.0 
162.1 
243.1 
324.1 

330.4 
331.9 
m.8 

135.0 

350.1 
324.2 
219.0 
177.2 

180.0 
0.0 
2 8  

75.9 
161.0 
2682 
254.0 

92.0 
150.5 
57.5 
s1.0 

279. 0 

133.4 
279. 0 
104.0 

279. 8 
199.8 
- 

- 
1988 - 

0 

222.8 
14.8 

210.0 
160.0 
179.8 

158 1 
57.1 

316.2 
114.2 
2723 

311.7 
105.3 
141.0 
71.2 

349.4 
2Q5.3 
88.9 

177.9 

180.0 
0.0 
2. 1 

334.8 
315.0 
161.4 
145.0 

172.8 
301.4 
109.8 
158.1 
201.9 

54.8 

200.4 

280.0 
201.3 

201.9 

- 



Table 15.-Eqiiilibrium argument ( Vo+ u) for meridian of ,Greenwich at beginning o f  each calendar gear, 1850 to  2000-Con. 

314.4 
16.7 
413.8 

2 2  
85.9 

m . 4  
29.1 
158.7 
58.1 
817.5 

324.3 
29.2 
240.1 
338.4 

34.6 
306.0 
9.9 

117.6 

Constituent 1p11 
45.2 
18.0 
216.6 
212.4 
33.5 

0.6 
0.7 
0.9 
1.4 
1.8 

336.7 
312.8 
339.0 
W.8 
349.8 
315.2 
291.4 
177.4 

50.2 15.6 
210.3 
m . 4  

rL9 

207.3 
36.4 
54.6 
728 

346.4 
314.6 
359.7 
97.2 

iaa 

246.6 158.2 

157.1 9 2 2 )  
358.8 227 

729 1.3 

134.0 122 

m.0 
88.7 
283.5 

177.4 
236.6 
364.9 
113.2 

357.8 
17.3 
104.8 
l a 3  

1183 

180.0 
0.0 
2 7  

149.4 
35.3 
67.0 
48.6 

33.8 

' 4.6 

841.8 

188.8 
341.8 
31.8 

20.8 

18.2 

318.2 2224 
lW.6 I 359.5 
m.1 23.8 

180.0 
0.0 
2 8  

80.0 
!236..1 
356.6 
343.1 

130.5 

116.1 

241.7 

88.8 
241.7 
I n 5  

234.4 

1183 

1992 

276.0 
142.1 
223.6 
268.4 
100.8 

0 

135.2 
18.7 
217.6 
49.0 
305.0 

101.3 
332 0 
2027 
304.0 
45.3 

18. 3 

148.6 

350.1 
326.1 
213.6 
177.1 

180.0 
0.0 
2 8  

W. 6 
m 5  
313.1 
290.4 

120.0 
184.0 
8al 
101.3 
253 7 

124.0 
258.7 
112 5 

m. 9 
199.8 

348 8 

7a 7 

. ias 
3429 
337.1 

0.5 
358.5 

0 

237.9 
19.4 
218.5 
305.8 
184.1 

177.6 
286.4 
355. 2 
172 8 
350.3 

31.3 
108.9 
154.0 
73. 2 

349.3 
289.7 
85.4 
177.8 

180.0 
a0 

. 2 2  

327.7 
353. 2 
207. 5 
183.8 

197.0 
336.8 
140.8 
177.6 
182.4 

48.6 
la24 
214.3 

280. 7 
201.3 

1994 

0 

325.0 

215.4 
30.4 
79.3 

278.0 
297.0 
198.0 
114.0 
31.9 

ia 0. 

334.9 
31.8 
256.1 
327.7 

, 34.6 
313.0 
10.0 
177.6 

0.0 
2 4  

238.6 
194.3 
137.4 
115.4 

296.0 
177.9 
252.9 
278.0 
83.0 

305.9 
82 0 

280.4 
200.8 

180.0 

303.0 

-- ": I .': 

349.8 350.1 

177.3 177.1 

- - 
1997 - 

0 

231.1 
9.5 

!242 7 
176.8 

194.0 
110. Q 
27.9 
a21. 8 
55.8 

331.7 
109.4 
185.2 
12.5 

349.3 
322 9 
1M). 6 
177.8 

180.0 
0.0 
2 2  

317.6 
2 8 2  
25a4 
241.6 

m. 4 
16.4 
165.6 
194.0 
166.0 

3.7 
168.0 
2223 

280.7 
301.4 

199. a 

lW8 

0 

322 5 
6.0 

192 7 
59.3 
64.8 

284.0 
81.0 

2%. 0 
lea 1 
96.1 

83.0 
. 320 
290.5 
ab6.5 

349.6 
339.5 
38.6 
177.5 

180.0 

' 2. 5 

238.1 
238.0 
180.0 
176.5 

300.0 
222 1 
277.0 
29c 0 
66.0 

7.53.0 
88.0 
311.0 

s a 4  m. 8 

ao 

0 

39.3 
3.2 

187.2 
244. 2 
318.9 

34. 2 
61.3 
88.4 
102.6 
138.8 

354.5 
314.7 
34.6 
144.4 

349.8 
354.9 
315. ? 
177.3 

180.0 

2 7  

138.8 
69.9 
108.6 
110.1 

37.4 
65.2 
38.7 

325.8 

144. 8 
325.8 
39.7 

280. 2 
m 4  

ao 

34. a 

. a  

125.8 
1.5 

183.4 
83.7 
251.4 

134 5 
21.8 
288.1 
43.6 

6.1 
237.6 
137.2 
37.4 

350.0 

240.3 
177.0 

180.0 
0.0 
3.0 

49.6 
271.0 
39.4 
42 1 

138.0 

140.6 
134.5 
225.5 

225.6 
128 4 

!280.0 
2o(xO 

17s. 1 

6.8 

287.6 

40.1 



Table l&-Differences to  adapt table 15 t o  beginning of each calendar month 

I Month of year’ 
Constituent 

- 
0 

0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0. 00 
0. MI 
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 
0.00 
0.00 
0. 00 

0.00 
0.00 
0.00 

0.00 

n. 00 

- 
Feb. 

0 

75.57 so. 58 
61.11 
9.19 

345.54 
342. 09 
324.17 
308.26 2s. 35 
252 52 
216.8 
279.16 
334.14 
293.62 
127.49 
329.44 
248. 60 
203.59 
30.56 
0.00 

329.44 
314.98 
285.35 
33% 36 
301.81 
354.73 
257.79 
243.33 
324.17 
35.83 
96.94 
35.83 
45.02 
30.56 
61.11 

Mar. 

0 

108. 99 
58.15 

116.31 
52.33 
7.32 
0.75 
1.49 
?. 24 
2.98 
4.48 
5.97 

259.82 
303.34 
172W 
301.85 
252 50 
201.67 
58.15 
0.00 

301.85 

-. 9s 
53.82 

35s. 66 
59.64 
304.83 
312 15 

1.49 
358.51 
114.82 
358.51 
50.84 
56 15 

116. 31 

310.66 

3 9  I6 

-. 

Apr. 

0 

184.56 
88.71 

61.54 
364 86 
342.83 
325.66 
308 50 
291.33 
257.00 
422 66 
229.82 
133.97 
?36. 98 

El. 29 
141.11 
45.28 
88.71 

271.29 
2114.15 
291.33 
27.18 

298.47 
54.37 

202 62 
195.48 
335. BB 
34.34 

211.76 
34.34 
95.85 
88.71 

177.42 

i n .  42 

ma 46 

a m  

- 
May 
7 

0 

1 6 .  os 
236.56 
82.02 

350.48 
337.11 
314.22 
291.33 
263.44 
222.66 
176.88 
186.42 
1 . 6 2  

105.94 
40.61 

241.74 
08.14 

300.34 
115 28 

0.00 
241.72 
332 20 
288.44 
36.24 

277.96 
72.50 

150.16 
140.64 
314.22 
45.78 

282 34 
45.78 

127.80 
118.28 
236.56 

i i a  B 

June - 
0 

321.65 
14s. 83 
297. ea 
91.21 

336.02 
319.20 
2%. 39 
237.59 
196. 79 
115.18 
33. .is 

105.58 
292.77 
129. 56 
1R8.10 
211.17 
316.75 
143.93 
148.83 

0. MI 
211.17 
187.1s 
106.79 

9.60 
!EO. 71 
67.23 
41.98 
23.97 

81.61 
19 .n  
81.61 

172 (11 
148. 83 
297.M 

ma 39 

- 

July 
7 

0 

23.17 

356. so 
111.71 
333.64 
313.47 
288.95 
220.42 

80.85 
347.80 
62.18 

217. 42 
88.55 
388.26 
m1.m 
24% 78 
39.01 

178.40 
0.00 

181.60 
155 .3  
1i3.90 
18.88 

200.26 
85.35 

355.50 
329.13 
286. 95 
93.05 
89.88 
93.05 

204.76 

356.80 

178 40 

173. en 

175 40 

- 

AW. - 
0 

98. 74 aos. 98 
57.91 

120.90 
319. 18 
295.58 
231.12 
146.88 
102.24 
333.37 
m. 49 
341.34 
91.5i 
23.16 
35.75 

151.04 
132.39 
242 61 
308.96 

151.04 
110. a3 
102 24 
352.02 
143.07 
80. os 

253. a0 
212.47 
231.12 
128.88 m. 79 
128.88 
249.7s 
20s. 96 
57.91 

am 

- 
SepL 

0 

174.31 
239.51 
119. 01 
130.09 
304.72 
“W. 65 
195.30 
112. 94 
30.59 
225.89 
61.15 

260.50 
325.71 
315.75 
163.24 
130.49 
20.N 

?39.51 
0.00 

120. 49 
65.21 
30.59 

325.38 
85.87 
74.81 

151.08 
95.80 

195.30 
164.70 
233.73 

294.79 
239.51 
119.02 

se. a0 

1134. 70 

Oct. 

0 

235.84 
269.08 
178.16 
150.59 
m34 
91.93  
183.85 
95. 75 
7.70 

191.55 
15.40 

217.11 
250.36 
274.77 
283.39 
90.92 

308.03 
341.23 
280.08 

0.00 
90.92 
33.28 
7. 70 

334.44 
65.36 
9293 
98.62 
40.96 

153.85 
176.15 
354.31 
176.15 
328.74 
269. os 
178.16 

Nov . 
0 

311.39 
299.64 
239.27 
159.78 
287.8s 
254.01 
148.02 

M05 
84.07 

232.10 
136.27 
1%. 51 
209.30 
30.89 
60.36 

194.83 
184.87 
299.64 

60.36 
348 3 
%a05 
307.81 

8.17 
87.60 

356.41 
384.29 
148.02 
211.98 
91.25 

211.98 
11.76 m. 64 

239.z 

4a. 04 

n. 0 0  

DW. 

0 

12.91 
329.21 
298.41 
180.29 
385.50 us. 29 
138.58 
24.87 

273.16 
49.74 
1M). 33 
e?. 87 
49.16 

167.37 
131.04 
30.79 

123.67 
79.96 

329. 21 
0.00 
30.79 

316.20 
37% 16 
316.87 
347.66 
105.79 
303.95 
238.45 
136.58 
223.42 
161.83 
223.42 
43.71 

320.21 
298.41 

*Tbis table was designed for direct use for common ye=. For a leap ear the values given for the months of Mar& to DEember, inclusive, apply to tbe last day of the pre- 

tThe first line for constltuent MI gives the difference as hased upon the formula in table 2; the second line gives the differences aa derived from the half speed of constituent MI. 
tThe differences for constltuents SI, Sr, 84, Sa, etc., are each zero for every month. 

ceding month but may be used directly, provided an al!owance is made in %e day of month as indicated in the.fo1lowing.table. 



Table 17.-Differences to  adapt table 15 to beginning of each day of month 

I Day of month* 

I 1  Constituent 

0 

am 
am 
aoo 
0.00 

a00 
aoo 
am 

aoo 
0.00 

aoo 
aoo 
aoo 

am 
a00 
am 
0.00 

am 
am 

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 

0.00 

0.00 
0.00 
0.00 

- 
2 

0 

14.05 
0.69 
1.97 

348. 68 
347.92 
347.81 
336.62 
91 .43  
311.24 
386.88 
28247 
322 55 
309.49 
334.63 
27.34 

-0.99 
321.57 
308. w 

0.69 
0.00 

848.93 
311.24 
324.30 
3?3.33 
336.60 

288.17 
335.62 
24.38 
28.35 
24.38 
13.07 

1.97 

-a 69 

310.25 

aw 
- 

3 -- 
0 

28.10 
1.97 
3.94 

337.37 
335.84 
335.62 
311.24 

, 288.86 
1 2 . 4 7  
213.71 
164.95 
7s. 11 
258.98 
308. a7 
Me8 

-1.97 
283.14 
257.01 

1.97 
0.00 

-1.97 
333.87 
263.47 
288. 60 
286. e3 
313.21 
360.50 
236.34 
311.24 
48.76 
5!d. 71 
48.76 
28.13 
1.97 
3.94 

--- . 4  I 
0 

4 2  15 
2 96 
5.91 

326.06 
31 .76  
3 1 .  43 
286.88 
234.28 
213.71 
140.57 
67.4.a 

247.66 m. 47 
m.90 
82.02 
-2 96 
244.70 
205.51 

2.96 
0.00 

-2.96 

313.71 
262.91 
249.95 
289.81 
210.75 
174.52 
288.86 
73.14 
79.06 
73.14 

2.96 
6.91 

330.80 

39. m 

0 

MI. m 
3.94 
7.88 

314.73 
811.88 
311.24 asa 47 

164.95 
67.42 

329.90 
210.21 
157.95 
258.63 
109.35 
-3.94 
206.27 
154.01 

3.94 
0. 00 

-3.94 
807.74 
164.95 
217.21 
213.27 
266.42 
161.00 
112 69 

97.53 
105.41 
97.53 
6 2  36 
3.94 
7.88 

213.71 

282 47 

0 

70.25 
4.93 
9.86 

3W. 42 
289.80 
!Bo. 05 
238. 09 
177.14 
116.18 
354.28 
232 37 
172 77 
107.44 
233.16 
138.69 
-4.93 
167.84 
102.61 

4.93 
0.00 

-4.93 
284.68 

181.51 
176.58 
243.02 
111.28 
50.88 

1 8 .  09 
121.91 
131.76 
121.91 
05.32 
4.93 
9.86 

iia 18 

0 

84.30 
5.91 

11.83 
292 10 
387.52 
286.86 
213.71 
140.57 
67.42 

281.13 
134.84 
135.32 
58.93 
301.80 
164. W 
-5.91 
129.41 
51.02 
5.91 
0.00 

-6.91 
281.61 
67.42 

145.81 
139.90 
319.62 
91.51 

349.03 
213.71 
146. 29 
158.12 
146.39 

5.91 
11.83 

7s. 39 

0 

88.35 
6.90 

13.80 
280.78 
275.44 
274. WI 
189.33 
103.99 
18.66 
am. ge 
37.32 
97.88 
6.42 

182. 43 
191.37 
-6.90 
90.98 

359.52 
6.90 
0.00 

-6. 90 
26854 

110.11 
103.21 
196.23 
11.76 

189.33 
170.67 
184.47 
170.67 
91.46 
6.90 

13.80 

is. e6 

287.m 

0 

11241 
7.88 

15.77 
289.47 
283.37 
282.47 
164.96 
67.42 

134.84 

BO. 43 
315.91 
157.08 
218.71 
-7.88 
52.54 

308.02 
7.88 
0.00 

-7.88 
256.48 
329.90 
74.42 
68.53 

172.83 
322 01 
235.38 
164.96 
195.05 
210.82 
195.05 
104.64 

7.88 
15.77 

329. m 
aw. 79 

10 I 11 

0 

126.46 

17-74 
258.15 
261. m m. as 
140.67 
30.85 

2211.13 
61.70 

202.27 
23. sa 

35.40  
131.70 
246.05 
-8.87 
14.11 

256.53 
8.87 
0.00 

-8.87 
242 42 

' 281.13 
38.72 
29. 85 

149.44 
372 36 
163.56 
140.57 
219.43 
237.18 
219.43 
117.58 

8.87 
17.74 

s. 87 

0 

140.51 
9.88 

19.71 
24a. 84 
39 .21  
238.09 
.ne. 18 
35.L 28 
232 37 

104.74 
345.54 
214.89 
106.33 
273.38 
-9.88 
335.68 
205.03 

9. SB 
0.00 

-9.88 
?a. 35 
232 37 

3.02 
353.16 
126. 04 
222 51 
101.72 
116.18 
u3 .82  
m . 5 3  
243.82 
130.65 

9.88 
19.71 

34s. 58 

*The table is adapted directly for use with common years, but iI the required date falls between Mar. 1 and Dec. 31, inclusive, in a leap year the day of month should be inereased 

tThe f l r t  line for constituent MI gives the differences as based upon the formula in table 2. the second line gives the differenm as derived from the half speed of constltuent MI. 
$The differen= for constltuents SI. Sr, Sd, So, etc., are each zero for the beginning of eTery dw. 

by one before enterlng the table. 



Table 17.-Differences to  adapt table 25 to  beginning of each day of month-Continued 

I .  Day of month* 

13 - 
0 

108.01 
11. s3 
23.66 

234.20 
215.05 
213.71 
67.42 

.?SI. 13 
134.84 
202.27 
259.69 

113.86 
55.59 

328.08 
-11.83 
258.81 
loa 03 
11.83 

-11.83 
203.22 
134.84 
291.02 
279.80 
79.25 

123.02 
338.06 
07.42 

292.58 
316.23 
292.58 
1%. 78 
11. a3 
23.66 

2io. n4 

am 

14 

0 

182.88 
12  81 
25.63 

212 88 
202.97 
201.52 
43.04 

244.50 
86. os 

129.12 
172. 16 
233.20 
63.35 
30.23 

355.40 
-12.81 
?20.38 
50.54 
12.81 
0. 00 

-12.81 
190.10 
86. OS 

255.93 
243.11 
55. s5 
73.27 

276.24 
43.04 

316.96 
342.59 
316. Bo 
189.84 
1 2  81 
25.63 

15 -- 
0 

196.71 
13.80 
27.60 

201.57 
190.89 
159.33 
18.66 

207.99 
37.32 
55.98 
74.64 

195.75 
12.84 
4.86 

22.74 
-13.80 
1.31.95 
359.04 
13.80 
0.00 

-13.80 
177.09 
37.32 

220.23 
208.43 
32.46 
23.52 

214.41 
18.06 

341.34 
182 91 . 13.80 
27.60 

MI. a4 a 94 

10 

0 

210.70 
14.78 
29.57 

190.25 
l78.SI 
177.14 

171.42 
348.56 
342 83 
337.11 
158.30 
322.33 
339.49 
50. OS 

-14.78 
143.52 
307.54 
14.78 
0.00 

-14.78 
104. 02 
348. 50 
184.53 
189.75 

9. OB 
333. n 
152.58 
354. I 

5.72 
35.29 
5.72 

195. 98 
14.78 
29.57 

ayl. m 

17 - 
0 

234.81 
15.77 
31.54 

178.94 
166.73 
164.95 
329.90 
134. 84 aes. 79 

239.58 
130.86 
271.82 
314.13 

105. 08 
256.05 

0.00 
-15.77 
150.90 m. 79 
148.83 
133.08 
345.07 
284.02 
90.75 

329.90 
30.10 
61.04 

309.04 
15.77 
31.54 

m. 6a 

n. 42 
-15. n 

15. n 

30. io  

l8 - 
0 

2.38.811 
10.76 
33.61 

167.02 
154.05 
I S 1  70 
305.52 
88.27 

251. 03 
196.64 
142.08 
83.41 

221.30 
288.76 
104.75 

-10.76 
06.05 
204. .XI 
16.76 
0.00 

-16.76 
137.90 
251.03 
113.13 
96.38 

234.27 
28.92 

305.52 

88.00 
54.48 

222 10 
10.76 
33.51 

322. n 

54.48 

- 
19 - 
0 

a52 91 
17.74 
35.48 

156.30 
142.67 
140.57 
281.13 
01.70 

202.27 
123.40 
44.53 
45.96 

170.79 
263.39 
132.08 

-17.74 
28.22 

15.7.05 
17.74 
0.00 

-17.74 
124.83 
202.27 
77.44 
69.69 

288.88 
184.52 
327.10 

78.87 
114.35 
78.87 

235.17 
17.74 
35.48 

m i .  13 

- 

288.90 
18.73 
37.46 

144. BB 
130.49 
128.38 
250.75 
25.13 

153.60 
50.26 

307.01 
8.53 

235.02 
159.43 

-18.73 
349.79. 
101.65 
18.73 
0.00 

-18.73 
111.76 
153. .w 
41.74 
23.01 

275.48 
134.78 
285.27 
258.75 
103.25 
140.70 
103. 25 
248.24 
18.73 
37.46 

1%. m 

- 
21 - 
0 

mi.  01 
19.71 
39.43 

133.07 
118.41 
116.19 
232 37 
348.50 
104.74 

’ 337.11 
208.48 
331. Oi 
09.77 
312 66 m. 77 

-19.71 
311.3% 
50. 08 

-19.71 
98.70 

104.74 
0.04 

340.33 
252. os 
86.03 

203.44 
232.37 
127.63 
167. OB 
127.63 
281.30 
19.71 
39.43 

in. 71 
0.00 

- 

aa 

0 

295. OB 
%J. 50 
41.40 

132.35 
108.33 
103.99 
207. BB 
311.98 
55.98 

283.97 
111.95 
293.62 
19.26 

187. a8 
214.11 

-20.70 
272.92 
358.50 
20.70 
0.00 

-20.70 
85. e4 
55.98 

308.64 
228.89 
35.28 

141.61 
207.99 
L52.01 
193.41 
152 01 
274.36 
30.70 
41.40 

330. 34 

*The table is adapted directly for USB with common years. but If the required date Ialls between Mar. 1 and Dee. 31. inclusive, In 8 leap year the day of month should be in- 
tThe drst line lor constituentMl gIves the differences as based upon the formul~ in tablet; the second llne gIves the differenas as dealved from the half speed 01 constituent MI. 
$The dlffereneas for constituents 81, 62, 84, s6, etc., are each zero lor the beglnning of every day. 

creased by one belore enterlpg the table. 



Table 17.-Differences to  adapt table 15 to  beginning of each day of month-Continued 

I Day of month. 

IT Constltuent 
24 - 
0 

323.10 
22 07 
45.34 
99.73 
82 18 
79.01 

159.23 

117.68 
276.90 

136.56 
m7a 

-22 07 
186. 08 
255.57 
22 07 
0.00 

-22 07 
59.50 

2s. 95 
236.28 
181.90 
295.78 
17.90 

159.23 
m77 
246. 11 
m77 
300.50 
2267 
46.34 

238 SI 
3 i a  46 

zia 73 ma Y 

318 45 

' 2 5  

0 

337.22 
23.00 
47.31 
88.40 
70.10 
07.42 

134.84 
aOa 27 ase. 69 
44.53 

179.38 
181.28 an. 72 
111.19 
aBB. 12 

-?A 66 
157.63 
204.07 
23. 66 
0.00 

-23.66 
40.44 

288.69 
2%. 25 
199.59 
168 50 
246.03 
316.13 
131 84 
225.10 
272.47 
225.10 
313.50 
23.66 
47.31 

as - 
0 

351.27 
24.04 
49.28 
77. OB 
68.02 
55.23 

105. 69 

331.39 
81.85 

143. e4 
177. 21 
86.83 

3P.40 
-24.04 

152 57 
24.04 

-24.04 
33.38 

220.92 
187.55 
102 91 
135.10 
196.28 
254.30 

249. M 
288.82 
249. 64 
338.02 
24.04 
49.28 

iio.46 

am. 92 

119. m 

am 

iia 46 

27 

0 

5.32 
25.63 
51.25 
05.77 
45.94 
43.04 
86. os 

129.12 
172 10 
258.24 
344.32 
108.39 

Bo. 45 

-25. e3 
80.70 

101.07 
25.88 
0.00 

-25.63 
30.31 

172 10 
151.86 
128.23 
111.71 
140.54 
192 47 
86.08 

273.92 
325.17 
273.92 
339.69 
26.63 
61.25 

1% 70 

am 80 

28 - 
0 

19.37 
26. 01 
63. aa 
54.45 
33.88 
30.86 
01.70 
9265 

123. 40 
185.10 
246.80 
8894 
76.19 
35. OB 

-38. 01 
4 2  33 
49. !is 
26.01 

-26. 01 
7.24 

123. 40 
116.15 
89.54 
88.31 
90.79 

130.04 
01.70 

298.30 
351.53 
298.30 
352.76 
38.01 
53.22 

is. 14 

a00 

- 

28 

0 

33.42 
27.00 
65.20 
43.14 
21.78 
18. 66 
37.32 
65.98 
74.04 

111.96 
149.27 
31.50 
25.88 
9.72 

45.48 
-27. Bo 

3.80 
358.09 
27. €4 
0.00 

-%.Bo 
354.18 
74. 04 
80.46 
5 2  80 
04.92 
47.04 
88.82 
37.32 
32288 
17.88 

322 88 
5.83 

27. Bo 
55. a0 

30 - 
0 

47.47 
28.58 
57.17 
31.82 
9.70 
0.47 

12.94 
19. 40 
25.87 
98.81 
51.75 

354.05 
335.17 
344.35 
72 81 

-2s. 58 
325.47 
300.68 
28. 58 
0.00 

-28. MI 
341.12 

44.70 
10.17 
41.63 

357. 29 
0.99 

12. 94 
347.08 
44. a3 

347. 08 
18.88 
28: 58 
67.17 

28. a7 

- 

31 I 32 -- 
0 

01.52 
29.57 
59.14 
20.50 

367.83 
354.28 
348.50 
342 83 
337.11 
325.00 
314.22 
310.60 a. 68 
318.99 
100.15 

-28.57 
287. 04 
2b5.09 
28.57 
0. 00 

-29.51 
328 ob 
337.11 

9. 08 
339.49 
18. 12 

307.54 
305.10 
348.56 

11.44 
70.58 
11.44 
31.95 
29.67 
59.14 

0 

75.57 
30.50 
61.11 
9.19 

345.64 
342 OB 
324.17 
300. as 
288.35 
252 52 
316.69 
279.15 
234.15 
293.02 
127.49 

-30.50 
248. Bo m. 59 
30.50 
0.00 

-30.50 
314.98 
?as. 35 
333.30 
302.81 
354.73 
257.79 
243.33 
324.17 
36.83 
90.04 
35.83 
45.02 
30.56 
01.11 

*The table is adapted directly for use with common yeam but If the required date falls between Mar. 1 and Dec. 31. inclusive, in a l k p  yesr the day of month should be inmeased 

tThe first line for wnshtuent MI ivea the dlffereneas aa based upon the formula in Table a; the second line gives the differences as derived from the half speed of constituent MI. 
$The differences for constituents &, 52, Sr,51, etc., are each zero fw the beglnnlng of every by. 

by one before entering the table. 



Table 18.-Diffeerences to adapt table 15 to beginning of each hour of day 

Hour of day I 
lo Constituent 

0 

0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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. 00 
0.00 
0.00 

0.00 
0.00 

0.00 

a 0 0  

aoo 

am 

am 

am 
aoo 

0 

15.59 
15.04 
30. 08 
29. 53 
14. SO 
14.49 
28. 98 
43.48 
57.97 
86.95 

115.94 
28.44 
27.90 
13.94 
16.14 
14.90 
13.40 
1 2  85 
30.04 
15.00 
30.00 
00.00 

29.96 
29.40 
27.97 
28.51 
13.47 
44.03 
4 2  93 
57.42 
68.98 
31.02 
1.10 
1. oa 
0.04 
0.08 

90. 00 

a54 

0 

31.17 
30.08 
Bo. 10 
59. OB as. 99 
28.98 
57.97 
86.95 

115.94 
173.90 
231.87 
60.88 
55.79 
27.89 
3 2  28 
29.92 
26.80 
25.71 
00.08 
30.00 
00.00 

180.00 
59.92 
68.91 
65.94 
57.03 
28.94 
88.05 
85.85 

114.85 
117.97 
62 03 
2.20 
2 0 3  
1. 08 

120. 0 0  

am a 10 

3 

0 

40.70 
45.12 
90.25 
88.59 
43.49 
43.48 
86.95 

130.43 
173.90 
280.88 
347.81 
85.32 
83.09 
41.83 

4488 
40.20 
38.50 
90. 12 
45.00 
90.00 

180.00 
270.00 
89.88 
88.37 
83.90 
85.54 
40.41 

132.08 
1%. 78 

176.95 
93.05 
3.29 
3.05 
1.63 

4a  42 

i7a  n 

a 12 
0.25 

- 
4 

0 

02.34 
00.10 

120. 33 
118.11 
57.99 
67.97 

115.94 
173. 90 
231.87 
347.81 
103.75 
113.76 
111.68 
55.77 
04.56 
69.84 
53.59 
51.42 

1%. 10 
00. 00 

1%. 00 
!MI. 00 

0.00 
119.84 
117.83 
111.87 
114.05 
53.89 

170.10 
171.71 

235.94 
124. OB 

4.39 
4. OB 
2 18 
0.16 
0.33 

ZZQ. m 

5 

0 

77.93 
75. 21 

150.41 
147.04 
7 2  48 
7240 

144.92 
zl7.38 ass. 84 
74.70 

219.68 
142.20 
139.48 
09.72 

74.79 
06.99 
04.27 

150. 21 
75.00 

150.00 
300.00 
80.00 

149.79 
147.28 
139. 84 
143 50 
07.30 

220.13 
214.04 
287. 12 
294.92 
155.08 

6.49 
6.08 
a 72 

80. m 

a ai 
. au 

0 - 
0 

93.51 
w.35 

180.49 
177.17 
86.98 
86.95 

173.90 
280.88 
347.81. 
101.71 
335.62 

107.37 
83.68 
96. 83 
89.75 
80.39 
77.13 

180.25 
90.00 

190.00 

180.00 
179.75 
176.73 
107.81 
171.08 w. 83 
284.15 
257.50 
344.54 
353.90 
186.10 

6.69 
6.10 
3. n 
0.25 
0.49 

170.64 

aoo 

7 

0 

108.10 
105.29 

200.70 
101.48 
101.44 
m89 
304.33 
45.78 

248.07 
. 91.55 
199. 08 
195.27 
97.00 

112 97 
104.71 
93.79 
89.98 

210. as 
105.00 

60.00 
270.00 
2OD. 71 
m 1 9  
196.78 
199.59 
94.30 

308.18 
300.49 
41.97 

217.11 
7.09 
7. 11 
3.81 
0.29 

ala 57 

ala 0 0  

5 2  m 

a 57 

8 - 
0 

1% 68 
120.33 
wa68 
230.21 
115.97 
115.94 
a31.87 
347.81 
103.75 
335.02 
207.49 
227.62 
223.16 
111.54 
129.11 
119.67 
107.19 
102 83 
240.33 
1%. 00 
240.00 
120.00 

0.00 
239.07 
235.65 
223.75 
2% 10 
107.77 
352.20 
343.42 
99.39 

111.87 
248.13 

4.35 
0.33 

am a 13 

a 130 

9 
-- 

0 

140. a7 
135.37 
270.74 
205.76 
130.47 
130.43 
200.88 
31.29 

101.71 
02 57 

323.43 
255.96 
251.00 
125.49 
145.25 
134 63 

115.09 
270.37 
135.00 
270.00 
180.00 
90.00 
288.63 
285.10 
251.71 
a58.01 
121.24 
3a. 23 
28.34 

156.81 
170.88 
279.14 

9.88 
9.14 
4.90 
0.37 
0.74 

120. 69 

10 - 
0 

155.85 
160.41 
300.82 

144.97 
144.92 
289.84 
7 4  76 

219.68 
149.53 
79.30 

284.40 

139.43 
101.39 
149.59 
133.99 
128. 54 
300.41 
150.00 
300.00 
uo.00 
180.00 
269.59 
294.50 
279.68 
285.13 
134.72 
80.25 
09.27 

214.24 
229. I 
310.10 

6.44 
0.41 

m. a8 

z7a 95 

io. 98 
io. 16 

am 

11 

0 

171.44 
165.45 
330.90 
324.81 
159.40 
159.41 
318.83 
118.24 

. 277.65 
230.48 
195.30 
31284 
306.85 
153.37 
177.53 
164.55 
147.39 
141.40 
330.45 
165.00 
330.00 
300.00 

329.55 

307.65 
313.04 

270.00 

324.01 

ua 19 
1%. a8 
i n  20 
27l. 06 
288.83 
341.17 
12. 08 
11..17 
6.99 
0 . 4  
am 

tThe flrst line for constituent MI gives the differences as based upon the formula in table 2; the sewnd llne gives the difierences as derived horn the half speed of constituent My. 



Table 18.-Differences t o  adapt table 15 to beginning of each hour of day-Continued 

Constituent 

12 I 13 -- 
0 

187.03 
180 49 

0.99 
354 34 
173.90 
173.90 
347.81 
101.71 
335.62 
323.43 
311.24 
341.28 
334.74 
107.32 
193.07 
179.51 
180.78 
154.25 

0.49 
180.00 

0.00 
0. 00 

359.51 
353.47 
336.62 
342 15 
101.00 
168.30 
155.13 
328. 09 
347.81 
1 2  18 
13.18 
12.19 
0.53 
0.49 
0.99 

0.00 

0 

2M 01 
195.53 
31.07 
!XI. 87 

188.46 
188 40 
10.79 

205.19 
33.59 
50.38 
07.17 
9.72 
2.64 

181.26 
209.81 
194.47 
174.18 
107.11 
30.53 

195.00 
30. M) 
00. 00 
90.00 
29.47 
329a 
3.59 

10.00 
175.13 
212.33 
198.05 
26.51 
40.79 
43.21 
14.27 
13.31 
7.08 
0.63 
1. 07 

14 I 16 

0 

218.20 
210.57 
01.15 
55 40 

202.95 
202.89 
45.78 

248.67 
91.55 

137.33 
183.11 
38.10 

195.20 
225.95 
209.43 
187.58 
179.96 
00. 57 

210.00 
00. 00 

120.00 
180.00 
59.43 sa. 38 
31.55 
39.18 

188.00 
Q 3 . 3 5  
240.98 
83.93 

105.78 
74.22 
15.37 
14.22 
7.02 

1.15 

30.53 

a 57 

0 

233.78 
325.62 
91. 23 
82.93 

217.45 
217.38 
74.70 

292.14 
149.52 
224.B 
La. 05 
60.60 
58.43 

209.15 
242 OD 
M138 
200.98 
192 81 
Go. 63 

z 5 .  00 
90.00 

180.00 
270.00 
89.38 
81.83 
59.52 
07. 69 
m07 m. 38 
283.91 
141.30 
164. i 0  
105.24 
10.47 
15.24 

1.23 

a 17 am 

10 

0 

249.37 
240.66 
121.31 
112. 40 
231.95 
231.87 
103. 75 
335.02 
207.49 
311.24 
54.88 
95.04 
80.33 

223. 09 
258.33 
!Be. 34 
214.38 
205.67 
120.88 
240.00 

240.00 
0.00 

119.34 
111.29 
87.49 
90.20 

215.54 
344 40 
326.83 
198.78 
223.75 
136.25 
17.57 
10.25 
8.71 
0.66 
1.31 

120. 00 

Hour of day - 
17 

0 

aac. 95 

151.40 
141.98 
248.44 
240.30 
132.73 
19.09 

265.40 
38.19 

123.48 
114 
237.03 
274.30 
254.30 
227.78 
215.52 
150.70 
255.00 
150.00 m. 00 
90.00 

149.30 
140.75 
115.40 
124.71 
229.02 
18.43 
9.70 

250.21 
a82 73 
107.27 
18.67 
17.27 
9.25 

1.40 

w. m 

170. 82 

0. m 

- 
18 

0 

!Bo. 54 
270.74 
181.48 
171.51 
280.94 
280.88 
101.71 
02.57 

323.43 
125.14 
2%. 80 
151.92 
143.13 
250.97 
290.50 
269.28 
241. la 
S l .  38 

210. 00 
180.00 

0.00 
180. 00 
179.20 
170.20 
143.43 
153. !23 
242.49 
73.45 
62  69 

313.63 
341.71 
198. 29 
19.70 

9.80 

1.48 

180.74 

1s. 28 

a 74 

- 
19 

0 

296.12 
285.78 
211.60 
201.04 
275.44 
275.35 

100.05 
381.40 
212 OD 
4 2  79 

180.35 

204.92 
306.64 
!m. 22 
254.57 
244. 
210.78 
285.00 
210.00 eo. 00 
270.00 
209.22 
199.66 
171.40 
181.74 
255.90 
110.48 
96.62 
11.05 

229.30 
20.86 
19.30 
10.34 
0.78 
1.56 

i w .  m 

im. 01 

40. m 

311.71 
300. 82 
241.64 
230 57 
288.93 
289.84 
219.68 
148.51 
79.30 

288.05 
158.73 
m 7 9  
197.91 

322 78 
298.18 
B7.97 
257.09 
240.82 
300.00 
240. 00 
120.00 

‘ 0.00 
19 .18  
229.11 
IOB. 30 
210.25 
269.43 
180.50 
138.54 
88.48 
99.88 

260.32 
21.90 

10.89 
0.82 
1.04 

27s. 86 

20. 32 

- 
21 

0 

327. 28 
316.88 
271.72 
280.10 
309.43 
301.33 
248.07 
193.00 
137.33 
28.00 

274.00 
237.23 
225.80 
a92.80 
338.92 
314.14 
281. 37 
269.94 
370.88 
315.00 
270.00 
180.00 
90.00 

269.14 
258.57 
227.33 
238.70 
!m. 90 
204.53 
181.47 
125.90 
158.07 
291.33 
23.06 
21.33 
11.43 
0.80 
1.72 

22 

0 

342.88 
330.90 
301.81 
289.63 

277.85 
m48 
195.30 
112 95 
30. 60 

205.67 
253.70 
306.75 
355. OB 
329.10 
m. 77 
!m. 79 

330. 00 
300.00 
10. 00 
180.00 
299.10 
moa 
256.30 
%7. 28 
awl. 37 
348.66 
224.40 
183.32 
217.05 
322 35 
24 10 
22.36 
11.98 
0.90 
1.81 

31s. w 
318 83 

300. on 

!2a 

0 

358.47 
346.94 
331.89 
319.10 
333.42 
333.32 
300.63 
279.85 
258.27 
190.90 
140.64 
284.11 
281.59 
330.69 

34406 
308.17 
296.05 
330.94 
345.00 
330. 00 
800. 00 
270.00 
329. OB 
317.48 
283.27 
285.79 
309.84 
292.68 
267.32 
240.75 
276.63 
353.37 
25.25 
23. 37 
12.52 

1.89 

11. 20 

0.94 

tThe &st line for constituent MI gives the differences as based upon the formula in table 2; the second line gives the differences as derived from the ball speed of constituoiit MI. 



218 

5 

1.395 

1.288 
1.300 
1.303 

1.305 
1.308 
1.311 

1.313 
1.316 
1.318 

1.321 

1.323 
1.326 
1.329 

1.331 
1.334 
1.336 

1.339 
1.342 
1.34.4 

1.347 

1.349 
1.352 
1.355 

1.357 
1.360 
1.362 

1.365 
1.368 
1.370 

1.373 

1.375 
1.378 
1.380 

1.383 
1.388 
1.388 

1.391 
1.393 
1.3m 

1.399 

1.401 
1.404 
1.406 

1.409 
1.412 
1.414 

1.417 
1.419 
1.423 

1.424 

U. S. COAST AND GEODETIC S " E Y  

6 -- 
1.551 

1.557 
1.559 
1.562 

1.564 
1.567 
1.570 

1.572 
1.575 
1.577 

l . m  

1.582 
1.585 
1.588 

1.590 
' 1.593 

1.595 

1.698 
1.Bol 
1.603 

1.606 

l . m  
1.611 
1.614 

1.616 
1.619 
1.621 

1.624 
1.627 
1.629 

1.632 

1.634 
1.637 
1.639 

1.642 
1.645 
1.647 

1.650 
1.652 
1.655 

1.658 

1.660 
1.663 
1.665 

1.868 
1.671 
1.673 

1.676 
1.678 
1.681 

1.882 

-- 

-- 
-- 

-- 
-- 

-- 
-- 

-- -- 

-- 

Table 19.-Products for Form 194 

1.816 
1.818 
1.821 

1.823 
1.828 
1.829 

[Multiplicr=dn 15O=O. 1691 

2075 2.334 
2077 2.336 
2.080 2.339 

2.082 2.341 
2.085 2.344 
2.088 2.347 

- - 
3 - 

0.777 

1.831 
1.834 
1.836 

1.839 

- - 
4 - 

1.036 

1.039 
1.041 
1.044 

1.046 
1.049 
1.052 

1.054 
1.057 
1.059 

- 

2090 2.349 
2.m3 2.352 
2.095 2.354 ---- 
2.098 2357 --- 

- - 
9 - 

0.618 

,028 

.m 

.031 
,034 

-- 
.285 

. a 7  

.390 
,293 

-- 
1.841 
1.&4 
1.847 

1.849 
1.852 
1.854 

1.857 
1.860 
1.862 

2. 100 2.3.58 
2.103 2362 
2.106 2.385 

2.108 2.367 
2.111 2370 
2.113 2.372 

2.116 2.375 
2.119 2.878 
2.121 2.380 

1.867 
1.870 
1.873 

1.875 
1.878 
1.890 

~~~ --- 
2.126 2.385 
2.129 2388 
3.132 2391 

2.134 2.393 
2.137 2.386 
2.139 2.398 

.054 

.057 

.060 

.062 

.005 

.067 

.070 

.075 

. o n  

.073 

.313 

.316 

.319 

.321 

.324 

.326 

.329 

.334 

.337 

.%a 
-- 

1.893 
1.886 
1.898 

1.801 
1 . W  
1.908 

--- 
2.152 2.411 
2.155 2.414 
2157 2.416 

2.160 2.419 
?. 163 2.422 
2.165 2.4% 

.om 

.083 

.085 

.088 

.OB1 

.OW 

,096 .om 
. lo1 

,104 

. lo6 

.1m 
,111 

.114 

.117 

. l l 9  

.122 

.124 

.127 

.130 

.339 

.342 

.344 

.347 

.350 

.352 

.355 

.a57 

.360 

.363 

.365 

.368 

.370 

.373 

.376 
,378 

. a 1  

.383 

.386 

.388 

-- 
-- 

-- -- 
0 1  

1.809 
1.911 
1.914 

1.917 

?. 168 2.427 
2.170 2.428 
2.173 2 . 4 p  

2.176 2.435 
--- 

1.813 1 2.073 1 2.331 
-1-1- 

:I1 :E 
,008 ,267 

.521 

.533 

.526 

,528 
.531 
.534 

.536 '. 539 

.541 

.780 

.782 

.785 

,787 
. 7 w  
.793 

. .795 
.798 
.800 

.so3 

. a 5  

.808 

.811 

.813 
,816 
.818 

.821 

.824 
.826 

- 
- 

:q :% 
,023 .282 

.544 

.546 
,549 
.552 

.554 

.557 

.559 

.562 

.585 

.567 

- 1.062 

1.064 
1.067 
1.070 

1.072 
1.075 
1.077 

1.080 
1.083 
1.085 

- 

:I/ .041 :I .300 

1.86513.1wla.383 .052 I .311 .570 .829 1.088 

.572 

.575 

.578 

.m 

.583 

. s 5  

.588 

.591 

.593 

.586 
- 

.831 

.834 

.837 

,839 
.842 
.844 

.&7 

.850 

.852 

.855 

.857 

.860 

.863 

.865 
,868 
.870 

.873 

.875 

.878 

.881 

.883 
,886 
.888 

.891 

.894 

.896 

.899 

.901 

.904 

- 
- 

- 
- 

1. G90 
1.093 
1.096 

1. om 
1.101 
1.103 

1.108 
1.108 
1.111 

1.114 
- 

1.891 I 2.150 I 2.409 

.598 
,601 
.603 

.606 . 609 

.611 

.614 

.616 

.619 

1.116 
1.118 
1.121 

1.1% 
1.127 
1. 1% 

1.132 
1.134 
1.137 

1.140 

1.142 
1.145 
1.147 

1 . m  
1.153 
1. 155 

1.158 
1.160 
1.163 

- 
- .622 

.6!24 

.627 

.629 

,632 
.635 
.637 

.640 

.642 

.645 

- 
1.919 2.178 2.437 
1.922 1 2.181 1 ' 2.440 
1.924 2.183 2.442 

--- 
1.943 1 2.203 I 2.460 . 648 - 

a - 
1.166 

4 
- 
- 7 1 8 1 0  
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Table 19.-Products for Form 194-Continued 
[Mdtipller=sin 1So=0. 2591 

4 5  

1.166 

1.168 
1.171 
. l .  173 

1.176 
1.178 
1.181 

1.184 
1.186 
1.189 

1.191 

1.194 
1.197 
1.199 

1.202 
1.204 
1.207 

1.210 
1.212 
1.215 

1.217 

1.220 
1.222 
1.225 

1.228 
1.280 
1.233 

1.235 
1.238 
1.241 

1.243 

1.246 
1.248 
1.251 

1.254 
1.258 
1.259 

1.281 
l . M  
1.267 

1.269 

1.272 
1.274 
1.277 

1.279 
1.282 
1.285 

1.28'1 
1.290 
1.292 

1.295 

219 

-- 
1.424 

1.427 
1.430 
1.432 

1.435 
1.437 
1.440 

1.443 
1.445 
1.448 

1.450 

1.453 
1.456 
1.458 

1.461 
1.463 
1.466 

1.469 
1.471 
1.474 

1.476 

1.479 
1.481 
1.484 

1.487 
1.489 
1.492 

1.494 
1.497 
1.500 

1.502 

1.505 
1.507 
1.510 

1.513 
1.516 
1.518 

1 . 6 3  
1.523 
1.5% 

1.SZ 

1.531 
1.5% 
1 . M  

1.538 
1.541 
1.544 

1.54t 
1.MI 
1.551 

1 . 6 s  

-- 

-- 
-- 

-- 

4 6  

- - 
. o  

3.130 

- 
1.w 

1.686 
1.689 
1.891 

1.694 
1.696 
1.699 

1.702 
1.704 
1.707 

1.709 

1.712 
1.715 
1.717 

- - 
1 - 

0.388 1.942 

1.945 
1.948 
1.650 

1.953 
1.955 
1.958 

1.961 
1.533 
1.966 

1.888 

1.971 
1.974 
1.976 

-- 

-- 
-- 

- - 
8 - 

I. 648 

1.738 
1.740 
1;743 

1.746 
1.748 
1.751 

1.753 
1.756 
1.756 

- - 
8 - 

0.906 

----- 
1.997 2.256 2.616 
1 . M  2.258 2.517 
2002 2. 261 2.520 

2.W6 2.264 2.623 
2.007 2.268 2.5% 
2.010 2.269 2528 

2.012 2.271 2.580 
2.015 2.274 2.633 
2.018 2277 2.536 

1.790 
1.792 
1.795 

1.797 
1.800 
1.803 

1.805 
1.808 
1.810 

2.049 2.308 2.567 
2.051 2.310 3.569 
2.054 2.313 2.572 

2056 2.315 2.574 
2059 2.318 2.577 
2.062 2.321 2.580 

2 . m  2.323 2.582 
3.067 2.326 2.586 
2.069 2.328 2.5!37 

6 1 7 1 8 1 6  

22021 2460 
-I- 

.132 

.135 

.137 

.140 

.142 

.145 

. I48 

.I50 

.1N( 

.391 

.394 

.396 

.399 

.401 

.404 

.407 

.409 

.412 

.650 .w 

.655 

.658 .ooo 
,663 

.RB6 

.6Bs 

.671 

.909 
,912 
.914 

.917 

.919 

.922 

.925 

.927 .w 
,802 

. w 5  

.938 

. N O  

.943 

.945 . 948 

,951 
.953 
.e56 

- 
- 

2.212 2.471 
2.214 I 2.473 
2.217 2.476 

2.320 2.479 

2.225 2.484 
2 . 2 4  2.481 

,155 

.158 

.161 

.163 

.166 

.168 

.171 

.174 

.176 

.179 

_. 

.414 

.417 
,420 
,422 

.425 

.427 

.430 

.433 

.435 

.43a 

- .673 

. R76 

.679 

.681 

,684 
.686 
.689 

.692 

.694 

.697 

.699 

- 

- 

2.230 2.489 
2233 2.492 
2.235 I 2.494 

1.720 1.979 2238 2.467 
1.722 I 1.981 I 2.240 1 2.499 
1.725 1.984 2.243 2.502 

.181 .440 .958 

.184 

.186 

.189 

.192 

.194 

. le9  

. a 2  

.205 

.207 

.210 

.215 

.21s 

.a20 

.323 

.225 .m 

.2(1 

.233 

.236 

.238 

.241 

.24a 

.ai 

.%I 

.251 
:M .m 

. im 

- 
- 

.ala 

- 
- 

.443 

.445 

.448 

.451 

.45a 

.456 

.458 

.461 

.4&4 - 
,466 

.702 

.nJ4 

.707 

.710 

.712 

.715 

.717 

.m, 
.7!23 

.725 
- 

. e61 

.963 

.966 

.969 

.a71 

.974 

.976 

.m 

.984 

.ma - ---- 
1.761 I 2.020 1 2.279 I 2.538 

.4fa 

.471 

.474 

.477 

.479 

.482 

.484 

. a 7  

.490 

. 4 w  

.495 

.497 

.m 

.5w .Em 

.508 

.510 

.SI3 

.515 

- 
- 

- . 518 - 
1 - 

.728 

.730 

.733 

,738 
.738 
.741 

.743 

.746 

.749 

.751 

.154 

.756 
.759 

.761 
.764 
.767 

. i69 .m 

.774 

.m 

- 
- 

- 
- 

3 - 

.987 

.sa9 

.m 

.995 . W'i 
1. ooo 
1. oli2 
1.005 
1.008 

1.010 

1.013 
1.015 
1.018 

1.020 
1.023 
I. 026 

1.028 
1.031 
1.033 

1.036 

- 
- 

- 
- 
S - 

1.7641 2.t.l 2.2821 2.284 2511 4543 
1.766 
1.769 2.028 2.287 2.646 

1.772 I 2.031 1 3.290 1 2.649 
1.774 2.033 2.292 2.651 
1.777 2.036 2.285 2554 

1.813 1 2.072 I 2.331 I 2 . m  



220 

7 

8.500 

3.505 
3.510 
3.515 

3.520 
3.025 
3.530 

3.535 
3.540 
3.645 

3.5m 

3.556 
3.560 
3.565 

3.5iO 
3.575 
3.580 

3.585 
3.590 
3.595 

3.600 

3.605 
3.610 
3.615 

3.620 
3 . 1 5  
3.630 

.3.635 
3.640 
3.645 

U. S. OAST A N D  GEODETIC S"RVEY 

Table 19.-Products for Form 194-Continned 

8 -- 
4.000 

4.005 
4.010 
4.015 

4.020 
4.025 
4.030 

4.035 
4.040 
4.046 

4.050 

4.055 
4.060 
4.065 

4.070 
4.075 
4.090 

4.085 
4.090 
4.095 

4.100 

4.105 
4.110 
4.315 

4.120 
4.125 
4.130 

4.135 
4.140 
4.145 

-- 

-- 
-- 

--- 
-- 

2.555 
2.560 
2.565 

2.5iO 
2.575 
3.580 

2.585 
2.590 
2.595 

--- 
3.056 
3.0w 
3.065 

3.0iO 
3.07.5 
3.050 

3.085 
3.080 
3.095 

2.600 

2.605 
3.610 
2.615 

2.620 
2.625 
2.630 

3.635 
2.640 
2.645 

3.100 

3.105 
3.110 
3.115 

3.120 
2.125 
3.130 

3.135 
3.140 
3.135 

3. G5ll 

2.6W 
2.605 

2.670 
2.675 

-- 
3 . ~ 5  

2.680 

2.685 
2.mo 
2.695 

2.700 

3.150 

3.100 
3.185 

3.170 
3.175 

- 
3.155 

3. isn 
3.185 
3.190 
3.195 

3.200. 

3.G50 

3.655 
3.660 
3.665 

3.6iO 
3.675 
3 . W  

3 . 1 5  
3.wo 
8.W5 

3.7@0 

4.150 

4.155 
4.160 
4.165 

4.170 
4.175 
4.160 

4.185 
4.190 
4.195 

4.200 

-- 

-- 
2.705 
2.710 
2.715 

.2.720 
2.725 
2.7xJ 

2.735 
2.740 
2.745 

.2.i50 
- 

3.205 
2.210 
3.215 

3.220 
3.225 
3.230 

3.235 
3.240 
3.245 

3.250 
-.- 

3.705 
3.710 
3.715 

3.720 
3.725 
3.730 

3.735 

3.745 

3.750 

.3.740 

4.205 
4.210 
4.215 

4.220 
4.225 
4.230 

4.235 

4.245 

4.250 

4.240 

-- 
-- 

7 8  

- - 
8 

1.000 

1.005 
1.010 
1.015 

1.020 
1.025 
1.030 

1.035 
1.040 
1.045 

1.050 

1.055 
I. 060 
1.065 

1. @70 
1.075 
1.080 

1.085 
1.090 
1.095 

- 
- 

- 
-- 

- - 
4 - 

2. 000 

- - 
D - 
L 5Mi 

4.505 
4.510 
4.515 

4.520 
4 . 5 1  
4,530 

4.535 
4.540 
4. M b  

4.550 

4.656 
4 . m  
4.565 

4.5';O 
4.575 
4.580 

4.585 
4. .wo 
4.595 

4.600 

4.605 
4.610 
4.615 

4.620 
4. R25 
4.630 

4.635 
4.640 
4.645 

- 

- 
-- 

- 
- 

0.00 +If _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.000 0.500 

1.505 
1.510 
1.515 

1.520 
1.525 
1.530 

1.535 
1.540 
1.545 

1.550 

1.555 
1.560 
1.665 

1.570 
1.575 
.l. 580 

1.585 
1.590 
1.595 

- 
- 

2.005 
2.010 
2.015 

2.020 
2.025 
2.030 

2.035 
2.040 

2.0% 

2. "5 -- 

2.505 . 3.005 
2.510 3.010 
2.515 3.015 

2.520 3.020 
2.525 3.025 
2.530 3.030 

2.535 3.035 
2540 3.040 
2.545 3.045 

. 1 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ,055 .555 
.18. _ _ _ _ _ _ _ _ _ _ _ _ _ _  . OB0 ,560 
.lS. - _ _ _ _ _ _ _ _ _ _ _  ,065 I .565 

a 055 
2. ow) 
2.065 

2.070 
2.075 
2. (Bo 

2.085 
2. OW 
2.085 

2. 100 

2.105 
2.110 
2.115 

2.120 
2.155 
2. 130 

2.135 
2.140 
2.145 

- 
- 1.100 

1.105 
1.110 
1.115 

1.120 
1.125 
1.130 

1.135 
1.140 
1.145 

- 1.600 

1.605 
1.610 
1.615 

1.6% 
1.625 
1.630 

1.635 !. ti40 
1.645 

1.650 
-- -- 

.30--. _ _ _ _ _ _ _ _ _ _ _ _ _  f ,150 I .850 1.150 2.150 

2.155 
2.160 
2.185 

2.170 
2.175 
2.180 

2.185 
2. I00 
2.195 

2.200 

--__ 

- 

~~ 

4.650 

4.655 
4.600 
4.665 

4.670 
4.675 
4.650 

4.685 
4.690 
4.695 

4.700 

- 

- 

1.155 
1.160 
1.165 

1.170 
1.175 
1.180 

1.185 
1.190 
1.195 

1.200 
- 

i. 655 
1.6130 
1.665 

1.6iO 
1.675 
1.6SO 

1.685 
1.690 
1.885 

1.700 
-- 

34. . - - - _ _ _ _  _ _  _ _  .170 . A70 
.a5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .175 ,875 
3 8  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .180/ ,680 

1.2115 
i.210 
1.215, 

1.220 
1.225 
1.230 

1.235 
'1.240 
1.245 

I.  250 
-- 
- 

8 

1.705 
1.710 
1.715 

1.720 
1.725 
1.730 

1.735 
1.740 
1.74s 

2.205 

2.215 

2.220 
2.225 
2.230 

3.235 
2.240 
2 245 

2.250 

2.210 

-- - 
4 

4.705 
4.710 
4.715 

4.720 
4.725 
4.730 

4.735 
4.740 
4.745 

4.750 
- - 
D - 

.44. - - - - - _ _ _  - - .220 .720 

.45. - _ _ _ _ _ _ _ _ _ _ _ _ _ _  ,225 ,725 

.46 .___: _ _ _ _ _ _ _ _ _ _  1 ,230 1 .730 

1.710 - 
3 - 
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Table 19.-Products for 'Form' 194-Continued 

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

- 6 7 8 9  

-3.250. -3..750 '4.'?40' "3.760 

---- ---- 
' :3.15 $756. '4.255' '. 4.755 
3.260, .3.760. 4.280' ' 4.760 
3.285 3.765 4.'285' ' 4.765 

- - 
' 4  

2 . . q  

2.255 
2.280 
'2. 265 

'2.270 
2.275 
2. a80 

2.285 
2.290 
2.295 

- 
- 

- - 
' a  - 

1. ;so. - 
1.755 
1.760 
1.765 

i. 770 
1.775 
1.780 

1. 785 
1.790 
1.795 

0 1 -- 
-i_ 0.250 . 0.750 

.265' ' .765 

.260 .760 

.285 .765 

.270 .770 

.275 : '. 775 

.280 _. 780, 

.285 .%< 

.290 ..7m 
..295 ,795 

;300 .m -- 
.305 .805 
.310 .810 
,315 .SI5 

.320 .a20 
,325 .825 
,330 ,830 

.335 .%5 

.345 . a 5  

.350 ,850 

. .355 .a55 
.360 .860 
.365 ,865 

.3iO .870 

.375 ,875 

.380 .880 

. .385 .885 
.390 ,890 
.395 .895 

.400 .9w 

.405 .go5 

.410 .910 

.415 .915 

.GO .920 

.425 .925 

.430 .530 

.435. .935 

.440 :940 

.445 . .945 

.450 .950 

.455 ,955 

. 4 w  :. 860 

. 4 M  .965 

.470 .970 

.475 .975 

.480 .m 

.485 .as. 

.490 .9m 
,495. .995 

.500 1.000 

. a n  .a40 

-- 
-- 

-- 
-- 

-- 
-- 

-- 
-- 

0 1 

2.750 

2.755 
2.760 
2.765 

2.770 
2.775 
2.780 

2.785 
2.790 
2.795 

_. 

1.255 
,l. 260 
1.265 

1.270 
.I. 275 
1.280 

1.285 
1.2w 

. I .  295 

13.270 3.770. . .4.%0: 3.770 
3.275 -.3.775 4.275 4.775 
3.280 3.780. 4.280'. 4.780 

3.285 3.785 4:285: 4.785 
3.290 3.790 4.290 4.m 
.3.295 3.795 '4.295" 4.795 

1.300 1.800 a300 2.800 ---- 
:3.305 3.805 :4.305 - 4.805 

3.320 3.820 4.320.' '4.8% 

3.330 3.830' .4.330- 4.830 

3.335 3.835 '4.335:' '4.835 

5.310 .3 810 4 310 ' . ' 4  810 
3.315 3:R15 4)315--.-2815 

P.325 : 3.835 .4.325- ;r. 825 

3.340 3.840 3.340 '3:8r16 
3.345 3.845 4.345' " 4 : M  

1.305 
1.310 
1.315 

.I. 320 
1.325 
1.330 

1.335 
1.340 
1.345 

1.350 
- 

1.805 
1.810 
1.815 

1.820 
1.825 
1.830 

1.835 
1.840 
1. 845 

1.850 
- 

2.305 
2.310 
2.315 

4 325 
4330 

2.335 
2.340 
2. 345 

2.350 

a320 

- 

a 805 
2.810 
2.815 

2. a20 
2.825 
a. 830 
2.835 
2.840 
2. 845 

2.850 
- 
---- 
3.355 5.855 :4:355. . -4.865 

3.305 . 3.865' -4:365. . 4.865 

3.380 3.880 -4.'380' - "4.880 

3.385 3.885- 1:386 -ai86 
3.395 3.895' 'P:'395. "&:lis6 

3.360 J.860 4.360"-.&.860 

3.370. : 3.870 3.370 ' . '1.870 
3.375 .b.876 1.375""4:876 

3.390 3.890' . 4.36(1" "4  890 

1 355 
1.360 
1.305 

1.370 
1.375 
1.380 

1.385 
1.390 
1.395 

1.400 

1.405 
1.410 
1.415 

1.420 
1.425 
1.430 

1.435 
1.440 
1.445 

- 
- 

1.855 
1.860 
1.865 

1.870 
1.875. 
1.880 

1.885 
1.890 
1.895 

1.900 
- 

2.355 
2.360 
2.365 

2.370 
2.375 
a. 380 
2.385 
2.390 
a 395 

2.855 
2.860 
2. 865 

2.870 
2.875 
2.880 

2.885 
2.890 
2.895 

2..900 

2.905 
2.910 
2.915 

2.925 
2.930 

2.940 
2.945 

- 
- 

2.820 

2:935 

---- 
3.". .3.9od -3.-4m"-'4.m ---- 
3.405 3.u '4.:405' 4:& 
3.410 3.910: a.4fQo" 4.910 
3.415 3.915 4.415' d.916 

2.400 

2.406 
2.410 
2.415 

2.420 
2.125 

2.435 
2.440 
2.445 

- 

a. 430 

1.905 
1.910 
1.915 

1: 820 
1.925 
1.930 

1.935 
1.940 
1.945 

3.420 'a.920: '4.42%' 4.920 

3.430 3.930-. i -430 '4.930 

3.435 5.935- 4.435 . 4.935 

3.425 3.925 4 425 4 . 9 s  

3.440 3.940 4.440' "4.940 
3.446 3.945' '4.i45 'a.945 

1.450 1.950 2.450 2.950 3.4501 .3.960'1 '4.450'1 '4.950 

1.455 
1.460 
1.405 

1.475 
1.480 

1.195 
1.490 
1.495 

1.470 

1.955 
1.800 
1.965 

1.970 
1.975 
1. w 
1.906 
1.990 
1.995. 

2.465 
2.460 
2.465 

2.470 
2.475 
2.480 

2.4& 
2.490 
2.495 

2.500 
- 
- 
' I  - 

2.955 
2.960 
2.965 

2.970 
2.975 
2 . w  

2.985 
2wIo 
2.995 

3. ooo 

b 

- 
* 

- 

3.455 I 3.955 I a.4551: 4 Y i  
3.460 3 . w  4.460 4.080 
3.465 3.965 3.465 " 4.965 

3.470 3.970' 4.470": 4.970 
3.475 3.975 4.476. 4.975 
3.480 3.980 4.480 4.980 

3.485 3.885 4.485' . 1:w 
3.490' 3.990 4.490 1.m 
3.495 3.995 4.495' 4.995 

24603'7-41--15 
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0 '  

0. M)o 

.oCn. 
'.014 

.os 

.OW 

.049 

.057 

.064 

. 071 ' 

. .078- 
. o s  
.092 

.OB9 
. . l o 6  
.113 

. la0 

.127 

.134 

.141 

:.o21 

:042 

, .  

.I48 

. i io  

.156 

.163 

.177 

.I84 

.191 

. 1 w  .m5 

.a12 

.219 

.m 

.a33 

.240 

.a47 
,255 

.262 

.269 
..a76 

.a83 

' .m 
.%7 .m 
.311 
.318 
.a25 

.832 
-339 
.m, 

".354- 

0 

. . U. S. COAST AXD GEODETIC SURVEY 

Table 19.-Products for .Form 194-Continued 

1 

0.707 

.714 

.721 .m 

.735 

.742 

.749 

. .756 
.764 
.771 

.. '. 778 

. .786 
.792 
.799 

.a06 ' . .813 
..E20 

.sa7 

. e 4  

.841 

.E48 

.a55 

.863 

.870 

.884 

.MI 

.a98 

.905 

.9l? 

.919 

.928 

.933 

.940 

.947 
' .952 

.962 

.969 

.976 

.983 

.. .990 

' -  .997 
1.0041 
1.011 

1.018 
1.0% 
1.032 

1.039 
1.046 
1.053 

1.oea 

1 

-- 
-- 

-- 
-- 

-- 
-- 

.an 

-- 
-- 

-- 
-- 

-- 
-- 

3;542 
3.549 
3.568 

3.563 

3.677 
8.670 

[Mult 

a 
- 
- 
1.414 

4.249 
4.256 
.4.263 

4.270 

4.-34 
4.271 

1.421. 
1.428 
1.4% 

1.442 
1.449 
1.456 

1.463 
1.471 
1.478 

1.485 

1.492 
1.499 
1.506 

1.513 
1.520 
1.637 

1.634 
1.541 
1.548 

- 
- 

3.584 
3.592 
3.569- 

3.600 

3.613 
3.620 
3.627 

1.555 

1.562 
1.570 
1.577 

1.604 
1.591 
1.588 

1.605 
1.612 
1.619 

1.626 

- 

- 

4.291 
l a o B .  

4.313 

4.320 
4.327 
4.334 

4 . 9  -- 
-- 

1.633 
1.640 
1.647 

1.654 
I.  661 
1.869 

1.676 
1.683 
1. 690 

1.697 
- 

5.027 
6.034 
6.041 

5.048 
3.051 
5.062 

5.069 
6.076 
5.083 

1.704 
1.711 
1.718 

1.725 

1.739 

1.7M 
1.763 
1. m 

.1.768 

1. m 

- 
- 

a - 

6.734 6.441 
5.741 6.448 
5.748 6.465 

5.755 6.462 
5.762 6.369 
hi669 6.476 

5.776 6.4R3 
5.783 6.490 
5.790 6.497 

- 
a 121 

3.656 
3.662 
3.669 

3.676 

2. lis a 135 
2.142 

a 149 
2.156 a 163 

2.178 a 185 

2.192 

2. ,199 
2.208 
2.213 

2.230 
2.237' 
2.234 

2.241 
2.248 

2. a82 

2.269 
2.277 
2. 284 

2.281 

2 305 

2 312 
2.319 
2.326 

2 . 1 ~  

- 
- 

2. a55 - 
- 

a. 298 

4.362 
4.568 
4.376 

4.383 
-- 

2.333 

~ 

3.683 
3.691 
3.698 

3.705 
3.712 
3.i19 

3.726 
3.733 
3.740 

3.747 

3.754 
3.761 
3.768 

3.775 
3.782 
3.790 

3.797 
3.804 
3.811 

3.818 

3.825 
3.832 
3.838 

3 . W  
3.853 
3.560 

3.867 
3.874 
3.881 

3.888 

2.340 
2.347 
2.364 

a 368 
2.376 

a. 383 
2.390 
2.397 

2.404 

2. aai 

- 

4.390 
4.398 
4.4Q5 

4.412 
4.419 
4.426 

4.433 
4.440 
4.447 

4.454 

4.461 
4.468 
4.475 

4.482 
4.489 
4.497 

4.504 
4.511 
4.518 

4.625 

4.532 
4.539 
4.546 

4.553 
4.600 
4.567 

4.574 
4.581 
4.568 

4.690 

-- 
-- 

-- 
-- 

-- 
-- 

6 6  

2.411 
2 418 
2.425 

2.432 
2.439 
2.446 

2.453 
2 460 
2.467 

2: 474 

8 

- 
- 
- 

5.239 
5.246 
5.253 

5.280 
5 . 1 7  

5.281 

6. a85 

6 . ~ 4  

6.288 

a. 835 a 842 
2. 849 

2.868 
2.863 
2.870 

2.877 
2 885 
2. 892 

5.946 6.653 
5.9.53 6.860 
5.860 6.667 

5.967 6.674 
5 . m  6.681 

.6.988 6.696 

6.002 6.708 

5.981 6.888 

6.a 6.702 

2.899 

2. BOB 
2.913 
2. 9ao 

2.927 
2.934 a 941 

a. 948 
2.955 
2.962 

a. 969 

- 

- 
~ 

2.976 
2.984 
2.991 

2. 998 
3.005 
3.012 

3.019 
3. M6 
3.033 

3.040 

3.047 
3.054 
3.061 

3.068 
3.075 
3.083 

3. om 
3.097 
3.104 

3.111 

- 

- 

3.118 
3.125 
3.132 

3.139 
3.146 
3.153 

3. lea 
3.167 
3.174 

3. isa - 
4 - 

3.634 4.341 
3.641 4.348 
3.648 4.355 

4.9b6 6.G 6.370 

.4.970 . 5.677 .6.W 
4.963 1 b.6M 1 6.377 

55: 1 :=) 6.533 6.540 

5.133 5.840 6.647 

5.140 5.1471 6.847 t i a ~ l  6.554 ass; 
6.154 5.861 6.668 

-1-1- 
5.161 I 5.868 I 6.576 

5:168-1 5.875 I 6.602 
5 175 5.882 6.589 
5.182 6.889 6.596 ;q 5.204 6.911 tlJ 6.618 

5.211 5.918 6.625 
5.218 I 6.925 I 6.632 
5.225 5.932 6.639 

6.302 1 6.010 I 6.716 

. .  . .  



HILRMONIC' ANUYSIS BED PREDICTION OF TIDES 

Table 19.-Products for'porm It?4-Contii1ued . 

223. 

[Multiplier-sin 46°=@.701] 

s a  

1.788 

1.775 
1 . 7 B  
1.789 

1.796 
1.803 
1.810 

1.817 
1.824 
1.831 

1.838 

1.S45 
1.852 
1.859 

1.866 
1.874 
1.881 

1.888 
1.895 

'1.902 

i.909 

1.916 
1.923 
1.930 

1.944 
1.951 

1.958 
1.965 
1.973 

i.M 

1.937 

1.987 
1.994 
2.001 

2.008 
2015 
2. 022 

2.029 
a036 
2.043 

2.050.' 

2.057. 
2.064 
2.072 

2.079 
2088 
2.093 

2.100 
2.107 
2.114 

2121 

7- 

2.454 

2.482 
2.489 
2.4Q6 

2.m 
2510 
2.517 

2.521 
2531 
2.538 

2.545 

2.552 
2.659 
2.666 

2.573 
' 2.581 

2688 

2. @? 
2.809 

-- 

-- 
-- 

, 2.595 

2.616 
-- 
-- 

2.623 
2.630 
2.637 

2.651 
ZGC8 

2.665 
2.673 
2.680 

' a m 7  

a.644 

-- 
-- 

2.691 
2.iOl 
2.7w 

2.715 
2.712 
2.729 

2.736 
2.743 
2.750 

.- 2.757 

2.764 
2.771 

2.7& 
2.783 

2.807 
2814 
2.821 

2.828 

-- 
-- 

.2.779 

2.8po 

-- -- 
n a  

0 

0.354 

.361 

.368 

.375 

.382 

.a9 

.396 

.403 

.410 

.417 

.424 

.431 

.438 

.445 

.452 

.460 

.467 

.474 

.481 

.488 

.495 

.502 

.509 

.516 

,523 

.%7 

. a 4  

.551 

.659 

.566 

.573 

.580 

.587 

.594 

.601 

.€Q8 

.615 
,622 
.a29 

-- 

,5311 

'.m' 
.643 
.650 
,858 

.665 

.6 i2  

.679 

.6i?tl 

.693 .m 
'.707 

0 

- - 
4 

3.182 

- 1 

1 .om 

-- 
-- 

1.068 
1.075 
1.082 

1.089 
1.006 
1.103 

1.110 
1.117 
1.124 

1.131 

1.138 
1.145 
1.152 

1.159 
1.167 
1.174 

1.181 
1.188 
1.195 

-- 
- 

-- 
, l . m i  -- 
1.209 
1.216 
1.223 

1.230 

1.?44 

1.251 
1.268 
1.266 

. 1.273. 

1.280. 
1.287 
1.294 

1.301 
1.308 
1.315 

1 . m  
'1.329 

1.237 

-- 
-- 

,1.336 

i.w- 

,1.365 

-- 
-- 

. 1.360 
1.357 

1 . 3 b  
1.379 
1.386 

1.393 
1.400 
1.407 

' 1.414 
-- 
-- 

1 .  

3.189 
3.196 
3.203 

3.210 
3.217 
3.224 

3.231 
3.238 
3.245 

3.252 

3.259 
3.266 
3.273 

3.280 
3.288 
3.296 

3.302 
3.309 
3. Si0 

3.323 

3.330 
3.337 
3.344 

3.361 
3.358 
3.565 

3.372 
3.379 
3.387 

3.3sh 

3.401 
3.408 
3.415 

3.422 
3.429 
3.436 

3.443 
3.450 
3.467 

- 
- 

- 
- 

- 
- 

- 
3. & - 
'3.47i' 
3.478 
3.486 

3.493 
3. m 
3.507 

3.'514 
3.521 
3.5% 

5.310.. 
5.317 
5.324 

6.&1 
5.338 
5.345 

5.352 
5.369- 
5 . W  . 

3.536 

4 
- 

~~ 

6.017 6.7.24 
6.024. . 6. a 1  
a m 1  6.m 

. 6.038 6.745 
6.045 8.762 
6.052 .6.74a 

6.059 6.765 
6.086 's. 773.. 
6.07a 6. ?So. 

- - 
6 - 

3.888 

5.373 

5.380 
.5.387 
.6.3@ 

,5.401 

3.896 
3.903 
3.910 

3.017 
3.924. 
3.931. 

3.938 
3.945 
3.952 

3.959 
- 

. e.osp .0.781' --- 
6.087 6.794 

. 6.094 . 6.801 

. ,6.101' .::&aqS 
6.108 6.815 

3.966 
3.973 
3.980 

3.987 
3. $95 
4. ao? 
4.009 
4.016 
4.032 

4.030 

4.037 
4.044 
4.051 

4.068 
4.065 
4.673 

4.079 
4.086 
4. G94 

- 
-- 

5.493 
'5.SOO" 
:5.M)8.: 
,6615 

"6.523 
'5.b2Q29'- 
:5 .630:  

4. ioi- 
4.108' 
- 
4.115 
4.122 

4.129 
4.136 
4.143 

4.150 
4.157 
4 164 

4.171 
- 

0.200 6..W 
6.207' "-6.914 
6.215' ,:'6.w 

,6.222. , . 6.w 
6.229 6.936 
6230 6.943 
6.243 ,::6.aqO 

--- 
--- 

4. l i 8  
4. 185 

4.200 
4.207 
4.214 

4.2221 
4.228 
4.235 

4.242 

6 

4.193 

- 
- 

5.643 
6.550 

5.584 
5.571 

:5.557 

'5.5m 

4.60. 

4.617 

4.631 
4.638 

4.645 
4.652 
4.659 

4.666 

,4. a a  

4. & 

- 

6.2511 6.967 
6.257' ' L W  

6.271 6.978 
6.278 "1.985 

. 6% ::6.0?1 

6.285 .. e..wa 

4.673 
4 . w  
4.887 

4.694 
4.702 
4.709 

4.716 
4.523 
4.730 

4.737 
- 

,1685 

5.692 
5 . 1 9  
5.607 

4.744 
4.761 
4.758 

4.765 
1.772 
4. Si9 

4.786 
4.793 
4.801 - 
4: 808 

i. 815 
- 
4.822 
4.829 

4.836 
4.843 
4.850 

4.857 
4.864 
4.871 

O,? , .6.* 
6.289 7.008 
'6.308 7:018 
6.314 . 7:Pl 

--- 4.878 

6.614 
6.621' 
'5.628 

5.635 

'5.649 
5.642 

4.885 
4.882 
4.900 

4.907 
4.914 
4.921 

4.928 
4.935 
4.942 

4.943 

8 

- 
- 

6.321 7.028 
6.328 7.035 
6.336 : 7.04a 
6.342 7.449: 

8.366 7.063 
6.349 ' 7 . a ~ .  

8 

-1-1- 

.. . -. ._ . - - - . . . .  . . .  . . _. - .. " 
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Table 19.-Products for Form 194-Continued 

- - 
1; 

0.866 

.875 

.883 

.892 

.a01 

.m 

.918 

.927 

.935 

.944 

.953 

- 
- 

- 

'Mliltl - - 
a - 

1.732 

- - 
6 .  - 

4.330 

- - 
0' 

.o. ooo 
- 

- - 
4 

3.464 

- 
- - 

6 - 
5.180 

= 
8 - 
7.794 

7,803 
7.811 
7.820 

7.829 
7,837 
7.846 

7.855 
7.883 
7.872 

7.881 

7.888 
7.898 

7.915 
7.924 
7.933 

7.941 
7.850 
7,959 

- 

- 
- 
7.907 

.009 

.017 

.020 

.035 

.043 
,052 

,061 
. o m  . 078 

. 087 
- 

1.741 
1.749 
1. i58 

1.707 
1.775 
1.784 

1.7Q3 
1.801 
1.810 

1.819 
- 

2.807 
2.615 
2. 624 

2.033 
2.041 
3. G50 

2.659 
2. €67 
2. 07G 

2.685 

2.883 
2. io2 
3.711 

2. 719 

2 737 

2 745 
2 754 
2 703 

2.771 

- 
- 

a. 7% 

- 

3.473 
3.481 
3.490 

3.499 
3.507 
3.516 

3.525 
3.533 
3.542 

3.551 

3 . m  
3. m 
3.577 

3.585 
3.594 

3.611 
3.620 
3.039 

3.637 

- 
- 

3. "s 

- 

4.339 
4.347 
4.356 

4.365 
4.373 
4.382 

4.381 
4.3w 

4.417 

4.498 - 

5.205 
5.213 
5.222 

5.231 
5.239 
5.248 

5.25i 
3.265 
5.274 

5.283 

5.291 
5.300 
5.308 

5.317 
5.326 
5.335 

5.343 
6.352 
5.361 

6.368 

5.378 
5.387 
5.395 

5.404 
5.412 
5.421 

5.430 
5.438 
5.447 

5. r156 

- 
- 

- 
- 

- 

,095 
. lo4 
.113 

. I21 

.la0 

.139 

.I47 

.l50 

.165 - . in 

.%I 

.m 

.979 

.887 

.996 
1.005 

1.013 
1.022 
1.031 

1.039 

1.048 
1.057 
1.085 

1.074 

1.091 

1. loo 
1.108 
1.117 

1.126 

- 
- 

1. ma 

- 

1.821 
1.836 
1.845 

1.853 
1. ma 
1.871 

1.879 
1.888 
1.897 

1.905 

1.914 
1.923 
1.931 

1.040 
1.948 
1.957 

1.966 
1.974 
1.883 

1. QQa 
2. m 
'2.009 
2.018 

2.026 
2.035 
2 044 

2 052 
2.061 
2. 070 

2 078 

- 
- 

- 
- 

- 

4.425 
4.434 
4.443 

4.451 
4.460 
4.469 

4.477 
4.486 
4.495 

4.503 
- 

7.967 

. lsa 

.191 

. 1 w  

.m 
,216 
. a 5  

. a 4  

.243 . a51 

.260 
- 

2780 
2.789 
2.797 

2. 806 
2. 814 
2.823 

2.832 
2840 
2 849 

2858 
- 

3.046 
3.655 
3.003 

3.073 
3.080 
3.688 

3. m 
3.700 
3.715 

3.724 

3.741 
3.750 

3.758 
3.701 
3.77G 

3.184 
3.783 
3.802 

3.81C 

- 
- 
a. 7a? 

- 

4.512 
4.531 
4.520 

4.538 
4.546 
4.555 

4.584 
4.572 
4.681 

4.580 
- 

7 976 

7.993 

8.002 
8,010 
8.019 

8.028 
8.036 

8.054 

$983 

a 04s - 
.288 .m 
.a86 

.a84 

.303 

.312 

.a9 

.338 

.340 

.320 

- 

1.134 
1.143 

1.160 
1. llx 
1.178 

1.186 
1.195 
1.204 

1.211 

1.151 

- 

2.800 
2.875 
a. 88.1 

2. 892 
2. 901 
2. 910 

2.918 
2.927 
2. 936 

2944 

2952 
2862 
2. 87C 

2.978 
2. w 
2. we 
3.00: 
3.014 
3.0% 

3.031 

- 
- 

- 
- 

S .  - 

4.589 
4.807 
4. 616 

4.6!24 
4.033 
4.642 

4.650 
4.659 
4.668 

4.676 

4.685 
4.664 

4.711 
4.720 
4.728 

4.731 
4.74e 
4.754 

4.763 

- 
- 

5. ma 

- 
- 

6 - 

5.404 
5.473 
5.4@ 

5.490 
5 . M  

5.518 
1.525 
5.534 

5.542 

5.508 

- 

8.002 
8. O i l  
8.080 

8.088 
8.097 
8.100 

8.114 
8.133 

8.140 

8.155 

8.133 

a 149 

a 186 

a 175 

- 
- 

8.184 
8.102 

8.201 
8.210 
8.218 

a, a 7  

8 

- 
- 
- 

.356 
._ .3&1 

.372 

.381 

.3w 

.388 

.401 

.4u 

.433 

. d i e  

- 
- 
* o  - 

1.721 
1 . m  
1 . m  

1 . N  
1 . m  
1. a84 

1.27: 
1. ae: 
1. aw 
1. m 
- 
- 

1 - 

4 087 
2086 
2. 104 

2. 113 
2. 123 

.2.130 

2.139 
2 148 
2.156 

2. 185 

8 

- 
- 
- 

3.8U 
3. 8Z 
3 . w  

3.84! 
3. w 
3.88: 

3.871 
3. sB( 
3 . w  

3.89: 

4 

- 
- . .  - 

5.551 
5 . m  
z561 

5.571 
5 . N  
5.584 

5.00: 
5.61: 
5.6% 

5. a! 
- 
- 

6 - 5 '  
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Table 19.-Products .for .Form 194-Contihued 

225 

[Multiplier=sin 6O0-O;S66] 

2 8  

2.166 

2.174 
2.182 
2.191 

2 . m  
2 . m  
2.217 

2.234 
2.243 

2252 

2260 
2.269 
2.278 

2. 286 
2.295 
2304 

2.312 
2.321 
2330 

2.228 

2338 

2.347 
2.356 
2.301 

2.373 

2.390 

2.399 
2.407 
2.416 

2.383 

2 4 %  

2.433 
2.442 
2.451 

2.458 
2.468 
2477 

2.485 
2461 
2.503 

2.511 

2.520 
2.529 
2.637 

2.546 

2583 

2.5i2 
2.581 
2.589 

4598 

2.555 

8 

- - 
5 - 

4.763 

-- 
3.031 

3 . 0 0  
3.048 
3.057 

3.066 
3.074 
3.083 

3.100 
3.109 

3.118 

3.128 
3.135 
3.144 

3.153 
3.161 
3.170 

3.178 
3.187 
3.196 

-- 

3.092 

-- 
-- 

-- 
3.204 -- 
3.213 
3 . m  
3.230 

3.138 

3.256 

3.285 
3.273 
3.282 

3.201 

3.299 
3.308 
3.317 

3.325 
3.334 
3.343 

3.351 
3.360 
3.369 

.3.377 

3.386 
3.395 
3.403 

3.412 

3.429 

3.438 
3.447 
3.455 

3.464 

3.248 

-- 
-- 

-- 
-- 

3.421 

-.- 

-- 
8 

i.482 
7.491 
7.500 

8.348 
8.857 
8 3 %  

- - 
71 - 

6.495 

I O I  

7.361 I 8.227 -- 
. 6 1 _ _ _ _ _ _ _ _ _ _ _ _ _  .442 I 1.308 
.52 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .450 1.310 
.sa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .458 1.325 

3.906 
3.914 
3.933 

3.932 
3.940 
3 . W  

3.958 
3.968 
3.975 

3.0% 
- 

4. i72 
4.780 
4.789 

4.798 
4.806 
4.816 

4.824 
4.832 
4.841 

4.850 
- 

5.638 
5.646 
5.655 

6. 504 
6.512 
6.531 

6.530 
6.538 
6.547 

6.6% 
0 . m  
0.573 

6.m 
- 

.54 -______________-  .468 1.334 

.06 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I .47ti 1 1 . 3 4  

.58 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .485 1.351 

5.864 
5.672 
5.681 

::%I ES 
7.439 8.805 - 

5.716 ?.UBI8314 
-I- 

3. gga 
4.001 

4.018 
4. on 
4.036 

4. 044 
4.053 
4.062 

4. on 

4.010 

- 

4.858 
4.867 
4.876 

a a84 
4 893 
4.902 

4.910 
4.919 
4.928 

4.936 
- 

5.724 
5.733 
5.742 

6.590 
G5W 
6.608 

6.016 
6. m5 
6.834 

6. G42 
6.651 
6.800 

6.668 
- 

5.750 
5.759 
5.768 

- 
5.802 

-I- 
. 7 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .615 1.481 
.TL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I .GZ4 1' 1.490 
.75 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .032 1 . 4 B  

4.079 
4.088 
4.096 

4.105 
4.114 
4. 

4.138 
4.148 

4.157 

4. i3 i  

- 

4.945 
4.954 
4.962 

1.977 
4.980 
4. ma 
4.887 
5.005 
5.014 

5.m 
- 

.a 677 
6.686 
6.694 

6.703 

6.720 

6.m 
7.737 
6.746 

6. 755 

13.712 

- 

7 . w  8.409 
7.552 I 8.418 
7.580 ami 

.74 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I .YlI  1.507 

.79 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ,850 ' 1.516 

.76 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .658 1.524 

5.837 
5.846 
5.854 

::q 7.588 pJ 
7.5'25 8:461 

7.612 . 8.478 
7.803 1 8.468 

- 
5. 889 

-- 
7.621 I 8.487 -- -I- 

. 8 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I .701 1 1.667 

.8B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .710 1.576 .a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - .7l9 1.585 

4. 165 
4.154 
4.183 

4.181 
4.200 
4.208 
4.217 
4.336 
4.235 

4.243 

4.252 
4.281 
4. 269 

4.278 
4. a67 
4.295 

4.304 
4.313 
4.321 

4.330 

- 
- 

- 

5.031 
5.040 
5.048 

5.057 
5.068 
5.075 

5.083 
5.082 
5.101 

6.1pS 

5.118 
5.127 
5.135 

5.144 
5.153 
5.161 

5.170 
5.179 
5.187 

5.196 

- 
- 

- 
- 

51 - 

5.887 
5.800 
5.915 

6.763 
.6.772 
6.781 

.6.788 .a 1ss 
6. e 7  

.6. a33 

.6.815 

.6.824 

6.841 
- 

.M _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .727 1.583 

.86 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .736 1.602 .m., _ _ _ _ _ _ _ _ _ _ _ _ _  1 .745 I 1.611 

5.923 
5.932 
5.9,41 

7.081 CM7 
7 . w I  a m  
7.689 a m  - 

b. 975 
-- 
7.707 I 8.673 

-I- 
6.m 

. G m  
6.867 

6.8'10 
6.885 
6.883 

6.011 
.6.919 

.G. 928 

.e. ma 

- 
- 

7 :  - 

7 . i l 6  8.682 
7.7% 8 . m  
7.733 8% 

7.742 a m  

7.768 am' 
7.7% am 

7.761 8.617 
7.759 8:625 

'7.777 a643 

6.010 
6.019 
6.037 

- 
6.062 

4 - 6 
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.Table 19.--Products for .Form lS4-ContinUed 
isr-sin 75*-0.966] - - 

1 

0.960 

- 
[Mult - - 

a 

1.932 

- 
- - 

6 - 
4.830 

4.840 
4.849 
4.859 

4.869 
4.878 
4.888 

4.898 
4.907 
4.917 

- 

- - 
6 - 

5.796 

5.806 
5.815 
5.835 

5.835 
5.844 
5.854 

5.884 
5.873 
5.883 

- 

- - 
7 - 

6.762 

6.772 
a781 
6.791 

a 801 
6.810 
6.820 

6.830 
6.839 
6.849 

- 

- - 
8 .  

7.728 

7.738 
7.747 
.7.757 

7.767 
7.776 
7.786 

7.796 
7.805 
7.815 

7.825 

7.834 
7.844 
7.8M 

7.803 
7.873 
7.883 

7.892 
7.902 
7.912 

7.921 

7.931 
7.941 
.7.950 

7.960 
7.'970 
7.979 

7.889 
7.998 
8.008 

- 
- 

- 
- 

- 
- 

- 
8. nia 

a 037 a 047 

- 
8.027 

8. CIm 
8.068 
8. on 
8.'0811 
8.006 
8.105 

8.114 
- 

8 - 
a w  - 
8.704 
8.713 
8.723 

a 733 a 742 
8.752 

a 7m 
8.771 
8.781 

a mi 

a 810 

- 
- 
8.800 

8.820 

.1a29 
8.839 
8.849 

8.858 
8.868 a 878 

. .976 
,985 
.995 

1.005 
1.014 
1.024 

1.034 
1.043 
1.053 

1.063 
- 

1.942' 
1.951 
1.961 

1.971 
1.880 
1.890 

2. OOO 
2. 009 
2.019 

2. 0 9  

2.038 
2.048 a 058 

2 067 
2.077 
2. 087 

2.096 
2.106 
2.116 

2. 125 

2 135 
2.145 
2.154 

a 164 
2 174 
2. 183 

a 193 
2.302 
2.212 

a. 233 

2. a31 
2. a41 
2. a51 

!La80 
2. 270 
2.280 

2.289 
2. aBB :a 309 

- 
- 

- 
- 

- 
- 

2. soer 
2.917 
2. 837 

2.937 
2.946 
2.933 

2.966 
3 975 
2.985 

2.995 

3.004 
3.014 
3.024 

3.033 
3.043 
3.053 

3 . m  
3.072 
3. osa 
3.091 

a. 101 
3.111 

3.130 
3.140 
3.149 

3.159 
3.168 
3. l i 8  

- 
- 

- 
- 

3.120 

3.874 
3.883 
3.893 

3.903 
3.912 
3.823 

3.932 
3.941 
3.951 

3.961 

3.970 
3.980 
3.890 

3.999 
4.008 
4.019 

4.028 
4.038 
4.048 

- 
- 4.927 

4.936 
4.946 
4.956 

4.965 
4.975 
4985 

4.864 
5. OLM 
5.014 

- 5.893 

6.902 
5.912 
6.922 

5.931 
5.941 
5.961 

5.960 
5.970 
5.880 

- 6.859 

8.808 
6.878 
6.888 

6.897 
6.907 

,6.917 

I 6.9% 
.6.936 
. 6.946 

.6.965 

.6.965 

.6.975 

.a984 

.6.994 
: 7 . m  
.7.013 

.7.023 
7.033 

.7.042 

- 

- 
- 

1.072 
1.082 
1.092 

1.101 
1.111 
1.121 

1.130 
1.140 
1.150 

1.159 

1.169 
1.179 
1.188 

1.198 
1.108 
1.217 

1.227 
1.238 
1.246 

1.256 

1.265 
1.275 
1.285 

1.294 
1.304 
1.314 

1 . 3 a  
1.331 

1.351 

1.369 
1.3E 
1.351 

1.391 
1.401 
1.41C 

1.424 
1 .43  
1.43s 

- 
- 

- 
- 

1. y3 - 
- 

4.057 

4.067 
4 077 
4 086 

4.096 
4.106 
4.115 

4.125 
4.134 

. 4.144 

- 5.023 

5.033 
5.043 
5.052 

5. om 
5.072 
5.081 

5.091 
5. loo 
5.110 

- 5.989 

5.999 
6.008 
6.018 

6.028 
6.038 
6.047 

6.057 
6.066 
6.076 

- 8.887 

8.897 
8.907 

8.928 
8.936 
8.945 

8.95.. 

8.974 

8.984 

8.993 
9.003 
9.013 

9. oaa 
9.032 

.9.042 

.9.051 

.9.061 
9.071 

- 
a BIB 

a m  
- 
- 3.188 

3.207 

- 
3.107 

3.217 

3.228 
3.236 
3.246 

3.255 
3. !MI 

.3.275 

4.164 

4. lea 
4.173 
4.183 

4.192 

4 212 

4.221 
4 231 
4.241 

4.250 

4. aeo 
4.279 

4.289 
4 299 
4308 

4.318 
4.328 
4.337 

- 

4.202 

- 
- 

4.2m 

5.1241 - 
5.129 
5.139 
5.149 

5.158 
5.168 
5.178 

5.187 
5.197 

.5. a07 

6.086 

6.095 
6.105 
6.116 

6.1Y 
6.134 
6.144 

6.153 
6.163 
6.173 

- .7.052 

.7.061 

.7.071 

.7.081 

.7.090 

.7: 100 

.7.110 

7.119 
.7.129 
.7.139 

- 

2 318 

2.3% 
2.338 

2.35i 
2.367 
2.376 

2. 386 
2.396 
2.405 

- 
2. F 7  

3. 281 

3.294 
3.304 
8.313 

3 . 3 z  
3.333 
3.342 

3.351 
3.36: 
3.371 

- 5.216 

5. !ma 
5.236 
5.245 

5.255 
5.26ti 
5.274 

5.281 
5.294 
5.303 

- 6. is - 
6.191 
6.m 
6.211 

6.221 
6.231 
6.M 

6. W 
6. !X4 6.m 

.7. lis - 

.7.158 

.7.168 
7.177 

.7.187 

.7.197 

7.210 
.7.2M 
7.236 

.7.245 

7.206 

- 
- 

7 - 

9. om 
9. ow) 
9 . m  
9.109 

9; 119 
9.128 
9.138 

9.'148 
9.158 
9.167 

.9.177 

- 

- 
- 

8 - 

8.124 

8.142 

8.1& 
8. Is! 
8.17: 

8.18: 
8.1% 
8. a01 

a 1% 

1 . 4 4  - 
1 

2.416 - 
a 

3.351 - 
S - 

4.347 - 
4 - 

5.313 - 
6 - 

0.m 

6 
- 
- 

a 211 - 
6 - 
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Table lQ.-Producte for Form 294-Continued 

[Multiplier=sin 75°=0.gsel 

8.211 

8.221 
8.230 
8.240 

- - 
1 - 

1.449 9.177 

9.187 
9.108 
9.m 

-- 6.313 

5.333 
5.332 

6.352 
6.361 
5.371 

5.381 
5.380 
5.400 

6.410 

5.419 
5.428 
5.439 

5.448 

5.468 

6.477 
5.487 
5.497 

5.506 

5.516 
5.628 
5.636 

5.645 
5.664 
5.664 

6.674 
6.683 
5.593 

6.603. 

5.612 
5.622 
5.632 

5.641 
5.651 
5.661 

5.670 
5.680 
5.690 

5.699 

5.708 
5.719 
6.728 

5.738 
5.748 
5.757 

5.767 
5.777 
5.786 

5.796 

5.342 

5.458 

-- 
6.279 

6. 289 
6.298 

6.318 
6.327 
6.337 

6.347 
6.356 
6.366 

6:376 

6.385 
6.395 
6.405 

6.414 

6.434 

6.443 
6.453 
6.463 

6.472 

6 . 4 8  
6.492 
6.501 

6.511 
6.520 
6.530 

. 6.540 
6.649 
6.559 

. 6.569 

. 6.578 
5.588 
6.598 

6.607 
6.617 
6.627 

6.636 
8.646 
6.656 

6.665 

6.675 
. 6.685 

6.694 

6.704 
6.714 
6.723 

6.733 
6.743 
6.752 

' 6.762 

-- 

.6:M 

-- 
-- 

0.424 

-- 
-- 

-- 
-- 

-- 
-- 

-- 

8 5 7  
8.327 
8.337.. 

8.3k3.. 
8.356 
8. 

a325 
8.385 
8.396 

.... 9.283 
9.293 

. 9 . e  

*Q.312 
9.322 
9.332 

. 9.341 
9.351 
9.301 

8.610 
8.520 
8.630 

8.639 
8.549 
8.559.- 

8.588 
8.678 
a m  

9.476 
9.486 
9.496 

9.605 
9.516 

.9.525 

9.544 

. .. e.& 
9.564 

- - 
a - 

3.381 

- - 
4 - 

4.347 

I o  
0.483 7.245 

7.255 
7.204 
7.274 

7.284 
7.203 
7.303 

7.313 
7.372 
7.332 

7:341 

- 

- 

.493 .m 

.513 

.523 

.531 

.541 

1.459 
1.468 
1.478 

1.488 
1.497 
1.507 

1.517 
1.528 
1.536 

1.646 
- 

2. 42.5 
2.434 
2.444 

2. 454 
2. 485 
2.473 

2. 483 
2.402 
2 502 

2.512 
- 

3.391 
3.400 
3.410 

3.420 
.3.429 
3.439 

3.449 
3.458 
3.468 

3.478 
- 

4.257 
4.366 
4.376 

4.386 
4.395 
4.405 

4.415 
4.424 
4.424 

4.444 
- 

8.259 :::I ' 9.225 ::: 
8.279 9.245 

8. ZW 9.261 
8.288 1 9.m 

-I- 
S.& I 9.254 

1.555 
1.566 
1.575 

1 . w  
1.594 
1:W4 

1.613 
1.623 
1.633 

2 521 
2.531 
2. 641 

2. 550 
2.660 

2. 579 
2. 589 
2. 598 

2. 608 

2 618 
2.628 
2.637 

2.647 
2656 

2.676 
2. 685 
269s 

2.705 

2.714 
2 724 
2. 734 

2. 743 
2. 763 
2. 763 

2783 
2.792 

a. 570 

- 
- 

a. 8 6  

- 
- 

am 

3. a7 
3.407 
3.507 

3.516 
3.526 
3.536 

3.545 
3.555 
3.665 

3.674 

3. SM 
3.594 
3.603 

3.613 
3.622 
3.632 

3.642 
3.651 
3. e81 

- 
- 

4.45? 
4.463 
4.473 

4.483 
4.492 
4.502 

4.611 
4.521 
4.531 - 
4 . ~ 1 0  - 
4.550 
4 . m  
4.569 

4.579 
4.588 
4.598 

4. 608 
4.617 
4.627 

7.351 
I .  361 
7.371 

7.380 
7.380 
7.400 

7.409 
7: 419 
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7.438 
- 

.64 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .618 

.66 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . .828 

.66 _______________. .638 I 
1.642 

1. e.62 
1. 662 
1.671 

1.681 
1.690 
1.700 

1.710 
1.719 
1.729 

- -I- 
7.448 
7.458 
7.467 

7.477 
7.4m 
7.4w 

7.506 
7.615 
7.525 

7.636 

7.544 
7.554 
7. I 4  

7.6i3 
7.583 
7.693 

7 . m  
7.612 
7.622 

- 
- 

a r i d  .9.w 

8.- 9.399 ' 

8.424 1 .9.3w) 

.74. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .715 

.16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .7% 

.7e-. ______-_-_----  .734 I 
-- 
6.601 I 9.467 1.739 

1.748 
1.768 
1.768 

1.777 
1.787 
1.797 

1.806 
1.816 
1.826 

- 3.671 

3.680 
3.690 
3.700 

3.709 
3.719 
3.723 

3.738 
3 . 7 4  
3.755 

3.767 

- 

- 

4.637 

4.646 
4.658 
4.666 

4.676 
4.885 
4.695 

4. M1 
4.714 
4.724 

- 

.&40 

.850 
,860 

.869 1.835 

1.846 
1.866 
1.864 

1.874 
1 . w  
1.893 

1.903 
1.913 
1.922 

- 2. 801 

2 811 
2 821 
2. 830 
2840 
2.850 
2. 859 

2869 
2.879 
2. 88R 

- 4.733 7.631 

7. 641 
7.651 
7.660 

7.6m 
7.680 
7.689 

7.688 
7.708 
7.718 

- 
.879 

. ..a89 
.898 

3.777 
3.787 
3.796 

3.808 
3.816 
3.825 

3.835 
3.845 
3.854 

4.743 
4.763 
4.762 

4.772 
4.782 
4.791 

4.801 
4.811 
4 . m  

4.830 

4 

- 
- 
- 

8.675 9.641 ::: I ::: 
2. 898 - 

8 

3.864 - 
a - 

7.728 

7 
- 
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- . Table 20.-Augmenting factors . . 

SHORT-PERIOD CONSTI'TOENTR,' FORMULA 1308) 

1 

L . '  

. . .  'I 
1.0028 
1.0115 

1 . m z  
1.0472 
1.1107 
1. mz 

Logarithm I Remarks 

-I 
0.004972 Ea& tabulated solar hourly height 
O' 11 used once and once only in summa- 

tior group c o v m  on6 constituent 
hod; constituent day represented by 
24means. . 

0.082498 . .. .. 

, SWORT-PERIOD CONSTITUENTS.* OORMULA (808) ' 
. .  

0.07680 MK _ _ _ _ _  . 1.OZXl 0.01074 .. . 

... .. . I , .  . 
LONG-PERIOD CONSTITUENTS, FORMFA-(+) . . . .  

. . .. 

. -  
. Remarks , _ _  . 

I .  

- . .  . 
, .  . .. . .  . 

'Mm..: _ _ _ _ _  .I.=: 0.00218 ' 

MI _ _ _ _  J _ _ _ _ _  1: 1 i S  I O.O&O I} Dally S w s  used as units in the summation for the divisional . .MSf..l::-.- . 1:OlgZ' 0.00825 means. and all daily muns.used. constituent month for Mm 'Mf, 
Sa----:-:--.- .1.-0@23. 0.00124 MSf, and constituent yearfor S k d  Ssammntedby24mkans. 
S8a. _ _ _ _  I .- : ! 1.0115 0.00497 , . . .  

. .  . .  . ' ANNUAL AYD SEMIANNUAL CONETITUENTS, IIORYULA (404) 

. .  . .  , .  
R m k S  
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+1.0 
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163 192 221 250 
days days days days ----- 

0 0 '  0 ' 0 .  

M.9' 44.2  4-2.4 4-3.9 

-0.1 +o. 7 +3.0 +4.1 
-1.0 +0.9 +3.2 +3.7 
-1.7 +LO +2.9 +3.0 

-2..1 +l. 0 +Z. 4 +Z.O 
-2.1 4-0.8 +1;7 +0.8 
-1.9 +0.6 44.9 -0.4 
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Table 21.-Acce&rat'ion in epoch o f  K, iiue to  P; 

-5.8 
-5.0 
-3.8 

-2.3 
-0.7 
+l .O 

+26 
+4.1 
t 5 . 2  

. .  -.._ [Argument h-8~' refers to begiahiag of series] 

-1.5 44.4 +O. l  -1.5 
'-9.0 +O. 1 -0.8 - 2 6  
-0.5 -0.l -1.6 .-3.5 

0.0 -0.'4 -2.3 -4.0 
+o.6. -0.8 -28  -4.0 

- 

+l..l -0.8 -3.1 -3.5 

+1:6 . -1.0 -3:l -2.5 
+1.9. -1.0 -2.5 -171 
t 2 . l  ,-0.9 -1.5 +0.5 

- - 
14 

da? 
- 

0 

+6. 5 

t13.9 
t17.9 
tl9. 0 

t17.6 
t14.7 
+lo. 8 

+6.4 
+l. 5 

-8.2 
-12 5 
-18.0 

-18.4 
-l8.9 
-16.8 

-11.3. 
-2.8 
+6.5 

-3: 5 

,. . 
. 0 

10 ..a 
, 3 0 ' 2 l o  

'4 
":XI' 
' 8 0 .  

.' ': 80 
90 

100 
, 110 

130' 
,140: 

160 
-*70 
180 

. .  

1%;. 

150 
, I . .  

- - 
29 

days 
- 

0 

tll. 4 

t16.4 
t18.3 
t17.6 

tl5. 2 
tll. 7 
+7.4 

+a. 7 
-2 2 
-6.9 

-11.3 
-14.9 
-17.5 

-la 3 
-16.7 
-12 1 

-4.7 
+3.9 
tll. 4 

. 
180 

190 !-rn 

a20 
230 
240 

7 0 2 5 0  
z30 ml 
280 
280 
300 

310 
3 9  
330 

: 340 
."Sal 
360 

. I  

. 

- - 
58 

days 
- 

0 

tl4.6 

t16.0 
t15.3 +la. 9 

+9.4 
+5. 2 
+O. 7 

-3.9 
-8.2 
-12 0 

-14.7 
-16.0 
-15. 2 

-12. 2 
-7.3 
-1.0 

+6.4 
tlO.9 
tl4.6 

+O.B 
+a aa 
+0.13 

+ a 0 3  
-0.08 
-0.19 

- - 
87 

days - 
0 

tl2. 6 

+la 0 
+a. 9 
4-6.7 

4-2 8 
-1.2 
-5. 2 

-13.3 
-126 

-12.1 
-10.1 
-6.9 

-2.9 
3.1.3 
+5. 4 

tll. 5 +la 6 

-a 7 

+a 9 

. _ .  . 
+O.B M.10 -0.03 -0.07 -0.'06 -0.01 +o.04+0.OBk03 O . W - O . O l !  0.00 +o. 15 i-o.01 -0. io -0.11 -0.07 0.00 +0.04 + o . ~  +o.oi -a02 -0:oz:-0.01 +o.m -0.09 -0.15 -0.14 -0.07 0.00 +o.~+o.oz-o.oi-o.w)~-0:03~ a00 
-o:oi -a 17 -0. l~ -0.14 -0.08 +o.oi k : o j  0.00 -0.03 -0. ~r i-0.03;. 0.00 
-0.16 -0. !U -0.19 -0.13 -0.04 +o.O2 +0.'02 -0.01 .-0.04 -0.04 -0.02 +a01 
-0. I -0.26 -0.17 -0.10 . -0.01 +O. 03 +O. 02 -0.02 70.04 -0.09 '0.01 +O. 02 

- - 
105 

dan 
- 

0 

110.1 

4-8.8 
4-6.4 
+3.1 

-0.5 
-4.1 
-7. 2 

-9.3 
-10. a 
-9.q 

-a 1 
-5.8 
-2.:1 

+o. 5 
+3.6 
+6.4 

+a a tio. a 
t10.1 

+5.9 +2.0 -0.7 -0.1 +l.9 
+5.9 -CL7 .-O.3 +1.2 +3.1 ' . I  +0.9 1 . 1  4-0.2 +2.4 I +3.9 

I .  

-0.3 W.7  '+$.I 
M.9 +1.6 +1.6 
4-21 I 4-25 I '  ;+1..9 

Table 22.-Ratio of.increase in amplitudeof K, due to  Pi 
. . . [*&meat L-iv' refas to ln?ginning of &ies] . . . - . . . _  .. . . .  . .. . . -  

-0.k -0.17 -0.02 44.08 4-0.12 44.12 b . 0 7  + O . O l '  0.00+0.02+O.OB'+O.07+0.M 

-0.04 . I  44.04 I 44.16 I +O.20 I 4-0.20 I ~.13~+0.05.+0.02+0.04+0.07+0.08.+0.09+O.06 I I I I I I  I -0.16 -0. OB +o. 01 +a 16 .+o. 17 +o. 13 +o.w +o. 02 +o. oz .+o. 05 +o. os so. os so. 07 

+0.07 +O. 171 4-0.14 +0.231 44.23 +a271 4-0.23 +o.Xl +b. +O. 21 191 &..OQl 4-0. 12 +o. +O.031 04 +O..03 +O.03~+0.06~+O.09~+O.08~~.~~-Wr04 +O.O6 +O.@ 4 . 0 9  40.09 :+bo5 
44.25 44.28 +O.aS 44.22 4-0.15 +O.:O5 +o.O2 +O.o4+o.O7+O.09+O..o8+O.OB'+O.03 
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+0.18 + O . l 2 .  0.00 -0.*09 -0.10 -0.08 -0.01 +o.W+O.03 0:00-0.02-0.02.-0.01 
+O. 10 +o.O4 -0.0s -0.13 -0.12 -0.06 0.00 9 . 0 2  +0.01 -0.01 -0." -0.03 -0.01 

- 
. .  

0 

10. 
80 

40 
60 

1 0  

:60 

' 7 6  

:m 
100- 

im 

so 

110 

130 
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1M) 

160 
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'10 - 

+o. 01 
' .2  23o -a o8 

. BO 2-40 -0.17 

:70 250 -0. 23 .a 260 -0.27 

lab 280 -0.20 

8p -0.25 

110 280 -0.13 
120 900 -0.03 

180 810 +o on 

im NO +am 
170 +.a? 
iw +o.ar, 

140 310 +0:14 
1W 330 +0.2l 

- 
.- 
180 

1ilO 
a00 
210 

m 
290 
240 

250 
280 no 
280 

E 
310 
320 
330 

34a 
850 
36a 

-0.05 -0.15 -0.15 -0.13 -0.05 0.00 +0.02 0: 00 -0.03 -0.04 -0.03 0.00 
-0.14 -0.19. -0.18 -0.11. -0.03 +o.oi . +o.o2 -0.01 -0.w -0.03 -0.02 0.00 
-0.21 -0. ai -0.14 -0.m -0.01 +o.o2 +o.oi -o:oa -0.04 -0.02 -a01 $0.01 

-a 25 -0. a0 -0. io -0.05 +o.m $0.03 $0.01 -0.03 -0.03 -0.01 0.00 +0.02 
-0.25 -0.16 -0.05 0.00 +o.o5 +om o.m-o:m-aoa 0.00+0.03+o.o~ 

-0.15 -0.02 +O.M S a l 0  4-0.10 +O.M +0.01 0:00+0.02+0.O4+0.05+0.05 

+o?m +o.i3 +o.u +O.N +o.ii +a04 +p.oi+o.03+0.05+0.07+0.0'1+a~ 
+o 11 +o 18 +o io +OH +am +ao8.+o.oa+o:u+o.o7+0.o8+o.o7+o.or 

&.la +o.za +O.M +o.m +a01 0.00 + 0 ~ 0 3 + 0 . 0 6 + 0 . ~ + 0 . 0 0 - ~ ~ ~ . + 0 0 1 ' ~  
+o.% +o.m +o.w -1-0.03 -0.02. 0.00 + o . o a + o . o a + o . o 6 + 0 . ~ + 0 . ~  0.00 +au + o . u  +o.w -0.02 -0.04 -0.01 + o . o 3 + 0 . ~ + + 0 . ~ + 0 . 0 1  0.00 0.00 

-0:Zl -0.10 +0.01 w . 0 5  +0.0s +0.05 0.00 -0.01 0.00 +o.02+0.04+0.04 

-0.06 $0.05 44.12  +o. 14 44 .11  +o.O5 +0.01+0:01 +O.M #.Os M.06 +o.O5 

+o:l8 +022 4-0'19 +0'15 .+0 .07 .+O02 +0.02+0.05+0.07+0.07+0.C6+0.C@ 
+a23 +o:u +618 k 1 3  44.04 +o:Ol +0.03+o.06+0.07+0.~+0~05+O.02 

- U s  6. COAST AND CfEODEJXO SWRVEY, - ' . 

Table 23.-Acceleration~in epoch of S, due to K, 
[Argument h-v" refers to beginning of serk] 
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0 

+3. 2 

+7.2 
+lo. 8 
t13.7 

tlh 4 
t 1 5 . 4  
t 1 3 . 2  

+a 0 
+l. 9 
-5.5 

-11. 2 
-14.6 
-15.6 

-14.7 
-12.4 
-9.1 

-5.9 
-1.1 
+ a 2  

- - 
20 

days - 
- 0.. 

4%. 9 

W. 8 
t12.6 
tl4. e 
t i s .  o 
t13 .5  
+9.6 

+3.7 
-3.0 
-9.1 

-is .  a 
-15.0 
-14.7 

-12.9 
-io. o 
-6.4 

-2.3 
+1.g 
+r 9 
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days 
- 

- 0  .. 
t10.1 

+la 3 
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$0.8 
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Table 25.-Acceleration In epoch-ofSr.due to T, 
[Argument h-pl refers to beginning of se&aJ 
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+l. 2 

+o. 5 
+o. 2 
-0.2 

70 .5  
-0.8 
-1.1 

-1.4 
-1. 7 
-1.3 

A2.0 
-2.0 
-2 0 

+o. 9 

- 

-1.9 -1.2 

-1. 1 -0.4 
-1.5 -as 

- 1 . 4 - 0 . 5  0.0 
-0.3 +0.4 +o. 3 +0.8 

+o.8 +1.2 
f l .  2 +I. 6 
+1.6 +1.8 

+1.9 + 2 1  
+2.2 +2.2 
+2.5 +2.3 

4-2.6 S 2 . 4  
4-37 +2.3 
4-26 4-2.2 

4 - 2 5  +Z.O 
+2.4 +l. 3 
+2l +1.5 

- - 
221 

days - 
0 

-1.5 

-1.4 
-1.3 
-1.1 

-0.8 
-0.6 
-0.3 

0.0 +o. 3 
+O. 6 

+o. 8 
+l.  0 
+I. 2 

+I. 4 
+l. 5 
+l.  6 

+l. 7 
+l. 6 
+I. 6 

+l.  5 
+I. 3 
+l. 1 

+o. 9 +o. e +o. 3 

0.0 
-0.3 
-0.6 

-0.3 
-1.1 
-1.3 

-1.4 
-1.5 
-1.6 

-1.7 
i l .  6 
-1.5. - 

0.0 
-0.1 

-0.4 
-0.6 

-0.3 

- a 3  

-0.7 

-0.9 
-0.9.  

-0.9 
-0.9 
-0.9 

-0.8 
- a 7  
-a.o- 

- - 
250 

days 

-0.1 -0.1 
-0.2 -0.2 

-0.4 -0.3 
-0.5 -0.3 

L O . 7  -0.4 

-0.3 - a 3  

-0.6 -a4 

4 7  -0.4 
- a 7  -0.4 

-0.7 -a4 
-0.7 -0.3 
-0.6 4 3  

-0.6 -0.2 
-0.6 -a2 -a 4. - -a 1 

0 

-1.1 

-0.9 

-0.6 

-0.4 
-0. 2 +o. 1 

+o. 3 
+o. 5 +o. 7 

+o. 9 
+l. 0 
+I. 1 

+l. 2 
+l. 3 
+l. 3 

+l. 3 
+l. 2 
+l. 1 

+I. 0 +o. 3 
+O. 6 

+o. 4 +o. 2 
-0.1 

-0. I 
-0.6 

-0.9 
-1 .1  
-1. 2 

-1.3 
-1.3 
-1.3 

-1.3 
-1.2 
.--I. 1- 

-a 7 

-a 7 

- 

+1.4 
+0.9 
44 .4  

-0.1 
-0.6 
-1.0 

279 1 287 I 3,s.' 
days days days 

$0.6 0.0 
+O.2 -0.4 

-0.7 -1.2 
-1.1 -1.6 
-1.5 -1.8 

-0.3 -0.8 

-0.1 
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Table 26.-ReeuZtant amplitude'of S2 due t o  Ts 
[Argument h-pi rbfers to beginning of series] 

I. 99 

I. 98 
1. 98 
1.98 
F. 88 

1.99' 
1. 99 
1. 98 

D. 99 
D. 99 
1. 00 

1.00 
1.00 
1.01 

1.01 
1.01 
1.01 

1.02 
1.02 
1. 02 

1.02 
1.02 
1. 02 

1. oa 
1.01 
1.01 

1.01 
1.01 
1. o( 

1. o( 
1. W 
1. W 
aw 
0. w 
0. w 

I. 99 I 

- 

0.e '0.95 
0.45 0.95: 
0.95; 0.841 

0 94! ' o.:Sa; 
oh\ ' 0.94 
0.w 0.w. 

. .  . 

I . '  . 
0.:95! 0.95; 
0.95; 0..05, 
O.,W 0 3 6  

0.97 0.98 
0.98' , .0.99 

0.Ss: 1.00 
l.00. 1.01; 
1.01' .I.? 

1.02 1.03 
1.03 1.03 
1.04 1.04 

1.04 1.05 
1.06 . 1.05 
1.06 1.06 

1.06 1.06 
.LOB .1.'06 
1.08 1.06 

0.4 0:w. 

. .  

. .  

.. : .  . 

D. 88 

0.99 I 
0. 99 
0.99 

0.99 
0. 99 
0.99 

0.09 
0. QQ 
0.99 

1.00 
1.00 
1.00 

1.00 
1.00 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1. o(1 
1. OE 

1. o( 
1. o( 
1.M 

0.91 
0. w 
0. w 

1.99 
1. os! 
3.91, 

D. 971 
D. 96 
0.05: 

0. w 
0.94 

0.94 
0.95 
0.95 

0.96 
0.96 
0. Qi 

0.88 
0.98 
1.00 

1.01 
1.02 
1.03 

1.04 
1. w 
1. O! 

1. o! 
1. M 
1.N 

1. M 
LO! 
1. o! 

0.951 

- 

- 
I. 04 

1.03 
1.03 
1.02 

1.01 
1.00 
0.99 

0.98 
0.97 
0.96 

0.06 
0.96 
0.95 

'0.95 
0.95 
0.95 

0.95 
0.98 
0.96 

0.0; 
0. w 
0. 91 

1. M 
1.01 

1.0: 
.1.a 
1. a 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

1:oC 

1.03 

1.03 
1.03 
1.01, 

1.00 
0. 99 
0. w, 
0. 97i 
0.97; 
0.96: 

0.9.4 
0.95; 
0.95 

0.95 
0.95 
0.96 

0.96 
0.98 
0.97 

0.88 
0. ge 
0.88 

1.W 
1.01 
1.0: 

1.0: 
l . @  
1. o! 
1. oi 
1.0, 
1. (h 

1.0 
1.0 
1.0 

1.0 
~ 1.0 

1 1.0 

- - 
134 
lays 

1.02 

1.01 
1.00 
1.00 

0.99 
0.98 
0.97 

0.97 
a 98 
0. gs 

0. M 
0. 9t 
0. g: 

3. w 
D. U 
D. 8( 

0.0; 
0.9 
0. a 
0.9 
1.0 
1.0 

1.0 
1.0 
1.0 

1.0 

1. c 
1. ( 
1. ( 

1. ( 
.l. ( 
1. ( 

1.4 
1. I 
1. I 

- 

1. a 
1.a 

- - 
163 
ays 
- 
1.01 

1.00 
1. 99 
1. 99 

D. 98 
D. 97 
D. 97 
0.96 
0.98 
0.98 

0.96 
0.96 
0. BE 

9. 9i 
0.9; 
0. VI 
0. Ql 
0. w 
0. R 
1. M 
1.0 
1.01 

1.0 
1.0 
1.0 

1.0 
1.0 

1. c 
1.c 
1. c 
1. c 
1. ( 
1. ( 

1. I 
1. 
1. I 

1.a 

- - 
192 

days 
- 
1.00 

0.99 
0.99 
0.98 

0.98 
0.97 
0.97 

0.97 
0.97 
0.97 

0. 97 
0. In 
0.97 

0. I 
0. w 
0.91 

3.91 
1. M 
1.01 

1.0: 
1.0: 
1.01 

1.0' 
1.0: 
1.0 

1.0 
1.0 
1.0 

1.0 

1.0 

1. c 
1. E 
1. E 
1. ( 
1. ( 
1. ( 

1. a 

-- 

I -  
221 

dags 

0. 99 

0.99 
0.98 
0.98 

1.98 
1.97 
1. 97 

D. 97 
D. 97 
0.97 

0.98 
0. I 
0.98 

0. 99 
0.99 
1.00 

1.00 
1.01 
1.01 

1.01 
1.02 
1.02 

1.03 
1.03 
1.03 

1.03 
1.03 
1.03 

1.01 
1.0: 
1.0: 

1.0: 
1.01 
1.01 

1. M 
1. a 
0. w 

- 

- 

I. 99 
I. 98 
I. I 

1.98 
1. 98 
1.98 

1.98 
1.98 
3.98, 

0.98 
D. 99 
D. 99 

0.99 
1.00. 

1.01 
1.01 

1.03 
1.02 
1.02 

1.02 

1.02 

1. M 
1.02 
1.02 

1. m 
1.01 
1.01 

1.01 
1. M 
1.W 

1. M 
0.91 
0. w 

0.98' 

1.01. 

1. oa 

- 

rys  days days days --- a,' ne I 281 I= 
3. 99 

0.99 
0.90 
0.99 

0.99 
1.00 
1.00 

1. no 
1.00 
1.00 

1.00 
1.00 
1.00 

1.00 
1.00 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1. ou 
1.00 

1.00 
1.00 
1.00 

1.00 
1. 00 
1.00 

1.00 
1. 00 
0.99 



- 
Natural 
number 

0. OOO 
, .001 

.002 

.om 

.004 

. 005 

.oMI 

.007 

.0os 

.m 

. 010 .on 

.012 

.013 

.014 

.015 

.018 

.017 

.018 

.019 

.m 

.021 

.022 

.023 

.024 

.025 . 0% 

.027 

. O B  . 0% 

,030 
.031 
.032 
.os 
.034 

.035 

.m 

.037 

.038 

.039 

.ou) 

.M1 

.042 

.043 .ou 

. 045 

.OM 

.M7 .w 
:a9  

.OM) 

- 

- 

9.1741. 
9.1778 
9.1805 

9.188at 
9 . 1 ~ 3  

HARMONIC ANALYSIS AND PREDICTION OF TIDES 

Table 27.-Critical logarithm8 for For'm 245 

233 

i 0.m 

I . m 3  

. .a01 
! .a02 

.?M 

. - - - - - - - . 
6.6990 

. 7.1781 
7.3980 
7.5441 

7.053a 
7.7434 
7.8130 
7.8751 
7.9295 

i .  9778 
8.0212 
8.0807 

.8.0970 
8.1304 

a 1614 
8.1804 a 2176 a 2631 a zm 
a mi 
8.3118 
8.3325 
8.3522 
8.3711 

8.3893 

8.4394 
8. 4549 

8.4699 
8.4843 
8 . 4 W  

a 4068 a 4233 

a 5119 a 5251 

9 . 1 m .  
9.1918 
9 . 1 ~  
9.1973 
9.2001 

9.2028' 
am65 
9.2082 
9.2109 
9.2138 

. . .  

8.5379 
8.5503 
8.5623 

8.5856 

8.6075 

8.6284 
8. e385 

a 6741 

a m 7  

a ~ i s i  

:XI5 
.aoB 
,208 

- . . 2 0 9  

.210 

.a11 

.213 

.214 

: .m7 

.a12 

0.050 
.051 
.052 
.053 
.051 

.065 
,056 
.057 
.os 
.069 

.060 
' ,061 .om 
: .063 
.OM 
.m 
.oBB 
.067 
'.Mu) 
.089 

. .070 
.071 
.OR 
.073 

, .074 

. Oi5 

.076 

.077 
,078 
,079 

.os0 

.os1 .m 

.083 

.OM 

.os 

.os 

.os7 

.om 

.om 

.ow) 

.091 
'.Om 
.093 
.OM 

9 . e  
. 9.3318 

9. 2343. 
9.2388 
9. 2394 

9.2419 
9. ?Ma 
9.2468 
9 . W '  
9.2517' 

9.2541. 
9.2665 
9.2509 

.. 9. as13 

9. ass1 
9. adsl 
9.2707 
9. rnl 

9.2777 
9.2709 
9.2823 
9.2445 
9 . m 7  

9. a890 
9.2932 
9.2934 
9.2956. 
9.2978 

9 . m  

9.2837 ; 

9; npa 

.. . 

&a-' 11 Natural nthm number 

. 

8. wlsl 
8.9709 

a9756 ami 
a m  
8 ; m l '  
8.9&5. 

s.ti979, 

0. loo 
.lo1 
.lo2 
. lo3 
.lo4 

. lo6 

.IO6 

. lo7 

.lo8 

.I09 

. 110 . 111 

.119 

.113 

.114 

.115 

.116 

.117 

.118 

.119 

.121 

.122 

.la 

.124 

.125 

.128 

.127 

.128 

.129 

.Is0 . 131 

.132 

.133 

.134 

,135 
.I36 
.137 
.138 
.139 

.140 

.141 . I42 

.143 

.1M 

.145 . 1% 

.147 . 148. 

.1,9 

.150 

. im 

. 

: 
. 

' .  . 

8.9979 
9.0022 
9.0085 
8.0108 
9.0150 

9;OlB 
9.0233 
9.0274 
9.0315 
9.0355 

9.0395 
9.0434 
9.0473 
9.0512 

'9.0561 

9.0688 
9.0826 
9. oB&1 
9.0701 
9.0738 

9.0810 
9.0846 
9.0883 
9.0917 

9.0952 
9.0887 
9.1021 
9.1056 
9.1080 

9.1123 
9.1157 
9.1190 
9. 1223 
9.12#5 

9.12sE 
9.13m 
9.1352 
9.1384 
9.1415 

i 9.1446 
9.1477 
9.1508 
9.1539 
9.1589 

9.1599 
9.&@ 
9.1659 

' 9.-lW 
, 9.J7l.s- 

9.1747 

9.'0774. 

. .  

0. 150 
.161 
.152 
:l63 
.154 

.155 

.156 

.157 
,158 
.159 

.le0 

. l 6 l  

.1m 

. l e 3  

.I84 

. la5 

. l e6  

.167 

.lea 

.169 

.170 

.171. 

.172 

.173 

.I74 

.I75 

. l i e  

. 1 n  

.I78 

.179 

.180 

.181 

. la2 

.I83 

. I 8 4  

. la6 

.I&? 

.I87 
,188 .m 
.I90 
.191 
.192 . le8 
.I94 

.195 

.188 

. l97 

.I98 

.m 
* I?! 

,220 . aal 
,222 
.223 
,224 

.a25 

.. 220 

.227 

.229 

.229 

,250 
.231 
.2a2 
:2a3 
.234 

.235 

.a36 

.237 

.238 
:!2a 

.240 

.241 
. .. 242 .a. 
.244 

.245 

.246 

.247 
r m . 2 4 8  

' ;w) 
":?? 

- 

- 
Loaa- 
rithm - 
9. m 
9 . m  
9. a0413 
9.8085 
9. am 
9.3107 
k31a9 
9.3150 
9.9171 
9.3191 

9.32l2 
9.3233 
9.3284 
9.3274 

9.331L 
9.3335 
9.3365 
9.3376 
9.3395 

9: 3485 
9. 3464 

9.w 

9.34* 

-%% 
9.3615 
9.3632 
9.3661 

9.3688 

9.9doB 
9 . 3 m  
'9.3846 
.9.3666 
9. aa83 
9.3102 

9.3767 
9. anti 
9.8794 
9 . m  
a3880 
9.3848 
9. oa 
9. ==i 
9.8901 
9. a99 

8. so 

9. am 
9. am 

Ez 
9.3913 - 



. MI . 

-1.08674Q 

-0.544375 
9.785598 

0 
0 . .  

+O. LE3658 
9.34324!2 

-L 64FmS 
0. n5481 

9.886865 

3-1..@MS3 
0.040615 

+l. .ffl24a3 
0. alspsl 

-0. m.306 
9. mi- 

+1.:026179 a 010800 

0: ,- 

. .  
-a 4 m 3 7  

DIUBNAL CONSTITUENTS . .  

0 1  

-1.642408 
'0. 2 l U l  

-1.088033 

-0.553668 
,9.7+3243 

0 
0 

-2 196066 
0.341646 

-1.015896 
0.008819 

+a ~ ~ ~ 3 7 6  
9.735888 

+l. 088749 
ao98Bas 

-1.056964 
aOa4080 

+o. 4716ai 

a 040615 

9.673501 

~ 

, . . .  
00 

- 
$O.S5385B 

9.743242 

+l. gesws 
0.040615 

+l. 642408 

' 

o . a w i  . 

+2 ieeoas 
0.34lsrg.. 

0 
0 

+l. l80170 
0: 671945. 

+ 2 . 7 W l  
0. rlinaao 

+3.'284816 
0.516511 

+L 138103 
a(M658s 

+a ~ 4 3 7 ~ 7  
0.4%119 

I 
I . PI . Q' 

-0.626512 -2 186782 
9.796929 0.339806 

-0.082137 -1.64'2408 
agi-9 o.aisps1 

+0.462=7 -1.096033 
. 9.881865 8040615 

+l. 015S96 -0.544375 
0.0088r18 9.735898 

-1.1801'10 -2740441 
0.mw 0.4378m 

0 -1. ma70 
0 0.193nm 

+1.580270. . . o  
0.18311)o 0 

+ 2 M 6  . $0.544376 

-0.041069 -1.601839 

+l. 487417 -0.072964 
0.172433 8.882463 

a 3 ~ 1 7 9  9 . l i u ~ ~ s  

s.618~14 0:20y183 

-2 731167 
0.436347 

0.338806 

-1.64'2408 
0. P6461 

-1.089149 
O.om!aB 

-3. a88816 

-2 104645 
0.338179 

-0.514375 
9 . 7 3 m  

0 
0 

-2 145714 

-a. irunm 

, a 6 i m  

0.331572 

9.790446 
-a t i i m  

. .SI 

-0.585443 
9.787485 

-0.041069 
a 613514 

+o. mm 
,9.70183% 

+l. 058981 
0.0244w 

-1.139109 
O . O I S F 8  

+o. 041069 

fl. 801339 
0.204983 

+a 145714 a 331,578 

0 
0 

+l. b28d86 
0; 184181 

a ~ i 3 l i i 4  

. .  

P1.' 

-2.113929 
.O. 3'26090 

-1. wB654 
0.105776 

-1.025178 
0.01o8oo 

9.673601 

-a 667687 

-1.487417 

+o. W% 
8.882463 

+0.6i7aZB 
9.780446 

-1.5284% 
O.l%4%1 

0 

-0 .4mai  

a 4atwa 

a inm 

0 .  



l'abke 28.-Constituent bpeed. dtfferertdeb (b-a) and log (b-a)--Continued 

__.- 
-2113828 

-1.560270 

0.325090 

ai832oo 

- i .O16~~ 
aMWsr9 

-h 471521 
9.673501 

+ a m 4  
8.!362453 

a 316570 

a3msm 

- 2 m s  

-2.0317b2 

-1.880725 0.299011 

-1.487417 
9.17!?.433 

0 

-aka4375 
9.735898 

-3.047687 
0.4wm 

0 '  

-1.588554 

-1.015896 

aissm 

a008849 

- d m m  
9.673501 

+a W2854 
8.862453 

9.790446 

- 1 . 5 w  

-1.487417 

+o.t~ima 

a ismi 

a i m 3  

-1.440350 0.180373 

-0.943042 .. 9.974531 

9.735898 

0' 
0: 

0.398515 

+a 6 ~ 7 5  

. .  

-2.-5&3313 

M: 

-0.092137 
.8.914539 

+O. 471521 
9.673501 

+l. OlS!39S 
a m w  

+1.5BM70 
0.193aOO 

+2.104645 amin 
-0.041067 

8.613493 

.O . 
0 

+O.M1087 
8.613493 

+o. 644375 
9.7358!38 

+2.031792 
a 3 m n  

,+l. 487417 
.O.l72433 

-1..015896 
aootwa 

-1.088033 a 040815 

-a 5 ~ 7 ~  
9.735898 

0 
0 

4-0.544376 
9.735898 

+l. 088749 
a038636 

-1.05698a 
aoarase 

-1.015ml6 
0. 008849 

-0.974829 
9.88882I( 

-0.471521 
9.673501 

+l. 015888 
0.008849 

4-0.471521 
9.673501 

-2. m1m am79 

- O . l p z ( w  
9.090625 

+O. W54 
9. ?3?27 

"+o. ei& 
9 . 9 ~ ~ 2 8  

+1.51'&4 
,O. 181616 

+2.088679 asymi 
.-0. C82133 

8.914518 

-0.041081 a 6 1 3 4 ~  

0 F . .  
0 . . 

+0~"603308 
9.701834 

+l. 88&25 
ami1  

'+l. 44636860 

j -1.056962 
, 0 . 0 ~ ~  

0.160273 

. .  . .  
2N 

KI. . . . . . . . . . . . . . . . . . . . . .  
L: 

MI . . . . . . . . . . . . . . . . . . . . .  
Nz . . . . . . . . . . . . . . . . . . . . .  
m . . . . . . . . . . . . . . . . . . . . .  
RI.;. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
sr . . . . . . . . . . . . . . . . . . . . . .  
TI . . . . . . . . . . . . . . . . . . . . . .  

Xa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

25M _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-2. l867iZ a 330808 

-1. tB3lk 
0.213019 

-1.088719 
0.038928 

-0.644375 
9.735888 

0 
9 
0.3315n 

-a i o w i  a 3 a i m  

-2 145712 

-2 0855'18 
0.314621 

-1. Mom) 
0.1%3#)0 

-0.072854 
8 862453 

-a 
9.79M46 

-3. i&l 
0. +M230 

0 -0.663658 
0 9.743242 

9.743242 0 

+Lo88033 +a64437b 
0.040615 9.735886) 

+1.64W .+l .W49 
0 . 2 1 ~ 1  a-28 

+zmm +1 .m24  
.0.89880(1 azisoie 

+O. 041011 

+0.6k?eSs 0 

+a092137 -0.47'5~1 
8. e l a n  9. sd501 

9.oBoBa5 -t% 
9.796929 8.8% 

+O. 11!204 

+0.6%612 +O. 

+all3929 +1.&0 
a 3 m o  airmm 

+i.msa +i.oim a1w-m 0.006849 

a970235 a i m  -0.933759 -1.487417 

Ra 

ao4lm 
8.618535 

9.709768 

+l. W 6 3  
0.024a59 

+l. 601337 
0. a04483 

+?. 145712 
0.331571 

0 
0 

+a 51ziaa 

+a ~ 1 0 8 7  
.a e13493 

+o. 082183 
a 9 i . w  

+o. -1 
9.767483 

+2 073858 a 316570 

+l. 528684 . alum 
-0.974829 
: 9.98@8 

. .  . 
. 

. 82 . I . _  TI. , '  

~. 

. h .  
-- 
-0.626512 
. 9 . m a 8  

- 0 . m  

+0.471521 
9.673501 

g. 12453 

*l. Ol58@ a o m 9  

a 183300 
+1.6Roa7O 

-0.585441 
9.767483 

9.735s98 

9.701834 

0 .  
. o  

+I. 487417 

-a 544875 

&i. 503308 

a 172433 

+a gggopa 

a imoo 

9.974531 

-1. s m  

28M 

+a 933759 
9.970235 

+l. is7417 a 172433 

+tk% 
4-2576166 

0.410974 

+a 1m1 
0.494230 

+a 9748% 
9. !my 

+I. o1w 

+l. k 9 a Q  
aowa 

a i~a20 

0. w6849 

+l. ma70 

+3.047687 
0.483970 

+2 m313 a m i 5  

0 
0 '  



236 . .. . . . . U n  ?:\ COAST ,AND G E q D V C  S'URVEY.. _, 
,I I. , 

Table ??.-Elimination factors . 

00' 

9.7880 
.015 

93 

awn 
.p"4 

9.3150 
.m7 

-96. 

8.&8 

.eg 
-----:- _ _ _ _ _ _  

__--  
8.9571 
.091. 

18 

9.0878 
.122 

loo 

3.,39m' 

a7710 

.021 
12 

.059 
11 

9.1065 
.128 

88 

[Upper line !or each qqnsti~uent glves the logerltbms of the factors; mlddle line, carresponding natural 
. . . numbers; lower b e ,  angles In degrees] . . , . . .. . .  .. . 
' S E R k  14 DAYS. .DdNAL':CONSTITUENTS . _  .. . . 

I - . . . . . - . 

' P I . .  -- 
9.7203 
.b25 

"255 

9 . 0 ~ ~  

.ggg' 346 

9.8578 
.721 

78 

'8.7358 

;..T1 
a&ni 
-. .mi 

342 

_______. 
__-- 2. 
___. 

9.3355 
.217 

, . 8 2  

82581 

9 . m  

.ols 
174 

.988 
. 353 

9.3331 
.a15 

70 

. .  
Disturbing co&tituents (B, C, etc.) 

9.3150 
.m7 

, 284 
a m i 5  

8.- 

awil 
. 'as 

.OM 
357' 

.02l 
348 

. o n  

9.7968 
.626 
. .  
._____-- 

_ _ _ _  
7.1244 
.oo1 

0 

9 . m  
. 1 7  

266 

9.3160 8.3339 

4 
--TM .024 

9.7w 'a3839 

9 . i ~  9 . ~ 6 8  

.615 .024 
267 366 

.%5 . _ .  .:y4 . . 

9.'saW, 
675 
85 

8.13~31 

1 n ,  
a n~o 

wm 

.014 

.m 
349 

.w 
7 

9.3383' 
.a13 * 

2 6 9 8 9  

7.1244 .w1. 
0 

_ _ _ _ _ _ _  
__--_ _ _ _  

9.3369 
.a17 

77 

- 
. MI - 
a mi5 

-- 
.016 

357 

9.7968 
.626 

,269 

- - - - - - - - _____  -__- 
9.7890 
A15 

93 

9.31Yl 
.m7 

204 

9.8578 
.721 
283 .. . 

8.3838' . w4 
. 4  

9.31Yl ..an 
' 9 6  

9. a 0  
.675 

?76 

8.6580 
.046 . 172 
. .  - 

- . .  
' p l  .- 

9.31.W 
.m7 
284 

a am 
.024 

366 

9.7sdo 

287 
: 615 

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

a m  

a 7358 

.ox. 
351 

.054 
188 

9. rn .ea 
91 

.016. 
8. mi5 

' :3 

a 1x11 
.014 
, 182 

9.8516 
.711 

79 - 

- 
. QI- -- 

8.3017 .om 
' 353 

9..3150 
.m7 
284 

8.3839 .w. 
358 

9. ie68 
.0?6 ' 

269 

. I S .  
280 

9.3355 
' .217 . 

278 

9. qB78 

_ _ _ - _ -  
__ -  

9.7968 .ea 
91 

9.3a93 
.213 

271 

9. ggs7 
.992 

3 1  

83017 9gggO 

353 853 
:om I :w 

.- 
PI . -- 

a 1357 
.014 

185 

9.3344 
.216 

276 

a 6530 
.045 

la8 

9.'851@ 
,711 

281 

9.1066 . la9 
272 

9.3331 
.216 

280 

9.9967 
' ,992 

12 

9.7298 
.537 

. 104 

9.3368 
.217 

283 

. -  

_____-_ _____- _-__ 
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.Table 29.-Elimination factors-Continued 
SEILIES 15 DAYS. SEMIDIURNAL CONSTITUENTS 

COIurtitUent 
sought (A) 

JC~...-..-..-.-- 
' 8 .  . . I .  

1 .  

:hi _ _ _ _ _ _  
! .  , '  . 

.MI _ _ _ _  L ____.__ 

:Ng _ _ _ _ _  1: _ _ _ _  i- 
? .  . .  
:2N _ _ _ _ _  L _ _ _ _ _ _  

;R;... ---: _____. 

'8: _ _ _ _ _ _  &.: ___ -_  

.TI _-___.______- 

' . 

ha ____-_______-- 
. 

cv ..I._.___.____ 

vi _________ 
~ S M  _ _ _ _ _ _ _ _ _ _ _  

. ...- , ,..- ! . . -- 

~~~~ ~ ~~ ~ 

Disturbing constituents (E?, C, etc.) 

Kz Li M; N2 2N RI Sr TI XI /.u n 2SM 

: . 

----- ------- 
_ _ _ _ _ _  9 . 7 ~  8.9437 9 . w ~  8.9063 9 . ~ ~ 6  ~.!%YI 9 . ~ 2  9.6707 8 . 7 a 2 3 . 9 . m ~ ~  8 . ~ 7 6  _ _ _ _  _. .567 .088 .. 176 ..0s1 .997 .'MI .975 .4W? .053 .198 .070 _ _ _  260 342 pl4 328 353 345 338 247 339 257 168 

9.'7634 _ _ _ _ _ _  9.7627 8.9055 9 . 2 W  9.7927 9.8276 9;8585 9.8861 9.8018. 8.1941 0.3801 . ,587 _ _ _ _ _  .579 .080 .178 .8#) .872 .722 .gel  . a00 .OM .214 
100 _ _ _  282 344 246 92 85 17 347 259 357 88 

8.9437 9.7837 _ _ _ _ _ _  9.i627 8 . W 5  8.7291 8.1941 8.4114 9.8276 8.1941 9.8276 8.1935 
.088 . .579 _ _ _ _ _  . .679 .080 .OM .OM .026 . .872 ,016 .672 .OM 

' 18 98 _ _ _  282 344 10 3 175 85 357 275 6 

9.2424 8.9065 9.7627 _ _ _ _ _ _  9.7627 .9.2780 9.3018 9 . 3 N  8.1041 9.4276 9.9W.l 9.0793 
.175 . .080 .5i9 _ _ _ _ _  .579 .188 . Mo .208 .OM .672 .W1 .120 

116 16 98 _ _ _  262. 10s 101. 93 3 ' 276 13 104 

9.7627 _ _ _ _  L- 8.8157 8.BsBB 8.4858 9.3018 9.9981 9.- 8.5785 8.'906a 9 . W  
.0s1 .178 .080 .. 578 _ _ _ _ _  . OBB .049 . W1 .200 .99l .481 .038 

34 114 16 '98 _ _ _  28 19 11 101 13, 111 22 

9.8886 9.7927 a 7291 9. a780 8.8167 _ _ _ _ _ _  9.99~7.  0. go50.9.71~5.8. MZO : e. 3168 a.4114 

9 . w  9.8276 ami 9.9018 8.8888 9.99~7 9 .99~7 9 . 7 ~ ' ~ . 1 9 3 5 ~ 9 . 3 3 0 i ~  aigii 

15 a75 357 as8 ail1 7 _ _ _  353 aoa , 364 272 3 

9.8883 9.8586 a4114 9.3304 a m  9 . w  9 . ~ 7  _ _ _ _ _ _  g.goio 7.8884 9:3m ami 
: 22 !283 186 267 349 15 7 _ _ _  269 , 182 280 10 

.997 .6aO .054 . l e9  .OM _ _ _ _ _  .997 .989 .624 .035 .207 .026 . 
7 288 350 262 334 - - ~  353 345 255 347 285 17.5 

,888 . .672 .OM .200 .049 .997 --:-- .997 .679 .OM .a14 .OM 

.975 .722 .OB .209 :W1 . W .997 ---:- .Baa .MI5 .217 .a51 

9.8707 9.'J961 9.8276 8.1841 9.3018 9.7195 9.7627 9.8010 _ _ _ _ _ _  h?4l 8.7188 9:m.S 
.488 ,881 .872 .OM .200 .. 524 .679 .832 _ _ _ _ _  .214 .080 .a00 

. 113 ' 1 3  276 357 . 269 106 93 91 _ _ _  272 180 101 . 

8.m 9 . m i s  a g i i i  9.8370 g.gesi 8.sa 8.1835 7 . m  9.3801 -:-::: 9 . ~ 2 7  8.1936 

- ~ ~ ~ . ~ B . ~ ~ ~ ~ ~ ~ ~ 8 . 3 3 0 i ~ : Q ~ - ' a ~ ~ ~ . 7 6 8 a ?  -1 _ _ _ _ _  ' 8 . 1 0 ~  

8 . ~ 7 6  9.3301 a m  9 . 0 ~ ~  8 . 5 7 ~  a4114 8.1941 a7291 9.3018 iisas 9.1013 _ _ _ _ _  

-063 . .200 .OM .. 672 .99l .035 .OM .MI5 .214. _ _ _ _ _  .679 .OM 
21 101 3 I 347 13 6 ' 178 88 _ _ _  98 9 

-. _ _  . _.-- .. - - 
.lsB .016 .672 .99l .481 .207 .214 . !2l7 , 080 .579 _ _ _ _  - .127 

103 3 ,85 347 249 95 88 80 170 262 _ _ _  91 

.070 .214 .OM .la .038 .026 .OM .054 .a00 .OM .l27 _ _ _ _  
192 272 854 250 338 185 367 350 259 351 289 _ _ _  

24603741-16 
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PI 

9 . m  

8!23 
. i s 3  

.959 
9.8818 

331 

9.0674 
.117 

161 

8.%16 
.018 

174 

9.ma 
.lo8 
309 

_ _ _ _ _ _  _ _ _ _ _  _ _ _ _  
7.7378 
.005 
i 3  

8.3m 
.017 
' l a  

,880 
' 3 4 6  

9.9954 

atma .ma 
' 168 

. U. S. COAST ARP GEODETlO. SURVEY '. ' 

QI 

8.6937 

319 

-- 
.MQ 

.05a 
* 8.7199 

3% 

8.7517 
.058 
338 

8.6965 
.OM) 

361 

8.6848 
.W 
306 

7.7318 
.006 

367 

___--_ 
--_-- ---_ 

8.8956 
.050 

9 

a 4 w  
, . w 1  

8.8857 
.m 

343 

336 

Table 29.-Elimination factors-Continued 
SERIES 29 DAYS. DIURNAL CONSTITUENTS 

--- 
JI -- 

_ _ _ _ _ _  
_ _ _ _  

8.6966 
.050. 

9 

8.8886 
.049 

19 

8.7199 
.052 

8.8144 .om 
347 

___-_ 

33 

9 . m z  

5 3  

8.6937 
.049 

41 

8.8873 
.048 

Ml 

9.0688 

a4 
. i n  

8.3234 
.OZl  

16 

Co,nstltuent sought , 

(A) I 
KI 

8.6865 
.OM) 

351 

_ _ _ _ _ _  --_-- _-_-  
8.6856 
, .050 

9 

8.7617 
.OM 

8.7517 
.OM1 

388 

aa 

9.8818 

* Y 9  

8.7199 
.os? 

33 

8.6837 
.049 

41 

9.9964 

14 
.9m 

8.wa 
. O l l  

6 

I 

2Q 

8.6673 
.046 

310 

8.6937 
.049 

319 

8.7188 

328 

8.8896 

341 

8.6604 
.045 

8 . W .  
.017 
34S 

8.6956 
.ow 
' 351' 

_ _ _ _ _ _  

.ma 

.OPB . 

297 

_ _ _ _ _  
8.6877 

,034 

9.1835 
.1P . 
325 

333' 

81 --- 
9.0538 

. . l l 3 .  
336 

9.9954 .w 
346 

8.4418 

176 

8.3aB3 

8 

8.9334 .a% 
3a4 

9.9954 
.990 

14 

8.4846 
.Q1 

"17 

8.6377 .w 
2l 

.m 

.oai 

-__-__ 
-1::: 

8.1801 
.015 

111 

. Disturbing constituents (E, C, etr.) 

MI 

8.6898 . 049 
341 

8.6955 
.050 

351 

- 

_--___  _--__ _ _ _ _  
8.8144 

?3 

8.7199 
.052 

9.0674 
.117 

199 

8.7517 
.056 aa 

3m 

a 7199 

33 

a 4418 

.052 

.m 
1 1  

7.9670 
.008 

177 

. .  . .  . . 

0 1  

8.7199 
.052 

8% 

8.7517 
..OM 

338 

8.8144 
.085 

347 

-- 

_-____  _ _ _ _ _  -__- 
8.7186 
.062 

316 

8. a 1 6  
.018 

188 

8.0966 . 9y9 
8.8898 
.049 

19 

8. sa83 . oal 
352 

8.9810 

T.4 

00 

8.8144 
.OB6 

l3 
8.7617 

.056 
21 

8.7199 . OI 
32 

8.7186 .om 
44 

- 

- _ _ _ _ _  _ _ _ _ _  _-__ 
9.0333 

. lo8 
' 61 

8.6848 
..WM 

8. w4 
.045 

88 

8.9334 
.088 

36 

8.4W 

as $29 

PI .-- 
a m  . oai 

8. oma 
344 

. 011 
354 

7.9578 
.009 
185 

.a 8810 
.age 

196 

8. rlsae 
.m 

=a 
a w  .ma ma 
9.9867 

.BBB 
a6 

.9.1835 

36 

8.1801 
.016 

188 

. 153 

.-.--.- 
I.--- 

-11- 
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:L _ _ _ _ _ _ _ _ _ _ _ _ _  . 

M 

N 

2~ _ _ _ _ _ _ _ _ _ _ _ _ _  
.R* _ _ _ _ _ _ _ _ _ _ _ _ _  
8, __.__________ 

T: _ _ _ _ _ _ _ _ _ _ _ _ _  
hr _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(lo _ _ _ _ _ _ _ _ _ _ _ _ _ _  

. 

- 
. 

. .. . 

. 

. -  

-. --- ---._-.. 
ry _-____________ 
B ~ M  _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _  347 338 326 319 346 331 317 322 344 3!i4 145 

8.8144 _ _ _ _ _ _  8.6856 8.6888 8.6788 7.8581 8.9810 9.2642 9.9867 7.7378 8.2818 8.6248 
.086 _ _ _  .050 . 049 .048 .OW .088 . l e2  .968. .W5 . 018 .042 

13 _ _ _ _  861' 341 332 178 184 150 335 367 186 158 

a 7517 8. etm _ _ _ _ _ _  8. ew 8.8896 a3263 a 2616 am2 8.9810 a 2616 8 . ~ ~ 1 0  8. m 

a t - 1 ~ ~  8.8898 s.ms _ _ _ _ _ _  aetm ~ 4 1 x 6  7.7378 8.3318 a2616 a m i 0  9.- 7 rn 

a m 7  8.13788 am6 a m  _ _ _ _ _ _  a5377 a m  7.417~ 7.1378 9 . 9 ~ ~ 7  Q . u m . 7 . n m  

9.8854 7 . ~ ~ 1  a 3 m z  a w  8.5377 _ _ _ _ _ _  9.8954 9.8818 9.0538 7.2764 8 . m  8.1173 

Q.QSB a w i o . 8 . m i 6  7.7378 8.m 9.8954 _ _ _ _ _ _  9.8951 am am a . m  a m 6  . B58 '. 096 .018 .. 006 .017 .W _ _ _ _ _  .MI0 .OM) .018 . ,042 .018 
. 28 ,196 186 857 348 14 _ _ _ _  346 851 193 !&la 174 

9.9587 9.m~ a m  8.3318 7.417~ 9.8818 9.0854 _ _ _ _ _ _  8 . ~ 1 8  a 5 m  a . 8 3 ~  a3zez  
.809 .192 .om . .o21 .w3 .959 . 990 ___-_ .026 .038 .068 .021' 

9.2002 9.9857 8 . ~ 1 0  a2616 7 . m  9 . m  aetm a4418 _ _ _ _ _ _  s w  a m  7.7378 

a= 7.7378 aaais 8.9810 9.8867 7.2754 8 . m  a m  a m  _ _ _ _ _ _  a.6955 a m  

.OM. .OM) _ _ _ _ _  ..050 .049 .OW .OM .MI0 .W. .018 .G98 .Ol8 
22 9 _ _ _ _  351 341 . 8 174 169 184 186 196 167 

.052. .049 .050 _ _ _ _ _  .Ow .Oal .W5 .OZ .018. .OW .W .W 
82 19 9 _ _ _ _  351 . 17 3 188 174 196 25 177 

.W. .048 .W .Ow _ _ _ _ _  .034 .017 .W3 .o(M. .988 .la .W 
41 28 19 9 .  _ _ _ _  27 12 178 3 25 36 6 

. Bgg . .OW .a21 . .Oal .OM - _ _  _ _  .890 .959 .113. .W2 .015 . (Mo 
14 183 352 348 333 _ _ _ _  346 331 338 369 188 159 

43 210 . 201 191 l82 29 14 _ _ _ _  185 a07 217 8 

.162 . .968 .086 . Ol8 .005 .113 .050 . O S  _ _ _ _ _  .042 . 092 .005 
38 25 196 l86 357 . Y . 9 175 _ _ _ _  aOa 212 3 

. O P  . .O@ .Ol8 .oBB ' .W .oOa .018 .038 .042. _ _ _ _ _  .050 .OM 
16 , 3 

~ 174 ?64 335 1 167 163 . 158 _ _ _ _  9 161 

~ ~ 2 8 : # 1 1 1 1 - 8 ' ~ ~ ~ 8 5 5 7 - 9 : 1 8 2 5 ' E l ~  R-8a48'83324 8.9640 8.6855 ZL' 8.6016 
.011 . 018 ,.pl .,W .la 015. .044 .y3 . 092 .050 _ _ _ _ _  .032 

6 174 184 .. 33.5 335 172 148 351 _ _ _ _  151 

.I01 .M2 .Ol8 .004 . M)5 , OB0 .018 .021 .005 .018 . M2 _ _ _ _ _  
Zl6 Zoa 193 183 364 #)1 186 352 357 199 a08 _ _ _ _  

I .  

9 . m  am8 a 2688 7.6900 7. nm 8.m~ 8. 2616 a 8mz 7.7378 8. a539 amis __.__. 
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81 

9.0154 
.lo4 
313 

9 . ~ 1 8  
.959 
331 

8 . M  
.028 
170 

8.3m 
. .Wl 

16 

8.8391 
.OB9 
a87 

9.9818 
.959 

29 

a4845 

a4887 

. O B  
35 

.031 
53 

_ _ _ _ _ _  _ _ _ _ _  _-- 
8.1761 : 
.015 

164 

U. 9, COAST AND GEODETIC SURVEY 

PI --- 
8.3059 
.m 
329 

ao5m 
.011 

348 

7.0574 
.MI9 
1s 

8.9640 
.OB2 

212 

8.4112 .m 
303 

8.5807 
.a9 

235 

9 . ~ 1 ~  

9 . m  

.875 
51 

.12s 
70 

8.1701 
.015 
196 

_ _ _ _ _ _  _ _ _ _ _  _-- 

Table 29.-Elimination factors-Continued 
SEEUES 68 DAYS. DIURNAL.CONSTITUENT8 

KI 

8.8888 
.049 
341 

- 

--___ _-_  
8.6896 
.049 

19 

8.7185 
.052 

44 
8.7185 .m 

316 

9.9254 
.842 

57 

8.6504 
.045 

63 

8.5715 
.037 

82 

0.9818 
.95Q 
. 29 

8. oJ20 . 011 
12 

. MI - 
8.6657 .w 

322 

8.6896 
.049 
341 

---_-- -____  --- 
B. 8039 
.OM 

25 

8.6504 
.045 

297 

9.0427. 
.llO 

218 

8.7185 
.052 

8.8504 
.046 

63 
8.4403 

.028 
180 

7.9572 
.m 
174 

+ 

Disturbing wmtituenta (B, C. etc.) 

01 

8.6W 
.045 

297 

8.7186 
.OB 
316 

8. 8O39 .w 
. 335 

- 

___-_-  -___-  _--  
8.5737 
.037 

Zi2 

8. '?. 
.018 
193 

8.6896 
.049 

19 

8.6657 
.046 

38 

8.3224 . 021 
344 

8.9640 
.Om 
148 

00 - 
a 8039 
.064 

2s 

8.7185 
.052 

44 

8.6504 
.045 

03 

8.5737 
,037 

88 

- - _ _ _ _  - -___ _-- 
8.8349 
.068 
101 

8.4675 
.029 
107 

8.3057 .om 
120 

8.8391 
.om 

73 

A4112 
.026 w 

-- 
PI 

9.1056 
..l2a 
2a4 

9.9254 
.842 
303 

9.0427 
.llO 
142 

8. ' ? .  
.018 

1 67 

8.8349 
.068 

- -__--  
_ _ _  

7.7379 . .005 
6 

8.2155 
..OM 

2s 

9.9818 
.959 

- 331 

8 . W  
.039 
136 

-- 
QI 

8.5715 
.037 

278 

8.6504 
.046 

297 

8.7185 
.05a 
316 

8.6896 
.049 
341 

8.4575 . 028 
253 

7.7379 
.005 
354 

- 

_ _ _ _ _ _  _ _ _ _ _  --- 
a 6896 
.049 

19 

8.4645 
.om 
335 

9.9418 
.875 
"S - 

-, 

24 -- 
8.4713 
.m 
a58 

8.5715 
.037. 

278 

8.6504 
.045 
297 

8.6657 
.046 
3za 

8.3057 
.m. 

%4 

8.2156 
.OM . 
335 

8.6896 
.049 
341 

- -____ ____-  
_-- 

8.4887 
.031 
307 

9.0868 
.125 
280 - 
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constituent 

KI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

L: _ _ _ _ _ _ _ _ _ _ _ _ _  
. 

M?.. _ _ _ _ _ _ _ _ _ _ _  
' . 

N2 _ _ _ _ _  I _ _ _ _ _ _ _  
. 

w _________.___ 

R? _ _ _ _ _ _ _ _ _ _ _ _ _  
. 

Sr _ _ _ _ _ _ _ _ _ _ _ _ _ _  

T: _ _ _ _ _ _ _ _ _ _ _ _ _  
. 

ha _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I ________: _ _ _ _ _  
_ _ _ _ _ _  1 _ _ _ _ _ _ _  

. . 

28~--...-.--..aem 

SERIES 58 DAYS. SEMIDIUBNU CONSTITUENTS 

Disturbing constituents (4 C. et&) 

K, Lz Ms Nz W Ra 8: a XI pa . .I 25M 

L 8.8039 8.7186 8.6504 8.5715 9.9818 9.9254 9.8!?37 9.1066 8.9059 8.0620 8.9185 

_ _ _  336 316 297 278 331 303 m4 284 329 348 110 

-----__--__--- 
_ _ _ _ _  . .w .w .045 .037 ,858 .842 .866 .lB .m .011 .OB 

a8039 _ _ _ _ _ _  8.6888 8.8657 8.13244 7.9679 8.w 9 . m  9.9418 7.7379 8.2588 a m  .. 
25 _ _ _  341 322 303 177 148 120 809 354 193 135 

8.7185 8.6886 _ _ _ _ _ _  anme 13.6667 8.324 8.2688 ~ 7 4 8 0  a w  8.M 8.8840 8.2475 

.OB4 . _ _ _ _ _  . .M9 . .OM .042 .009 ..OB2 .186 .875 . .M)5 .OlS .W 

.062 . .049 _ _ _ _ _  .049 .048 .021 .018 .056 .OB2 . .018 .oBa .018 
44 19 _ _ _  341 322 16 167 ,138 -148 193 212 164 

8.6504 8.6657 8.6886 _ _ _ _ _ _  8.6896 8.4645 7.7379 8.3193 %a588 8.9640 9.9418 7.6898 
.045 .OM . .049 _ _  - .049 .OB .MI5 .02l .018 .092 .876 .004 

63 38 19 _ _ _  341 35 6 157 167 212 61 173 

' 

8.5715 a m 4  8.6667 a6896 _ _ _ _ _ _  8.4887 8.21% 7 . 4 1 ~  7.7379 9.9418 9 . m  7 . 7 ~  

9.9818 7.9579' 8.9aa4 a 4&15 8.4867 _ _ _ _ _ _  9.9818 9.9% 9.0164 7.2788 8.1761 8.7480 

.037 .042 . 046 .049 _ _ _ _ _  .031 .016 .W3 .@I6 . .876 . 1% .WJ5 
82 57 38 19 _ _ _  E3 26 176 6 51 70 12 

.959 .W9 .02l .OB ..No31 _ _ _ _ _  .959 .842 .104. .oOa .015 .OM) 
183 344 315 a07 _ _ _  331 303 313 357 1W 138 

9.9254 88840 8.w)8 7.7379 8.2165 9.9818 _ _ _ _ _ _  9.9818 8.6896 %a476 8 . m  8.2688 
.842 .OB2 .018 .OW .Ole .959 _ _ _  _ _  .W. .049 . 018 .Oaa .OB 

57 212 193 354 335 29 _ _ _  331 341 208 aa6 , 167 

9.8237 9.aao8 8.7480 8.3193 7.4185 9 . W  9.9818 _ _ _ _  1- 8.4402 8.5310.8.73M 8.3224 
.666 .186 .066 .02l ' .W3 .842 .959 _ _ _ _ _  .OB . .034 .056 .031 

86 ?A0 222 2w 184 .57 29' _ _ _  190 !234 268 16 

9 . 1 W  Q.9418 8.0640 8.2688 7.7379 9.0164 86896 8.4402 _ _ _ _  :- 8.5907 8.8983 7.7379 
.128 . .875' .oOa ,018 .005 . lo4 .049 .OB _ _ _ _ _  .039 .018 .W5 . 

76 61 212 188 354 47 19 170 _ _ _  a211 244 6 

8.8058 7.7379 8.3588 a w  9.9418 7.2738 aa475'8.5270 a m  _ _ _ _ _ _  8 . m  a m  

ao5ao.aa588 8.8840 9.8418 9 . m  8.1761 a m  a m  8.8933 besen :-.:- 8 . 6  

a m  ~ ~ 4 7 ' 1 s  7.5888 7.7356 a~m 8 . m ~  8.3224 7.7379 a m  a w  

.?XI . . @I6 .018 .OB2 .875 .oOa .018 .034 .039 . _ _ _ _ _  .049 .017 
?l 6 167 148 308 3 154 128 135 _ _ _  19 141 

.011 .Ol8 . OB2 .675 .1% .016 . Oaa .056 .078 . OlB _ _ _ _ _  .O% 
12 167 148 308 a80 164 135 107 116 341 _ _ _  122 

.089 .wB .018 . 004 .MI6 . O S  .018 .021 .005 .017 .OB _ _ _ _ _  
aM) a25 206 187 318 223 183 344 364 219 a38 _ _ _  
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8.5335 
.w3 
a85 

8.(w(n 
.046 . m  

8 . 7 W  ..om 
333 

- - -___ _ _ _ _ _  --__ 
awl 
.ow m 

8.m9 
.018 

. 199 

8.6798 
.048 

28 

8 . W  
.Ma 

57 

8 . 3 1 ~ ~  
.02l 

337 

8.9311 
.as0 

132 

. Table 29.-Elimination factore-€ontinued 
SEM,ES 87 DAYS. WUBNAL CONSTITUENT8' : 

8.7957 
.061 

38 

8.6607 
.W 

66 

8.5m 
.033 

95 

8.acrll. .om 
133 

_ _ _ _ _ _  -_-__ _ _ _ _  
8.3377 .m 

152 

7.8138 
.007 

161 

7.4337 
.cQ3 

9 

a6579 
. w 5  

108 

8.3116 .om 
: 85 

9.m7 9 . m  

86 237 
.666 I .loo 

8.6225 8.6607. 
..ai3 . .046 

95 66 

8.3232 8 5m 

123 95 
.021 1 :033 

8.0476 7.9M6 
. O l t  .009 

19 1'10 

Disturbjng constituents (B. C, etc.) 

011.00 -- PI 
8.9030 .ow 

a(6 

9.8237 
.888 

274 

9. oooa 
.loo 

1-23 

8. !A539 
.018 

161 

8.3377 .m 
a08 

--__-_ 
- _ _ _  

7.7367 
.@a 

9 

.016 
37 

9.917 
.MI9 

317 

8.5315 
.ai4 

113 

a lam 

- 
QI 

8.3232 ..on 
237 

-- 

a 5 2 3  . .033 
265 

8. 6607 
. .046 

294 

a m  . .048 
332 

1.8138 
. .007 

199 

7.7367 . .005 
351 

. __--- _ _ _ _  
8.6798 . .048 as 
8. 4505 . .m 

308 

9.8640 
. .731 

as4 

7.0841 
.010. 
m 

8.3232 
.021 

837 

8. 5225 
.m3. 
!Mi 

8.8344 
.or2 
303 

7.4337 
.m 

851 

8.1982 
.016 

323 

8.6798 
.048 
332 

___- -_  -_--_ _ -__  
8.4014 
.025 
280 

8.9351 
.OM 
a58 - 

- 
SI 

8.9481 .om 
ZS9 

9.91187 
.m 

317 

8.4376 .on 
165 

8.3158 . 021 
23 

8.6SlQ 
.045 

%l 

9.9587 . 9w 
CB 

8 . W  .m 
b2 

8.4014 .m sa 

- 

_ _ _ _ _ -  
i____ ---. 

a it" 
.015 

158 

-- 
PI -- 

8. m 
.019 

313 

8.0478 . 011 
341 

7.9556 
.008 

190 

a OBSI 
.oBB 
aa8 

8.3116 .om 
275 

A6315 
.034 

247 

9.88u) 
.?a1 

76 

8.9351 
.OS6 
104 

a ises 
.016 
!a 

_-____ _ _ _ _ _  _ _ _ _  
- 
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. constituent 
SOuRht (4 

K: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . 

La _ _ _ _ _ _ _ _ _ _ _ _ _  . 

Ma . 

N: _ _ _ _ _ _ _ _ _ _ _ _ _  . 

m ___________._ 

~k ___._________ 

a: _.______.____ 

. 

, 

. 
Ta _.___; _._____ 

, 

LA..; _ _ _ _ _ _ _  
_..___._______ . 

m-.:-:~:;~-aom 

SM ___.___.___ 

SEEIES 87 DAW. SEMIDIURNAL CONSTITUENTS 

Disturblng constituents ( R ,  C, etc.) 

Ka L: M: N8 ZN L 82 Tr XI pz vs ZSM ------------ 
a m 7  a m  a= amz 0.0687 o . c m  0.5416 8 . 0 ~ 0  a m  a0476 a7638 

_ _ _ _  323 zw 205 237 ai7 274 MI M 313 11 75 
_ _ _ _ _  . .061 .040 .. 033 .021 .OW .688 .348 .080. .Ol9 .011 .OS7 

8.7867. _ _ _ _ _ _  8.6708 8.6244 R.6247 7.9676 8.9361 9.1066 9.8640 7.7887.8.2539 8.6316 
.081 _ _ _ _ _  .048 .W ..I233 .008 .086 . I n  .73l .W6 .Ol8 .034 

88 _ _ _ _  332 303 275 175 133 89 284 861 189 113 

S(MW 8.6798 _ _ _ _ _ _  8.6708 8.62.44 R31M 8.2539 8.8976 89361 8.2539 89851 8.2288 
,046 . .048 -048 ..042 .Oal .018 .Ow .W. '.018 .088 .017 

8.S2ZS 8.0244 8.6798 _ _ _ _ _ _ _  R.6708 8.4308 7.7867 8.8068 8.3538 8.9851 9.8640 7.- 
.088 . .042 .048 ._____ ..wS . .W .00(1 .oaO .Ol8. .OM .731 .OM 

Q m ___. 332 w . q 161 118 132 iw am 141 

I m m _ _ _ _  332 o i4e 161 aaa 70 110 

83293 am7 a e u  a m  _ _ _ _ _ _  84014 8;iw 7.416~ 7.7867 9.8640 aom 7.7314 

9 . ~ 8 7  7.9m6 a 8 i ~  ami 8.4014 _ _ _ _ _ _  0.8681 9 . ~ 1 7  8.~181 7.2740 aim 8.8976 

9.8281 awl  a m  7.188'1 aim 0.8581 _ _ _ _ _  9 . 0 s ~  a m  cam a5315 am9 

,021 . .W .W .wS _ _ _ _ _  .036 .016 .006 .005. .731 .os0 .W6 
115 8S S7 18 .___ 80 37 174 9 76 104 18 

.@IO .WO .0!4l .W ..OB _ _ _ _ _  .m .Mi6 .oBo. .oOa .016 .OM) 
43 18s 837 808 280 _ _ _ _  317 274 !289 866 aM 118 

.8(M .088 .018 .W6 ..OM .909 ____. . Qoo . 048 . .017 . W .Ol8 
86 2a8 199 861 818 43 __._ 817 332 PO 247 161 

O.Ml6 9.m 8.6076 8.8088 7.4166 0.923'1 0 . W 7  _ _ _ _ _ _  8.4370 8.43S8.SlUi2l 83166 
.348 .l27 .os0 .m ..w .Mi6 .m ____- .W .on .OM .02l 

129 nl 24!2 214 186 86 . 48 _ _ _ _  106 !W 290 15 

8.00~0 9.88~) awl am9 7 . m 7  ami a m  a4870 ______. aais amm 7.7307 .om . .731 .me .Ol8' ..m .w .048 .on .w .om .W6 
114 76 am 189 361 71 m 165 _ _ _ _  247 na o 

a m  7.7581 a2530 awl e.8840 7.2740 aam adass adis _______atim am 

am9 ami 0 . 8 ~ 0  s;rai aim amis %rim a.mm a m  :A- amr 

a 7 m  amis a m  7 . m  7.7314 am6 a m  a m  7.7881 a m  ami _ _ _ _ _  

.019 . .005 .Ol8 .OM ..731 .W2 .017 .On . lB4 . _ _ _ _ _  .048 .016 I 
47 9 161 l32 284 4 141 98 118 _ _ _ _  18 122 

.011 ..OM .OB8 .731 .086 .015 .W .088 .OM .W _ _ _ _ _  ..OB 
19 161 182 !284 266 l66 118 70 8S 891 _ _ _ _  93 

.067 .W .017 .OM .W .Ow .Ol8 .02l .M)s .016 .022 _ _ _ _  
286 017 no 190 342 au 199 a37 861 388 !a7 --.- 
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. .  
81 

8.3723 
.OU 
342 

9.8383. 
.870 

' 30 
! 
'8.9648 

.090 
. '  94 

.M1 
. 72 

7.5174 
! ,003 
' 186 

9.9393 
.870 

' 62 

8.2398. 
.017 

. 88 

.7.1241. 

a 6113. 

: .wi 

' ______.. 
j ----_ 

8.3820. : .OU 

, _-_ 

128 

U. S. COAST AND GEODETIC SVRVEY - 

. . . I  .: 
PI -- 
8.1066 
,013 
216 

.7.0766 
.W1 
182 

8.3679 
.os 
328 

.A.EQXI 
.078 
306 

. 8.1640 
.Olb 

239 

8.4686 
.029 
a88 

9.7951 
.624 

92 

8..1W 

4 5 8  
.ma 

aam 

---A 

.OH 
234 

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

Table 29.-Eliminatioh factors-Continued 
SERIES 196 DAYS. DIURNAL CONSTITUENTS 

0, 

8.4422 
,028 
271 

8.5381 
.035 

236 

8.4853 
.031 
102 

_ _ _ _ _ _  
_ _ _  

8.2803 
.019 
: 293. 

8.1856 
.015 

' 340 

8.6704 
.047 
140 

8.6885 
.039 
112 

8.6113 
.041 
288 

8.8929 
.058 

54 

_ _ _ _ _  

- 
Ki 

8.6704 
.Mi 
214 

- 

_ _ _ _ - _  _ _ _ _ _  
--_ 

8.6704 
.047 
146 

8.5381 
.035 
124' 

8.5381 
.036 
236 

9.5311 
.538 
,103 

8.4422 
.OB 

89 

8. naaa 
.017 

.55 

9.9398 
.870 

52 

7.0766 . 001 
178 

.oo 

8.4953 
.031 
158 

8.5881 
.036 
124 

8.4433 
.028 

89 

8.2803 
.a19 . 

67 

_ _ _ _ _ _  

--- 

__-__  
. 

8.4.500 
.OI 

47 

7..9556 
.009 

a3 

6.4362 ..m 
178 

7.5174 
,003 . 175 

8.1640 
.015 
121 

- 
MI 

8: 5885 
.039 

248 

8.6704 
.M7 
214 

_.- 

_ _ - _ _ _  ___-_  
--- 

8.4953 
.a31 

8.4422 ;m 
271 

8.8219 
,066 
318 

8.5381 
,035 
124 

8.4422 
.028 

. 89 

8.9548 
.090 

268 

8.3679 
.023 

32 

. 1 s  

- 

8.2332 
..017 

308 

8.4422 . .028 
271. 

8.5381' 
.035 

. 236 

Disturbing constituents (B, C, e&.) 

7.7808 

339 

8.2332 
.Oli 

, 305 
8.4422 

271 

. .008 

. -028 

7.96W 
..m 

327 

7.8500 . .005 
194 

- 
PI 

8.5322 
.MIS 
291 

9.7311 .. 538 
257 

8.8218 
.066 

43 

8.1856 .. 015 

8.4500 . 0% 
313 

- 

10 

- -__-_ 
--_ 

7.8500 
.007 
166 

8.2067 
-016 
132 

9.9393 
.870 
808 

8.4686 .om 
74 

6.4362 .ow 
181 

'8.2067 
.016' 

8.6504 
. .M7 

145 

8.2386 . .017 
322 

9.7851. 
.624 

8.6704 8.5885 . .047 .039. 
214 248 I 

.-... 1 
. _--_I 

7.1241 
..OOS 

366 

8.7943 ..pa 
1 8 9 3 0 2  

_i_ 

. .  . .  
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Table 29.--Blimination factors-Continued 
, SERIES ,105 DAYS. SEMIDIURNAL CONSTITUENTS 

I Disturbing constituents (R, C, ete.) 
. . .  
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PI 

.054 
E253 

B.5078 
'.32a 

aa8 

5.4838.. 
'.030 

7.9151. 

.M. 

-.M 

B.476b 
n . 0 3 0  
,!a2 
:----: 

-14  

---: 

1. cw4 ..w 
169 

7.9951 
..010 

144. 

9.8992 ..m 
294. 

8.9748 
..019 

52 

Table 29.-Elirninat.ion factors-Continued 
. SERIES W DAYS. DIURNAL CONSTITUENTS 

I 

QI - 
a m  
. .OM 

264 

.%a085 . .019 
.a38 

8.26% 
' .018 

.a& 
214 

. :027. 
305 

4.1.133 . .om 
, 2 7 3  

.i.a2.4 . .OM 
' 191 

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

.8.4360 . .027 
165 

. .ol8 
305 

.9.6387 . .435 
243 

.- 
KI 

8.4360 
.027 

-- 

a05 

- - -___ . .  - -___ _-- 
8. mil 
.027 
' 155 

8.2523 
, .018 

-146 

am 
.018 

' - 214 

9. m 
. .322 . . ,2133 

8. a695 
.019 

'. -121 

8. a084 -. 016 
_-. ge 

9.8993 
.793 
- 6 0  

7.l819 . 002 
4 

. .  

' 2 Q .  

8.0930 

: 288 

a.2094 
.OM. 

.om 

- 2 6 4 j  
a-Ms 

S+wer' 

..Ole . 
-339  

.m5. 
-229 

7. esia' 
.010 
'268  

7. w61.' 
.010 .  

216 

,027 . 8.4360 

m5: 
---___. _-___. _ _ _  
7.9238. . m . ,  

330 

.8. 7610.' 
.@E.. 
338 

. 

Disturbing const -- 
81 

8 . W 7  

.319 

9.8992 
.788 

284 

_-.. 
.wn 

a 8500 

, 8 .5 rn .  

, .071 
j 89 

.a33 
I 80 
I .a. 2156 
I .OM 
; 328 
' 0.8993. 

: 66 

.Ol8 
56 

.7.9233 
! .aM 

a0 

_ _ _ _ _ _  

j .793 

; 8.a605 

_---- _-_ 
8. $143 
.cnl 

118 

... . 

- 
MI 

8.3946 
.026 
229 

8. 4360 
,027 - '605 

- 

_ _  _ _ _  - _ _ _  
8.0361 

..nii 
. 170 

8.2896 
.0€9 

. 339 

8.4838 
.030 . 337 

8.3628 .. 018 . 146 

8. a695 
.OL9 

121 

8.8500 
.071 

271 

8.2188 
.017 

a8 
- 

- 
. 0 1  

a 2695 
.019 

239 

8. a8a8 
.OB . 314 

8.036i . 011 
' 180 

--- 

_ _ _ _ _ _  
_-.-_ 

8 __i 

g1796 
,015 - 

249 

.7.9151 .m 

.- 346 

..027 
' 155 

8.3648 
.025 
. ' 131 

8.5106 
.033 
a80 

8.W397 
.047 

' 3 8  

8 . : m  

- 

.- 
00 

8.0381 . 011 
170 

8; !W28 ..om 

8; 26b6 
..019 

121 

8: 1796 

11.1. 

-- 

146 

..ni5. 

L _ i _ _ _  

-i____ 

--_ 
8..4780 
..030 

88 

8..1133 
..013 

87 

7.6812 
.so10 
. 6 2  
8.2158 
..OM sa 

7.8315 
..007 

I 149 - 

!en& (B.  c, etc.) -- 
n 

-'A 

7.7771 
.006 
a01 

7. isis 
.m 
a58 

a.2196 
,017 
. 332 

.a8687 
.047 

322 

-7. 83i5 
.m7 

211 

. a 2746 
.Ol9 
308 

-9.6387 
.435 

117 

.a 7610 
.058 

92 

8.314.3 . 021 
%a 

_-___  _ _ _  - . .. 



HARMONIC ANlfiYSIS AND PREDICMON OF TID.ES 247 

Constitaent , 

- 
.Ka _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
La _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ma _ _ _ _ _ _ _ _ _ _ _ _ _  
NI _ _ _ _ _ _ _ _ _ _ _ _ _  

.m _ _ _ _ _ _ _ _ _ _ _ _ _  

.Ra _ _ _ _ _ _ _ _ _ _ _ _ _  
sr _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ta - - - -_-____ 

. 

. 

. 

. 

. 

. 

. 

As __--__________ 

PI __- - -_________ 

w _ _ _ _ _ _  L-: _ _ _ _  
z s ~  

. . 

SERIES I34 DAYS." SEMIDIURNAL CONSTITUENTS 

Disturblng eonstit.uents (B, C, etc.) 

Ks La brlr N: 2 N  Ra . 8: Tq XI pa va 18M ------------ 
8.0361 82828 a m  azo94 9 . m  9 . m  8:- a7345 7.7771. 7.1819 8.5254 

a m 1  -----_ 8.43~0 as946 a8215 a m  a m  ami 9 . m  7.8424 7.9151 an46 
. O l l  . ----- .on ..025 . o n  .067 .047 .039 .435. .W4 .cos .Ol9 

170 --__ a05 aa0 254 104 38 162 243 191 348 63 

aaaaS a4380 _ _ _ _ _ _  843131 8.3946 a5200 7.9151 8.4622 a m  7.9151 a m  7.9~008 
.ol8 . .On -_--_ ..om ..OB .033 . OD8 .OB . w 7 .  .008 .047 .WE 

a m  8.3946 aa60 _ _ _ _ _ _  8.4380 8.2805 7.0424 a3592 7.9151 a6(181 9.m an= 

a m  a 3 m  8.8846 a4380 _ _ _ _ _ _  7.9333 7 . ~ 1  a2380 7.3424 9 . m  a m 1 0  7.0344 

96' , 106 iai 155 _ _ _  80 144 . 78 ,169 117 ga 1% 

9.8902 a8285 8.5306 8.2806 7.9333 _ _ _ _ _ _  9.8992 9.5019 a6047 a.2346 8 3 1 4  8.4822 

'~ .m.&m 7.9161 7 . ~ 2 4  7.wki 9:wz 9.8993 a m  7 . . m  a m 4 8  7.9161 

:-.a9538 a m  a 4 m  a3592 a m  9 . m  9 . 8 ~ ~  _ _ _ _ _ _  8.8500 a . m  7.7834 8.5200 

. O l l  .018 .. 019 .Ole .793 .323 .ow) .054 .OO6 . aOa . M _ _ _  190 Z14 239 284 294 228 342 253 301 356 61 

148 155 _ _ _  205 Z29 80 .14 128 38 346 322 !27 

. O N .  :.M .On ..Om .018 .004 .OX! .047 .435 .001 
131 *+l3,1 155 _ _ _  205 55 169 103 .14 332 117 2 

.016 .ON .025 ..On _ _ _ _ _  .008 .010 .011 .Oar, .435 .OB . W4 

,793 . .067 .033 .018 ..W _ _ _ _ _  .793 .323 ,040. .017 .021 .OB 
66 256 280 305 330 _ _ _  294 228 319 267 242 128 

I 8. 

.3= . .047 .008 .. 001 ..010 ,793 L ---_ .793 .om . .008 .019 .008 
132 323 346 191 116 66 _ _ _  !294 205 833 308 14 

.090 .039 .oaS ..OB .017 793 _ _ _ _ _  . w 1 .  . O l l  .m .033 
18 a08 232 257 282 '% ' 66 _ _ _  271 219 194 80 

8.7345 9.0387 8.6697 7.9151 7.- 86047 8.4360 8.8M)o _ _ _ _ _ _  8.2746 85RM) 7.6424 
.054 .435 .047 .OD8 ..Oar . ou) om .071 __--- .019 .037 .004 

101 117 333 348 191 41'  ' I55 69 _ _ _  308 284 169 

7.7771 7.8424 7.9161 a6897 9.6987 a m  7 . m  a m  am46 _ _ _ _ _ _  a m  7.8810 

7.1819'7.gisi 8.6697 9.8387 8.7610 a3143 8.mw717834 a m  a.w _ _ _ _ _ _  8.1118 

a 6254 ana  7.9025 B. 7763 7. ew 8 . 4 6 ~ 1  7.9161 a 62013 7.64% 7.0~30 a 1118 _ _ _ _ _  

.OM ,001 .OD8 ..047 .435 .017 .008 . O l l  .019. _ _ _ _ _  .Om .008 
159' , 169 14 38 2?3 93 27 141 52 _ _ _  168 41 

. OOa .OD8 .047 .435 .058 .021 .019 . Mw .037 .On _ _ _ _ _  .013 
4 14 88 243 asS 118 52 166 76 205 _ _ _  65 

.034 .Ol9 .m .OO1 .Oar .OB .as .033 .001 .ow .OM _ _ _ _  
288 308 333 358 !MZ 232 346 280 191 319 %6 _ _ _  
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PI. . 

3.4234 ..on 
215 

f.073 
. l l 8  

199 

7.w 
..OD5 

4 

7.5513 
.004 

7 

6.1140 
..013 

212 

_ _ _ _ _ _  
__---_ __-- 
7.4230 ..m 

172 

7.7409 
.MwI 

157 

o . w o  
.703 

7.0852 
.010 

28 

.: U. 6. COAsrr AND GEODETIC SWRVEY 

QI 

7.9579 
.m 

2% 

7.9150 . . m  
207 

7.7528 .m 
192 

8.1495 
.014 

195 

7.8343 
007 
m 

7.4230 .om 
188 

_ _ _ _ _ _  
_ _ _ -  

8.1495 
. .014 

165 

a2410 
.017 

3 8 0 2 8 8  

9.3888 . .245 
218 

Table 29.-Elimination factors-Continued 
' SERIES 163 DAYS. DIURNAL CONSTITUENTS 

I 

M~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.Constituent sought - 
(A) . ' I JI ' 

a i a i .  
.014 

150 

7.9150 .m 
153 

.014. 

.pI . 

QI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2 4  _ _ _ _  i ___________: . 

a m  
.027. 

145 

7.9579 
.m. 

137 

7.9582 .m. 
122 

- 
. 6 1  

3.1496 
.014 

195 

-- 

___-__ __-___ ___-  
8.1496 
.014 

166 

7.7528 
.OM 

168 

7.75% 
.006 

19.2 

9.0739 
.118 

161 

7.9150 .om 
153 

7.9579 
.m 

137 

9. e470 
.703 

80 

7.5128 
.m 

10 - 

8.1341 
.014 

210 

a 1495 
.014 
. 195 

_---_- 
_ _ _ _  

7.4385 
.m 

3 

7.9150 .m 
207 

7. em .m 
356 

7 . 7 5 s  
.Mw 

168 

7.9150 .m 
153 

8.7639 
.O58 

276 

8. ow 
.012 

26 

Disturbing.constituents (B. 0, eta.) 

01 

7.9150 .m 
207 

7.7528 
.006 

192 

7.4305 .om 
357 

- 

_----- _ _ _ _ _ _  
__-- 

7.7437 
.MKl acrr 

7.5613 .a 
353 

8.1495 
.014 

165 

.014 
154 

8.44Z 
.m 
273 

.024 
E 

a 1341 

a 3724 

. 00 
7.4385 
.m 

3 

7.7528 
.006 

168 

7.9150 .m 
153 

7.7427 
.006 

150 

- 

-__-_- 
__-_ 

8.1140 
.013 

148 

7.8343 
. .m 

140 

7.8831 
.007 

125 

8 . 3 7 6  
.021 

68 

6.6248 
..m 

l i 3  

- 
2 4  

1.9582 
,009 

238 

7.9579 
.m 
223 

7.9150 .m 
207 

3.1341 
.Old 

210 

7.8831 
.007 

235 

7. 74Q 
.006 
203 

6.1495 
.014 

195 

- 

_ _ _ _ _ _  _ _ _ - _ _  
-_ - -  

8.0689 . 011 
57 

a 5709 
.038 

233 - 

-- 
81' 

a 6570 

- 
.046 
a85 

9.8470 .m aeo 
5.76% 
.m 

84 

8.4422 
.m 

87 

a 3778 
.024 

292 

9.8470 
.703 

80 

.017 
72 

a uio 

a 0589 . 011 
57 

_ _ _ _ _ _  _----- _--- 
a m  
.ol8 

110 

-- 
PI - 

7. og48 
.001 

185 

7.5128' 
.003 

350 

8.0859. 
.012 
335 

a 3724 .a 
338 

6.6248 .ooo 
182 

7.9862 . 010 
331 

9.3888 
.M 

142 

8.5788 
.038 

127 

a 2582 
.018 
a50 

-_--__ _ _ _ _ _ _  _ _ _ _  
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Table 2Q.-Elimination factors-Continued 

i.249: 

SERIES 163 DAYS. SEMIDIURNAL CONSTITUENTS 

Constituent 
sought (4 

3i: ,--. 1 ________: 

L-~L: 

XI? _ _ _ _ _ _ _ _ _ _ _ _  

:N ________.__._ 

, 

' . 

. .  

2N _____: _ _ _ _ _ _ _  . 
R:--.L _ _ _ _ _ _ _ _ _  
sr 

T* _ _ _ _ _ _ _ _ _ _ _ _ _  

X: _______: _ _ _ _ _ _ _  

. 

. 

. .  

. .  ,,, _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _  
%M _ _ _ _ _ _ _ _ _ _ _  

. .  . 

~ 

Disturbing constituents (B, C, etc.) 
. 

Ka L: MI N? 2N R: 8r TI X ,  #a v)  25M ---- --------- 
_ _ _ _ _ _  7.4365 7.7528 7.9150 7.9579 9.~70 soia 9 . 3 1 ~  8.4% 7 . w  7.5128 aim 

7.4385 _ _ _ _ _ _  8.1495 8. 1341 8.1078 a7404 8 . 3 7 ~  a x 1 4  9 . m  7.4230 7.5513 7 . ~ ~ 5 2  

7.7528 81406 _ _ _ _ _ _  8.1495 8.1341 8 . a  7.5613 8.4590 8.3724 7.5613 a3724 7.5483 

7.9150 a. 1841 8.1195 _ _ _ _ _ _  8.1495. a %io 7.4230 8.2850 7.5513. a 3724 9. 8.m~ 

____-  .OM .006 ;Mls .009 .7W .118 -027. .001 .003 .014 , _ _ _ _  357 192 207 a23 280 1W 298 215 185 350 26 

.003 . _ _ _ _ _  ..014 ;014 .013 .068 .OW .068 .!X5 ,003 .M)4 .010 
3 :--- 195 210 226 103 22 122 118 188 353 29 

.006 .Ol4 . _ _ _ _ _  .014 .OM .028 ..IN4 .O% .OU. .004 .ON .004 
168 165 _ _ _  195 210 87 7 107 22 353 338 14 

.008 .014 . .014 _ _ _ _ _  .014 .017 .Ow .01% ,004 . .OM .a45 .a00 
163 150 165 _ _ _ _  195 72 172 92 7 338 142 179 

7.9579 8.1078 8.1341 8.1495 _ _ _ _ _ _  8.0588 7.7408 8.1397 7.4230 9.3888 8.5789 7.4388 
.009 . .013 ..014 a014 -L--- .011 .OW .014. , 0 0 3 .  i245 .038 .003 

137 134 . 150 165 . _ _ _ _  67 157 78 172 142 127 164 

8.8470 8.7404 a4422 8.2410 8.0388 _ _ _ _ _ _  9.8470 8.0735 a6570 8.1- 8.2583 8 . 4 6 ~ )  

9 . m  8 . 3 7 ~  7.5513 7.430 7.7408 9.8470 _ _ _ _ _ _  9 . ~ 7 0  8.1495 7.5483 7 . ~ 2  7.5513 

9. 31x1 8.7614 8.4590 8; 2850 8.1397 9. om 9 . ~ 7 0  _ _ _ _ _ _  a iw a i(w8 a.im 8.44% 

8.4234 9.3888 8.3724 i.5513 7.4230 8.6570 8.1406 8.7629 _ _ _ _ _ _  7 . W 2  8.3388 7.42aO 

.703 .058 .. 0.28 . O l i  .011 - _ I _ -  .703 . 1 W  -045 .014 .018 .oaS 
80 257 273 288 303 _ _ _ _  280 199 295 265 250 107 

.118 . .024 . 004 .Ow .006 .703 ___:_ .703. .014 . .004 .010 .004 
181 398 353 198 aOa 80 _ _ _ _  280 195 346 331 7 

.a08 .058 ..Mg io19 .014 ,118 .708 _ _ _ _  i . O S .  .015 .018 .O% 
' 61 a38 253 268 284 161 80 _ _ _ _  278 !246 !B! 87 

.027 . I 5  ..OZM ;M)4 .OW .045' .Ol4 .058. _ _ _ _ _ ,  .010 .OB .a03 
1 9  142 338 353 198 ' 65 185' 84 _ _ _ _  331 315 172 

7.0848 7.4230 7.5513 am4 a asas a iw 7.5483 a isss 7.91352 ~ . i 4 9 6  7. ~ 2 6  

7.5128 7.5513.a37w 9.m 1x5769 8.- 7.9~52 ai~tie 8.3986 ai& _ _ _ _ _ _  7.8424 

ai450 7 . ~ 2  7.5483 +soen 7.4186 8.- 7.5613 a4.m 7.4230 7.5426 7.8424 _ _ _ _ _  

.001 . .003 ..004 .024 .245 .014 .001 .015. .010 . _ _ _ _ _  .014 .003 
175 172 7 23 218 95 14 114 29 _ _ _ _  166 21 

.OW . GU4 .ON.. .246 . . 038 .018 .OlO .OM .022 .014 ___-_ .007 
10 7 22 218 !233 110 29 129 45 195 _ _ _ _  36 

.014 .010 .004 .a00 .003 .029 .004 .028 .003 .OW .007 _ _ _ _  
334 331 348 181 1W 258 353 273 188 339 324 _ _ _  
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2Q -- 
7 . m  
.001 

187 

6.5151 
.Ooo 

183 

7 . ~ 5 5 .  

7.8691 

.a01 
3% 

.005 
192 

7.0344 
.001 

352 

7.8491 
.ma 

191 

7.8013 

-L- 

a0616 

a o g 3 i .  

.oob 
186 

___-- __-- 
.o12 

276 

.Ol2 
196 

Table !2Q.-Elimination factOrs-Continae& 
8EBIE8 182 DAYR DIURNAL CONSTITUENTS 

I 

81 

ami 
42 
271 

9.7807 
.804 

285 

awe 

aam 

.M9 
80 

.m 
95 

8.3350 
.o21 

!W 

9.1801 .a 
96 

aim 

a0616 

.OM 
89 

.o12 
84 

_ _ _ _ _ _  
a m  

_ _ _ _ _  _ _ _ _  
.OM 

102 

Constituent sought - 
(A) I JI 

8.0928 
.Ol2 

16 

7 . ~ 0 1  
.W 

10 

7.0866 
.w: 

7.5826 
.OM 

-___-_ 
__-__ --.- 
%g(gs 
. a 7  

19 

7.3409 
,002 

14 

7.0344 
.001 

8 
83250 
.021 

104 

7.6132 .w 
23 

- I- . . .  
i . . a i e  
,002 

a m  
357 

.MQ 
a61 

t1441 
,OI4 165 

6 . 4 m  
.ooo 

a 0 1  

7.8388 
t 007 

a41 

_ _ _ _ _ _  _ _ _ _ _  ___- 
7.1647 
.001 

175 

7.8491 
,002 

,169 

9.7807 
.cM 

285 

7.8097 .m 
.7 

a om. .om , 

a44 

7.3819 . 002a. 

6.5151. 
.m. 

178 

7.0888 
.a31 , 

173 

8. m 1  
.042 

89 

7. m. 
.ma , 

10 

- 
KI 

7.8813 
.m. 
l86 

- 

_ _ _ _ _ _  ___-_ __-- 
7.8813 

9 4  
7. .m1 . w. 

10 

7.589 

350 
. 

:E! 
9 

7.0355 
.001. 

4 

6. 5151 .ooo 
178 

Q. 1907 
.a. 

95 

7.6488 . 001. 
16 

-- 
MI 

I. 8691 .w 
182 

7. 881) 

-- 

.m 
188 

--._I- 
-._-?- 

__-- 

a% 
16 

7.0365 

3Ml 
. 001 

a 1441 
.014 

195 

7.5891 .w 
10 

7.0356 
.001 

4 

a m  . 0 9  
280 

7. ssss .ow aa 

Disturbing eonatituents (8. C. ete.) 

7.0356 
. a l l  

ass 
7.6891 
,004 
a50 

ao828 
.o12 

844 

___- - -  
__I__ ---_ 

7.58.26 
.004 
840 

.6. 4m . 000 
369 

7.6613 .om 
174 

7. R591 .w 
1% 

a 309s 
.023 
!xu 

7.7679 
.WE 

6 
- 

00 I PI 

- 
QI 

E. 5151 
..m 

182 

7.0356 
.001 
'356 

7.6891 
.004 

7.8813 
.005 
186 

7.3409 
,.ma 

846 

7.1647 
, . 001 

186 

a5o 

_____- __--- _-_- 
7.0813 ..m 

174 

8.1911 . U16 
' 271 

.072 
a 8580 

192 
- 

.. .. 
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252. 

' 0 1  

7.8848 
.m 

324 

_. -. 

8.0179 
.010 

328 

8.2872 
.Ol9 

334 

__-- -_ -_--- 
i--. 

7.9465 
.mm 
aS6 

7.3352 
.oOa 

186 

7.4061 .m 

7. 4052 
.M)3 

7 

8.2991 
.020 

257 

7.8800 
.m 

170 

Constituent .sought 
(A? 

' 00 
- 

8.2872 
.019 

' 28 

.010 

7.8848 
.008 

36 

7.9465 .w 
64 

. _ _ _ _ _ _  
_ _ _ _  

aoim 
32 

_---- 

a2351 
.017 

70 

7.8828 .ow 
4 B s  

7.7946 
.aM 

71 

8.0778 
.o12 

141 

7.8188 
ilNJ7 

M 

u. s., GO& A&D GEODET;IC Smvm : ': 

.Table 29.-Elimination factors-;Continued . 

SERIES 231 DAYS. DIUBNAL.CONSTITUENTS ' ; 
. . .  . . . - . - - - 

. . .. - . , . . 
81 

a5324 
. w 4  

247 

9.6969 
.498 

251 

a 6 m .  
.041 

76 

8.2991 
.om 

103 

8.rn78 
.012 

. 219 

9.6969 
.498 

109 

e. 11.12 
.013 

107 

7. K48 .w 
110 

.. . _ _ _ _ _  _ _ _ _ _  
' _ _ L _  

&I495 
.OM 

, 94 
.I.. 

:/... 4.' 1 

PI 

. . . .  . .  

--L..--.-_.i 

-.7.a5a5 

384 

. 7;7m- 

33a 

7.saiS 

a41 

' 7.8800' 

.006 

.MI6 

.007 

.on8 
180 

7.8188' .ow 
306 

7.6aM' .m.  
195 

8;8310 
.088 

13 

. -8.0073' 
.010 

17 

a 1~85.  
.014 

286 

-.;A:--; ----- ---- 
_. : 

Disturbing constituents (B, C. etc.) 

. PI 

s ; 3 m  
io23 

318 

9 . m  
;161 

3aa 

;oas - 
146 

7.3352' 
.ma 
. 174. 

8.2351 
io17 

ii- 

aaise 

2w) 

_ _ _ _ _ _  
__-_ 

6.7176 
;oo1 

178 

k4350 
 OM) 

1.- 
2498 

251 

7..5854 
' .at4 

166 

-. 
Evrl -- 

7.4062 .ooa 
35a 

7.4061 
.m 

356 

_ _ _ _ _ _  __ -_-  _ _ _ _  
a 2872 
.ON 

28 

7 . w  
.ooB 

324 

a 4188 . 026 
.214 

8.0179 . 010 
. 32 

7.8848 
.008 

36 

a 6172 . 041 
285 

7.8313 
.007 

- 19 - 

: QI .- 
7.7969 ..m 

321 

7 . w  
..W 
324 

aom 
-.010 

3% 

7.4081 ..ooa 
358 

7.8& 
..W7 

zea 
6.7176 
..001 

182 

_ _ _ _ _ _  
_ _ _ _  

7.4061 
'.003 

2 4  

8:1112 
..013 

253 

a8310 .. 088 
a47 

.ow . 
4 

7.4052 
. o o 3 .  

7.8848 
.008 . 

36 

.019 . 
8.3590 

.033 
42 

7.7969. 
. 006 .  

39 

7.7322. 
. 005 .  

8.5324 
.034.. 
,113 

7.6535. 

a.287~. 

332 

.Yi' 

----L 

---_ 
7.4061 .ow. 

7 4  

8.0179 
.010. 

32 

8.oim 

aza 
.010 

9 . m 7  
. l6 l .  

38 

7.8848 
.008. 

36 

7.7969 
.006 

4 3 a 9  

9.6969' 
.498. 

109 

7.7209 

*""i 

2Q . 

7.7332 
.005 

317 

7.7969 
.006' 

321 

7.8848 
.m 

324 

7.4052 
.003'  

35a 

7.7946 
.aM 
288 

6.4350 
.m 

358 

7.4061 
.oQ3 
356 

. _--- 

__---_ -_--_ _ _ _ _  
.9i48 .w 

850 

a con . 010 
343 
A 
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constltuemt 
sought(A) 

K: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

L, _ _ _ _ _ _ _ _ _ _ _ _ _  

M* _ _ _ _ _ _ _ _ _ _ _ _  

Nz _ _ _ _ _ _ _ _ _ _ _ _ _  

'),N _ _ _ _ _ _ _ _ _ _ _ _ _  

R*: _ _ _ _ _ _ _ _ _ _ _ _  

SI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T: _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _  
. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
Z S M ~  _ _ _ _ _ _ _ _ _  

SERIES Zal DAYS. SEMIDIURNAL CONELTITUENTEL 

. Disturbing constituents (B,  C, ete.) -- 
Kn La MI Na 2N Ra Ss TI k #s rn 28M ---______------ 

8.2872 8.0179 7.8848 7.7969 9.8989 9.2077 8.8831 8.3690 7.6635 7.7208 8.2035 

332 338 3?.4 321 251 332 213 318 334 338 1% 
_ _ _ _ _  .019 . . 010 .GI% .MI6 .498 .161 .OW .OB .005 .005 .OM 

8 . m ~  _ _ _ _ _ _  7 . ~ 1  7.4052 7.4037 as189 7.8800 a w  88310 6.7178 7.3352 7 . 5 8 ~  
.019 _ _ _ _ _  .Mw .om .003 .043 .oos .044 .ogs .001 .a02 .o(H . 

8. o m  7.4061 _ _ _ _ _ _  7.4081 7.4052. a mi 7.3352 a 3038 7.8800 7.3352 7.8800 7.3333 
. O l O  .003 _ _ _ _ _  .003 .003 .om .ma .om .m . ooa .m .ma 

28 _ _ _ _  358 363 349 99 170 62 347 182 186 165 

82 4 _ _ _ _  356 353 1W 174 65 170 186 190 168 

_ _ _ _ _ _  7.4081 8.1112 B. 7176 8.1328 7.3352 7.8800 8.8310 7.0877 

36 7 4 _ _ _ _  356 , 107 178 69 174 180 13 172 

1.7969 7.4037 7.4052 7.4061 _ _ _ _ _ _  7.9748 6.- 7.9996 6.7176 8.8310 8.0073 6.7183 

39 11 7 4 _ _ _ _  110 2 73 178 13 ' 17 176 

7.8848 7.4052 7.4061 
.008 . 003 .003 _ _  _ _ _  .003 .013 .MI1 .013 .002 .008 .068 .W1 

.a06 .W3 .Ow .W3 _ _ _ _ _  . a09 .OW .OlO .MI1 .068 . O l O  .MI1 

B.BBBB 8.6189 a mi 8.1112 7.9748 _ _ _ _ _ _  9. wo 9.#n6 as324 8 0 1 ~  8.1495 a m  
.498 .042 . O%l .013 .008 _ _ _ _ _  .4% .161 .034 . O l O  .014 .Om 

108 261 257 233 2-50 _ _ _ _  251 322 247 a63 268 66 

9. !XI77 7.8800 7.3352 6.7176 8.4350 9.6870 _ _ _ _ _ _  9.6970 7.4061 7.3333 7.5854 7.3352 

38 180 186 182 358 108 _ _ _ _  ,251 366 192 195 174 

8.9831 8.6448 8..3038 8.12% 7.9996 9.2076 9.6670 _ _ _ _ _ _  8.6172 7.9704 8.0814 8.2991 . MI6 .044 . OaO .013 .010 .161 .4% _ _ _ _ _  .041 .a09 .012 .O%l 
147 298 295 291 287 38 109 -..I 286 801 304 103 

i8.3590 8.8310 7.8800 7.3353 6.7176 8.5324 7.4061 8.6172 -I _ _ _ _  7.6854 7.8738 6.7176 

- 4 2  13 ' 1W 186 182 113 4 75 _ _ _ _  195 188 178 

7.6535 6.7176 7.3352 7.8800 8.8310 8.0145 7.3333 7.9704 7 . w  ____- -  7.4061 7.3294 

26 178 174 170 347 97 168 59 166 _ _ _ _  4 162 

.161 .m .002 .MI1 .om .498 _ _ _ _ _  .498 . a03 .ax .m .MI2 

.m .068 .GI% .a02 ,001 .034 .MI3 .041. _ _ _ _ _  . 004 .007 . MI1 

.m .001.. .a02 .a% .068 .010 .a02 .Mw .004 ___-- .om .m 

7 . 7 ~  7.3352 7.8800 a8310 8.0073 a i495  7.5854 a m i 4  7.8738 7 . 4 0 ~  : ____: 7.4945 

a 2035 7.5854 7. ma'. 1.0877 6. 718a a aw 7.3352 a mi 6.7176 7.3294 7 . l . w ~  _ _ _ _ _ _  
.006 .MI2 .COS. .068 .010 ,014 .MI4 .Ol2 ' .GU7 .Ow _ _ _ _ _  .Mw 

22 174. 170 347' 343 94 165 56 161 8E8 _ _ _ _  159 

.016 .@I4 .oOa -. 001 .m1 .Om .a02 .Om .a01 .a02 . Mw _ _ _ _ _  
224 196 192 188 184 296 186 257 Isa 198 a01 _ _ _ _  ' 
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JI 

_ _ _ _ _ _  
----- 
- - -_ 

7.9011 
.om 

13 

7.8898 
.m 

26 

8.0302. 
.011 

67 

8.3644. 
.023 . 

' 319 

8.4788 
'.030 

80 

.009 . 

7.8430 
.007 

93 

8.3527 
.OB 

136 

7.7796. 
.006 . 

44 

7.9350. 

U. S. <SOASP AND GEODETIC SURVEY 

Table 29.-Elimination factors-Continued 
SERIES 260 DAYS. DIURNAL CONSTITUENTS 

Disturbing constituents (8, C, etc.) 

KI 

7.9011 .ow 
347 

-- 

-: 
-___. _ _ _ _  

7.9011 .m 
13 

8.1489 
.014 

54 

8.1489 
.014 

308 

9 .322  
.213 

66 

.OIL 
8 0 6 7  

7.9350 
.009 so 

9.5800 
.389. 

123 

7.7661 .me 
' 29 

am02 

Constituent sough1 
(A) 

01 

8.0302 
.011 

293 

8.1489 
.014 
308 

8.3544 
.023 

319 

_ _ _ _ _ _  
___ - -  __.- 

7.9171 
.om 

252 

7.8029 
.004 

193 

7.9011 .oos 
13 

7.88% 
.008 

26 

8.2274 
.017 

249 

( 1 x 0 5  
.017 

155 

00 

8.3544 .m 
41 

8.1489 
.014 

54 

8.0302 .on 
67 

7.9171 .om 
108 

_ _ _ _ _ _  

-- 

_ _ _ _  
8.1443 
.014 

121 

7.7748 
,008 

131 

7.8181 
.GU4 

134 

6.8854 
.001 

177 

7.8514 
..007 

83 

MI 81 

8.3537 
.023 

224 

9.6Wl 
,389 

237 

8.5519 
. O N  

70 

- 

8 . 2 ~ 4  
.017 

111 

6.8959 
.001 

183 

9. .m 
.38Q 

123 

7.9950 
.010 

124 

7.7mi 
.006 

137 

_ _ _ _ _ _  
. _ _ _ _  

8.0954 
. o n  

e5 

7.8898 .m 
334 

7.9011 
.om 

347 

PI --- 
7.7796 
.006 

318 

7.7Ml .om 
, 331 

7.6982 
.005 

344 

&m05 
.Ot7 

XI5 

7.8514 
.007 

277 

7.8955 .m 
318 

9.2133 .la 
39 

83852 
.024 

52 

8.0954 
.012 

275 

__-_____  _ _ _ _ _  ___-  

_ _ _ _ _  _ _ - _  
8.3544 
.os 

41 

8.030 
.Oll 

3 3  

8 . 5 3 1  
.033 

233 

8.1489 
.014 

64 

8.0302 
.Oll 

67 

R 5519 
.036 
380 

7.6982 
.005 

16 

PI 

a 4785 
.030 

280 

9.3288 
.a13 

294 

8. 5201 
.033 

127 

7.6029 
.004 

168 

8.1443 
.014 

239 

_ _ _ _ _ _  
--_. 

6.2382 
.om 

1 

7.3397 .om 
14 

9 . 5 m  
.389 

237 

7.8955 
.008 

141 

QI 

7.8350 
.MI9 

280 

8. om 
, .011 

283 

8.1489 
.014 

306 

7. 9011 ..am 
347 

7.7748 
. .006 

239 

6.2383 ..ooo 
359 

_____. 

-___  
7.9011 .m 

13 

7.9950 . 010 
236 

9.2133 
. .1R3 

321 

2Q 

7.8438 
.007 

267 

7.9350 .om 
as0 

8.0309 . 011 
283 

7. m9# 
.008 

334 

7.6181 
.004 
226 

7.3397 
.003 

316 

7.9011 . 00s 
347 

__-___ _ _ _ _ _  __.- 
7.7821 '. 006 

223 

8.3853 
.ox 
308 
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Constituent 
sought (A) 

bi _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

L¶ _ _ _ _ _ _ _ _ _ _ _ _ _  

M, _ _ _ _ _ _ _ _ _ _ _ _ _  

N, _ _ _ _ _ _ _ _ _ _ _ _ _  

ZN _ _ _ _ _ _ _ _ _ _ _ _ _  

R~ _ _ _ _ _ _ _ _ _ _ _ _ _  

sr _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TI _ _ _ _ _ _ _ _ _ _ _ _ _  

xI 

pa _ _ _ _ _ _ _ _ _ _ _ _ _ _  

,ua _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~ S M  _ _ _ _ _ _ _ _ _ _ _  

Table 29.-Elinaination factore-Continued 
SERIES 250 DAYS. SEMIDIURNAL CONSTITUENTS 

Disturbing constituents (B,  C. ete.) 

K2 b Ma NI 2N Ra Sz Ti h ca PI 2SM 

8 . 3 5 ~  8 . 1 ~ 9  8.0302 7.9350 9 . m  9.3288 a4129 a4768 7.7790 7.7861 a m  

8.3544 _ _ _ _ _ _  7.9011 7 .~898 7 .~703 asm 8.2406 a3634 9.2133 13.m 7.6028 7 . ~ 9 ~ 5  

8 .14~9 7.8011 _ _ _ _ _ _  7.9011 7 . ~ 9 8  a m 4  7.6028 a i376  a2405 7.6028 aHo5 7.5928 

a0602 7 . ~ 9 8  7.9011 _ _ _ _ _ _  7.9011 7.8950 6.m~ so= 7.8038 8.2405 9.2133 7.1697 

7.9350 7 . ~ 7 0 3  7.8898 i.90ii _ _ _ _ _ _  7.71321 7.3397 7 . m  13.2383 g.ai38 a3852 6 . ~ ~ 1  

9. moo a 5872 a 2274 7.8950 7.7821 _ _ _ _ _ _  8 . ~ 1 1  9.3286 8.3528 7.9586 8.0954 a 1376 

9.3286 azm 7.8029 6 . ~ ~ 2  7.3397 9.5801 _ _ _ _ _ _  9.5901 7.8011 7.5928 7.8955 7.6029 

_ _ _ _ _  . OI .014 . O l l  . W9 .389 .213 .028 . 030 .a08 .MI6 . OP _ _ _  319 308' 293 280 !237 294 350 280 3l8 381 101 

.023 _ _ _ _ _  .008 . @I8 .Ow .OW .017 .OI .163 . OOO .004 . @I8 
41 _ _ _  347 334 321 98 155 31 321 359 192 143 

.014 .ooS _ _ _ _ _  .@I8 .008 .017 .004 .014 .017 .a04 .017 .004 
54 13 _ _ _  347 334 111 168 44 155 l9!2 205 155 

.Oll .008 .OM _ _ _ _ _  .GUS .010 .OM) .011 .004 .017 .163 .W1 
67 23 13 _ _ _  347 124 1 68 188 a05 39 168 

.m .OM .008 .om _ _ _ _ _  .a08 .ooa .m .OM) .163 .ox .Ooo 
80 39 Zl 13 _ _ _  137 14 71 1 39 62 . 2 

.889 .037 .017 . O l O  .Mw _ _ _ _ _  .389 .213 .023 .m .Ol2 .Ol4 
123 282 249 I 6  !E3 _ _ _  237 294 224 281 275 44 

.213 .017 .004 . WO . 002 .389 _ _ _ _ _  .389 . @I8 .004 .008 .004 
86 a05 192 359 346 123 _ _ _  !237 347 205 Zl8 168 

8.4129 8.3634 8. I376 8.0269 7.9414 9.3288 9. MI1 _ _ _ _ _ _  8.5519 7.7084 7.6345 8.2274 
. O S  .023 .014 .011 .009 .213 .389 _ _ _ _ _  .036 .005 .CW .017 

10 329 316 302 289 86 la3 _ _ _  a80 338 341 111 

a4768 9.2133 a m  7.6029 6.2382. 8 . m ~  7.9011 8 . ~ 1 9  _ _ _ _ _ _  7.6955 8 . i ~  e.mz 
.wO .183 .017 .004 . OOO .OB .@I8 .038 _ _ _ _ _  .MIS .016 . OOO 

80 30 205 192 359 136 13 70 _ _ _  218 231 1 

7.7796 6.2382 7.6028 8.2405 9.2133 7.9596 7.5928 7 . W  7.6956 7.9011 7.6759 
. W 6  . Ooo .CW .017 .163 .009 .OM io05 .008 _ _ _ _ _  .008 .004 

42 1 168 155 321 99 155 32 142 _ _ _  13 143 

7.7861 7.6028 a m  9.2133 am2 am51 7.8855 7.8345 a i962  7.8011 _ _ _ _ _ _  7.7671 

a m  7.~956 7.- 7.1887 6 . ~ ~ 1  a m  7.6028 a m 4  ansa 7.5759 7.7871 _ _ _ _ _ _  
. W6 .004 .017 .163 .024 .012 .008 .OM .Ole .008 _ _ _ _ _  .008 

29 188 155 321. 308 85 142 19 129 347 _ _ _  130 

.020 .008 .W .W1 .ooO .014 .MI4 .017 .WO .OM .MI6 . _ _ _ _ _  
269 218 205 192 358 316 192 249 359 217 230 _ _ _  
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Table 29.-Elimination factors-Continued 
SERIES 219 DAYS. DIURNAL CONSTITUENTS 

JI -- 
_ _ _ _ - _  _ _ _ _ _  _ _ _  
8.0816 

.o12 
23 

8.0469 
.011 

45 

a o m  

a 3961 

. 010 
99 

.M5 
306 

8.3841 
.m 

118 

7.8250 
.007 

121 

7.5872 
.OM 

144 

7.8887 
.010 

160 

7.8339 
.007 

57 
- 

KI 
L- 

a 0816 
.012 

337 

_ _ _ _ _ _  
_._-- 

--- 
a 0816 
.012 

23 

8.1800 
.015 

76 

8.1800 
.015 
284 

9.3172 .m 
96 

8.0127 
.010 

m 
7.8250 
.007 

121 

9.4495 
. e a .  

138 

7 . m 7  
.MI6 

35 - 

MI 

B. 0469 
.011 

315 

-- 

a osle 
.012 

337 

-_- -__ 
____. 
--. 

a 3961 

a 0127 

8. an 

.025 
54 

. 010 
261 

. w 5  
253 

8.1800 
.015 

76 

8. o 1 n  
.010 

99 

8.4890 .w1 
295 

7.5510 
.004 

12 

Disturbing constituents (B, C. etc.) 

01 

8.0127 . 010 
201 

8.1800 
.015 
?a 

a 3961 
.025 
306 

_ _ _  
7.5571 
.004 

208 

7.7343 
.005 

199 

a os16 
.012 

23 

8.0469 
.011 

45 

a 1533 
.OM 

241 

8.3788 
,024 

139 

-- - 
00 - 

a 3961 
.025 

54 

8.1800 
.015 

76 

a 0127 . 010 
99 

7.5571 .ooa 
152 

_ _ _ _ _  
--- 

7.3456 .m 
171 

6.7358 
.001 

175 

7.1964 .ooa 
18 

7.9211 
.om 

34 

7. mi 
,006 

111 
- 

PI 

8.3&41 
.024 

242 

9.3172 .m 
285 

8.5477 
.035 

108 

7.7343 
.005 

161 

7.'3458 .m 
189 

_ _ _ _ _ _  - _ _ _ _  
--- 

a 8592 
.001 

4 

7.5574 
,004 

26 

9.4496 
.a52 

222 

7.9990 . 010 
120 

QI 

7.8250 
.007 

239 

- 

a o m  
.010 

281 

8.1800 
.Ol5 
284 

R. Os16 . .012 
337 

6.7358 
.a31 

185 

6.8592 
.001 

356 

_ _ _ _ - _  
- ___ -  _ - -  

a 0816 . .012 
23 

7.8261 
.007 

219 

9.3-?A2 
.211 

?OB 

2Q .- 
7.6672 
.004 

216 

7.8250 
.007 

238 

8.0127 . 010 
mi 

a 0489 
,011 

315 

7. I984 
.ma 

342 

7.5574 .w 
334 

. o n  
331 

a 0810 

__--._ _ _ _ _ _  
--. 

7.348(1 
.002 

19L 

8.4421 
.028 

274 

81 

7.99277 . 010 
2ca 

9.4495 
. a 2  

222 

a 4890 

a 1523 

.031 
65 

.014 
119 

7.9211 
.OM 

326 

9.4406 
.282 

138 

7.8251 
.007 

141 

7.3480 
,002 

164 

_ _ _ _ _  
- - -  

a m  
.Oll 

71 

-- 
PI --- 

7.8339 
.007 
303 

7.7947 
.006 
326 

7.5510 
.004 
368 

8.3788 
.M4 

221 

7.7771 .m 
249 

7.9990 . 010 
240 

9.3242 
.a11 

64 

a 4 2 1  

a ow 

.028 
88 

. 011 
383 

_ _ _ _ _ _  
_-_ 
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Constituent 
sought(A) 

K, _ _ _ _ _ _ _ _ _ _ _ _  

La _ _ _ _ _ _ _ _ _ _ _ _ _  
, 

M: _ _ _ _ _ _ _ _ _ _ _ _ _  

N: _ _ _ _ _ _ _ _ _ _ _ _ _  

2N _ _ _ _ _ _ _ _ _ _ _ _ _  

R: _ _ _ _ _ _ _ _ _ _ _ _ _  

Sa. _ _ _ _ _ _ _ _ _ _ _ _ _  

Ta _ _ _ _ _ _ _ _ _ _ _ _ _  

XI _ _ _ _ _ _ _ _ _ _ _ _ _ _  

pa _ _ _ _ _ _ _ _ _ _ _ _ _ _  

n _ _ _ _ _ _ _ _ _ _ _ _ _ _  

SM _ _ _ _ _ _ _ _ _ _ _  

Table 29.-Elimination factors-continued 
SERIES 279 DAYS. SEMIDIURNAL CONSTITUENTS 

Disturbing constituents (E, C. ete.) 

K2 M~ N: m R: sa TI x: ps Ys SEA 

_ _ _ _ _ _  8 . 3 ~ 1  8.1800 a.mz 7 . ~ 0  9.4494 9.3172 9 . w a  8.3841 7.8339 7.7947 am6 
------- ------ 

_ _ _ _ _  .035 .015 .OlO .Mi7 .%l  . a08 . l l O  .024 .OM .008 . a 7  _ _ _ _  306 284 281 239 222 365 308 242 303 3!?8 66 

8.3961 _ _ _ _ _ _  8.0816 8.0469 7.9866 8.5211 8.3798 6.8057 9.3242 6.8592 7.7343 7.fWO 
.O% _ _ _ _ _  .012 . .01.1 . O l O  .033 .024 .001 . a l l  .001 .005 .010 

54 _ _ _ _  337 315 292 96 139 1 288 358 199 . la0 

8.l800 8.0816 _ _ _ _ _ _  8.0816 8.0469 8.15% 7.7343 7.8491 8.3798 7.7343 8.3798 7.7105 
.015 .012 _ _ _ _ _ _  .Ol2 . O l l  .014 .005 .007 .OW .005 .024 .005 

76 23 _ _ _ _  337 315 119 161 24 139 199 Bl 142 

8.0127 8.0- 8.0816 _ _ _ _ _ _  8.0816 7.8261 6.8592 7.9108 7.7843 8.3798 9.3!?42 7.2354 
.010 .a11 . o n  _ _ _ _ _  .o12 .007 .001 . rn .005 . O H  .211 .om 

99 45 23 _ _ _ _  337 141 4 46 161 ZZl 64 168 

7.8350 7.8886 8.0469 8.0816 _ _ _ _ _ _  7.3463 7.8721 7.8885 6.8692 9.8242 L44P 6.8688 
.007 .OlO .Oll ,012 _ _ _ _ _  .002 .007 .OW .001 . a l l  .oaS .W1 

1 P  68 45 23 _ _ _ _  164 66 69 4 84 86 8 

9.4494 8.5211 8.1533 7.8251 7.3463 _ _ _ _ _ _  9.4496 9.3172 7.9987 7.9102 8.0384 7.8491 . 281 .033 .014 .007 .002 _ _ _ _ _  . aSa .a08 . 010 .W .. 011 .007 
138 2M 241 219 196 _ _ _ _  233 265 200. 260 %3 24 

9.3172 8.3798 7.7343 6.8592 7.8731 9.4496 _ _ _ _ _ _  9.4496 8.0816 7.7105 7.8990 7.7343 
.208 .024 .005 .001 .OM .2Ra _ _ _ _ _  .283 .Ol2 .005 .OlO .W5 

95 221 199 3 1  394 137 _ _ _ _  22.3 237 Z l 8  240 161 

9.0421 6.9057 7.8491 7.9108 7.8885 9.3172 9.44913 _ _ _ _ _ _  8.4891 6.8705 7.6541 8.15B . 110 .001 .007 . W .008 .208 .282 _ _ _  _ _  .031 .W1 .004 .014 
52 359 336 314 291 95 137 _ _ _ _  295 355 198 119 

8 . ~ 1 ' 9 . 3 a c l z  a . 3 7 ~  7.7343 tiam. 7.8887 8.0816 8 . ~ 1 1  _ _ _ _ _ _  7.9990 8.- 6.8592 
.OM .211 .ON .W . O O l  .OlO .Ol2 .031 _ _ _ _  .OlO .018 .W1 

118 64 221 199 356 160 123 65 ---- 240 268 4 

7.8339 6.8592 7.7343 8.3798 9.3242 7.9lOa 7.7l05 6.8703 7.9990 - -____ 8.0816 7.6687 
.007 .001 .006 .ON . a l l  .008 . OOJ .M)1 .010. _ _ _ _ _  .Ol2 .005 

57 4 161 139 296 100 142 5 1 3  _ _ _ _  23 124 

7.7947 7.7343 8.3798 9 . 3 2 4  8.4421 8.0384 7.8880 7.5541 8.2563 8.0816 _ _ _ _ _ _  7.- 
.008 .006 .024 . P 1  .Oaa .011 .OlO .004 .Ol8 .OH _-___  .007 

85 161 139 396 374, 77 la0 162 97 a 7  _ _ _ _  101 

8.2246 7.9990 7.7105 7.2354 6.8588 7.8401 'P.7343 8.1523 6.8593 7.6867 7.8% _ _ _ _ -  
.017 .010 .005 .002 .001 .Mi7 .005 .014 .001 .005 .Mi7 _ _ _ _  

294 240 218 196 352 336 199 241 356 , a36 7.59 --- 
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Constituent sough1 
(4 

Table 29.-Elimination factors-Continued 
SERIES 297 DAYS. DIURNAL CONSTlTUENTS 

- 
JI 

_ _ _ _  
8.2770 
.019 
140 

8.1622 
.015 
100 

7.9699 
. . 010 

94 

7.6338 .ow 
187 

8.'3896 
.025 

73 

7.7728 
.006 

54 

7.1488 
.001 

14 

8.- .m 
107 

7.5229 .m 
154 - 

8.2770 
.019 

2m 

_ _ _ _ _ _  __ - -_  __-_ 
8.2770 
.019 
140 

8.0269 . 011 
133 

8.m . 011 
227 

9.2565 
.181 
113 

7.9899 . 010 
94 

7.77% 
.006 

54 

9.8360 
.217 
146 

7.3907 .m 
14 
- 

MI 

8.1022 
.015 
260 

8. mo 
.019 

220 

_ _ _ _ _ _  _ _ _ - _  _ _ _ _  
7.5338 .ow 

173 

7.0890 . 010 
206 

8.2044 
.016 
338 

8. 0268 . 011 
133 

7.9899 . 010 
94 

7.5392 
.a03 
lM 

8.1019 
.013 

64 
- 

Disturbing constituents (B.  C. ek.) 

01 

7.9899 . 010 
2%6 

8.0268 . 011 
227 

7.5338 .ow 
187 

-- 

_____-  -__- -  _-__ 
7.8838 
.007 
273 

7.7467 
.008 
339 

8.2170 
.019 
140 

8.1622 
.015 
100 

7.5336 .ow 
193 

8.4724 .wo 
60 - 

- 
00 

7.5338 
.003 
173 

8.0269 . 011 
133 

7. gsgg . 010 
94 

7.8638 
.007 

87 

- 

_ _ _ _ _ _  _ _ _ _ _  _ _ _ _  
8.0964 
.012 

88 

7. 6320 
.004 

47 

6.7W5 
.001 

7 
8.1433 
.014 
100 

7.6129 .ow 
147 
- 

PI 

8.3890 
.025 
287 

9.2565 . 181 
247 

8. w 
.OM 

27 

7.7467 .m 
21 

8.0954 
.012 
294 

- 

_---__ 
_ _ _ _  

7.6300 .ow 
161 

7.8183 .w 
121 

b. 3360 
.217 
214 

a 0288 . 011 
81 

Q I  

7.7726 
.008 
306 

7.9889. . 010 
266 

8.0289 . 011 
227 

- 

a mo 
220 

7. urn 

.019 

.004 
313 

7.5300 .ow 
189 

- _ - _ _ _  _ _ _ _ -  _ _ _ -  
a wm 
.019 

.m1 .oos 
233 

9.3366 
.217 
280 

140 

3Q 

7.1486 
.001 

3rls 

7.7726 
.006 
306 

7.8899 . 010 
280 

8.1622 
.015 
260 

6.7806 
.001 
353 

7.8163 
.007 
239 

8.2770 
.019 

220 

- 

_ _ _ _ _  _ _ _ -  
'. 8741 
.OM 
213 

8.2230 
.017 
320 

SI 

3.4204 .m 
. 253 

B. 3360 
.217 
214 

7.5392 
.m 
174 

7.5336 .m 
167 

8.1433 
. O M  

260 

D. 33w) 
.217 
146 

7.9031 
.008 
127 

7.8741 
.007 

87 

_ _ _ _ _ _  
__ - -_  __ -_  
7.8897 
.m 

48 

-- 
PI -- 
7. 1229 .m 

108 

7.3907 .m 
340 

8.1019 
.013 
306 

8.4724 
.030 
300 

7.5129 .m 
213 

a m  
.011 

279 

9.3388 
.217 

80 

La220 
.017 
40 

7.8897 
.OM 
312 

_-____ 
-__-- _.__ 
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Table 29.-Elinaination factors-Continued 
SERIES 297 DAYS. SEMIDIURNAL CONSTITUENTS 

Constituent 
sought (A) 

K: _ _ _ _ _ _ _ _ _ _ _ _ _  

L: _ _ _ _ _ _ _ _  ~ _ _ _ _  . .  

Ms _ _ _ _ _ _ _ _ _ _ _ _ _  

N~ _ _ _ _ _ _ _ _ _ _ _ _ _  

2 N  _ _ _ _ _ _ _ _ _ _ _ _ _  
. 

R: _ _ _ _ _ _ _ _ _ _ _ _ _  

SI _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TI _ _ _ _ _ _ _ _ _ _ _ _ _  

XI _______.._____ 

ps _ _ _ _ _ _ _ _ _ _ _  

I? _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2SM _ _ _ _ _ _ _ _ _ _ _  

___ ~ ~ _ _ _ _  

Disturbing constituents (73, C, etc.) 
-. 

K? Io MI Ns 2 N  RI 8: T: . XI ~rr YI 2SM 

_ _ _ _ _ _  7.5338 8.0368 7.9899 7.7726 9.3359 9.2585 9.1076 8.3896 7.5223 7.3907 8.2357 _ _ _ _ _  .OW .all .OlO .006 .217 .181 .128 .025 .003 .002 .017 _ _ _ _  187 227 . 266 306 214 247 281 a87 206 346 88 

------------ 

7.5338 -1 _ _ _ _  8.2770 8.1622 7.9326 8.'1514 8.4724 8.5711 9.3368 7.5300 7.7467 8.0286 
.003 _ _ _ _ _  .019 .015 . 009 .014 .030 .W7 .217 .OW .006 ,011 

173 _ _ _ _  a20 a60 300 27 60 94 230 199 339 81 

8.0269 8.2770 _ _ _ _ _ _  8.2770 8.1622 7.5339 7.7467 8.1288 8.4724 7.7467 8.4724 7.7179 
.Oll .019 _ _ _ _ _  .019 .015 .003 .006 .013 .030 .006 ,030 .005 

133 140 _ _ _ _  220 260 167 21 54 60 339 300 41 

7.9899 8. 1622 8. mo _ _ _ _ _ _  8.2770 7.9031 7.5300 7.4214 7.7467 8.47% 9.3368 a 201.4 
.010 .015 .019 _ _ _ _ _  .019 .008 .003 .003 .006 ,030 .217 .OW 

94 100 140 _ _ _ _  220 127 161 11 21 3GU 80 1 

7.7736 7.9326 8.1622 8.2770 _ _ _ _ _ _  7.8741 7.8163 7.5240 7.5300 9.3386 8 . m  7.5050 
.006 . O N  .015 . O N  _ _ _ _ _  .007 .007 .OW .003 ,217 .015 .OD3 

54 BO 100 140 _ _ _ _  87 121 155 161 80 40 I42 

9.3359 8.1514 7.5339 7.9031 7.8741 ~ - - ___  9.3362 9.2586 8.4204 7.0150 7.8897. 8.1268 
.217 .014 . .003 .OoS .007 _ _ _ _ _  .317 .181 .026 ,001 .M)8 .013 

9.2565 8.4724 7.7467 7.5300 7.8163 9.3362 - - -___ 9.336!2 8.2770 7.7179 8.0286 7.7467 
.181 .030 .006 .003 .007 .217 - -___  .217 .019 .005 .Oll .006 

113 300 330 199 239 146 _ _ _ _  214 220 319 279 21 

9.1076 8.5711 8.1268 7.4214 7.5240 9.2586 9.3362 ._.___ 7.5385 7.8920 8.0039 7.5339 . 1% . W7 .013 .OW . 003 .181 .217 _ _ _  _ _  .OB. .M)8 .OlO . OW 
79 266 306 346 205 113 146. _ _ _ _  186 285 245 167 

146 333 193 233 m _ _ _ _  214 247 253 352 313 54 

8.3896 9.3366 8.4724 7.7467 7.5300 8.42M 8.2770 7.5385 _ _ _ _ _ _  8.0286 8.1647 7.5300 ' 

. O S  .217 .ON . .006 .003 .OH .019 .003 _ _ _ _ _  .Oll .015 .003 
73 80 300 339 199 107 140 174 _ _ _ _  279 239 161 

:--7.6233 7.5500 7.7467 8.4724 9.3366 7.0150 7.7179 7.8920 8.0a86 ______. 8.2770. 7.6680 

154 161 21 60 280 8 . 41 : 75 81 _ _ _ _  140 62 
.003. .OW . .006 .ON .217 .001 .005 .008 ,011 _ _ _ _ _  .019 ,005 

7.3907 7.7467 8.47% 9.3366 %a230 7.8897 8.0286 8.0039 8.1647 8.2770 - _ _ _ _ _  7.7984 
.002 .W .030 .a17 ,017 .ooS .Oil .010 .015 .Ol9 _ _ _ _ _  .006 

8.2357 8.0% 7.7179 6.2M4'7.5050 8.1268 7.7467 7.5339 7.5300 7.6680 7.7984 _ _ _ _ _ _  
,017 .Oll .005 . OOO .003 .013 .OM .003 ,003 .005 .006 _ _ _ _ _  

272 279 319 359 218 306 339 193 IS9 288 258 _ _ _ _  
14 21 60 280 320 48 81 115 121 m _ _ _ _  111 
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Constituent sought 
(A! 

Table 29.--Elimination factors-Continued 
SERIES 326 DAYS. DIURNAL CONSTITUENTS 

- 
JI  . 

- _ - _ _  _ _ _ _  
8.1340 

.014 
150 

8. OBge 
. o n  

118 

7.8631 
. a 7  
125 

7.438 
.003 

354 

8.3383 
.OB 

111 

7.8244 .w 
85 

7.8841 .om 
e4 

a m  
.018 

190 

7.0834 
.001 

170 

h 1340 
,014 

210 

._____ 
----- 
- - - -  

3.1340 
.014 

150 

7.7427 
.006 
158 

7.7427 
.Oo8 

9.0470 
. l l l  

141 

7.8631 
.007 
125 

7.8244 
.007 

85 

8. m . 118 
161 

7. MI61 .m 

204 

a0 .- 

- 
MI 

Disturbing constituents (B, C. eb.) 

a m  
. o n  

24l 

8.1340 
.014 

210 

__-__ -  _ _ _ _ _  _ _ _ _  
7.4352 .m 

6 

7.8831 
.007 

235 

7.6587 
.005 

353 

7.7437 .m 
156 

7.8831 
.007 

125 

7.7472 .m 
181 

8.0473 . 011 
50 
- 

- 
01 

7.8631 . 007 
235 

7.7457 
.006 

204 

7.4353 .m 
364 

- 

_ _ _ - _ _  --_-_ _ _ _ _  
7.7018 . 006 

a29 

7.6483 
.aM 

346 

8.134a 
.014 

150 

8. OB9E . o n  
118 

7.08% 
.001 
la5 

8.3388 
.OB 

45 
- 

- 
00 

7.4352 .m 
6 

7.7427 
.oMI 

166 

7.8831 
.007 

125 

7.7018 
.005 

131 

_-- -_-  
__--- _ _ _ _  

8.0443 . 011 
117 

7 . m  
.005 

101 

7.0227 
.aM 

70 

7. 9496 
.008 

136 

6. e345 .ooo 
176 
- 

- 
PI 

8.3392 
.OB 

249 

9.0470 . 111 
518 

7.8587 
. w 5  

8 

7.5483 
.004 

14 

8.0443 . 011 
243 

7.4186 .m 
164 

8.0723 . 118 
1QM 

7.8254 .m 
59 

QI 

7.8244 
.007 

a85 

7.8831 
.007 

235 

7.7427 
.006 

8.1340 
.014 

210 

7.7204 
.w5 

258 

7 . 4 m  
.003 

196 

- 

204 

_-___-  -____  _ _ _ _  
8.1340 
.014 
150 

7.7258 .m 
216 

8. 2882 
.1w 
a66 - 

- 
24 

7.6841 
.005 

296 

7.8244 
.007 

285 

7.8831 
.007 

235 

8.0898 
.012 

241 

7.6221 
,004 

290 

7.7040 
.005 
337 

8.1340 
.014 

210 

- 

_ _ _ _ - _  _ _ _ - -  _ _ _ _  
1.7868 
.Oo8 

246 

8.3594 
.023 
a85 

81 

8.1908 
.ole 
230 

8.0723 
.118 

188 

7.7472 
.006 

169 

7. 0866 . 001 
175 

7. Q4Qd 
.m 

224 

8.0733 . 118 
161 

- 

7. ma 
.005 

144 

7. '1848 
.006 

114 

_ _ _ _ _ _  _ _ _ _ _  - -__ 
7.7844 .m 

38 

PI - 
7.0834 . 001 

1w) 

7.5081 .m 
340 

8.0423 . 011 
310 

8.3386 
.025 

315 

6.6W . 000 
184 

7.8354 
.0os 

301 

8. 2882 . 194 
105 

8.3594 .m 
75 

1.1844 .m 
Sal 

_ _ _ _ _ -  _ _ _ _ _  ---- 
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Constltuent 
sought (A) 

KI _ _ _ _ _ _ _ _ _ _ _ _ _  

Lz _ _ _ _ _ _ _ _ _ _ _ _ _  

MI _ _ _ _ _ _ _ _ _ _ _ _ _  

Na _ _ _ _ _ _ _ _ _ _ _ _ _  

2N _ _ _ _ _ _ _ _ _ _ _ _ _  

R: _ _ _ _ _ _ _ _ _ _ _ _ _  

Sr _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TI _ _ _ _ _ _ _ _ _ _ _ _ _  

X I  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

pa _ _ _ _ _ _ _ _ _ _ _ _ _ _  

vz _ _ _ _ _ _ _ _ _ _ _ _ _ _  

a8M _ _ _ _ _ _ _ _ _ _ _  

Table 29.-Elirnination factors-Continued 
SERIES 328 DAYS. SEMIDIURNAL CONSTITUENTS 

Disturhing constltuenta (B,  C, etc.) 

K2 Lq MI Nz 2N R: Sz T: XI pa' VI 2SM 

_ _ _ _ _ _  7.4362 7.7427 7.8631 7.8244 9.0720 9.0470 9.0037 8.3392 7.0934 7.5061 8.0971 _ _ _ _ _  . OOC .006 .007 ,007 . 118 . 111 .lo1 .022 .001 .003 .013 _ _ _ _  354 204 235 265 199 219 238 249 190 340 53 

7.4352 _ _ _ _ _ _  8.1340 8.0698 7.95% 8.0858 8.3388 8.4852 9.3882 7.4186 7.5483 7.8354 
..003 _ _ _ _ _  .014 .Ol2 ,008 .012 .022 .031 .194 .003 .MI4 .GUS 

6 _ _ _ _  210 241 371 25 45 64 256 198 348 59 

7.7437 8.1340 _ _ _ _ _ _  8.1340 8.0698 7.0958 7.5483 7.9190 8.3386 7.6483 8.3388 7.5347 
.006 .014 _ _ _ _ _  .014 .012 .OOl .004 .OW .022 . W 4  .022 .003 
158 150 _ _ _ _  210 241 175 14 34 45 346 315 28 

7.8631 8.0898 8.1340 _ _ _ _ _ _  8.1240 7.7259 7.4186 6.7213 7.5483 8.3386 9.2883 8.3062 

125 119 150 _ _ _ _  210 144 164 3 14 315 105 '% 
7.8244 7.9526 8.0698 8.1340 _ _ _ _ _ _  7.7948 7.7040 7.51% 7.4186 9.2882 8.3594 7.4010 
; 007 .009 .012 .014 _ _ _  _ _  .006 .W6 .003. .003 .194 .O% .003 

95 89 119 150 _ _ _ _  114 133 153 164 106 75 148 

9.0720 8.0858 7.0956 7.7259 7.7948 ._____ 8.0725 9.0472 8.2809 7.0444 7.7843 7.9190 
.118 ,012 .001 .005 .W8 . _ _ _ _  .118 .112 .Ol9 .W1 ,006 .008 
161 335 185 218 246 _ _ _ _  199 219 230 361 321 34 

9.0470 8.3388 7.5483 7.4188 7.7040 9.0725 _ _ _ _ _ _  9.0725 8.1340 7.5347 7.9351 7.5483 
.lll . O S  .004 .Om .005 .118 --L-- .llS .014 .003 .ooS ,004 
141 315 348 196 227 161 _ _ _ _  199 210 332 301 14 

9.0037 8.4852 7.9190 6.7213 7.51% 9.0472 9.0725 _ _ _ _ _ _  7.7468 7.7359 7.9960 7.0956 
.lo1 .031 .om .001 ,003 .112 .118 _ _ _ _ _  .006 .005 .010 .001 
122 296 3% 357 a07 141 181 _ _ _ _  191 312 282 175 

8.3393 9.1882 8.3388 7.6483 7.4186 8.2809 8.1340 7.7568 _ _ _ _ _ _  7.9254 8.1912 7.4186 
.022 .194 .022 .o(H .OW ,019 .014 .006 - .___ .008 .016 .003 
111 105 315 346 198 130 150 169 _ _ _ _  301 271 164 

7.0934 7:4186 7.5483 8.3386 9.2882 7.0444 7.4347 7.7359 7.9254 _ _ _ _ _ _  8.1340 7.5118 
.001 .W3 . 004 .022 .194 .OOl .003 .005 .OW _ _ _ _ _  .014 .Ow 
170 164 14 45 255 9 28 48 59 _ _ _ _  150 43 

7.5061 7.5483 8.3386 9.3882 8.3594 7.7843 7.9254 7.9960 8.1812 8.1340 _ _ _ _ _ _  7.7477 
.003 .o(H .032 .194 .023 .OW .008 .OlO .016 .014 _ _ _ _ _  .006 

XI 14 45 255 285 39 59 78 89 210 _ _ _ _  73 

8.0971 7.9254 7.5347 6.3062 7.4010 7.9190 7.5483 7.0956 7.4186 7.5118 7.7477 _ _ _ _ _ _  
.Ol3 .008 .003 .ooO .003 .GUS .004 .W1 .003 .003 .006 _ _ _ _ _  
307 301 332 182 212 326 346' lS5 188 317 287 _ _ _ _  

- 
---- 

.007 .013 .014 _ _ _ _ _  .014 .005 .003 .001 .004 . Oaa .194 
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' 01 - 
7.5111 
.M)3 

203 

6.7064 
.001 

182 

7.8888 
.OM 

341 

_ _ _ _ _ _  _ _ _ - _  _ _ _ _  
6.m 
.001 

185 

7.2500 
.ma 

352 

7.9464 .m 
159 

7.9167 
.OM 

138 

6.7729 
. w 1  

357 

8.1364 
.014 

U. S. C o r n  AND GEODETXC SURVEY 

00 

7.8888 .oo 
19 

6.7064 
. w 1  

178 

7.5111 
. w 3  

157 

6.7060 
.Wl  

176 
_ . _ _ _ _ _  
- - - -_  
__._ 

7.3914 .ooa 
163 

7.32% 
. w 2  

154 

7.4740 
.003 
133 

7.1838 .m 
173 

7.3105 
.002 

2 9 2 4  

Constituent sough1 
(.I) 

7.3914 
.w2 

192 

- _ _ _ - _  - _ _ _ _  - -__ 
7.2957 
. w 2  

167 

7.5554 
.004 

146 

8.4688 
.029 
' la 

7.7296 
.W5 

Table 29.-Elimination factors-Continued 
SERIES 355 DAYS. DIURNAL CONSTITUENTS 

Disturbing constituents (B, C, etc.) 

7.3284 
.W2 
206 

7.2957 .m 
193 

_ _ _ _ _ _  
- -_-_ _ _ _ _  

7.9464 
.m 

159 

7.4212 
.003 

198 

9.1482 
.141 

8 6 m  

- 
JI 

_ _ _ _ _ _  
_ - - - - -  

---_ 
7.9464 
.m 

159 

7.9167 .oo 
138 

7.5111 
.003 

157 

7.8888 .oo 
341 

8.0444 . 011 
149 

7.6331 
.004' 

136 

7.6508 
.004 

115 

8.0032 . 010 
154 

6.7724 
. w 1  

6 

7.9464 
.m 

a01 

-_--__ _--_- -_-- 
7.9464 
.m 

159 

6.7064 
.001 

178 

6. 7064 

isa 
a 4 s i  

. w 1  

.029 
17C 

7.5111 
.m 

157 

7.6331 
.004 

138 

.029 
175 

7.5794 
.w4 

2t 

a 4508 

- 
MI 

7.9167 .oo 
222 

7.9464 
.009 

9 1  

- _ _ _ _ _  
_ _ _ _  

7. 8888 .oo 
19 

7.5111 
.m 

7.7393 
. w 5  

191 

6. M64 
. w 1  

178 

7.5111 
.a03 

157 

7.8651 
.Mn 

196 

7.8839 . 010 
47 

203 

PI I QI 

7 a500 7.9464. 

8 201 
:w3 I .m 

7.8506 
.w4 

245 

I .  6331 
.w4 
224 

7.5111 
. w 3  

203 

7.9167 .oo 
222 

7.4740 
.W3 

227 

7.5554 
.w4 

214 

7.9464 
.m mi 

- 
SI 

a 0032 . 010 
206 

8.4598 
.029 

185 

7.8661 
.007 

164 

6.7720 
. w 1  

3 

7.1838 
. w 2  

187 

8. 4598 
.029 

175 

7. 4212 
.003 

162 

7.6984 
.004 

141 

___-  
7.6607 
.006 

31 

-- 
PI - 

6.7724 
. w 1  

365 

7. b794 
.w4 

334 

7. w9 . 010 
313 

8.1364 
.014 

331 

7.3105 
.002 
336 

7.7296 
.W5 

334 

9.1482 
.141 

130 

8.3129 
.021 

109 

7: 6607 
.005 

329 

------ -__--  -___ 
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Constituent sought 
(4 

00 

Table 29.-Elimination factors-Continued' 
SEMES 369 DAYS. DIURNAL CONSTITUENTB 

JI - 
_ _ _ _ _ _  
- ____  _ _ _ _  
8.3503 .m2 

70 

7.8740 
.007 
141 

7.8760 
.aM 

73 

a 3371 

a m  

.m 
248 

.m 
74 

7.5509 
.004 
143 

7.4m .we 
34 

a m  .on 
72 

5.7088 
.m 

0 
- 

_ _ _ _  
a 3503 

m 
.rn' 

6.6332 
.m 

2 

6.6332 
.aM 
358 

8. om2 . 010 
4 

7.8760 .ow 
73 

7.5509 
.M)p 
143 

8.0074 . 010 
2 

7.8892 
.aM 
110 
- 

MI 

7.8740 
.007 
219 

- 

a 3 m  
.OB 
aw, 

____-_ 
-___ 

8.3a71 
. O B  
112 

7.8760 .ow 
287 

a 4104 .om 
a83 

6.6334 .ooo 
2 

7.8760 .ala 
73 

8.379a .a 
281 

7.9046 
.008 

39 
- 

Disturbing constituents (8, C, etc.) 

0 1  

7.8760 
.aM 

287 

8.6332 
.aM 
368 

- 

a 3371 .m 
248 

_---_ __-_ 
6.6328 
.Ooo 
350 

6. 5537 
.aM 
I82 

8. m .m 
70 

7.8740 .om 
141 

6.7100 
.m 

0 

8.4169 .m 
108 
- 

00 

8.3371 
.OB 
112 

6.6332 
.aM 

2 

7.8760 .om 
73 

6.8329 
.aM 

4 

- 

--__- -  
__ - - -  
_- - -  

7.0438 
.001 

6 

7.8584 
.005 

75 

7.3523 
.m 
145 

6.8924 
.001 

4 

7.6527 
.004 
112 - 

PI 

3.2982 
.020 
236 

5.0072 . 010 
3MI 

B. 4104 
.0?6 

67 

8.6637 
.Ooo 
178 

7.0438 . 001 
364 

- 

-___- -  
__--  

7.8885 
.aM 

69 

7.6024 .ow 
139 

a 0074 . 010 
358 

7.9217 
.aM 
108 - 

. PI 

7.658 
.004 
217 

7.8760 .m 
287 

6.6332 
.aM 
358 

8.8603 
.OB aeo 
7.6684 
.005 

7.8885 .w 
291 

-- 

a86 

_ _ _ _ _ _  
- _ - - -  __ - -  

8. 3503 .w 
70 

7.8824 
.aM 

9.0328 
.lo8 
217 

mg 

- 

24 - 
7.4192 .a% 

328 

7.5509 
.001 
217 

7.8760 
' .aM 

287 
7.8740 
.007 
219 

7.3523 .aoa 
215 

7. WA .m 
221 

8.3503 .m 
a90 

_ _ _ _ _ _  
-_-- 

7.5772 .w 
219 

a (wee . 011 
821 - 

-- 
SI 

5.3235 
.021 

288 

a 0074 . 010 
358 

- 

a 3793 
.024 

69 

6.7100 
.aM 

0 
6.8824 
.001 
356 

a 0074 . 010 
2 

7.8524 
.aM 

71 

7.5773 .m 
141 

- _ _ _ _ _  _ _ _ _ _  
---_ 

7.8055 
.aM 
108 
- 

-- . 
PI -- 
6.7089 
.m 

0 

7.8892 
' .m 

a50 

7.9046 
.OM ' 

321 

8.4169 .oae 
a52 

7.6527 
.004 
248 

7.9217 
.aM 
a54 

9.0338 
.lo8 

143 

a m  . 011 
33 

7.9066 .ow 
ma 

---_-- --__- _ _ _ _ _  - 
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Constituent 
sought (A) 

K, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Lr _ _ _ _ _ _ _ _ _ _ _ _ _  

Ma _ _ _ _ _ _ _ _ _ _ _ _  

Nb- __________- 

2N _ _ _ _ _ _ _ _ _ _ _ _ _  
Ra __________- - -  

SI _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TI _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
h _ _ _ _ _ _ _ _ _ _ _ _ _  

2SM __.________ 

SERIES 369 DAYS. SEMIDIURNAL CONSTITUENTS 

Disturbing constituents (B. C. etc.) 

Ka L2 M, N2 2N R,' st TI x,, I vl 2sM 

' 

--------- --- 
8.3371 6.6332 7.8760 7.5509 8.0074 8.0072 8.W6 8.2982 5.7098 7.8892 7.1088 

248 358 187 217 358 356 354 286 0 250 175 

8.3371 _ _ _ _  _ _  8.3503 7.8740 7.6166 8.3758 8.4168 8.4607 9.0329 7.8885 6.6537 7.8217 
.OB - _ _ _ _  .022 .007 .004 .024 . 0% . 028 . lo8 .008 .ooo .008 

112 _ _ _  290 219 329 110 108 106 217 291 182 106 

6.6332 8.3503 -- - _ - _  8.3503 7.8740 5.7100 6.5537 6.9049 8.4188 6.5537 8.4168 6.5549 

_ _ _  290 219 0 178 177 108 182 ,252 177 

7.8780 7.8740 8.3503 _ _ _ _ _ _  8.3503 7.8824 7.8885 7.8944 6.5537 8.4189 9.0329 7.6658 
,008 .007 ,022 _ _ _ _ _  .022 .008 .008 .008 ,000 .O% .lo8 .Om 

73 , 141 70 _ _ _  290 71 89 67 178 252 143 67 

7.5509 7.6166 7.8740 8.3503 _ _ _ _ _ _  7.5772 7.6024 7.6268 7.8885 9.0328 8.0686 7.4452 . ooa .004 .007 .om _ _ _  _ _  ,004 .ow ,004 .008 . lo8 . o n  .003 
143 31 111 70 _ _ _  141 139 138 69 143 33 138 

8.0074 8.3758 5.7100 7.8824 7.5772 _ _ _ _ _ _  8.0074 8.0072 8.3!235 6.1771 7.8055 6.9049 
.OlO .ON .a00 .008 .004 _ _ _ _ _  ,010 . 010 .02l . OOO .008 .001 

2 250 0 a89 ,219 i__ 358 356 288 181 252 177 

8.0072 8.4169 6.5537 7.8885 7.6024 8.0074 .___-_ 8.0074 8.3503 6.5549 7.92l7 6.5537 
.OlO .026 . OOO .008 .004 .010 _ _ _ _ _  .OlO .022 .000 .008 .OOO 

4 252 182 291 231 2 --- 358 290 183 254 178 

8.W6 8.4607 6.9049 7.8944 7.6268 8.'0072 &GO74 _ _ _ _ _ _  8.3792 6.7601 7.9377 5.7100 

6 254 183 293 222 4 I _ _ _  , 281 . , 185 256 0 

8 . S 2  9.0328 8.4164 6.5537 7.8885 8.3235 8.3503 8.3792 _ _ _ _ _ _  7.9317 7.9044 7.8885 .om . 108 . 0% . m .008 .o21 .022 .ON - - - -_  ,008 .m ,008 
74 143 252 182 291 72 70 69 _ _ _  254 324 6!3 

5.7089 7.8885 6.5537 8.41& 9.0329 6.1771 6.5549 6.7801 7.92l7 .__--- 8.3503 6.5542 
.OOO .OD8 .OOO .026 .108 .OOO 001 . .008 ___. - .o22 . ooo 

0 W 178 108. . 217 179 '?!7 ' 175, 108 _ _ _  70 175 

7.8892 6.5537 8.4169 8.03!29 8.0588 7.9055 7.9217~7.9377'7.8044 8.3503 _ _ _ _ _ _  7.8990 
.008 .OOO' .025 . IO8 .011 .008 .008 .008 . co8 .W2 .____ .006 

110 178 108 217 327 108 106 104. 36 290 _ _ _  105 

7.1088 7.8217 6.5549 7.6658 7,4452 6.8048 6.5537 5.7100 7.8885 6.3542 7.6890 _ _ _ _ _ _  
185 254 1.83. 293. 223 183 182 0 291 ,185 255 _ _ _ _  

__ - -_  .om .000 .M)8 .OM .OlO .010 .010 .om ,000 .008 .001 

. qo2 . - _ _  _ _  .OB .007 . OOO ,000 ,001 . 026 .ow .O% . ooo 

.OlO .028 .001 .008 . 004 ,010 . OlO* - - - -_  .ON .001 .008 . OOO 

.MI1 .W'. .OM) .005... ..ow ,001 .ooo .000 .m .m .005 _ _ _ _ _  
. .  _. . :  . .  . . ... . . .  
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Table $0.-Products o f  amplitudes and angular functions for Form 245 
I - 

0 

- 
I 

1 
I 

t 

I 
% 

11 
13 

12 
14 
15 

10 
17 
18 

19 

21 

2a 
23 
24 

25 
28 

'27 

28 
23 
30 

31 
32 
33 

34 
35 
30 

' 37 
38 
a9 

40 
41 
42 

68 
44 
45 

1 

ia  

a0 

-- 

- 

1 - 
Sin 

0.00 

. 01 

.03 

.os 

.on .w . lo! 

. 1 2  
,131 
.I51 

.17! . 191 .m 

. 221 . 24: 

.25< 

. 27d .m 

.a08 

.320 

.34!2 

.35a 

.375 

.391 

.407 

.423 

.438 

.454 

. 4 w  
,485 
.500 

.515 
,530 
.545 

,559 
.574 
.589 

.em 

.016 

.02Q 

.643 

.868 

.869 

.882 

.095 
3.707 

cos 
- 
- 

1 

- 
cos 

1.00 

1.00 
0.99 
.99 

. W  

.m 

.m 

.w .w .w 

.9& .w . 971 

.97' . Q7l .w 

.MI 

.%5f 

.951 

.w 

.94c 

.a4 
.92i 
.m 
.914 

.m 

.899 

.a91 

,883 
.875 
.aM 
.857 . a48 
.a39 

.a% 

.a19 

.a09 

.7QQ 

.788 

.777 

.766 

.755 

.743 

.731 

.719 
0.707 

S in 
- 
- 

Sin 

0. w 
.03 
.07 
.10 

.I41 

.17. 

.D 

.24 .m 
.31: 

.34: 

.38: 
, 4lI 

.45l 

.4& 

.51l 

.551 .a 

.018 

.051 

.884 

.711 

.749 

.7al 

.813 

.a45 

.ai7 

.w)8 

.639 

.m 
1. wo 
1.030 
1.om 
1.088 

1.118 
1.147 
1.170 

1.- 
1.231 
1.258 

1.286 
1.312 
1.338 

1.364 
1.388 
1.414 

cos 

- 

- 

2 

2 - 
cos 

2.00 

2.00 
1. QQ 
l . W  

1. 99 
1.90 
1. gs' 

1.88, 
1.88 
1. mi 
1. Q7l 
1.9a 
1.851 

1.941 
1.941 
1.83: 

1.923 
1.913 
1 . W  

1.891 
1.87G 
1.861 

1.864 
1.841 
1.822 

1.813 
1. m 
1.782 

1.706 
1.749 
1. I33 

1.714 
1.888 
1.077 

1.858 
1.038 
1.018 

1.597 
1.578 
1.554 

1.532 
1.508 
1.495 

1.463 
1.439 
1.414 

- 

Sin 

- 
Sin 

0.00 

.05 

.10 

.16 

- 

mi .m 
.3b 

.MI 

.411 

.461 

.a1 

. 5 z  

.0% 

.07! 

. 7 4  

.77t 

.8% 

.8Z 

.92i 

.811 
1.028 
1.075 

1.124 
1.172 
1.224 

1. as8 
1.315 
1.362 

1.408 
1.464 
1.500 

1.545 
1.690 
1.634 

1.678 
1.721 
1.783 

1.805 
1.847 
1.888 

1.828 
1. WIB 
2.007 

2.046 
2. 084 
2.121 

cos 
- 

3 - 
cos 

3.00 
3.00 
2.90 
2.w 

2.88: 
4981 
2.08 

2.811 
2.81: 
2. ge: 
2.m 
2.94: 
2. Q3! 

2. 9z 
2.911 
2. w 
2. e84 
as61 
2.852 

2. 831 
2.818 
2 801 

2.762 a 741 

2.719 
2.898 
2 673 

2.649 
2.624 
2.598 

2. 572 
3.544 
2.510 

2. 487 
2. 457 
2.427 

2.396 
2.364 
2.331 

2.208 
2.204 
2.229 

2. 194 
2 168 
2. I21 

Sin 

2. %a 

- 

3 

4 

Sin - 
am 
.m 
.14 .m 
.271 
.341 
.4l1 

.48: 

.55: .a 
.891 
.763 .a 
.m .w 

1.031 

1.103 
1.188 
1.2% 

1.302 
1.388 
1.433 

1.488 
1.583 
1.027 

1.880 
1.753 
1.810 

1.878 
1.939 
2. 000 

2. OB0 

2.179 

2 !287 
2.2Q4 
2.351 

2.407 
2.463 
2.517 

2.571 
2.624 
2.077 

2.728 
2.770 
2.828 

cos 

2. im 

- 
- 

4 

- 
C N  

4.001 

3. 99 
3.981 
3. 991 

3. w 
3.w 
3.971 

3.9n 
3.961 
3. 961 

3.m 
3.9% 
3.91: 

3.89i 
3.881 
3.864 

3.845 
3. a25 
3.804 

3.782 
3.759 
3.734 

3.709 
3.682 
3 . m  

3.685 
3.584 

3.532 
3.m 
3.404 

3.429 
3.392 
3.355 

3.316 
3.277 
3.230 

3.195 
3.162 
3.108 

3. 064 
3.019 
2.973 

2925 
2.877 
2.828 

Sin 

- 

a 025 

- 

- 
Sin 

0.001 

.08' 

.17# 

.28: 

.34l 

.431 .a 

.w .w .re 

.&I .w 
1.0a 

1.121 
1. 2lC 
1.294 

1 .3n 
1.462 
1.645 

1.028 

1.792 

1.873 
1.954 
2.034 

2 113 
2.192 2.m 
2.347 
2 424 
2.500 

2.576 
2.850 
2. 

2.796 
2.868 
2. e39 

3.008 
3. 078 
.3.147 

3.214 am 
3.346 

3.410 
3.473 
3.536 

- 

i .7ia 

cos 

5 

6 - 
cos 

5001 

4. 99 
4.99 4w 
4 881 

4.97, 

4. w 
4. 911 
4. st 
4. 9B 
4. Wt 
4.891 

4.87: 
4.855 
4 . w  

4. 80t 
4.782 
4.755 

4 . 7 2  
4.m 
4. BBB 
4630 
4.602 
4.588 

4 632 
4494 
4.465 

4.416 
4.373 
4.330 

4.288 
4.240 
4.183 

4 145 
4086 
4.045 

3.993 
3.940 
3.886 

3.830 
3.774 
3.710 

3.657 
3.587 
3.536 

sin 

4. 88; 

- 
__. 

I - 
0 

- 
w) 

89 
88 
87 

88 
85 
84 

83 
82 
81 

80 
79 
78 

77 
70 
76 

74 
73 
7a 

71 

68 

88 
07 
66 
05 
64 
63 

0a 
01 
60 

59 
58 
67 

58 
55 
54 

6a 
52 
61 

50 
49 
48 
47 
40 
45 ' 

m 

- 

- 



HABMONIC AN'ALYSIS AND PREDICTION OF TIDES, 267 

- - 
Q 

-- 
0 

1 
2 
3 

4 
5 
0 

7 
8 
9 

10 
11 
12 

13 
14 
15 

10 
17 
18 

19 
30 
21 

22 
23 
24 

a6 
26 
n 
28 
29 
30 
31 
32 
33 

24 
35 
30 

37 
38 

40 
41 
42 

- 4 3  
44 
45 

as 

- 

Table 30.-Products o f  amplitudes and angular functions for 
Form 245-Continued 

Sin 

0. ooo 
. lo6 .m 
.314 

.419 

.523 

.027 

.7a1 

.835 

.939 
1.042 
1.145 
1.247 

1.350 
1.452 
1.653 

1.054 
1.754 
1.854 

1.953 
2 052 
2 150 

2248 
2344 
2.440 

2.536 
2.630 
2.724 

2.817 
am9 
3.m 

3.090 
3.180 
3.268 

3.355 
3.441 
3.527 

3.611 
3.094 
3.770 

3.857 
3.936 
4.015 

4.082 
4.1w 
4.243 

ClM 

6 

cos 

6.m 

5.999 
5.986 

.5.992 

5.985 
5.977 
5.967 

5.955 
5.942 
6.926 

6.909 
6.W 
5.w 

5.846 
,5.822 

5.796 

5. '188 
5.738 
5.708 

5.673 
5.038 
5.801 

5.663 
5.623 
5.481 

5.438 
6.393 
5.340 

6.298 
5.w 
5.196 

5.143 
6.088 
5.032 

4.974 
4.915 
4.864 

4.783 
4.728 
4.683 

4.586 
I 528 
4.1159 

4.388 
4.316 
4.243 

Sin - 
6 

I 9 7 

0. a00 

.132 

.244 

.366 

.a 

.010 
,732 

.853 

.974 
1.085 

1.216 
1.336 
1.455 

1.675 
1.693 
1.812 

1.929 
2 047 
2.163 

2279 
2 394 
2509 

2m 
2 735 
2 847 

2958 
3.069 
3.178 

3. a88 
3.394. 
3.500 

3.605 
3.708 
3.812 

3.914 
I 015 
4.115 

4.213 
4.310 
4.405 

4.504 
4.692 
4.084 

4.883 
4. w.0 

4. 774 

7. ooo 
0.999 
6.996 
6.990 

6.983 
6.973 
6.902 

6.948 
6.932 
6.914 

0.894 
6.871 
6.847 

6.821 
6.792 
6.702 

6.729 
0.694 
6.057 

6.619 
8.578 
6.535 

6.490 
6.444 
6.395 

0.292 
6.237 

6.181 
6. 122 
6.062 

0. OOO 
5.930 
5.871 

5.803 
5.734 
5.063 

5.590 
6.516 
5.440 

5.302 
5.283 
6. aOa 
6.119 
5.035 
4.950 

6.344 

0. m 
.la 
.276 
.419 

.558 

.687 

.830 

.975 
1.113 
1.251 

1.389 
1.528 
1.663 

1.800 
1.935 
2.071 

2 205 
2 339 
2 472 

2.005 
2 730 

2.997 
3.126 
3 . m  

3.381 
3.m 
3.032 

3.756 
3.878 
4.m 

4. la0 
4.239 
4.357 

I 4 7 4  
4.589 
4703 

4.816 
4.935 
5.035 

5.142 
5. w 
5.353 

5.456 
5.567 
5.667 

a. 007 

aooo 
7.899 
7.995 
7.989 

7.980 
7.970 
7.956 

7.940 
7.922 
7. m 
7.878 
7.853 
7.825 

7.795 
7.762 
7.727 

7.090 
7.650 
7. go8 

7.664 
7.518 
7.469 

7.417 
7.364 
7.308 

7. w) 

7.128 

7. o&I 
0.997 
6.928 

6.857 
6.784 
0.108 

6.632 
6.553 
6.472 

6.389 
6.304 
6. 217 

6.128 
0.038 
5.945 

5.851 
5.755 
5.657 

7. im 

0. wo 
.157 
.314 
.471 

.638 

.784 

.941 

1.097 
1.253 
1 . w  

1.663 
1.717 
1.871 

2 025 
2 177 
2 329 

1481 
2.631 
2.781 

2.930 
3.078 

3.371 
3.617 
3.061 

3.804 
3.945 
4.086 

4.22.5 
4.363 
4.500 

4.635 
4.769 
4 . m  

6.093 
5. lea 
haw) 

5.410 
6.541 
8.664 

5.785 
5. m 
6.022 

6.138 
6.252 
6.304 

am 

9. qoo 
am 
a 895 

a 978 a w  a 951 

a 912 
8.888 

8.988 

8.933 

8.863 
8.836 
8.8w 

a 709 a 733 
a m  
a 651 
8.607 
8.500 

8.510 

8.403 
a 457 

a 345 
a m  

a 157 

a 019 

7.784 

8.222 

8.089 

7.947 
7.872 

7.715 
7.632 
7.548 

7.401 
7.372 
7.281 

7.188 
7. OBa 
6.994 

0.894 
a792 
6.888 

0.583 
6.474 
0.304 

7 1 8 1 9  

- - 
0 

- 
90 

89 
88 
8: 

00 
85 
84 

' 8 3  
82 
81 

80 
79 
78 

77 
76 

, 75 

' 74 
73 
73 
71 
70 
69 

68 
07 
06 

65 
04. 
63 

ea 
01 
80 
69 
58 
67 

56 
65 
64 

MI 
52 
51 

50 
49 
48 
-47 
46 
45 - 

- 
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d. h. 
14 31 
15 4 

11 
18 

16 1 
8 
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Table 31.-For construction of primary stencils 

d .  h. d. h. 
21 20. 28 20' 
22 3' a8 3' 

101 10' 
17. 17' 

23 0* 30 0' 
7* 7' 

Difference 

d. h. 
49 19* 
50 2* 

9* 
10. 
23' 

51 6' 

w 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 

-10 
-11 

-12 - 13 

-15 - 14 

-16 
-17 

-18 - 19 

-21 
-22 
-23 

-m 

- - 

d .  A. d. h. ' 

56 lo* 63 19 
57 2' 64 3 

9* 9 
16' 16 
23. . 23 

58 6* 65 6 

n 
+23 
+22 
+21 

+IS 

4-18 
+17 
4-16 
4-15 + 14 
4-13 

' -1-12 
+I1 
+lo 
+g 
+8 
+7 

+6 +r 
+4 
+3 +a . i +1 

+m 

_. 

15 
31' 

17 4. 
111 
lS' 

18 1' 

r 
-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 

-11 

-12 
-13 
-14 
-15 - 16 

-17 

-18 
-19 

-21 
-22 
-23 

-10 -9 

-a0 

- 

14' l4l 
'21. 21' 

!&, 4' 31 4( 
11' 11' 
18' 18' 

35 1* 32 1' 

- 
d. h. 
1 0  

4 
11 
18 

2 1  
8 

15 
22 

3 5  
12 
19 

4 2  

9 
16 
23 

b 6  
13 
20 

' 8  3 
10 
17 

7 0  
7 

14 
- - 

13' 
20. 

52 3' 
10' 
17. 

53 O* 

d. h. 
70 19 
71 2 

9 
16 
23 

72 6 

13 
20 

73 3 
10 
17 

74 0 

7 
14 
21 

75 4 
11 
18 

76 1 
8 

15 
23 

77 5 
12 
- 

13' 13 
20. 20 

59 3* 68 3 
10. 10 
17. 17 

80 0' 67 0 

- 
d. h. 
7 21 
8 4  

11 
18 

9 1  
8 

15 
22 

10 5 
12 
19 

11 2 

9 
16 
23 

13 6 
13 
20 

13 3 
10 
17 

14 0 
7 

14 
- - 

8* 
15' 
22. 

19 5* 
12* 
19' 

Constituent 2Q 

8. 8 
15. 15 
23' 22 

28 b* 33 5 
12. 12 
19' 19 

I I 

7' 
14* 
21. 

54 4* 
11' 
18. 

7. 7 
14. 14 
31' 21 

61 4* 68 4 
11. 11 
18. 1 8 .  

20 2' 
9. 

16' 
23' 

31 6' 
13' 

27 2. 34 2 
9' 9 

16' 16 
23' 23 

28 6'. 35 6 
13. 13 

55 1' 
8. 

15' 
22. 

56 5. 
12. 

d .  1.  

9 
10 15' 15 
23 22' 22 

79 5. 86 5.1 93 5 

62 1' 69 1 
8* 8 

15* 15 
22' 22 

63 5. 70 5 
131 12 

d. h. 
112 17' 
113 0* 

7s 
14' 
21. 

114 4' 

d .  h. d. h. 
119 17. 126 17 
120 0' 127 0 

7. 7 
14' 14 
21* 21 

121 4' 128 4 

- 
d .  h. 

36 3 
10 
17 

37 0 
7 

14 
31 

38 4 
11 
18 

39 1 

8 
15 
32 

40 6 
13 
19 

41 2 
9 

16 
23 

43 6 
13 

35 m 

- - 

12' 
19. 

80 2* 
9* 

16. 
23. 

Constituent 2 4  

12' 12 
19. 19 

87 2* 94 2 
9* 9 

16' 16 
23' 23 

- 
d. h. 
98 18 
9 9 1  

5 
15 
22 

loo 5 

12 
19 

101 3 
9 

16 
23 

103. 6 
13 

103 3 
10 
17 

10.4 0 
7 

14 
21 

105 4 
11 

m 

- 

11' 
18* 

115 1* 
8* 

15' 
22. 

116 5' 
12. 
19' 

117 2* 
9' 

16. 

23' 
118 6' 

13' 

10' 

m* 
119 3' 

- 
d. h. 

105 18 
106 1 

8 
15 
23 

107 5 

12 
19 

108 2 
9 

16 
23 

109 6 
13 
20 

110 3 
10 
18 

23 
111 6 

13 
10 

112 .3 
10 
- 

11. 11 
18. 18 . 122 1' la8 1 

' 8' 8 
15' 16 
22. n 

133 6' 130 5 
lr 12 
19. 19 

124 3* 131 2 
9. 9 

16' 16 

23. 23 
135 6. 132 6 

13. 13 

10 10 

m* ?o 
im 3 133 3 

- 
d .  h. 

4 3 3  
10 
17 

4 4 0  
7 

14 
21 

45 4 
11 
18 

4 8 1  

8 
15 
22 

47 5 
13 
19 

48 1' 
8' 

15' 
32' 

49 5' 
12' 

42 m 

- - 

81 6* 
. 13' 
20* 

82 3. 
10. 
17. 

83 0' 
7. 

14' 
21* 

84 4* 
11. 

88 6' 95 6 
13' 13 
20. 20 

89 3* 96 3 
10. .10 
17. !7 

90 0' 97 0 
7. 7 

14' 14 
21' 21 

91 4' 98 4 
11. 11 

- 
d. h. 

133 17 
134 0 

7 
14 
21 

135 4 

11 
18 

136 1 
8 

15 
2a 

137 5 
13 
19 

138 2 
9 

16 

23 
139 6 

13 
20. 

140 3 
10 
- 
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TABLE 31.-For construction of primary stencils-Continued 

d .  h. 
140 17 
141 0 

7 
14 
20. 

142 3' 

10. 
17. 

143 0' 
7' 

14' 
21. 

144 4' 
11' 
lS* 

145 1. 
8. 
15' 

22' 
146 5* 

12. 
19. 

147 2' 
9' 

Difference 

d .  h. d .  h. 
147 16. 154 le' 

23' 23' 
148 6" 155 6' 

13" 13' 
20. 20' 

148 3. 156 3' 

10' 10' 
17. 17' 

150 0. .  157 0' 
7' . 7' 
14' 14 
21' 21 

151 4* 158 4 
11' 11 
18: 18 152 1 159 1 
8. 8 
15. 15 

22. 22 
153 5. 180 5 

13' 12 
19. 19 

154 3' 161 2 
9' 9 

f 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 

-11 

-12 
- 13 - 14 
-16 
-16 - 17 
-18 - 19 
-20 
-21 
-22 
-23 

-10 

- - 

d . h .  
168 16' 
3 

188 6 
13 
20 

170 3 

Difterence 

d . h .  d . h .  d . h .  
. 175 15. 182 15. 189 15 

22. 22. 22 
176 5. 183 5' 190 5 

12' 12' 12 
19. 10 19 

177 2' le4 2' 191 2 

H 
+23 +n 
+21 

4-19 

+IS 
+17 
4-16 
+15 + 14 
+13 

+la 
+I1 
+lo 
+9 
+S 
+7 

+6 
+5 
'$4 
+3 
+a 
+1 

+m 

- 

10 
17 

171 0 
7 
14 
21 

kr 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 - 10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

- 18 - 19 
-20 
-21 
-22 
-23 
- 

9' 9' 9 
16' 16" 16 
23' 23* 23 

178 6' 185 6' 192 6 
13. 13" 13 
30. 30' 20 

21' 
174 4' 

11' 
18" 

175 1* 
8. 

21" 21* 21 
181 4" 188 4' 195 4 

11' 11' 11 
18' 18 18 

182 1' 189 1 196 1 
8. 8 8 

d .  h. d .  1 .  
210 14" 217 14' 

21' 21' 
211 4. 2l8 4. 

11' 11' 
18' 18. 

212 1' 219 1. 

d .  1 .  
224 14 

21 
225 4 

11 
18 

236 1 

- 
d .  h. 

161 16 
23 

162 6 
13 

163 3 

10 
17 

164 0 
7 
14 
21 

165 4 
11 
18 

186 1 
8 
15 

22 
167 6 

12 
19 

9 

20 

ia a 

- -- 

d.  h. d .  h. 
238 13. 245 13' 

20. 20' 
239 3' 246 3" 

10. 10. 
17. 17' 

240 0' 247 0. 

7. 7' 
14' 14' 
21. 21. 

241 4: 248 4. 
11 11. 
18' 18' 

d.  h. 
231 14 

21 
232 4 

11 
18 

233 1 

8 
15 
22 

234 5 
12 
19 

235 3 
9 
15 
22 

236 5 
. 12 

19 
237 2 

9 
16 
23 

2 3 8 6  
- 

d .  h. 
252 13 

?o 
253 3 

. 10 
17 

254 0 

7 
14 
21 

255 4 
11 
I8 

Constituent 2Q 

d.  h. 
286 13 

19' 

9' 
16' 
23" 

287 a* 

d.  h. 
273 12' 

19. 

9' 
16' 
23. 

274 21 

8* 
15' 
22' 

12. 
19' 

214 2' 
9' 
46.' 
23. 

215 .6* 
13' 

213 5' 

11 

8' 8 
15. 15 
22 22 

12 12 
19 19 

221 2 228 2 
9 9 
16 16 
23 23 

' Z 2  6 238 6 
13 13 

220 5 227 5 

14'1 14.1 14'1 14 

268 6" 
13' 
20' 

a69 3' 
10. 
17' 

2i5 6' 
13' 
20. 

276 3* 
10' 
17' 

Constituent 3Q 

8. 
15. 

, 22. 
243 5. 

12. 

19. 
244 2. 

9. 
16' 
23' 

2 4 2 1 * 2 4 9 1 *  2 5 6 1  
8* 8 
15. 15 
22' 22 

250 5' 257 5 
12' 12 

19' 19 
251 2. 258 2 

9 9 
16 16 
23 23 

2456'2526 2 5 8 6  
.. . 

270 0. 
7' 
14' 
21' 

271 4' 
11' 

d.  . h. 
259 13 

a803 
10 
17 

261 0 

7 
14 
21 

262 4 
11 
I8 

2631 
8 

15 
22 

2645 
12 

19 
2 6 5 2  

9 
16 
23 

2666 

20 

- 

277 0- 
7' 
14' 
21. 

278 4. 
11" 

- 
d.  h.  

196 15 
22 

197 5 
12 
19 

198 2 

9 
16 
23 

199 6 
13 

a003 
10 
17 

201 0 
7 
14 

21 
2024 

11 
18 

2031 
8 

20 

- 
~ 

20. 
216 3' 

10' 
17' 

217 0' 
7" 

- 
d .  h. 

2(y( 15 
22 

!m 4. 
11' 
18' 

8' 
16" 
22' 

206 .5* 
12. 
198 

207 2' 
9" 
16. 
23* 

208 6. 
13' 

m 3' 
10' 
17. 

210 0. 
7. 

205 19 

m* 

- - 

20 20 
223 3 330 3 

10 10 
17 17 

224 0 231 0 
1 .  I 

18' 
272 I* 

8' 
15. 
22'. 

273 6* 

18' 
279 1. 

8' 
15' 
22. 

280 5' 

246037-41-18 
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d . h .  
294 12 

19 
296 2 

9 
18 
!a 

288 6 
13 m 

297 3 
10 
17 

U. S. COAST AND GEODETIC SURVEY 

Table 31.-For construction of primary stencils-Continued 

d . h .  d . h .  d . h .  
301 11' 308 11' 315 11 

18' 18' 18 
302 1* 309 1' 316 1 

8' 8' 8 
15. 15' 15 
23' 22. 22 

303 5' 303 5. 317 5 
1.2' 12' 12 
19' 19. 19 

304 2' 311 2. 318 2 
9' 9' 9 

18' 18' 16 

. Hour 
0 

+?3 
+22 
+21 

+I9 
+m 

d . h .  
322 11 

18 
323 1 

8 
15 
22 

324 5 
12 
19 

325 2 
9 

18 

23 
328 6 

13 
20 

327 3 
10 

17 
328 0 

7 
14  
21 

329 4 

Difference 

Hour 
-- 

d . h .  d . h .  d . h .  
329 10. 330 10' 843 10. 

17' 17' 17. 
330 0. 337 0' 344 0' 

7. 7. 7' 
14' 14' 14' 
23' 21' 21 

331 4* 338 4* 345 4 
111 11. 11 
18. 18' 18 

332 1' 339 1' 346 1 
8. 8. 8 

15' 15' 15 

22' w 22 
333 5. 340 5' 347 5 

12* 12. 12 
19' 19* 19 

334 2. 341 2. 3s 2 
9. 9. 9 

18' IS* 16 
23' 23' 23 

335 8' 342 6' 349 6 
13' 13* 13 
29' 20. 20 

338 3* 343 3' 350 3 

-1 
-2 
-3 
-4 
-5 

-8 
-7 
-8 

-11 

-12 
-13 

-10 -9 

-14 -15 

-18 - 17 

-18 
-19 

-21 
-22 
-23 

-m 

- - 

23' 
298 6. 

13. 

298 3* 
10' 

m* 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 

-11 

-10 -9 

-12 - 13 

- 14 
-15 
-10 
-17 

-18 
-19 
-3 
-21 
-22 
-!a 

!a* 23' 23 
305 6' 312 6. 319 8 

13' 13* 13 

308 3' 313 3* 3B.l 3 
m* m* 20 

10. .lo* 10 

- 
d. A. 
a80 1 2  

1 9  

9 
16 
a3 

382 8 
13 

3 8 3 3  
10 
17 

2 8 4 0  
7 

14 
21 

285 4 
11 

18 
288 1 

8 
15 
23 

mi 2 

m 

287 5 
- - 

17' 

7' 
14' 
21' 

301 4' 

300 o* 

- 
d. h. 

287 12 
19 

2 8 8 2  
9 

18 
23 

a886 
13 

290 3 
10 
17 

281 0 
7 

14 
21 

282 4 
11 

18 
2 9 3 1  

8 
15 
22 

2 9 4 5  

m 

- - 

17. 17 17 

7. 7 7 
14. 14 14 
21' 21 21 

308 4' 315 4 322 4 

307 o* 314 o 321 n 

Constituent ZQ 

-- 
d. h. 
364 9* 

16' 
23' 

306 0* 
13' 

366 3. 
10' 
17' 

387 '0' 
7' 

14' 

21. 
308 4' 

11' 
18. 

389 1* 
. 8* 

15. 
22. 

370 5. 

m* 

. d. h. 
1 0  

5' 
15 

2 0  
9* 

19 

3 4' 
13' 
23 

4 8* 
17' 

5 3  

1.2' 
23 

8 7 
18' 

7 2 
11' 

20' 
8 6 

15' 
9 1  

10 
19* 

1. h. 
1 0 5  

14 
23. 

1 1 9  
18. 

12 3' 

13 
22' 

13 8 
17 

14 2. 
12 

21' 
15 8' 

18 
16 1' 

11 
20 

17 5* 
15 

18 0 
9' 

19 
19 4' 

Constituent ZQ 1 Constitwnt Q 

d. 5. 
350 10 

17 
351 0 

7 
14 
21 

352 4 
11 
18 

353 1 
8 

15 

23 
354 6 

12 
19 

355 2 
9 

16 
23 

366 6 
13 
20 

357 3 

d. h. 
357 10 

17 
3580 

7 
14 
21 

369 4 
11 
18 

3 8 0 1  
8 

14' 

21' 
381 4. 

11. 
18' 

382 1' 
8' 

15' aa* 
383 5' 

12' 
191 

364 2' 

.- 
d. h. 
19 13. 

23 

18 
21 3 

12' 

22 
23 7. 

16' 
2 3 2  

11. 
20* 

2 4 8  
15' 

2 5 1  
10 
19' 

2 8 5  

14' 
!a* 

2 7 9  
18' 

m 4  
13 

m 8' 

~. 
d. A .  
28 22' 
2 9 8  

17 
80 2. 

12 
21. 

31 6' 
18 

32 1' 
11 

33 5' 

15 
34 0* 

9. 
19 

35 4. 
13. 

23 
36 8. 

18 
37 3 

12' 
.22 

m 

d. h. 
38 7. 

18' 
3 9 2  

11. 
21 

4 0 6  
15' 

41 1 
10' 
19' 

42 5 
14. 

23. 
43 9 

18. 
44 4 

13 
23. 

45 8 
17. 

48 P 
12 
21' 

47 7 

d. h. 
47 18 
4a 1' 

11 

49 5' 

50 0. 
9' 

51 4. 

m 
15 

19 

14 
23 

52 8' 
I8 

63 3' 
1 2* 
22 

54 7* 

18. 
55 2 

11' 
21 

5 6 6  
15' 

- 
d. h. 
57 1 

10. 
19. 

6 8 5  
14' 

a 0  

9 
18. 

8 0 4  
13 
22. 

61 8 

17' 
62 2. 

12 
21. 

8 3 7  
18 

04 1' 
11 m' 

85 ,5* 
15 

66 '0.' 
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TABLE 31.-For construction of primary stencils-Continued 

271 

81 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 

-10 
-11 

-12 
-13 
-14 
-15 
-16 
.-17 

-1s - 19 
-21 
-22 
--a3 

-m 

- - 

bT 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 
-14 
-16 
-16 -17 

-18 -19 

-m -21 

-aa 
-!u 
- 

Oonstituent Q 

Constituent Q 
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TABLE 31.-For construction of primary stencils-Continued 

- 
d . h . d . h .  d . h .  d . h .  

253 18 263 3 272 11. 281 30. 
254 3. 12 21 282 6 

12* 21' 273 6' 15 
22 264 7. 15. 283 o* 

255 7' 16. 274 1 10 
17 265 1' 10' 19' 

250 2 11 d !2S4 4' 
11' 20' 275 5 14 
21 266 5' 14. 23. 

257 6* 15 276 0 285 8' 
15. 267 0. 9' 18 

258 1 10 18' '286 3. 

IO* 19 277 4 13 
20 388 4' 13* 22 

17 14* 23' 278 8 
258 5 14 23 287 7. 

280 0 269 8' 17' 288 2* 
9 18 279 3 11. 

261 4 13 ::* 289 'i' 
282 8 17 aSl I* 10. 

18. 270 3. 

13' 22 %O 7 16 
22' 271 7* 16' 290 1 

17. 272 2 11 20 

Difference 

d . h .  d : h .  d . h .  d . h .  d . h . d . h .  
291 5 300 14 309 23 319 7' 328 16. 338 1* 

14' 23* 310 8 17 329 2 10' 
292 0 301 9 17' 320 2* 11 20 

18' 302 3. 1.2. 21 330 6 15 
293 4 13 21. 321 6* 15. 340 0 

13. 22 312 7 16 331 0* 9* 
33 90s 7* 16. 322 1 10 19 

294 8 17 313 2 10. 19' 341 4 
17. 304 2* 11 20 332 5 13* 

295 3 11' 20. 323 5' 14 23 
12. 21 314 6 14' 23' 342 8' 

21' 305 6' 15. 324 0 333 9 17. 
296 7 16 315 0' 9" 18. 343 3 

16. 306 1 10 19 334 3' 12. 
297 1* 10. 19. 325 4 13 22 

11 20 316 4* 13. 22. 344 7 
20. 307 5* 14 23 335 7. 16' ' 

14' 23. 328 8' 17 345 2 
308 0 317 9 17' 336 2* 11* 

299 0* 9 lS 337 3 12 !a* 
10 19. 318 3. 12' 21 346 6 
19' a09 4 13 21' 337 6' 15* 

300 4. 13' 22. 328 7 16 347 0' 

Q* 18 3ii 3 12 20' 339 5. 

c 
-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 - 10 
-11 

-12 -13 

-15 - 14 
-16 
-17 

- 18 
-19 
-20 
-21 
-22 
-23 
- - 

d .  h. 
347 10 

19. 
348 5 

14 
23* 

349 9 

Difference 

d .  h.  d .  h. 
356 19 368 3. 
357 4' 13 

13' 22* 
23 367 8 

358 8. 17 
18 388 2' 

H 
( 

+23 
+a2 
+21 

+19 

. +IS 
4-17 
+I6 
+15 
4-14 
+13 

+13 
+I1 
+lO 
+9 
+8 
+7 

+6 
4-6 
+4 
+3 
+2 
+1 

+m 

- 

d .  h. 
20 11 

20. 
21 6' 

16' 
22 2 

12 

22 
23 7. 

17. 
24 3 

13 
23 

25 8. 
18. 

28 4' 
14 

27 0 
9' 

r 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 

-11 

-10 -9 

-12 - 13 
-14 - 15 
- 16 
-17 

- 18 
-19 
-20 
-21 
-22 
-23 
- 

d .  h. d .  h. 
30 6. 40 2 

16 12 
31 2 21' 

12 41 7' 
21. 17 

32 7* 42 3 

17' 13 
33 3 22- 

13 43 8. 
22. 18. 

34 8* 44 4 
18. I4 

35 4 23' 
14 45 9* 

36 0 19. 
9. 46 5 
19. 15 

37 5' 47 1 

d .  h. 
49 21' 

17 
61 8 

12. 
M* 

d.  h. 
59 17 

5 0 7 . 6 0 3  
la* 
22. 

61 8. 
18 

52 8' 
18 

53 4 
14 
23* 

5 4 9 *  

62 4 
.13* 
23. 

63 9* 
19 

6 4 5  

d .  h. 
1 0  

51 
16' 

3 1' 
11 
21 

3 6' 
16' 

4 a* 
12 
23 

5 8  

17' 
6 3* 
13 
23 

7 9  
18' 

8 4' 
14' 

9 0  
10 
19' 

10 5' 

18. 
350 3* 

13 
22. 

351 8 
17 

352 2. 
' 12 

21 
353 0. 

16 
354 1. 

d .  A.  
10 15* 
11 1 

11 
21 

12 6' 
16' 

13 2* 
12 
22 

14 7' 
17. 

15 3. 

13 
23 

16 9 
18' 

17 4' 
14 

18 0 
10 
19' 

19 5. 
15* 

2 0 1  

359 3 12 
12' 31. 
22 369 6' 

380 7 16 
16* 370 1. 

361 2 _ _ _ _ _ _ _ _ _  
11' _ _ _ _ _ _ _ _ _  
m* .___-____ 

362 6 _ _ _ _ _ _ _ _ _  
15. _ _ _ _ _ _ _ _ _  

363 1 _ _ _ _ _ _ _ _ _  
10 _ _ _ _ _ _ _ _ _  

19 
65 5 

15 
66 0. 

10. 
20' 

67 6 
16 

58 2 
11. 
21. 

6 9 7  

15 
65 0. 

lo* 
20 

66 6 
16 

67 1. 
11' 
21. 

68 7 
17 

6 9 2 .  

19' 
28 5' 

15 
29 1 

11 
20' 

15 10. 
38 1 20. 

10' 48 6 
20. 16 

39 6. 49 2 
16 11* 

10. 

355 5' 
15 

356 0 
9. 

m 

I I I I I I 

19. _ _ _ _ _ _ _ _ _  
14' .__ _ _ _ _ _ _  
23' _ _ _ _ _ _ _ _ _  

365 9 _ _ _ _ _ _ _ _ _  
18* _ _ _ _ _ _ _ _ _  

364 5 .________ 
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Table 31.-For construction of primary stencils-Continued 

d . h .  
69 12. 

22' 
70 8 

18 
71 4 

13' 

23' 
72 9 

19 
73 5 

14. 
74 0. 

10' 
20 

75 0 
15' 

76 1. 
11' 

21 
77 7 

17 
78 2* 

12' 
22 

Dieerence 

$ h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  
r9 8 89 3. 88 23 108 18. 118 14 128 9. 138 5 148 1 157 20' 

18 13' !B 9 109 4' 119 0 19' 16 10' 158 6 
80 3' 23 l8' 14' 10 129 6. 139 1 a0' 16 

13'1 90 9 100 4' 110 0 19' 15 10. 149 6 169 1' 
23* 19 14' 10 120 5' 130 1 20. 16 11' 

81 9 91 4' 101 0 19' 15 11 140 6' 150' 2 21. 

19 14' 10 111 5' 121 1 20' 16 11' 180 7 
82 5 92 0. a0 15' 11 131 6' 141 2 21' 17 

14. 10 102 5' 112 1 20' 16 11. 151 7' 161 3 
83 0' 20 15' 11 12.2 6' 132 2 21' 17 12' 

10 93 5' 103 1' 21 16. 12 142 7' 152 3 22' 
20 15* 11 113 6' 123 2 21. 17 12' 162 8 

84 6 94 1' 21 le* 133 7' 143 3 22. 18 
15' 11 104 6' 114 2 ;;* 17' 13 153 8' 163 4 

86 1' 21 16' 12 124 7' 134 3 22' 18 13' 
11' 95 7 105 2' 22 17' 13 144 8. 154 4 23' 
21 16' 12 115 7" 125 3 22. 18 14 164 9. 

86 7 96 2' 22 17' 13 135 8' 145 4 23' 19 

16' 12 106 8 116 3' 23 18' 14 155 9. 165 5 
87 2. 22 17* 13 128 8' 136 4 23' 19 14. 

12. 97 8 107 3' 23 l8' 14 146 9' 156 6 166 0. 
22 17' 13 117 8' 127 4" 137 0 19' 15 10' 

88 8 88 3' 23 18' 14 9. 147 5 157 0* 20 
18 13' 108 9 118 4. 128 0 19' 15 10. 167 6 

0 
+23 +aa 
+a1 
+!a 
+19 

+lS 
+17 
+16 
+I5 
+I4 
4-13 

+la 
4-11 
+10 
+9 
+8 
4-7 

4-6 
$5 
+4 
+3 
+a 
+1 

H 
+23 
+22 
+a1 

+I9 

+18 
4-17 
+I6 
.+15 
4-14 
+I3 

+I2 
+11 
+10 
+9 
+8 
+7 

+6 
+5 
+4 

+a0 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

-18 
-19 
-20 
-21 
-22 
-23 

ir 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
- 10 
-11 

-12 
-13 
-14 
-15 - 16 - 17 
-18 - 19 
-20 
-21 

-23 
-aa 

- 

d . h .  d . h .  
167 18 177 11. 
188 1. 21 

11. 178 7 
21 17 

169 7 179 2. 
17 12. 

170 2. 22 
12' 180 8 
!a* 18 

171 8 181 3* 
18 13' 

172 4 23' 

13' 182 9 
23' 19 

173 9 183 4' 
19 14. 

174 5 1@4 Os 
14. 10 

175 0* 20 
10' 185 6 
20 15' 

176 d 186 1' 
15' 11 

177 1' 21 

- 
d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  
187 7 197 2' 206 22 '216 17' 228 13 236 8. 246 4 255 23' 

16' 12 207 7' 217 3. 23 18' 14 256 9. 
188 2. 22 17' 13 227 8' 237 4 23' 19 

12. 198 8 208 3. 23 18. 14 247 9. 257 5 
22 17' 13 218 8' 228 4 238 0 19. 15 

189 8 199 3' 23 18. 14 9' 268 5 258 0. 

17' 13' 208 9 219 4' 229 0 19. 15 10' 
190 3' 23 18' 14 9' 239 5 249 0' 20 

13' a00 9 210 4. 220 0 19. 15 10' 259 6 
23 18' 14 10 230 5' 240 1 20' 16 

191 9 201 4. 211 0 19' 15 10. a50 6 260 1' 
. 19 14. 10 221 5' 231 1 20' 16 11. 

192 4. 202 0 19' 15 10' 2441 6. 251 2 21. 
14' 10 212 5' 222 1 20. 16 11' 261 7 

193 0' 20 15' 11 232 6' 242 2 21' 17 
10 203 5' 213 1 20' 16 11' 252 7 %2 3 
20 15' 11 223 6. 233 2 21' 17 12' 

194 5' !204 1 20' 16' 12 243 7' 263 3 22' 

15. 11 214 6' 224 2 21" 17 12' 263 8 
195 1' 21 16' 12 ,234 7. 244 3 '22' 18 

11 205 6' 215 2 21. 17 13 254 8. 284 4 
21 16' 12 225 7' 236 3 22. l8 13. 

206 2' 22 17' 13 246 8' 255 4 23' 
196 li* 12 216 7. 2% 3 22' 18 13' 265 9' 
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+12 
+ll 
4-10 
+9 
4-8 
4-7 

U. 8. C o r n  AND GEODETTC SURVEY 

Table 31.-For construction of primary stencils-Continued 

-ia 
-13 
-14 
-15 
-18 
-17 

Difterence 

+s 
4-22 
+21 
+20 
+1Q 

+I8 
4-17 
+16 
4-15 
+14 
4-13, 

+12 +n 
+IO 
+9 
+8 
+7 

4-6 
+5 
+4 
+3 
+a 
+1 - - 

r 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

- 18 - 19 
-20 
-21 
-22 
--I 
- - 

Difference 

Hour 

+23- -1 Q l  3 -4 

+19 -5 

+13 

-6 
-7 
-8 
-9 - 10 
-11 

+6 
+5 
+4 
+3 
+a 
+1 

-18 - 19 
-2c 
-21 
-a1 
-a3 

Constituent P 

Constituent 0 P I  
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Table 31.-For construction of primary stencils-Continued 

DBerence 

rs 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

- 18 
-19 
-20 
-21 -a 
-23 
- - 

Hour 
0 

+23 -1 

-4 
4-19 -6 

+!a E /  -2 -3 

+I8 -6 
+17 -7 
4-18 -8 
4-15 -9 
4-14 -10 
+13 -11 

+la -ia 
4-11 -13 
4-10 -14 
4-9 -15 
4-8 -16 
4-7 -17 

+6 -18 
+5 -19 
+4 -20 
+3 -21 
+2 -22 
+1 -23 

Constltuent 0 

d . h . d . h . d . h .  d . h .  d . h .  d . k .  d . h .  d . h .  d . h .  1 . h .  
128 11 142 15. 156 20 171 1 185 5' 199 10 213 14' 227 19 242 0 256 4' 
129 1 143 6 157 10" 15 19' 200 0 214 5 228 9' 14 IS' 

15' 20 168 0' 172 5 186 10 14' 19 23. 243 4 257 9 
130 5' 144 10 15 19' 187 0 201 4' 215 9 ' 229 14 18' 23 

20 145 0' 159 5 173 9' 14 19 a3* 330 4 a44 8' 258 13 
131 10 14'- 19 174 0 188 4' 202 9 216 13' 18 23 a58 3' 

132 0 146 5 160 9* 14 18' P 217 4 231 8' 245 13 17' 
14' 19 a3' 1754 lS99 W13' 18 a2* 2463 2 8 0 8  

133 4' 147 9 161 14 18' 23 !B4 3' 218 8 232 13 17' 
I9 !23' 162 4 176 8' 190 13 18 22' 233 3 247 7. 281 12 

134 9 148 13' 18 22' 191 3' 205 8 219 12' 17 21' 263 2' 
23 149 3. 163 8' 117 13 17' 23 a20 2' 234 7' 248 12 16. 

135 13' 18 22' 178 3 192 7' 208 12' 17 21' 249 2 263 6' 
136 3' 150 8 164 12' 17' 22 207 2' a21 7 235 11' 16. 21 

17' 22' 165 3 179 7' 193 12 16' 21' 236 2 '2.50 6. 264 11 
137 8 151 12. 17 21* 194 2' %IS 7 11' ' 16 20' a65 1' 

22 152 2. 166 7' 180 12 16. 21 '223 1' 237 6. 251 11 15' 
138 12' 17 21' 181 2 195 6' aOe 11' 16 20. 252 1 286 5' 

139 2' 153 7 167 11' 16' 21 210 1' 224 6 238 10' 15. 20 
16' 21. 168 2 182 6* 196 11 15' 20' 239 1 253 5' 267 10 

140 7 154 11. 16 20' 197 1. 211 6 335 10' 15 19' 268 0' . 21 155 1' 169 6' 183 11 15' a0 226 0' 240 6 254 10 14' 
141 11' 16 20' 184 1 198 5' 212 10 15 19' 255 0 269 4' 
142 1' 156 6 170 10' 15 20 213 0' 227 5 241 9' 14 19 

Constituent0 . 
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0 
+23 
+32 
+21 +m 
+19 

+lS 
4-17 
+lG 
4-15 
+14 
+13 

+l? 
4-11 
4-10 
4-9 
+S 
+7 

+B 
+5 
+4 +a 
+2 
+1 

U. S. C o r n  AND GEODE!MC S"RVEY 

Table' 31.-For construction of primary stencils-Continued 

-1 
-2 
-3 

-5 

-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

-18 
-19 -m 
-21 
-a2 
-23 

-4 

Di5erence 

0 

$2 
+21 

+19 

+lS 
+17 
+1G 
+15 
+14 
4-13 

+m 

+is 
+11 
+10 
+9 
+8 
+7 

4-6 
+5 
+4 
+3 
+2 
+1 

r: 
-a 
-5 

-6 
-7 
-8 
-9 
-10 
-11 

-4 

-ia 
-13 
-14 
-15 
-16 
-17 

-18 
-19 
-3 
-21 -z 
-72 

Constituent 2N 

Constituent 2N 
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Table 31.-For construction of primary stencils-continued 

Constituent 2N 

d . b .  d .h .  d . h .  d . h .  
114 8 328 14 342 20 357 2 

22 3 9  4 343 10. 16. 
115 la* lS* 344 0' 358 6. 
116 2' 330 8. 15 21 

17 23 345 5 359 11 
117 7 331 13 19. 360 1* 

21. 331 3. 346 9' 15' 
118 11' 17. 347 0 361 6 
119 2 333 8 14 20 

16 22 348 4. 362 10' 
120 6. 334 12. 18. 363 0. 

20. 335 2' 349 9 15 

121 11 17 23 364 5 
122 1 336 7 350 13. 19. 

15' 21. 361 3' 365 9* 
123 5. 337 11. 18 366 0 

20 338 2 352 8 14 
I 2 4  10 16. 23' 367 4' 

325 0. 339 6. 363 1'2' 18* 
14. 21 354 3 368 9 

3% 5 340 11 17 23 
19 341 1* 355 7' 369 13' 

23. 342 6 356 12 _ _ _ _ _ _ _ _ _  327 g* 15' 21' 370 3. 

Difference Constituent p 

d . h .  d . b .  d . h .  d . b .  d . h .  d .h .  
1 0 15 11. 30 6 45 0. 59 19 74 13 

8 16 2' 21 15 Bo 9' 75 4 
23 17. 31 11* 46 6 61 0' 18* 

2 13' 17 8 32 2' 21 15 76 9. 
3 4' 23 17 47 11. 62 6 77 0. 

. 19 18 13' 33 8 48 2. 20' 15 

4 10 19 4. 22' 17 63 11' 78 6 
5 0' 19 34 13' 49 8 64 2 20' 
15. 20 10 35 4 22. 17 79 11. 

6 6. 21 0' 19 50 13' 65 7' 80 2' 
21 15' 36 10 51 4 22' 17 

7 12 22 6 37 0' 19 66 13* 81 7' 

8 2* . 21 15' 52 9' 67 4 2a* 
17' 23 11. 38 6 53 0. 19 82 13 

9 8 24 2' 21 15 68 9* 83 4 
23 17 39 11. 54 6 69 0* 18. 

10 13. 25 8 40 P* 30' 15 &4 9 
11 4' 22. 17 55 11' 70 6 85 0 

19 28 13. 41 8 56 2 20. 15 
12 10 27 4* 22. 17 71 11. 86 5. 
13 0' 19 42 13. 57 8 72 2 20. 

16' 28 10 43 4 22. 17 87 11. 

21 15. 44 9. 69 4 22' 17 
14 e 29 o. 19 I 13. 73 7* ss a 

0 
+23 
+22 
+21 

g; 

E 
+lS 
+17 
+la 

+13 

+12 
+11 
+lo 
4-9 
+8 
+7 

+e 
+5 
+4 
+3 
+a 
+1 

t 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 

-11 

-10 -9 

-12 -13 

- 14 - 15 
-16 - 17 
- 18 
-19 
-30 
-21 
,2a 
-23 
- 

-1 
-2 
-3 

1; 
-6 
-7 
-8 

-11 

-12 
-13 
-14 
-15 
-16 
-17 

-18 
-19 
-20 
-21 
-2a 
-23 

d . h .  d . h .  d . b .  d . h .  d . h .  d . b .  
89 7' 104 2 118 20. 133 14' 188 9 163 3* 

22' 16. 119 11 134 5. 149 0 18 
90 13 105 7. 120 2 20 14. 164 9 
91 4 22 16' 135 11 150 5' !23' 

18' 106 13 121 7' 136 1. 20 166 14* 
9.7, 9' 107 4 23 16. 151 11 166 6 

93 0 18' 122 13 137 7' 152 1' 20 
15 108 9* la3 3' 22 16. 167 11 

94 5' 109 0 18. 138 13 153 7 168 1* 
20' 15 124 9 139 3* 22 16* 

95 11 110 5' 135 0 18' 154 12' 169 7 
96 2 a0* 14. 140 9 165 3. 22 

17 111 11 128 5. 141 0 18 170 12' 
97 7' 112 2 20. 14* 156 9 171 3' 

22. 16. 127 11 143 5' 157 0 18 
98 13 113 7. 128 2 20 14' 372 9 
9 9 4  22 16. 143 11 158 5. 23' 

18. 114 13 laS 7' 144 1' 20 173 14' 

LOO 9* 115 3. 22 16' 159 11 174 5 
101 0 18. 130 18 145 7 180 1. #) 

15 116 9 131 3' 22 16. 175 10' 
102 5' 117 0 18' 146 12' 161 7 176 1' 

30' 15 132 9' 147 3. 22 16 
103 11 llS 5' 133 0 18' 182 12' 177 7 

d . b .  d . h .  d . b .  d . b .  
177 22 192 16 207 10. 222 5 
178 12' 193 7 208 1' 19- 
179 3' 21' 16 a23 10' 

18 194 12' 208 7 1 
180 9 195 3 21' 16 

23. 18 210 12' 225 6. 

181 14' 186 8* 211 3 21' 
182 5 23' 18 226 12 

20 197 14* 212 8. 227 3 
183 10' 1W 5 23' 18 
184 1' 20 213 14 2B 8' 

16 198 10' 214 5 23. 
185 7 100 1' 19. 228 14 

21* 16 215 10' 230 5 
186 12' 201 7 216 1 19' 
187 8 21' 16 231 10' 

18 203 12' 217 7 232 1 
188 9 203 3 21' 16 

23' 18 218 12. 233 6' 
189 14. 2M 8. 219 3 21' 
190 5 23. 18 234 12 

20 #)5 14 220 8* 235 3 
191 10' 306 5 . 23* 17. 
192 1. 19' 221 14 2wI 8. 
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Table 31.-For construction of primary stencils-Continued 

Ditierence 

How . 
0 

+a3 -1 +n -2 
+a1 -3 
+a0 -4 
+IS -5 

+IS -6 
+I7 -7 
+16 -8 

ti: -7: 
+13 -11 

+l2 -13 
+11 -13 
+10 -14 
+S -15 
-1-8 -16 
$7 -17 

g z;: 
+4 -m 
+3 -31 +a -22 

' + 1  -23 

Dffferenca 

r 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

-18 - 19 
-20 
-21 
-24 
--a3 

Constituent cc 
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Table 31.-For construction of primary stencils-Continued 

279 

+!a 
+2a 
+31 
+20 
+19 

+18 

+15 
+14 
+13 

$;; 

+12 
+11 
+10 
+9 
+8 
+7 

+6 
+5 
+4 
+3 
+a 
+1 

0 
-1 
-3 
-3 
-4 
-5 

-6 

1; 
-9 
-10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

-l8 
-19 
-20 
-21 

-% 
-22 

ir 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 - 10 
-11 

-12 
-13 
-14 
-15 - 16 - 17 
- 18 - 19 
-21 
-22 
-23 

-m 

- 

Constituent N 

Constituent I 
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d. h. 
343 11* 
344 8 
345 4 
346 0 

20. 
347 16' 

TJ. S. OAST AND GEO?ETIC S'LTRVEP 

Table 31.-For construction of primary stencils-continued 

d. h. 
363 16 
364 12 
366 8 
366 4' 
867 0' 

20' 

Difference 

348 12. 
349 9 
350 5 
351 1 

21' 
352 17. 

+23 
+n 
+a1 
+m 
+I9 

+IS 
+I7 
4-16 
+I5 
4-14 
+13 

+12 
+11 
+lo 
+9 
+s 
+7 

+6 
+5 
+4 
+3 
+2 
+1 

388 17 
369 13 
370 9 _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _  _ _  - _ _  - - _-  

ur 
-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 

-11 

- -9 10 

-12 -13 

-18 - 19 

-15 - 14 

-16 - 17 

-20 -21 

' -22 
-23 

21' 
273 17' 
274 14 
275 10 
276 6 
a77 2* 

23' 
278 IS* 
279 15 

281 7 
282 3 

280 11 

Hi 

+23 
+a 
+21 

+I9 

+18 
+17 
4-16 
4-15 
4-14 
+13 

+12 
+I1 
+10 
+9 
+8 
+7 

+6 
+a 
+4 

. +3 
+3 
+1 

+m 

293 1' 313 5* 333 9' 
21' 314 2 334 6 

294 18 22 335 2 
295 14 315 18 a? 
296 10 316 14' 336 18' 
297 s' 317 10' 337 14' 

208 3' 318 6' 338 10' 
2 P  319 3 339 7 

289 19 23 340 3 

301 11 321 15' 341 19' 
302 7' 332 11' 342 15' 

300 15 320 19 ?a 

r 
-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 

-11 

-12 
-13 
-15 - 14 

-16 
-17 

-18 - 19 

-21 
-22 
-23 

-10 -9 

-a0 

- 

d . h .  
44 0 

21' 
45 19' 
46 17 
47 15 
48 12' 

49 10 
KO 8 
51 5* 
52 3' 

23' 

54 20. 
55 18 
56 16 
57 13' 
58 11. 

53 1 

69 9 

60 6. 
61 4' 
62 2 
63 0 

64 19 
21' 

Constituent Y 

d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . i .  
65 17 87 10 109 3 130 20 152 13 174 6 195 23 
66 14. 88 7' 110 0' 131 17. 153 10' 175 4 196 21 
67 12' 89 6* 22* 133 15' 154 8. 176 I* 197 18. 
68 10 90 3 111 a0 133 13 155 6 23 198 16 
69 8 91 1 112 18 134 11 156 4 177 21 199 14 
70 5* 22' 113 16' 135 8' 157 1' 178 18' 200 11. 

71 3 92 20 114 13 136 6' 23. 179 16' 201 0' 
72 1 93 18 115 11 137 4 158 21 180 14 302 7 

22* 94 16' 116 8* 138 1' 150 lS* 181 11. aW 4' 
73 20' 95 13' 117 6* 23' 160 16'. 182 9' 204 2' 

75 16 97 0 119 2 140 19 162 12 184 5 22 

76 13. 98 6. 23* 141 16' 163 0' 185 2' 206 19' 
77 11 99 4 la0 21 142 14 164 7 lS6 0' !XI7 17' 
78 9 la0 2 131 19 143 12 165 6 22 aoS 15 
79 6. 23. 122 16" 144 9' 166 2. 187 19' 12' 
80 4' 101 21* 123 l4* 145 7' 167 0. 188 17' 210 10' 

74 18 gs 11 lis 4 139 21 161 14 183 7 a05 o 

81 2 io2 is 124 12 148 5 22 189 16 ai l  8 

23' 103 16' 125 10 147 3 168 20 190 13 212 6 
82 21' 104 14' 128 7. 148 0' 169 17' 191 10' 213 3' 
83 19 105 12 127 5 22 170 15 192 8 .  214 1 
84 17 106 10 128 3 149 20 171 13 193 6 23 
I 1 4 *  107 7* 129 Q 150 17' 179 10' 194 3' 215 20' 
88 12' 108 6' 2 F  151 15' 173 .8* 195 1' 216 18' 

d. h. 
202 7' 

23' 
mi20 

208 12 

#)s 4. m 0' 
21 

210 17 
211 13 

212 9* 
213 5' 
214 1' 

22 
215 18 
216 14 

217 10' 
218 6' 
219 2. 

23 
220 19 
221 15 

203 3' 

205 16 

207 8s 

d .  C. 
1 0  

111 
2 91 
2 7  
4 4' 
5 2' 

6 0  
22 

7 19' 
8 17' 
9 15 

10 1.2' 

11 10' 
12 8 
13 6 
14 3' 
15' 1 

23 

I 

I 

Constituent 2 MK 

d. h. 
2 2 7  
23 4' 
24 2. 
2 5 0  

22 
26 10' 

2717 
28 15 an 12* 
30 10' 
31 8 
32 5' 

33 3' 
34 1 

23 
35 20' 
36 18' 
37 16 

d. h. 

an 7' 
224 3' 
225 0 

a0 
226 16 

a?7 12' 
228 8. 
229 4' 
2 3 0 1  

21 
231 17 

332 13' 
233 9' 
234 5' 
235 2 n 
236 18 

237 14' 
238 10' 
239 6' 
2 4 0 3  

23 
241 19 

222 119 

16 20. 
17 18' 
18 16 
19 14 
20 11' 
2 1 9  

I 

38 13' 
30 11' 
40 9 
41 7 
42 4* 
4 3 2  

d. h. 
242 15. 
243 11' 
244 7. 
245 4 
2 4 6 0  

20 

247 16. 
-24s 12. 
240 8' 
2 5 0 5  
251 1 

21' 

253 17* 
253 13* 
254 10 
255 6 
256 2 

22. 

257 18' 
258 l4* 
259 11 
260 7 
281 3 

23. 

d. h. 
262 19' 
263 15' 
264 12 
265 8 
2 8 8 4  
287 0' 

d. h. 
282 23' 
283 19. 
284 16 
285 13 
2 8 6 8  
287 4' 

d. h. 
3 0 3 3  

23 

305 16 
300 13' 
307 8' 

30430 

d. h. 
323 7' 
324 4 
325 0 

20 
328 16' 
327 12. 

20* 
268 16* 
269 13 
370 9 
271 5 
272 1' 

288 0' 
20' 

289 17 
290 13 
291 9 
292 5' 

308 4* 
309 1 

21 
310 17 
311 13' 
312 8' 

328 8' 
829 5 
330 1 

21 
331 17' 
332 13' 
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Table 31.-For construction of primary stencils-Continued 

281 

I. h. 
I17 16 
98 14 
!19 11' 
Lao0 
D 1 7  
!22 4' 

H 
+a +a 
+21 
+20 
+19 

+IS 
+17 
4-16 
4-15 
+14 
+I3 
+l2 
+I1 
+10 
+9 
3-8 
+7 

-!4 

+3 
+3 
+1 

E 
- - 

d .  h. 
239 9 
ZA4l 7 
241 4. 
2 4 2 3  
2 4 3 0  

21' 

tr 

-1 
-2 
-3 
-4 
-6 

-6 
-7 
-8 
-9 - 10 
-11 

-12 
-13 - 14 
-15 - 16 
-17 

- 18 
-19 
-20 
-21 -a 
-23 
- - 

d.  b. 
1 0  
12. 

2 11 
3 11 
4 10' 
5 8' 

6 9  
7 8  
8 7' 
9 6. 
10 6 
11 5' 

H 
+a3 +a 
+a1 

+I9 

+ls 
+17 
4-18 
+15 
4-14 
4-19 

+12 
+11 

' +10 
+9 
+8 
+7 

-!4 
+S 
+4 
+3 
+2 
+1 

+m 

d.  h. 
2320  
24 19. 
25 18' 
26 18 
27 17 
'28 16' 

3 1 6  
3015 
31 14' 
32 13' 
33 13 
34 12. 

r 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 - 10 
-11 

-13 - 14 
-16 - 18 - 17 
-la - 19 
-21 
--a2 -a 

-ia 

-m 

- 

!23 2' 
E240 

22 
!!xi 1U' 
M 17 
a7 15 

Constituent 2MK [ C o n s t i y  MN 
I I I I I 

- 

244 19' 
24517 
24615 
247 12' 
248 10 
249 8 

266 12' 
267 10 
268 8 
289 5' 
270 3 
271 1 

288 5' 22' 
289 3 310 20 
290 1 311 18 

22' 312 15' 
291 a0 313 13' 
292 18 314 11 

rm 12. 
Ell 10. 
BO 8 
Bl 5' 
!32 3' 

d .  h. 
281 2 
282 0 

31' 
288 19' 
2&4 17 
265 14' 

260 5' 
351 3' 
252 1 

22' 
a63 20' 

B 3 1 2 5 4 1 8  

d.  h. 
282 19 
283 17 
284 14' 
285 12. 
286 10 
287 7. 

22' 
272 20' 
273 18 
274 16 

276 11 

23 255 16 277 9 

275 13' 

B4 20' 2% 13' 278 6' 
!35 18' 257 11' 279 4' 
El616 368 9 280 2 
07 13' 259 6' 23' 
B8 11' !XI 4' 281 21. 

d.  h. 
304 12 
305 10 
308 7' 
307 6* 
3083 
309 0' 

293 15' 315 8' 
294 13' 316 6* 
295 11 317 4 
296 'J 318 2 

a8s 4 319 21 

289 2 320 19 343 12 364 
23. 321 16. 343 9' 366 

300 21' 323 14' 344 7' 366 
30119 32312 346 5 
30.2 16. 324 10 W 3 367 
8w 14' 325 7' 347 0'1 368 

297 n* 23. 

12 4. 
13 4 
14 3 

16 2 
1 7 1  

15 a* 

d.  h. 
3265 
3273 
3% 0' 

23. 

330 17' 
329 20 

35 11. 
36 11 
37 10 

89 8* 
4 0 8  

38 9. 

331 15' 
332 13 
333 11 
324 8' 
335 6* 
336 4 

18 0' 
!23' 

19 23 
2022 
21 21' 
2321  

41 7' 
42 6' 
43 6 
4 4 5  
46 49 
46 4 

337 1' 
23' 

338 21 
339 19 
340 16' 
341 14 

d . h .  d . h .  d . h .  d . h .  
47 3 itl 10 93 17 117 0 
48 2. 71 9' 94 16' 33 
49 1' 72 8' 95 16' 118 23' 
50 1 73 8 96 15 119 23 

23' 75 6' 88 13. 121 #1' 

52 23 76 6 N 12' 122 l9* 
53 22 77 6 100 13 123 19 
54 31' 78 4' 101 11' 124 18. 
55 20' 79 3' 102 101 125 17' 
5620 80 3 1W10 laB17 
57 19 81 2 104 9 127 16 

51 o 74 7 97 14 120 21 

d.  
347 
34s 
349 
350 
3i5l 
353 

353 
354 
355 
356 

35i 

d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  
140 7 163 14 186 21 210 4 238 11 256 18 
141 6 164 13 187 20 Zll 3 234 10 257 17 
142 6* 165 12. 188 19. 212 2' 235 9' 258 16' 
143 5 166 12 189 lS* 213 1' 236 8' 259 15' 

146 a* 168 10' 191 17' 215 0' 238 7' 281 14 

146 2. 168 9' 192 16' a3' 
147 2 170 9 193 16 216 23 
148 1 171 8 194 15 217 Z 
149 0' 172 7' 195 14' 218 21' 
150 0 173 7 19614 21920* 

1u 4 in7 11 im is 214 1 237 8 280 15 

23 174 6 197 13 230 a0 

358 
359 
360 
361 
362 
363 

239 6' 
H I 6  
241 5 
242 4' 
243 3' 
244 3 

262 13' 
26313 
26413 
265 11. 
286 10' 
287 10 

58 18" 
59 18 
60 17 
61 16' 
62 15' 
63 15 

83 1' 105 8. 128 15. 161 22' 175 5' 188 12' 221 19* 
83 1 106 129 14' 153 21' 176 4' 199 11' 332 18. 
84 0 107 1XI 14 laS 21 177 4 200 11 223 18 

23' 108 h' 131 13. 154 20' 178 3 a01 10 324 17 
86 22' 109 5' 132 12' 155 19. 179 2' a02 9' 225 16. 
86 22 110 5 133 12 156 19 180 2 a03 9 236 16 

245 3' 
246 1' 
2471 
2 4 8 0  

23' 
24923' 
zkl22 
251 Zl* 
252 20' 
25320 
W l 9  
2.6618. 

a68 9' 
269 8. 
2 7 0 8  
2717 
373 6' 
273 5' 

274 5 
276 4' 
276 '3' 

278 2 
279 1' 

277 a 

87 ai 
88 m' 
89 20 
90 19 
91 18. 
'22 17 

iii 4 
112 3' 
113 3 
114 2 
115 1' 
116 0' 

64 14' 
66 13" 
66 13 
67 12 
88 11' 
69 10' 

134 11 
135 10' 
136 10 
137 9 
138 8' 
139 7. 

157 18 181 1 'ill4 8 227 15 
168 17' 1Sa 0' 205 7' 228 14' 
159 16' 23' 300 6' 229 13' 
160 16 183 23 2Q7 6 230 13 
161 15' 181 22' ' aoS 5' 231 12 
162 14' 185 21" 'X9 4' 232 11' 
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d . h .  d . 1 .  
1 0 29 23* 
15' 31 4 

2 21 32 10 
4 3. 33 15' 
5 8 34 21 
6 13' 36 2' 

Table 3l.-For construction of primary stencils-Continued 

6 . h .  d . h .  d . h . d . h .  
59 11. 89 0 118 13 148 1' 
60 17 90 5' 119 18. 149 7 
61 23. 91 11 121 0 150 12' 
63 4 93 17 123 5' 161 18. 
64 9* 93 22. 123 11 153 0 
65 15 95 4 124 16' 154 6' 

-- 
Differenre 

281) 0. 
aSl 0 

2?' 
252 39. 
28339 
a84 21 

385 30. 
256 20 
337 19 
388 18' 
289.17. 
290 17 

kT 

-1 
-3 
-3 
-4 
-6 

-6 
-7 
-8 

-11 

-13 - -3 
-14 
-16 -15 

-17 

- 18 - 19 
-a 
-21 
-23 
-23 

- -9 10 

- - 

d . h . d . h .  d . h .  d . h .  
303 7. 3% 14' 349 21. 
304 7 32714 35021 
305 6' 338 13' 351 30 
306 5' 339 13' 352 19' 
307 5 330 12 353 19 
308 4 331 11 354 18 

309 3' 332 10' 355 17* 
310 2' 333 9' 356 16' 
311 2 334 9 357 16 
312 1* 335 8. 31-15. 
313 0. 336 7* 359 14' 
314 0 337 7 360 14 

.Difference 

7 19 
9 0' 
10 6 
11 13 
12 17' 
13 a3 

15 4' 
16 10 
17 15' 
18 21 
20 2' 
21 . 8  

r 
-1 
-2 
-3 
-4 
-5 

-6 
-7 
-a - -ll 10 

- -12 13 

-11 

- 14 - 1: 
-1t 
-17 

-1E 
-11 -z 
-21 -z 
--I 
- 

37 8 66 #)* 96 9' 125 22 155'11 
38 13' 65 P 97 15 327 3' 156 16' 
39 19 69 7. 98 #)' 128 9 157 22 
41 0' 70 13 100 3 129 14* 159 3' 
43 6 71 19 101 7' 130 20 160 9 
43 11' 73 0' 102 13 132 2 151 14. 

44 17 74 6 103 18' 133 7. 162 XI 
45 22* 75 11' la5 0 134 13 164 1. 
47 4 76 17 106 5* 135 18' 165 7 
48 9' 77 23* 107 11 137 0 166 12' 
49 15 79 4 108 16. 138 5' 167 18 
50 20' 80 9' 108 22 139 11 *l65 23. 

Constituent M 
I , I I. Constituent MN 

291 10 
292 15' 
493 15 
294 14 
395 13. 
296 12' 

29712 
298 11' 
399 10' 
300 10 
301 9 
302 8' 

23 338 8 361 13 
315 23' 339 5' 382 13' 
316 22 840 5 363 11' 
317 21 341 4 364 11 
318 20' 342 3' 365 10. 
319 19. 343 2' 366 9* 

330 19 344 2 367 9 
321 18 345 1 388 8 
323 17' 346 O* 369 7* 
333 17 347 0 370 7 
334 16 23 _ _ _ _ _ _ _ _ _  
325 15' 348 23' _ _ _ _ _ _ _ _ _  

I I I I I I I I 

23 13. 
23 19 
2.5 0* 
26 6 
27 11' 
38 17 

.52 2. 81 15 111 3. 140 16. 170 5 
53 8 82 20. 112 9' 141 22 171 10' 
54 13' 84 2 113 15 143 3. 172 16' 
55 19 85 7. 114 30' 144 9 173 22 
57 0' 86 13 116 3 145 14. 175 3' 
58 6 87 18' 117 7' 146 a0 !76 9 

d .  h. 
1 0  
2 0  
3 22 
520 
7 18. 
9 16. 

11 14' 
13 13 
15 11 
17 9 
19 7. 
21 5. 

23 3' 
% 2  
37 0 
1822 
30 20' 
32 18' 

34 16' 
36 14' 
38 13 
40 11 

44 7. 
43 9 

57 18. 
59 16' 

63 13 
65 11 
67 9' 

61 15 

d .  h. d .  
177 14' 207 
178 20 208 
180 1' 308 
181 7 210 
182 13' 212 
183 18 213 

103 ?3* 
105 20* 

109 17 
111 15 
113 13 

in7 is* 
12' 244 1 373 14 303 3. 332 
18 246 6. 274 19. 304 8 333 
23* 246 12 276 1 305 13' 335 
5 a47 17' 277 6' 306 19 336 
10' !as a3 278 12 308 0' 337 
16 250 4' 279 17' 309 6 338 

iga 9 
193 14' 
19420 
196 1' 
197 7 
1% 12. 

h .  d .  h. 
6 35419 
11' 356 0' 
17 a57 6 
23. 358 11. 
4 359 17 
9* 360 32. 

aai 
223 
!a4 
!d25 
!W 
233 

15 362 4 
21 363 9* 
2' 364 15 
8 36520' 
13' 367 2 
19 36s 7. 

31. 
3 
8' 
14 
19. 
1 

251 10 280 23 310 11' 340 
252 16 282 4. 311 17 341 
253 21' 233 10 312 23 342 
255 3 2811 15. 314 4. 343 
256 8' 285 31 315 10 ,844 
257 14 387 9* 316 15. 346 

69 7. rl 5' 
73 4 
75 2 
77 0 
78 ?2* 

6' 
12 
17* 
23' 
5 
10' 

115 11' 
117 9' 
119 7' 
121 6 
123 4 
125 2 

258 19' 
2 6 0 1  
261 6, 
262 12 
263 17' 
a&4 23 

80 30. 
83 18' 
8417 
86 15 
88 13 
90 11' 

388 8 
289 13. 
25fJ 19 
202 0. 
293 6' m 12 

127 0' 
la8 32. 
130m' 
132 19. 
134 17 
136 15 

317 21 
319 2* 

321 13. 
332 19 
324 0' 

330 a 
347 
348 
349 
351 
363 
353 

d .  h. d .  h. 
46 5'1 92 9. 
4s 3. 04 7* 



DifIerence 

h. 
5 
3 
1 

23. 
21' 
19' 
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Table 31.-For construction of primary stencils-Continued 

d.  h. 
368 9 
371 7 - _ _  - _ _  -. 

_ _ _ _ _ _ _  _. 

w 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 

-11 

- 12 - 13 - 14 
-15 
-16 - 17 
-18 - 19 
-20 
-21 
-22 - 23 

-10 -9 

- - 

d . h .  
1 0 
2 4. 
4 11' 
6 18. 
9 1' 
11 8. 

13 16 
15 23 
18 6 
20 13 
2220. 
25 3. 

Difterence 

d . h .  d . h . d . h .  
55 0 110 2* 165 5 
57 7 112 9' 167 12 
59 14 114 16' 169 19' 
61 21 117 0 172 2' 
64 4* 119 7 174 9* 
66 11' 121 14 176 16' 

68 l8* 123 21 17823' 
71 1. 126 4 181 7 
73 8* 128 11' 183 14 
75 16 130 18. 185 21 
71 33 133 1. 188 4 
80 6 135 8' 190 11, 

r 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 - 14 
-15 
-16 - 17 
-18 
-19 

-21 
-2a 
-23 

-m 

- 

150 2. 
152 0' 
153 9. 
155 21 
157 19 
159 17 

Constituent A 

I I I I I 

Constltuent MIi 
I 

196 6 U 2  10 288 14 334 18 _ _ _ _ _ _ _ _ _  
1% 4* 244 8 290 12 336 16 _ _ _ _ _ _ _ _ _  
?oo 2' 248 6. 392 10. 338 14 _ _ _ _ _ _ _ _ _  
20.2 0' 248 4. 294 8* 340 12' _ _ _ _ _ _ _ _ _  
2W 33 250 2' 296 6' 343 10' _ _ _ _ _ _ _ _ _  
205 21 252 1. 298 6 344 8* _ _ _ _ _ _ _ _ _  

d .  h. 
138 13' 
140 11. 
142 9' 
144 8 
146 6 
148 4 

27 10' 

32 0' 
34 8 
36 15 
38 22 

28 17. 

d .  
184 
186 
188 
190 
192 
194 

13 137 15' 192 18' 

87 3. 142 6 197 8' 
89 10. 144 13 199 15' 
91 17' 146 20 201 33 
94 0' 149 3' 204 6 

811 m 139 23 195 1' 

h. 
17 
15' 
13' 
11. 
10 
8 

173 4' 
175 2' 
177 0' 
178 22. 
180 21 
182 19 

d .  h. 
230 21 
232 19. 
234 17' 
236 15' 
338 14 
240 12 

219 8 265 12 311 16 357 20 _ _ _ _ _ _ _ _ _  
221 6* 267 10 313 14 359 18 _ _ _ _ _ _ _ _ _  
223 4. 269 8' 315 12 361 16 _ _ _ _ _ _ _ _ _  
225 2* 271 6' 317 10' 363 14' _ _ _ _ _ _ _ _ _  
227 1 273 4' 319 8. 365 12. _ _ _ _ _ _ _ _ _  
228 23 275 3 321 6. 367 10' _ _ _ _ _ _ _ _ _  

d .  h. 
277 1 
278 23 
280 21. 
282 19' 
284 17' 
2% 16 

4 1 6  
43 12. 
45 19. 
48 2. 

52 16' 
50 g* 

d .  
333 
325 
327 
328 
330 
332 

8 6 8  
98 15 
loo 22 
103 5 

107 19' 
io5 12 

151 10. 

158 0. 
158 7. 
180 15 
162 22 

'1% 17' 
206 13 

211 3 
213 10' 
215 17' 
218 0' 

m m 

161 
163 
165 
167 
169 
171 

d .  h. 

22422 
227 5 
229 12 
231 19 

234 2. 
236 9. 
238 16. 
240 23' 
243 7 
345 14 

220 7* m 16 

15. 
13' 
11. 
10 
8 
6 

d .  h. d .  1. 

380 0. 335 3 
282 7* 337 10 
284 14. 339 17. 
2 8 8 9  342 0' 
288 5 344 7. 
291 12 346 14. 
293.19 348 22 
296 2' 351 5 
298 9. 353 12 
300 16. 355 19 

275 io* 330 13 
277 17. 332 m 

207 
208 
111 
213 
215 
217 

250 19. 
253 6' 
a55 17. 
258 4. 
260 15' 
263 3 

19 
17' 
15' 
13' 
12 
10 

309 ?l 368 22. 
312 8 371 9. 
314 19 _ _ _ _ _ _ _ _  
317 6 _ _ _ _ _ _ _ _  
319 17 _ _ _ _ _ _ _ _  ' 
322 4 _ _ _ _ _ _ _ _  

253 
255 
257 
259 
261 
263 

B721 
250 4 
252 11 
254 18' 
257 1' 
259 8. 

23 
21 
19' 
17. 
15' 
14 

30223' 358 2 
305 6' 380 9. 
307 14 362 16' 
309 21 3M 23. 
312 4 367 6' 
314 11 369 14 

300 
302 
303 
305 
307 
309 

?65 14 
268 1 
270 12 
272 23 
275 lo 
277 21 

280 8 
282 19' 
285 6. 
287 17. 
290 4. 
aSa 15. 

1 3  
1 

23. 
21. 
18 19. 

324 15. _ _ _ _ _ _ _ _  
327 2. _ _ _ _ _ _ _ _  
329 13' _ _ _ _ _ _ _ _  
332 0' _ _ _ _ _ _ _ -  
334 11. _ _ _ _ _ _ _ _  
336 2P _ _ _ _ _ _ - -  
339 9. _ _ _ _ _ _ _ _  
341 20. d _ _ _ _ _ _ _  

344 8 _ _ _ _ _ _ _ _  
346 19 _ _ _ _ _ _ _ _  
349 6 _____-- -  
351 17 _ _ _ _ _ _ _ _  

346 
348 
350 
362 
353 
355 

Constituent x 1 

283 22. SlH 1' _________ I  

no D 325 

266 6 321 8.1 
268 13 323 15f 

d. h. 
1 0  
2 6 '  
4 17' 
7 4' 
9 15' 
12 2 

14 13 
17 0 
19 11' 
21 23 
?A 10 
20 21 

2 9 8  
31 19 
34 6 
36 17 
39 4 
41 15' 

4 4 2  
46 1.3 
49 0 
51 11' 
53 32' 
56 9 

d.  h. 
5820 
61 7' 
63 19 
8 6 6  
68 17 
71 4 

73 15 
76 2 
78 13 
81 0 
83 11' 
85 12' 

88 9' 

9 3 7 '  
95w 
9 8 5 '  
loo 16 

103 4 
105 15 
108 2 
110 13 
113 0 
115 11 

90 mi 

Constituent MS 

d.  h. 
117 22 
120 9 
122 20' 
125 7' 
127 18' 
130 5' 

132 16' 
136 3' 
137 14' 
140 1' 
142 13 
146 0 

147 11 
149 22 
152 9 

157 7 
159 18 

142 5' 
164 16' 
167 3' 
169 14' 
17a 1' 
174 12 

154 a0 

d.  h. 
176 23' 
179 10' 
181 21' 
1% 9 

189 7 

191 18 
194 5 
196 16 
199 3 
201 14 
204 1' 

206 lP 
208 33' 
211 10' 
213 21' 
216 8' 
218 19' 

ise m 

E 1: 
226 5 
228 16 
231 3 
233 14 
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Table 31.-For construction of primary stencils-Continued 

d .  h. 

129 14* 
132 6 
134 M 
137 13' 
140 5 

145 12' 
148 4 
150 19. 
163 11 
156 2. 

158 18. 
161 10 
164 1* 
166 17 
168 9 
172 0' 

174 1G 
177 7. 
179 23. 
182 15 
185 6' 
187 22 

im 23 

142 m* 

Difference ' 

d. h. 
190 14 
193 5' 
195 21 
198 12' 
201 4' 
m30 

306 11' 
2og 3 
211 19 
214 10' 
217 2 
219 17. 

222 9* 

227 16. 
2.30 8 
233 0 
235 15* 

a38 7 
240 22' 
243 14. 
246 6 
248 31. 
251 13 

236 1 

?I 

+23 
+a2 
+a1 

+lo 

+18 
4-17 
4-16 
+15 
4-14 
+I3 

+12 
+11 
+10 
+9 

~ +8. 
+7 

4-6 
4-6 
+4 
+3 
+2 
+1 

+m 

- .- 

d .  h. d. h. 
254 5 317 20 
256 20' 320 11. 
259 12 323 3 
262 3' 325 IS* 
284 19. 328 10* 
287 11 3a1 2 

270 2* 333 17' 
272 18 336 9 
275 10 339 1 
278 1. 341 16' 
280 17 344 8 
283 8. 346 23. 

286 0. 349 15. ss 16 352 7 
291 7. 354 22' 
289 23 357 14 
29615 360 6 
a88 6' 362 21. 

30122 36513 
304 13. 368 4* 
307 5. 370 30* 
309 21 ____----- 
112 la* ___..__-- 
315 4 _ _ _ _ _ _ _ - -  

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 - 10 

-11 

-12 -13 

-la -19 

- -15 14 

-16 
-17 

-m 
-21 
-!a 
-23 

d. h. 
1 0 

8 15. 

39 2 
54 7 
69 12' 

23 20. 

Differena, 

d .  h. d .  A. 
358 I6 1 0  
373 21 16 6 

_ _ _ _ _ _ _ _ _  77' 3 _ _ _ _ _ _ _ _ _  107 13. 
- _ _ _ _ _ _ - _  138 0 

_ _ _ _ _ _ _ _ _  46 16. 

. ' €1 

+1 
+2 
+3 
+4 
+5 

+fJ 
+7 
+8 +e 

+lo 
+I1 

+12 
+13 
4-14 
+15 
+I6 
+17 

+IS 
+I9 
+20 
+?l 
+a +a 

d. h. 
63 8 
65 23* 
68 15 
71 7 
73 22. 
76 14 

79 5* 
81 21' 
84 13 
87 4. 

92 12 

95 31 
97 19 

loo 10. 
103 2. 
105 18 
108 9* 

111 1 
113 17 
116 8. 
119 0 
121 15. 
124 7* 

89 a0 

L? 

-23 
-2a 
-21 
-20 - 19 

- 18 
-16 -17 

- 15 
-14 - 13 

-12 
-11 
-10 
-9 
-8 

' -7 

-6 
-5  
-4 
-3 
-2 
--I - 

d. h. 
148 1* 

150 12' 
151 18 
153 0 
154 5* 

149 7 

d. h. 
177 14' 

180 1* 
181 7 
182 12' 
183 18 

178 a0 

d. h. 
1 0  
2 8. 
5 0  
7 16 

10 7* 
12 23 

d. h. 
1 0 

16 6 
46 16. 
77 3 

107 13. 
138 0 

15 14. 
18 6* 
ma2 
23 13. 
2 6 5  
28 21 

d .  h. d. h. 
1 0 358 16 
8 15. 373 21 

23 20* _ _ _ _ _ _ _ _ _  
39 2 --------- 
54 7 - -___ - - - -  
68 12. --------- 

31 12* 
34 4 
36 19. 
39 11. 
42 3 
44 18. 

d. h. 
1 0  

15* 
2 21 
4 2' 
5 8  
6 13' 

7 19 
9 o* 

10 6 
11 12 
12 17. 
13 23 

15 4. 
16 10 
17 15' 
18 31 
20 a* 
21 8 

22 13* 
23 19 
25 0' 
2 6 6  
27 11. 
28 17 

47 10 
50 2 
52 17. 
55 9 
58 0* 
60 16. 

d .  h .  
29 22. 
31 4 
32 10 
33 15' 
34 21 
36 2* 

37 8 
38 13' 
39 19 
41 0* 
42 6 
43 11. 

44 17 
45 22. 
47 4 
48 9* 
49 15 

52 2* 
53 8 
54 13' 
56 19 
37 o* 
58 6 

60 m* 

66 20. 
68 2 
68 7' 
70 13 
71 19 
73 0. 

96 9' 125 22 155 11 184 23* 
97 15 127 3* 156 16. 186 5 
98 20' 128 9 157 23 187 10. 

100 2 1 9  14* 159 3' 188 I6 
101 7* 130 20 160 9 189 21' 
102 13 132 2 161 14' 191 3 

168 10' 
1% 21 
2 3  7. 
1 9  18 
290 4. 
320 15 

84 17. _ _ _ _ _ _ _ _ _  
99 23 --------- 

115 4 _ _ _ _ - _ _ _ _  
130 9* _ _ _ _ _ _ _ _ _  
145 14. _ _ _ _ _ _ _ _ _  
160 20 .________ 

I I I I 

74 6 
75 11. 
76 17 
77 22' 
79 4 
80 9' 

103 18' 133 7' 162 20 192 9 
105 0 134 13 164 1. 193 14* 
106 5* 135 18. 165 7 184 20 
107 11 137 0 166 12. 196 1' 
108 18. 138 0' 167 18 197 7 
109 M 139 11 168 23' I% 12' 

140 16. 
141 22 
143 3* 
144 9 
145 14* 
146 #) 

170 5 1w I8 
171 10' 2M) 23' 
172 16' 202 5 
173 22 203 10' 
175 3' 204 16 
176 9 !206 21. 

d. h .  
59 11. 
Iw) 17 
61 23. 
63 4 
64 9* 
65 15 

d. h. 
89 0 
90 5. 
91 11 
92 17 
93 2P 
95 4 

d. h. 
118 13 
119 18. 
131 0 
122 5. 
123 11 
124 16' 

81 15 
82 20' 
84 2 
85 7. 
86 13 
87 18' 

111 3' 
11.2 9. 
113 15 

116 2 
117 7* 

114 20. 
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Table 31.--For construction of primary stencils-Continued 

d. h.' 
207 3 
208 8' 
20914 
210 19' 
212 1 
213 7 

H 

+1 
+2 
+3 
+4 
+5 

+6 
+7 
+8 
+9 

+10 
+I1 

+12 + 13 
+14 
+I5 + 16 
+I7 

+ 18 
+1Q 
+20 
+21 
+22 
+23 - - 

d. h. 
236 16 
237 21' 
239 3 
240 8' 
241 14 
242 19' 

br 

-23 
-8 
-21 
-20 
-19 

- 18 
-17 
-16 
-15 
-14 
- 13 

-12 
-11 - 10 
-9 
-8 
-7 

-6 
-5 
-4 
-3 
-2 
-1 
- - 

d. h. 
295 17' 
296 23 
298 4. 
299 10 

'300 15. 

DiEerence 

d .  h. 'd.  h. 
325 6 354 19 
326 11. 356 0* 
327 17 357 6 

. 338 22' 358 11' 
330 4 359 17 

. H  
+1 
+2 
+3 
+4 
+5 

+6 
+7 
+8 
+Q 

+I1 

+12 
4-13 
+I4 
+I5 
4-18 
+17 

+18 
+I9 
+20 
+21 
+22 
+23 

. .+in 

- 

301 21 1 331 9' 

r 
- 23 - 22 - 21 
-20 - 19 

-18 
-17 
-16 - 15 - 14 - 13 

-12 
-11 - 10 
-9 
-8 
-7 

-6 
-5 
-4 
-3 
-2 
-1 
- 

360 22' 

Constltuent 28M Constituent J 
I 1 

d. h. 
61 18. 
52 19. 
53 21 
54 22' 
56 0' 
57 2 

d. h. 
77 8. 
78 10. 
79 12 
80 13' 
81 15 

. sa 17 

d. h. 
266 4* 
267 10 
268 16* 
269 21 
271 2' 
27-28 

58 3" 
59 5 
60 6. 
61 8" 
62 10 
63 11. 

83 18' . 
84 20 
85 21' 
86 23' 
88 1 
89 2' 

214 12' 
215 18 
216 23' 
218 5 '  
219 10' 
Zao 16 

221 21' 
223 3 
224 8' 
222 14 
228 1 P  
228 1 

229 6' 
230 12 
3 1  17. 
232 23' 
234 5 
235 101 

d. h. 
1 0  

13' 
2 15 
3 17 
4 18' 
5 2 0  

6 21' 
7 23' 
9 1  

10 2* 
11 4 
12 6 

13 7' 
14 9 
15 10' 
16 l2* 
17 14 
18 15' 

19 17 
20 18' 
21 a* 
22 22 
23 23' 
2 5 1  

244 1 273 14 303 2' 332 15 362 4 
245 6* ?74 l9* 304 8 333 21 363 9. 
246 12 276 1 305 13. 335 2* 364 15 
247 l i*  277 6' 308 19 336 8 365 20' 
248 23 378 12 308 O* 337 13' 367 2 
250 4' 279 17. 309 6 338 19 368 7. 

252 16 382 4' 311 17 341 6 370 18. 
253 21. 283 10 312 23 342 1 1 * _ _ _ _ _ _ _ _ _  
W 3 a84 15. 314 4* 343 17 _ _ _ _ _ _ _ _ _  
356 8' . 285 21 315 10 344 22*_________ 
257 14 287 2' 316 15. 346 4 _ _ _ _ _ _ _ _ _  
258 19. 288 8 317 21 347 9' _ _ _ _ _ _ _ _ _  
260 1 289 13. 319 2' 348 15 _ _ _ _ _ _ _ _ _  
261 6' 290 19 320 8 349 ?o '_________ 
262 12 9 2  0* 321 13' 351 2 _ _ _ _ _ _ _ _ _  
263 17* 293 6* 322 19 352 7. _ _ _ _ _ _ _ _ _  
264 23 294 12 324 0' 353 13* _ _ _ _ _ _ _ _ _  

251 in 260 23 310 i i*  340 00 369 13 

d. h.. 
2 6 3  
27 4* 
2 8 6  
29 7' 
30 9' 
31 11 

32 12' 
33 14 
34 16 
35 17' 
36 19 

I 22. 
4 0 0  
41 1. 
42 3 
43 5 
44 6' 

45 8 
46 9* 
47 11' 
48 13 
49 14' 

37 20. 

50 16 

64 13 
65 15 
66 16.' 
67 18 
68 19. 
69 21. 

70 23 
72 0* 
73 2 
74 I 
75 5. 
76 7 

80 4 
' 91 6 

92 7' 
93 9 
94 10. 
95 12. 

96 14 
97 15' 
88 17 
69 18' 

1M) 20* 
101 2a 

d .  h. 
102 23. 
104 1 
105 3 
106 4. 
107 6 
108 7* 

d. h. 
128 l4* 
129 16 
130 18 
131 1 P  
132 21 
133 22' 

Constituent J 
I I I I 

108 9' 
110 11 
111 12. 
112 14 
113 16 
114 17' 

115 19 
116 30. 
117 22* 
119 0 
120 1. 
121 3 

135 0' 
136 2 
137 3. 
135 5 
139 6" 
140 8' 

141 10 
142 11' 
143 13 
144 15 
145 16' 
146 18 

237 12 
238 13' 
239 15 
240 17 
241 18. 
242 20 

d. h. 
154 5' 
155 7 
158 8. 
157 10' 
155 12 
159 13* 

263 3 288 18 314 8* 339 23' 
264 4' 289 19' 315 10' 341 1 
285 6 290 21 316 12 342 3 
266 7' 291 22' 317 13. 343 a* 
267 9. 293 0* 318 15 344 6 
268 11 294 2 319 17 345 7. 

160 15 
161 17 
162 18. 
163 m 
161 219 
165 23' 

243 31* 
244 23' 
246 1 
247 2. 
348 4 
249 6 

167 
168 
169 
170 
171 
1.72 

269 12' 295 3' 320 18. 346 9. 
270 14 296 5 321 20 347 11 
271 16 297 6. 333 21' 348 1 P  
272171 298 8* 323 23' 349 14 
27319 29910 325 1 350 16 
274 20. 300 11. 3% 2* 351 17. 

1 r 
4 
6 
7. 
9 

122 5 
123 6' 
124 8 
125 9* 
128 11. 
127 13 

d. h. 
179 20* 
180 22 
181 23' 
183 1 
184 3 
185 4' 

147 19. 173 10. 199 1. 224 16. 250 7' 275 22' 301 13 327 4 352 19 
148 21. 174 12'. 200 3 225 IS 251 9 277 0 302 16 338 6 353 20' 
149 23 l i 5  14 201 5 226 19' 252 10' 278 1. 303 16*. 329 7' 354 22. 
151 0' 176 15. 202 6' 227 91. 253 12' 279 '3 304 18 330 9 356 0 
152 2 177 17 203 8 228 23 254 14 !BO 5 305 19' 331 10' 357 1' 
153 4 178 18. 204 9. 230 255 15' 281 6' 306 21. 332 12' 358 3 

186 6 
1S7 7. 
188 9* 
IS9 11 
180 13. 
181 14 

192 16 
193 17' 
194 19 
195 20' 
196 3P 
198 0 

d. h. 
205 11' 
206 13 

208 16 
209 18 
210 19. 

207 i4* 

211 21 
212 27,' 
214 0* 
215 2 
216 3' 
217 5 

218 6' 
219 8. 
220 IO 
221 11' 
222 13 
223 15 

24603741---19 
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$: 
+3 
+ 4  
+5 

4-6 
+7 
+8 
+9 

+10 
+I1 

+12 
+13 
+14 
+15 
+16 
4-17 

+18 
+l9 
i-20 
+21 
+22 
+x( - 

U. S. CXIm AND. GEODETIC SURVEY 

Table 31.-For construction of primary stencils-Continued 

0 .  

zg 
-21 
--a0 
-19 

-18 
-17 
-10 
-15 
-14 
-13 

-12 
-11 
-10 
-9 
-8 
-7 

-6 
-5 
-4 
-3 
-2 
-1 

0 
+1 
+a 
+a 
+4 
+5 

+e 
+7 
+8 
+9 
+10 
+11 

+12 
+I3 
+14 
+15 

4-18 
+19 
+20 
+a1 
+2a 
+a3 

-23 
-22 

-2( 
-1% 

-11 
-11 
-11 
-I! 
-14 
--If 

-1% 
-11 
-1t 

-1 

-% 

2 
-1 
-1 

-! 
-; 
-: 

-4 

:on. I constituent 00 

Constituent 00 
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Table 31.-For construction of primary stencils-Continued 

. Hour 
0 

4-6 -18 
+i -17 
+I? -18 
+9 -15 
+lo -14 
+11 -13 

+l2 --I? 
+13 -11 
+14 -10 
4-15 -9 
4-18 -8 
+17 -7 

+18 -8 
+lS -5 
+-a -4 
+21 -3 
+23 -3 
+a3 -1 

.... Constituent 00 
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12 ....- 
13 
14----. 
15.---- 
16 ..... 
17.---- 

U. S. COAST AND GEODETIC SWRVEY ' 

14 
14 
14 
13 
14 
14 

Table 32.-Divisors for primary stencil sums 

19 ..... 
aO..-.- 
21 
sa.-..- 
23 ....- 

- - 
105 - 
106 
106 
104 
106 
104 
106 

106 
104 
106 
105 
104 
107 

10.4 
104 
106 
105 
105 
105 

104 
106 
104 
104 
108 
104 
- 

14 
14 
14 
14 
14 

CONSITWENT J - - 
134 - 
134 
135 
134 
136 
136 
134 

134 
134 
134 
134 
134 
134 

134 
133 
134 
135 
133 
134 

134 
133 
134 
133 
134 
134 
- 

- - 
163 - 
164 
164 
162 
165 
163 
163 

165 
163 
164 
163 
163 
164 

162 
162 
164 
162 
163 
163 

162 
163 
162 
162 
164 
161 
- 

- - 
192 - 
192 
193 
192 
192 
193 
193 

192 
193 
193 
192 
183 
193 

191 
191 
1V2 
192 
191 
192 

192 
191 
191 
191 
193 
191 
- 

- - 
221 - 
221 
222 m 
222 
322 
221 

322 
221 
222 
222 
220 
223 

221 
224 
223 azo azo 
221 

220 
221 
220 
319 
222 
219 
- 

- - 
297 - 
298 
298 
296 
299 
297 
297 

298 
297 
298 
297 
297 
299 

296 
297 
297 
296 
297 
296 

296 
207 
206 
296 
398 
295 
- 

- - 
297 
- 

297 
297 
298 
298 
297 
297 

297 
206 
298 
298 
297 
297 

297 
207 
297 
297 
297 
297 

387 
297 
297 
296 
296 
296 

- - 
326 - 
326 
327 
326 
328 
327 

326 
327 
320 

326 
327 

325 
327 
327 
3% 
3% 

325 
325 
326 
325 
329 
325 

328 

326 

328 

- 

- - 
355 - 
355 
356 
364 
356 
356 
355 

3.58 
354 
356 
355 
354 
357 

354 
354 
356 
355 
355 
355 

355 
356 
354 
354 
356 
353 

- - 
355 - 
355 
355 
355 
356 
355 
355 

355 
354 
355 
356 
355 
355 

355 
355 
355 
355 
355 
355 

355 
355 
3.55 
355 
356 
354 

58 I 87 
30 
31 
28 
30 
29 as 
30 
28 
29 
29 as 
30 

2Q as 
30 
P as 
30 
as 
29 
29 

30 as 
as 

87 
89 
86 
88 
88 
87 

88 
87 
88 
87 
(18 
88 

87 
85 
88 
87 
86 
87 

86 
87 
87 
85 
88 
86 

370 
369 
369 
370 
369 
370 

369 
3 8  
371 
369 
368 
370 

388 
368 
369 
369 
388 
368 

369 
369 
368 
369 
368 
368 

- - 
369 - 
360 
369 
369 
370 
369 
36P 

369 
368 
369 
370 
360 
369 

388 
369 
369 
3m 
369 
369 

368 
369 
369 
369 
369 
369 - 

59 
69 
MI 
bB 
60 
60 

67 
58 
58 
67 
68 
59 

57 
58 
58 
58 
58 
57 

58 
58 
57 
58 
68 
57 

250m 
2 5 0 2 7 9  
251 279 
2.60280 
250 378 
261 250 

2 5 0 2 7 9  
250 378 
250250 
251 279 
w) 279 
250250 

250 278 
249 3so 
249 279 
2 4 9 2 7 7  
2 4 9 2 7 9  
249 277 

CONSTITUENT K - - 
87 - 
88 sa 
88 
88 
87 
88 

87 
87 
87 
87 
88 
87 

87 
87 
87 

88 
87 

87 
87 
87 
88 
88 
87 

a6 

- 

- - 
221 
- 

221 
232 
222 
322 
221 
221 

221 
221 
222 
232 
231 
221 

321 
222 
222 
220 
3m 
220 

220 
321 
221 
2 3  

azo ?m 
- 

- - 
279 - 
279 
279 
280 
250 
279 
279 

279 
379 

279 
279 

379 
279 
284l 
279 
379 
279 

278 
378 
279 
278 
978 

E 

ma 

- - 
134 - 
135 
135 
135 
135 
134 
134 

136 
135 
135 
134 
133 
133 

134 
131 
134 
133 
133 
133 

134 
134 
134 
133 
133 
134 
- 

- - 
163 - 
164 
164 
164 
164 
163 
163 

163 
164 
164 
164 
163 
162 

163 
163 
163 

162 
163 

163 
163 
163 
162 

lea 

isa va 
- 

- - 
193 - 
193 
193 
193 
193 
192 
192 

192 
193 
193 
193 
192 
192 

192 
192 
192 
191 
191 
191 

191 
192 
193 
191 
191 
191 
- 

- - 
250 
- 

250 
251 
251 
251 
250 
250 

250 
250 
251 
231 
250 
250 

250 
350 
251 
w) 
249 
249 

249 
250 
250 
249 
249 
249 

- - 
29 - 
30 
30 
29 
29 
29 
29 

29 
20 
29 
29 
29 
29 
29 
29 
20 
I 
29 
29 

29 
29 
29 
28 
29 
29 

- - 
58 - 
59 
59 
59 
69 
57 
58 

58 
58 
58 
58 
57 
58 

58 
55 
58 
57 
58 
MI 

58 
58 
68 
57 
58 
58 

320 
- 

I05 - 
106 
106 
108 
106 
106 
105 

106 
105 
105 

Serles 14 -- 

.in 
326 
3% 

397 
326 
326 

105 
105 
105 
104 
104 
105 

328 
326 
328 

326 
326 

326 
326 
326 
326 
'325 
325 

325 

18 ..... 1 14 

104 
104 
105 
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Table 32.-Divisors for primary stencil sums-Continued 

CONSTITUENT L 

Swirs 29 I- 
29 
20 
29 
30 
30 
29 
29 
30 
30 
29 
30 
29 

20 
20 
29 
28 
28 
28 

29 
29 as 
28 
29 
20 

Series I 15 

15 
15 
16 
16 
16 
15 

16 
lfi 
16 
16 
15 
15 

15 
15 
15 
14 
15 
15 

14 
16 
14 
14 
15 
15 

- - 
29 - 
29 
29 
28 
29 
30 
28 

2g 
29 
29 
29 
29 
28 

29 
30 
29 
29 
29 
29 

29 
30 as 
29 
30 
29 
- 

- - 
58 - 
59 
59 
58 
58 
58 
58 
57 
59 
58 
57 
58 
58 
58 
58 
58 
58 
58 
57 

58 
58 
58 
58 
58 
68 
- 

- - 
58 
- 

59 
57 
58 
59 

.58 
57 

58 
58 
59 
58 
57 
57 

58 
69 
58 
58 
57 
59 

58 
58 
57 
58 
69 
58 
- 

- - 
87 - 
87 
87 
87 
87 
88 
88 
86 
88 
88 
87 
87 
87 

87 
88 
88 
86 
88 
86 

87 
87 
86 
80 
87 
87 
- 

- - 
87 
- 

87 
87 
86 
88 
87 
86 

87 
87 
87 
87 
87 
86 

87 
88 

. 87 
A7 
87 
87 

87 
88 
86 
87 
88 
87 
- 

- - 
105 - 
105 
100 
108 
105 
100 
106 

105 
106 
105 
104 

105 

104 
105 
105 
105 
104 
104 

105 
105 
106 
104 
105 
106 

in5 

- 

108 
105 
106 
106 
105 
104 

104 
105 

- - 
134 - 
133 
134 
134 
134 
135 
134 

133 
135 
135 
133 
134 
134 

134 
135 
134 
134 
134 
134 

134 
115 
134 
132 
134 
134 - 

- - 
163 - 
163 
164 
163 
163 
164 
164 

163 
164 
164 
163 
164 
163 

163 
103 
163 
103 
162 
162 

162 
163 
163 
162 
163 
163 
- 

- - 
192 - 
191 
192 
192 
192 
192 
192 

191 
193 
193 
191 
192 
192 

192 
192 
193 
192 
191 
192 

192 
192 
192 
191 
193 
193 
- 

CONSTITUENT M . - - 
134 - 
135 
184 
134 
135 
136 
134 

134 
134 
135 
135 
134 
133 

133 
134 
134 
134 
133 
134 

133 
135 
133 
133 
131 
134 
- 

- - 
163 - 
164 
163 
162 
166 
164 
163 

163 
163 
164 
165 
163 
162 

162 
163 
163 
163 
162 
162 

163 
163 
163 
162 
163 
105 

- - 
192 - 
194 
192 
192 
193 
193 
192 

I92 
192 
193 
193 
192 
192 

191 
192 
192 
192 
191 
192 

191 
192 
191 
192 
192 
192 

221 - 
221 
2 9  
221 
221 
222 
222 

??I 
222 
222 
221 
221 
222 

221 
220 
221 
221 
224 
920 

220 
221 
221 
219 
221 
221 
- 
- - 
221 - 
aaa 
2229 
2aa 

221 
221 

221 

223 
221 
221 
223 
221 
221 

220 
221 aao 
222 
220 
220 

220 
221 aao 
221 
221 
2a 

- - 
250 - 
350 
251 
250 
2.50 
250 
250 

249 
250 
?51 
250 
249 
250 

250 
250 
250 
250 
249 
250 

250 
a50 
a50 
249 
251 
251 
- 

- - 
250 

280 
a50 aw 
261 
251 
250 

250 
250 
2Sl 
251 
250 
250 

250 
250 
250 
250 
249 
250 

249 
250 
249 
250 
249 
250 

- - 
279 - 
279 
279 
280 
279 
279 
280 

279 
279 
280 
a79 
279 
280 
279 
279 
280 
279 
278 
278 

278 
279 
279 
277 
279 
279 
- 
- - 
279 - 
279 
279 
279 
a81 
280 
278 

2% 
279 
280 
280 
279 
278 

280 
279 
278 
279 
278 
979 

278 
279 
277 
280 
279 
278 
- 

- - 
297 - 
297 
297 
298 
298 
297 
388 
297 
288 
298 
296 
29F 
-!m 
297 
296 
297 
297 
296 
297 

296 
297 
297 
296 
aM 
298 
- 
- - 
297 - 
297 
296 
296 
299 
297 
'2% 

a07 
296 
298 
298 
296 
296 

297 
298 
297 
288 
296 
298 

297 
297 
296 
298 
288 
296 
- 

- - 
326 - 
326 
326 
3% 
326 
326 
327 

325 
326 
327 
326 
328 
326 

326 
326 
327 
327 
325 
326 

326 
328 
327 
324 
325 
a26 - 

- - 
326 - 
325 
,326 
325 
328 
326 
325 

328 
326 
326 
327 
328 
325 

326 
327 
326 

326 
326 

326 
326 
325 
327 
327 
325 

326 

- 

- - 
355 - 
,355 
355 
35R 
356 
355 
355 

355 
358 
357 
355 
354 
355 

355 
354 
355 
355 
353 
355 

356 
354 
355 
364 
355 
355 
- 
- - 
356 - 
3% 
354 
364 
357 
356 
354 

365 
3% 
355 
357 
354 
354 

155 
356 
356 
3116 
354 
35s 

355 
356 
354 
356 
355 
355 
- 

- - 
369 -- 
369 
,369 
370 
370 
370 
369 

368 
369 
.370 
3115 
368 

369 
368 
370 
369 
387 
369 

369 
369 
369 
368 
369 
370 

.?e 

.- 

- - 
369 - 
369 
369 
369 
371 
370 
368 

369 
369 
370 
371 
368 
360 

368 
369 
369 
369 
368 
369 

368 
369 
368 
369 
369 
369 
- 



290 U. S. COAST AND GEODETIC' SURVEY 

Table 32.-Divieors for primary stencil sums-Continued 
CONSTITUENT N 

37 
88 
87 
88 
87 
88 

Serios 16 -- I 
105 
106 
105 
106 
106 
106 

16 
16 
16 
16 
16 
15 

15 
16 
14 
15 
15 
15 

15 
15 
14 
14 
16 
16 

15 
15 
14 
14 
16 
16 

87 
87 
88 
88 
88 
86 

- - 
29 - 
aB 
29 
29 
30 
30 
30 

29 
29 
29 
30 
30 
30 

as as 
28 
29 
29 
28 

as 
29 as 
28 
30 
29 
- 

105 
105 
107 
105 
105 
106 

SerMs-" 29 l- 

87 
86 
86 
88 
86 
86 

- - 
68 - 
68 
58 
57 
58 

.58 
69 

58 
58 
58 
58 
58 
I 

59 
5s 
57 
58 
58 
68 

58 
59 
67 
67 
69 
68 

-- 

- - 
68 - 
68 
68 
68 
59 
57 
58 

58 
69 
69 
67 
68 
68 

58 
59 
57 
58 
58 
68 

SB 
51 
.59 
68 
58 
58 

108 
104 
104 
105 
104 
104 

-- 
87 I lo5 

87 
87 
86 
86 
88 
86 

105 
105 
104 
103 
106 
104 

- - 
87 - 
86 
88 
87 
88 
86 
86 

88 
88 
88 
86 
87 
87 

88 
87 
86 
87 
87 
88 

87 
86 
88 
87 
87 
85 

- - 
106 - 
105 
106 
105 
106 
104 
105 

106 
106 
106 
104 
106 
108 

106 
105 
104 
105 
104 
105 

104 
103 
106 
104 
106 
103 
- 

- - 
134 - 
134 
135 
133 
134 
135 
134 

133 
133 
136 
134 
134 
135 

134 
,133 
133 
135 
134 
134 

134 
134 
133 
133 
137 
133 
- 

- - 
165 - 
163 
165 
162 
163 
164 
164 

163 
163 
164 
163 
163 
165 

164 
161 
161 
164 
162 
162 

164 
163 
161 
161 
165 
162 
- 

- - 
192 - 
191 
194 
191 
192 
193 
192 

191 
191 
194 
192 
191 
193 

192 
191 
191 
194 
191 
191 

193 
192 
191 
192 
194 
191 
- 

- - 
221 - 
am 
azo 
223 

221 
223 
222 

221 
220 
223 
221 
221 
224 

aao 
219 

222 
a20 

222 

219 

223 aao 

2m 

220 

am 
zm 

- 
'CONSTITUENT 2N I .  

- - 
134 - 
135 
135 
134 
136 
132 
134 

135 
135 
135 
133 
135 
135 

135 
134 
133 
133 
134 
134 

132 
133 
134 
134 
135 
131 
- 

- - 
163 - 
163 
166 
164 
164 
161 
163 

164 
165 
163 
162 
164 
164 

165 
162 
161 
163 
163 
163 

161 
161 
164 
163 
163 
161 
- 

- - 
192 - 
193 
194 
193 
193 
190 

194 
193 
192 
191 
193 
194 

193 

191 
192 
192 
192 

189 
191 
193 

192 
189 

192 

190 

ma 

- 

- - 
a21 - 
222 
333 
222 
231 aao 
222 

222 
223 
2!20 

333 
222 

221 
219 
a30 
222 
221 

219 
220 
222 
221 

219 

2-20 

am 

azo 

- - 
am - 
250 
252 
248 
249 
253 
250 

249 
250 
251 
249 
249 
252 

250 
249 
250 
a51 
249 
249 

252 
250 
249 
249 
252 
249 
- 

- - 
279 - 
279 
281 
278 
279 
282 
279 

278 
279 
281 
279 
279 
aSl 

278 

279 
280 
277 
278 

280 
278 
277 
279 
281 
277 

277 

- 

251 280 
252 281 
250 279 
251 380 
249 278 
251 280 

252 281 
251 380 
249 279 
250 278 
251 280 
251 280 
249 277 

250380 
251 279 
249 278 

248 278 

251 280 
250 279 
249 278 
248 277 

a48 278 
250 278 

apg 278 

- - 
297 - 
297 
as8 
296 
297 aes 
297 

296 
298 
299 
297 
297 
299 

297 
295 
297 
298 
296 
296 

288 
296 
295 
297 
298 
296 
- 

- - 
297 - 
,298 
299 
297 ass 
295 ass 
as8 
297 
296 
296 
298 
298 

295 
296 
297 ass 
297 
296 

296 
297 
299 
297 
296 
295 
- 

- - 
336 - 
327 
327 
324 
326 

326 

324 
336 
327 
325 
336 
328 

325 
324 
326 
327 
325 
327 

327 
325 
32.5 
326 
328 
325 

328 

- 

- 
328 - 
327 
329 
326 
326 
326 
326 

328 
325 
325 
328 
327 
326 

32.5 
335 
326 
327 
326 
336 

325 
326 
3 1  
325 
336 
325 
- 

- - 
365 - 
356 
357 
354 
356 
357 
355 

364 
357 
366 
354 
356 
357 

356 
354 
354 
365 
353 
355 

356 
354 
353 
354 
356 
353 - 

- - 
355 - 
357 
357 
353 
3Ea 
353 
368 

356 
354 
365 
354 
357 
355 

354 
354 
355 
356 
354 
355 

364 
355 
357 
354 
355 
354 
- 

- - 
369 
I 

370 
370 
367 
370 
371 
369 

367 
370 
370 
368 
370 
371 

368 
368 
869 
370 
888 
370 

371 
367 
367 
368 
370 
367 
- 

- - 
369 - 

371 
371 
368 
370 
368 
369 

370 
168 
388 
369 
370 
369 

368 
388 
370 
370 
368 
369 

368 
369 
371 
367 
369 
368 - 
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134 

136 
134 
133 
134 
135 
135 

134 
135 
134 
134 
135 
136 

135 
332 
133 
133 
134 
133 

Table 32.--Divieors for primary stencil sume-Continued 
CONSTITUENT 0 

163 -- 
164 
164 
162 
164 
163 
163 

164 
164 
164 
163 
164 
164 

163 
161 
I63 
lea 
163 
161 

- - 
389 - 
369 
8639 
368 
370 
369 
369 

309 
369 
368 
369 

370 

369 
367 
369 
370 
369 
369 

369 
308 
369 
370 
369 
369 

370 

68 

58 

57 
57 

69 
68 

- - 
29 - 
29 
29 
28 
30 
29 
29 

29 
28 
29 
30 
29 
a0 

29 
28 
29 
29 
30 
29 

28 
29 
a9 
29 
30 
28 
- 

87 -- 
87 

5 9 8 8  
86 
87 

87 
87 

- -. 
105 - 
106 
105 
105 
105 
106 
106 

105 
105 
106 
106 
106 
107 

105 
104 
105 
105 
104 
104 

104 
104 
105 
105 
104 

105 

- 

68 
58 

58 
68 

87 
87 

5 8 8 8  
87 

6 9 8 8  
a7 

59 

58 
I 
68 

67 
87 

87 
87 
s7 

5 8 8 6  

a7 

58 

. s  
I 
57 
60 

a7 

a7 
87 

5 8 8 8  

86 
86 

134 
133 
134 
133 
I34 
184 

163 
163 
163 
163 
162 
162 

- - 
192 - 
‘192 
192 
192 
193 
193 
192 

193 
192 
193 
193 
193 
192 

192 
169 
192 
192 
192 

191 
192 
192 
192 
191 
192 

191, 

- 

- - 
221 - 
233 
221 
321 
221 
aM 
232 

222 
232 
221 
221 
221 
323 

221 
219 
a20 
221 
221 
220 

221 
221 
a20 m 
221 
221 
- 

- - 
297 - 
298 
298 
296 
297 
297 
297 

297 
297 
296 
297 
297 
299 

297 
296 
297 
297 
298 
296 

297 
297 
296 
297 
298 
297 
- 

- - 
355 - 
356 
365 
354 
356 
354 
355 

356 
356 
355 
355 
356 
356 

355 
253 
356 
355 
855 
354 
855 
355 
355 
356 
856 
855 

L - 
2ml - 
251 
251 
250 
251 
250 
251 

251 
251 
250 
250 
249 
251 

250 
248 
260 
2M) 

268 

250 
250 
250 
249 
a50 
249 

2m 

- 
- 
250 
L 

250 
250 
250 
251 
249 
251 
249 
251 
249 
251 
248 
261 

250 
260 
260 
250 
261 
249 

252 
248 
262 
248 
251 
249 - 

- - 
a79 - 
279 
280 ne 
280 
280 
280 
279 
380 
278 ne ne 
280 
279 
270 
279 
280 
279 
277 

279 
278 
279 ne 
2i9 
279 
- 

- 
279 - 
280 
279 
280 
281 
278 
280 
277 
280 
278 
780 an 
280 

278 
280 
278 
279 ne 
278 

281 
277 
280 
277 
281 
278 - 

Series 14 -- I 
13 
14 
14 
14 
14 
14 

14 
14 
14 
16 
14 
14 

14 
13 
14 
14 
14 
14 

13 
14 
16 
14 
16 
14 

327 
327 
326 

325 
338 

326 
327 
325 
328 
326 
327 

327 
324 
327 
328 
326 
325 

327 
3% 
338 
328 
3 3  
324 

338 

- 
CONSTITUENT 00 

- - 
221 - 
221 
221 
220 
223 
230 
223 

219 
223 
220 
223 
219 
323 

221 
221 
222 aao 
232 
a20 

234 
218 
222 
2ls 
322 aao - 

- - 
I34 - 
134 
136 
133 
137 
132 

132 

134 
134 
133 
134 

136 
133 
135 
132 
136 
133 

135 
132 
135 
133 
135 
134 

la5 

- 

- - 
163 - 
163 
164 
162 
166 
162 
168 

161 
165 
163 
163 
162 
162 

163 
162 
161 
162 
164 
161 

165 
161 
164 
161 
163 
183 - 

- - 
192 -- 
193 
193 
192 
194 
191 
194 

190 
194 
191 
193 
191 
193 

193 
192 
192 
191 
193 
1W 

193 
l89 
193 
190 
193 
191 
- 

- 
68 - 
68 
60 
57 
60 
68 Ea 
58 
68 
69 
68 
68 
51 

58 
67 
69 
57 
58 
57 

58 
57 
58 
58 
57 
58 - 

- 
87 - 
86 
88 
86 
88 
87 
88 
86 
88 
88 
87 
87 
87 

88 
87 
88 
85 
87 
8(1 

88 
85 
87 
86 
87 
87 - 

a97 - Series 29 I-- 
356 369 
855 369 
355 . 369 
355 370 
355 . 369 
855 360 
355 388 
855 369 
365 369 
355 360 
IL55 368 
355 369 

855 369 
356 370 
364 369 
356 369 
354 . 369 
355 369 

356 370 
354 368 
356 369 
354 388 
356 370 
354 388 

105 ~.. 
lob 
104 

29Ij 
297 
206 
297 
297 
296 

327 
323 
326 
324 
327 
325 - 

106 
104 
106 
104 
105 
105 
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Table 32.-Divisors for primary stencil sums-Continued 
CONSTITUENT P 

~ 

Scrim 29 I-- 

Serias 29 I- 

- - 
58 - 
58 
58 
SR 
59 
58 
58 

58 
53 
58 
58 
54 
58 

58 
58 
59 
58 
58 
58 

58 
58 
57 
57 
57 
58 
- 

- - 
68 - 
59 
58 
59 
€6 
69 
58 

59 
55 
58 
69 
58 
58 

67 
59 
68 
68 
58 
58 

51 
58 
61 
51 
68 
58 
- 

- - 
87 - 
87 
87 
87 
88 
87 
87 

87 
88 
87 
87 
87 
88 

87 
87 
&3 
87 
.87 
87 

87 
86 
86 
88 
86 
87 

- - 
105 - 
105 
105 
105 
106 
105 
105 

105 
108 
105 
105 
105 
108 

105 
10R 
105 
log 
104 

105 
104 
104 
104 
104 
105 

10.5 

- - 
134 - 
135 
134 
134 
135 
134 
134 

134 
135 
134 
134 
134 
135 

134 
134 
135 
1.33 
134 
133 

134 
133 
134 
133 
133 
134 

- - 
I63 
._ 

164 
163 
163 
164 
164 
187 

163 
164 
163 
164 
163 
164 

163 
ISa 
163 
162 
1M 
162 

163 
162 
163 
162 
162 
163 

- -_ 
192 - 
193 
192 
192 
193 
193 
182 

192 
193 
193 
1% 
192 
192 

191 
192 
192 
191 
192 
192 

1% 
191 
192 
101 
191 
192 

- - 
221 
L 

222 
221 
222 
222 
223 
221 

221 
222 
221 
221 
220 
221 

a30 
221 
22l 
2% 
22l 
221 

221 2m 
221 
221 
220 
221 

- - 
87 - 
88 
86 
88 
86 
89 
57 

88 
87 
87 
88 
86 
88 
86 
89 
87 
88 
86 
87 

85 
87 
86 
87 
87 
85 
- 

- - 
105 - 
106 
104 
106 
103 
107 
105 

107 
104 
105 
106 
104 
108 

104 
107 
104 
107 
104 
106 

103 
lob 
104 
105 
108 
103 
- 

CONS~TUENT Q 
- - 
134 - 
136 
133 
135 
132 
136 
133 

136 
133 
135 
135 
134 
134 

133 
136 
133 
136 
133 
135 

131 
134 
132 
134 
134 
133 
- 

- - 
163 - 
104 
162 
165 
161 
166 
162 

165 
162 
164 
163 
163 
164 

163 
165 
161 
164 
161 
164 

160 
164 
161 
164 
162 
162 
- 

- - 
la2 - 
194 
191 
193 
Is0 
195 
191 

1% 
191 
194 
192 
192 
192 

191 
102 
191 
191 
190 
193 

188 
193 
190 
193 
191 
192 
- 

- - 
221 - 
222 
221 
333 
220 

219 

a24 
219 m 
221 
221 
a20 

220 
221 m 
2a2 
219 
223 

218 
2!23 
218 
222 
220 
221 

a25 

- 

- - 
350 - 
251 
2% 
251 
251 
251 
250 

251 
251 2m 
a50 
249 
2w 
249 
250 
2% 
249 
250 
250 

250 
249 
250 
w) 
249 
250 

- - 
279 - 
a80 
279 
230 
280 
280 
279 

279 
279 
278 
279 
279 
279 

278 
279 
!a0 
2i8 
279 
279 

279 
278 
279 
279 
278 
279 

- - 
297 - 
298 
297 
298 ass 
297 
296 
207 
297 
2116 
291 
2R7 
297 

2% 
297 
298 
298 
297 
297 

298 
a(16 
297 
297 
298 
298 

- - 
250 - 
25Ll 
250 
251 
249 
2.53 
249 

254 
248 
251 
24s 
250 
249 

250 
250 
250 
251 
24s 
251 

247 
353 
247 
252 
249 
251 
- 

- - 
279 - 
380 
250 
280 
27s 
283 
277 

281 
277 aao 
27s 
a80 
277 

279 
278 
279 
280 
378 aao 
277 
281 
276 
281 
!a77 aao 
-. 

-- - 
!a97 - 
297 
2w ass 
297 
299 
298 

300 
295 ass 
296 
288 
295 

29; 
asp, 
297 
297 
298 
a88 

295 
299 
294 
a98 
295 
298 

- - 
328 - 
337 
297 
327 
327 
338 
325 

3 1  
326 
325 
326 
336 
326 

325 
326 
327 
325 
326 
326 

327 
325 
326 
3?a 
325 
327 
- 

- - 
338 - 
328 
327 
326 
826 
3% 
325 

328 
324 
326 
325 
3.27 
324 

327 
325 
327 
323 
325 
326 

324 
338 
324 
328 
325 
327 

- - 
as -- 
356 
354 
3.55 
356 
355 
354 

355 
356 
354 
355 
355 
356 

354 
355 
358 
.%4 
365 
355 

356 
354 
355 
355 
354 
358 
- 

- - 
356 - 
355 
357 
354 
354 
356 
254 

358 
354 
356 
3.55 
355 
353 

356 
354 
350 
355 
355 
355 

354 
356 
353 
858 
354 
357 
- 

- - 
169 - _  
369 
368 

.369 
370 
369 
368 

369 
370 
388 
369 
369 
370 

385 
369 
370 
368 
370 
389 
870 
360 
369 
369 ana 
370 
- 

- - 
a69 - 
368 
370 
368 
369 
370 
369 

371 
369 
369 
369 

368 

370 
369 
371 
358 
368 
368 

367 
370 
367 

888 
370 

370 

an, 

-- 
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Table 32.-Dioisors for primary stencil sums-Continued 

CONSTITUENT 2 Q  

58 

69 
77 
64 
50 
50 

50 
60 
76 
64 
50 
50 

Series 29 I- 87 -- 
5 0 8 3  

101 
lo2 
89 
75 
75 

83 
102 
101 
89 
15 
75 

26 
25 
36 
39 
25 
25 

25 
25 
36 
39 
25 
26 

25 
25 
37 
38 
25 
25 

25 
25 
36 
37 
24 
24 

134 

142 
141 
142 
I29 
116 
136 

142 

141 
129 
115 
136 

142 
142 
142 
128 
115 
136 

142 

163 -- 
167 
166 
167 
154 
159 
167 
167 

166 
154 
159 
167 

157 
167 
167 
153 
159 
166 

i67 

334 

334 
320 
307 
332 

359 
333358 

359 
345 
355 
358 

- - 
105 - 
113 
116 
117 
104 
90 
90 

113 
117 
116 
104 
90 
90 

113 
117 
117 
103 
90 
90 

113 
117 
117 
103 
90 eo 

241 
254 
267 
255 w 
241 

241 

254 
241. 

241 

288 
254 
241 
241 

277 
293 
292 
280 
365 
266 

277 
2 5 4 2 9 3  
2 6 8 2 9 3  

279 
266 

2 4 0 2 6 5  

278 
254m 

293 
279 
266 
266 

334 
334 
333 
320 
305 
331 

Series 29 
--- 

368 
358 
357 
345 
353 
358 

30 
29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 
29 

29 
29 
29 
29 
29 
29 

as 

60 
80 
77 
63 
60 
49 

- - 
58 - 
59 
59 
58 
58 
58 
58 

57 
58 
58 
58 

.58 
58 

58 
58 
.58 
58 
58 
57 

58 
58 
58 
58 
58 
58 
- 

83 
101 
101 
87 
74 
74 

- - 
87 - 
' 8 8  
88 
88 
87 
87 
86 

86 
87 
87 
87 
87 
87 

87 
87 
87 
87 
87 
86 

87 
87 
87 
87 
87 
87 - 

332 
333 
333 
319 
306 
330 

- - 
105 - 
108 
108 
108 
105 
105 
104 

104 
105 
105 
106 
105 
105 

105 
105 
105 
105 
105 
104 

105 
105 
105 
105 
105 
105 
- 

357 
358 
358 
344 
354 
357 

- - 
192 - 
192 
191 
192 
188 
192 
192 

192 
192 
191 
197 
191 
192 

192 
191 
191 
194 
191 
190 

191 
191 
191 
194 
191 
191 

49 
, 58 
76 
62 
49 
49 

__ - 
134 
- 

135 
135 
135 
135 
134 
133 

133 
134 
134 
134 
134 
134 

134 
134 
134 
134 
133 
133 

134 
134 
134 
134 
134 
134 

81 
101 
101 
87 
74 
74 

- - 
221 - 
217 
216 
233 
230 
217 
217 

217 
217 
232 
230 
215 
216 

216 
216 
231 
229 
216 
215 

216 
216 
231 
229 
216 
216 

142 
142 
141 
127 
114 
135 

250 279 

ZIT 

166 
188 
166 
152 
158 
166 

333 
332 
333 
319 
306 
331 

CONSTITUENT R 

3.58 
357 
358 
344 
354 
358 

163 192 -1- 
164 
164 
164 
164 
163 
162 

103 
193 
193 
193 
192 
192 

251 
251 
251 
250 
250 
250 

- - 
221 - 
222 
222 
233 
221 
221 
221 

221 
221 
221 
221 
221 
221 

221 
221 
221 
220 
220 
224 

221 
221 
221 
221 
221 
231 
- 

280 
a80 
279 
279 
279 
279 

327 
326 
38 
326' 
326 
326 

356 
355 
355 
355 
355 
355 

162 
163 
163 
163 
163 
163 

163 
163 
163 
163 
162 
162 

163 
163 
163 
163 
163 
163 

191 
192 
192 
192 
192 
192 

192 
192 

. 192 
191 
191 
191 

192 
192 
192 
192 
192 
192 

- - 
297 - 
309 
m 
309 
295 
282 
282 

309 
308 
308 
296 
281 
283 

307 
308 
308 
294 
281 
280 

308 
307 
308 
294 
281 
281 
- 
- - 
297 - 
298 
298 
297 
297 
297 
297 

297 
2Qa 
298 
298 
297 
297 

297 
296 
296 
296 
296 
298 

297 
297 
297 
297 
297 m 
- 

250 
251 
250 
250 
250 
250 

326 355 -I- 

279 
280 
280 
279 
279 
279 

326 
327 
327 
327 
327 
326 

355 
356 
366 
356 
356 
356 

250 
250 
249 
249 
249 
249 

279 
279 
278 
278 
278 
278 

326 355 -I- 

250 
250 
250 
250 
250 
250 

279 
279 
279 
279 
279 
279 

326 
326 
326 
326 
326 
326 

325 I 354 
355 
355 
355 
356 
355 
365 

- - 
369 - 
371 
370 
371 
366 
370 
370 

370 
370 
369 
365 
369 
370 

369 
370 
370 
364 
370 
369 

370 
369 
370 
364 
470 
370 
- 

- - 
369 - 
370 
369 
369 
369 
369 
369 

369 
370 
370 
370 
370 

368 
368 
368 
368 
368 
368 

369 
369 
369 
369 
360 
369 

370 

- 
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280 
279 
279 
279 
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Table 32.-Divisors for  pr imary  stencil sums-Continned 
C~NSTITUENT T 

298 
297 
297 
297 

280298 
2 8 0 2 9 8  

- - 
58 - 
58 
58 
58 
58 
58 
69 

58 
53 
53 
58 
58 
68 

58 
58 
59 
58 
63 
58 

58 
58 
58 
58 
57 
67 

279 
279 
281 
278 
278 
278 

- - 
87' - 
88 
87 
87 
87 
87 
88 
87 
87 
87 
87 
87 
87 

87 
87 
88 
87 
87 
87 

87 
87 
87 
86 
I 
88 

297 
297 
298 
296 
296 
296 

- - 
134 - 
135 
134 
134 
134 
134 
135 

134 
134 
134 
135 
134 
134 

,134 
134 
135 
134 
134 
134 

134 
134 
133 
133 
133 
133 

135 
134 
134 
136 
134 
134 

134 
135 
134 
135 
135 
134 

114 
134 
1b4 
134 
133 
134 

133 
133 
133 
134 
133 
133 

- - 
163 - 
164 
163 
163 
163 
163 
164 

1M 
163 
163 
164 
163 
163 

163 
163 
164 
163 
163 
163 

163 
163 
163 
162 
162 
162 

164 
182 
162 
165 
164 
162 

162 
163 
162 
163 
166 
162 

162 
162 
163 
163 
164 
164 

182 
162 
162 
164 
164 
163 

- - 
192 - 
193 
192 
192 
192 
193 
193 

192 
192 
192 
193 
192 
192 

192 
192 
193 
192 
192 
192 

191 
192 
191 
191 
191 
191 

233 
221 
219 
222 
,221 
221 

- - 
231 - 
22!2 
221 
221 
221 
222 
222 

221 
221 
221 aaa 
221 
221 

221 
221 
223 
221 
,221 Zm 

221 
am 
am 
2m am 
2m 

252 
250 
250 
252 
250 
as0 

- - 
328 - 
327 
326 
328 
326 
338 
327 

326 
326 
328 
338 
326 
326 

326 
325 
327 
325 
325 
325 

326 
328 
325 
335 
325 
326 

221 
221 

230 
221 
a23 

2m 

Series I 29 

249 
249 

249 
249 
251 

251 

355 I 369 105 

106 
105 
105 
105 
105 
106 

105 
105 
105 
105 
105 
105 

105 
105 
106 
105 
105 
105 

105 
105 
105 
104 
104 
104 

370 
369 
369 
369 
371 
370 

869 
369 
369 
371 
369 
369 

368 
369 

368 
368 
368 

369 
369 
368 
388. 
368 
3e5 

370 

251 
a50 
a50 
a50 
251 
251 

250 
250 
250 
261 
250 
a50 

w) 
250 
252 
250 
249 
249 

249 
250 
249 
249 
249 
250 

358 
355 
355 
356 
357 
358 

355 
355 
355 
357 
355 
356 

364 
355 
356 
354 
354 
354 

355 
355 
364 
354 
354 
355 

379 297 % I  z 
aSi aeS 

297 
279 297 

297 
297 
296 
298 
296 
297 

-. . 
279 

C O N S ~ E N T  X 
- - 
58 - 

68 
57 
57 
59 
M)  
59 

58 
57 
57 
58 
80 
59 
57 
57 
57 
58 
69 
60 
57 
57 
57 
MI 
69 
58 
- 

- - 
87 - 
39 
87 
88 
88 
88 
88 
88 
88 
86 
87 
88 
87 

87 
87 
85 
86 
87 
88 

87 
86 
85 
86 
87 
87 
i 

- - 
105 - 
107 
106 
104 
105 
105 
105 

105 
106 
104 
104' 
106 
105 

105 
105 
105 
104 
105 
106 

105 
105 
104 
104 
105 
106 
- 

- - 
192 - 
194 
191 
191 
194 
193 
193 

193 
192 
191 
192 
195 
193 

191 
190 
191 
191 
192 
194 

191 
190 
190 
192 
192 
192 
- 

- - 
279 - 
a80 
278 
278 
282 
279 
278 

278 
a80 
278 
279 
282 
278 

278 
278 
280 
279 
280 
280 

278 

,278 
281 
279 
277 

n 8  

- 

- - 
297 - 
298 
296 
296 
300 
298 
297 

206 
298 
296 
297 
301 
297 

296 
296 
Fa8 
296 
29z 
299 

295 
295 
295 
298 
297 
296 
- 

- - 
326 - 
330 
335 
324 
338 
326 
326 

328 
326 
324 
325 
329 
326 

326 
324 
336 
325 
326 
329 

328 
324 
324 
327 
3% 
326 
- 

- - 
355 - 
358 
355 
354 
357 
355 
355 

355 
358 
354 
354 
358 
355 

355 
354 
355 
353 
354 
357 

364 
354 
353 
355 
354 
354 
- 

"1" ,series I 29 "'I" 
29 
29 as 
31 
31 
29 

29 as 
2Q 
30 
31 
28 

28 
28 
28 
29 
30 
a8 

28 
28 
28 
29 
30 
as 

372 
369 
369 
371 
369 
369 

369 
371 
368 
307 
371 
368 

368 
368 
371 
367 
368 
371 

368 
368 
368 
370 
368 
368 
- I I 
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Table 32.-Dioisore for  p r i m a r y  etencil sums-Continued 

C0"ITWENT p 

106 
107 
105 
104 
106 
106 

Series 

135 
135 
134 
134 
136 
133 

- - 
20 - 
29 
30 
30 
27 
30 
30 

27 
29 
30 
29 
28 
30 
29 
28 
29 
30 
29 
28 

29 
30 
27 
30 
30 
I 
- 

103 
106 
107 
104 
105 
105 

59 
61 
57 
57 
60 
57 

56 
59 
69 
57 
58 
59 

57 
57 
59 
59 
57 
57 

69 
67 
57 
60 
6a 
66 

133 
136 
134 
134 
134 
134 

89 
88 
88 
87 
87 
86 

86 
88 
87 
87 

86 

86 
87 
88 
87 
87 
86 

86 
87 
87 
88 
87 
85 

as 

105 
104 
106 
107 
104 
103 

- - 
58 - 

5( 
5t 
M 
B( 
6: 
5i 

6! 
5: 
61 
6: 
66 
55 

56 
62 
60 
55 
&5 
68 

62 
69 
55 
55 
69 
62 
- 

133 
134 
136. 
134 
133 
133 

- - 
87 - 
88 
83 
88 
88 
80 
85 
83 
90 
89 
80 
84 
85 

89 
90 
88 
83 
86 
88 

89 
86 
82 
87 
88 
89 
. _  - 

106 
106 
104 
106 
lo5 
101 

135 
w 
134 
136 
132 
131 

337 
322 
324 
329 
329 
326 

355 
351 
358 
357 
357 
354 

330 357 

323 350 
523 366 

328 358 

327 354 

3% 357 1 
, 

- - 
105 - 
102 

101 
1W 
105 
101 

1Oi 
Iff 
105 
101 
107 

106 
107 
105 
101 
107 
106 

107 
103 
101 
106 
105 
106 

10; 

104 

. .  - 

323 
325 
329 

324 
323 

- - 
163 - 
163 
164 
164 
163 
162 
163 

163 
163 
164 
163 
163 
162 

163 
164 
163 
164 
162 
162 

163 
164 
163 
164 
162 
161 
- 

362 
358 
357 

3 3 0 3 5 8  
351 
353 

- - 
192 _- 
192 
194 
193 
190 
192 
.I93 

190 
193 
194 
191 
191 
192 

193 
191 
193 
193 
191 
190 

193 
193 
191 
193 
192 
190 
- 

326 
330 
328 
323 
323 
327 

CONSTITUENT P 

3M 
357 
a55 
3 w  
355 
3% 

135 165 
134 161 
135 182 
134 ' 161 
135 167 
135 184 

134 161 
135 162 
134 l6l 
134 19 
134 162 ' 
134 162 

133 161 
134 164 
134 . 167 
133 161 
134 162 , 
133 161 , 
134 1 5  
w le4 
133 161 
I34 162 
133 160 
134 165 

~ . _I. . I 

- - 
192 - 
192 
186 
1W 
19: 
188 
191 

186 
191 
194 
197 
190 
190 

190 
195 
194 la 
189 
192 

195 
198 
188 
189 
193 
195 
- 

- - 
231 - 
223 
223 
231 
219 
223 
220 

220 
223 
222 
310 
221 
223 

Mo 
221 
222 
222 
219 
220 
223 
231 
321 
223 azo. 
219 
- 

- - 
221 - 
221 
2lt 
?% 
2% 
22i 
21( 

21i 
?% 
22: 
224 
217 
219 

223 
223 
223 
Zl6 
221 an 
a23 
221 
216 aaa 
23a 
328 
- 

- - 
250 - 
252 
252 
250 
249 
249 
250 

260 
251 
260 
249 
251 
a 9  

260 
251 
w) 
250 
249 
249 

250 
251 
260 
250 
249 
249 - 

- 
280 
I 2  
280 
376 
279 
280 
378 
280 

ne na 
279 

280 
a79 

280 
378 
277 

280 
281 
277 
279 

278 

a79 

273 

n s  

- 

249 288 

252 280 

251 280 
249 281 

252 a78 
250 377 
252 282 
248 219 
251 278 

251 218 
251 218 
a6O 281 
247 ns 
260 218 

a60 ma 
w) na 

a50 zn 

a60 n 8  

250 n 8  

2.50 n a  

a48 282 
249 278 
250 278 

350279 

297 - 
299 
a98 
286 
296 
298 
297 

287 
288 
296 
296 
as8 
297 

297 
297 
aa8 rn 
286 
297 

296 
296 
296 
297 
295 
'295 
- 

- - 
297 - 
30( 
29! 
!a9i 
2Bt 
30: 
aB( 

29: m m 
30: 
296 
295 

295 
298 
300 
295 
295 
295 

288 
299 
296 
295 
295 
300 - 

- - 
326 - 
3 3  
337 
326 
325 
3 3  
337 

328 
326 
326 
326 
326 
3.26 

326 

337 
326 
325 

8-27 
325 
336 
325 
325 

327 

335 

327 

- 

- 
356 
356 
355 
353 
356 
356 

354 
355 
366 
354 
355 
356 

356 
353 
365 
367 
354 
354 

366 
366 
363 
356 
556 
362 
- 

369 - 
369 . 
369 
369 
368 
369 
370 

369 
369 
369 
369 
369 
369 

369 
369 
368 

369 ass 
369 
370 
369 
369 
369 
369 

370 

- 

368 
367 
371 

367 

360 
371 
370 
371 
365 
371 

370 
371 
369 
365 
371 
369 

370 
370 

370 
367 
366 
339 
370 
369 - 



296 

250 

251 
251 
249 
252 
250 

252 

251 
251 
249 
252 

249 
250 
250 
248 
250 
250 

24a 
251 
249 
249 
251 
?AS 

mg 
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Table 32,-Dioisors for primary stencil sums-Continued 
CONSTITUENT p 

279 -- 
279 
r?so 
278 
281 
279 

2 5 0 2 7 8  

282 

280 
280 
278 
a80 

279 
280 
a80 
276 
279 

277 
250 
277 
278 
281 
277 

278 

e 

- - 
369 - 
369 
372 
367 
371 
370 
388 

371 
369 
370 
371 
366 
369 

369 
368 
370 
367 
369 
310 

367 
369 
365 
368 
371 
367 

12 _ _ _ _ _ _ _ _ _ _ _  
13: _ _ _ _ _ _ _ _ _ _  
14 _ _ _ _ _ _ _ _ _ _ _  
15 _ _ _ _ _ _ _ _ _ _ _  
16 _ _ _ _ _ _ _ _ _ _ _  
17 _ _ _ _ _ _ _ _ _ _ _  

- - 
58 - 
Fa 
69 
57 
58 
58 
58 

58 
58 
58 
58 
57 
58 
58 
59 
58 
57 
59 
57 

!s 
58 
57 
59 
58 
MI 
- 

- - 
58 - 
59 
58 
58 
58 
58 
58 

58 
58 
59 
57 
58 
59 

58 
58 
59 
59 
67 
69 

58 
57 
57 
MI 
57 
57 
- 

29 
30 
29 
28 
30 
28 

- - 
87 - 
89 
88 
87 
87 
87 
87 

87 
87 
87 
87 
86 
87 

86 
88 
87 
86 
88 
86 

87 
87 
88 
87 
88 
86 
- 

88 
88 
E9 
86 
87 
87 

- - 
105 - 
107 
lob 
105 
106 
106 
106 

108 
104 
105 
105 
104 
105 

104 
106 
104 
104 
108 
104 

104 
108 
104 
105 
105 
104 
- 

105 
106 
105 
104 
108 
105 

- - 
134 - 
135 
l34 
134 
135 
135 
l34 

136 
134 
135 
133 
133 
134 

133 
135 
134 
132 
135 
133 

133 
135 
132 
134 
135 
133 
- 

12 _ _ _ _ _ _ _ _ _ _ _  
13 _ _ _ _ _ _ _ _ _ _ _  
14 _ _ _ _ _ _ _ _ _ _ _  
15 _ _ _ _ _ _ _ _ _ _ _  
16 _ _ _ _ _ _ _ _ _ _ _  
17 _ _ _ _ _ _ _ _ _ _ _  

- - 
163 - 
164 
164 
162 
165 
163 
163 

165 
163 
165 
162 
162 
163 

162 
163 
163 
162 
164 
161 

162 
164 
161 
163 
164 
162 
- 

28 
29 
29 
29 
28 
29 

- - 
192 - 
193 
193 
191 
194 
192 
192 

193 
192 
194 
192 
191 
193 

190 
192 
193 
190 
193 
191 

191 
193 
190 
191 
193 
191 
- 

88 
87 
86 
88 
87 
87 

- - 
221 - 
233 
222 
22a 
224 
221 
220 
2?3 
0 1  
223 
223 
220 
223 

219 
221 
221 
219 
222 azo 
22a 
232 
219 aao 
222 
219 
- 

105 
105 
103 
105 
105 
104 

- - 
297 - 
297 
388 
295 
290 
297 
296 

299 
298 
288 
298 
296 
298 

297 
297 
299 
495 
2m 
298 

295 
297 
295 
296 
298 
205 
- 

- - 
326 - 
320 
328 
324 
328 
320 
325 

328 
325 
326 
327 
325 
327 

326 
328 
323 
3% 
327 
327 

325 
320 
325 
324 
328 
323 
- 

- - 
328 - 
325 
327 
326 
325 
320 
327 

326 
32a 
327 
325 
328 

326 
338 
326 
327 
326 
325 

3% 
327 
325 
328 
327 
325 

326 

- 

- - 
355 - 
356 
356 
353 
357 
355 
354 

357 
354 
355 
357 
353 
356 

355 
355 
357 m 
355 
350 

354 
356 
354 
363 
357 
352 
- 

- - 
356 - 
355 
350 
355 
355 
350 
356 

356 
355 
365 
354 
355 
354 

3 1  
355 
355 
355 
355 
354 

354 
356 
354 
355 
355 
'355 
- 

CONSTITUENT MK 
- - 
231 - 
222 
222 
221 
221 
322 
22a 

221 
221 
221 
220 
221 
221 

azo 
221 aaa 
221 aao 
232 

a20 
221 
221 
221 
221 
221 
- 

- - 
m - 
279 
280 
275 
278 
280 
279 

279 
279 
as0 
278 
279 
279 

279 
278 
280 
280 
278 
279 

279 
279 
278 
280 
280 
278 
- 

- - 
134 - 
135 
135 
134 
133 
134 
134 

134 
133 
135 
134 
133 
134 

134 
133 
134 
135 
133 
134 

134 
135 
133 
134 
135 
134 
- 

- - 
163 - 
164 
163 
164 
163 
163 
164 

164 
163 
164 
164 
163 

163 
1 6  
103 
163 

163 

162 
163 
162 
162 
103 
183 

isa 

iaa 

- 

- - 
192 - 
192 
192 
192 
191. 
192 
192 

193 
192 
193 
192 
192 
192 

192 
192 
163 
192 
192 
193 

191 
193 
191 
191 
191 
192 
- 

- - 
250 - 
351 
251 
249 
250 
251 
250 

250 
251 
251 
240 
251 
250 

250 
250 
250 
250 
249 
250 

248 
25a 
!249 
260 
250 
Mil - 

- - 
ma - 
368 
369 
369 
368 
369 
369 

369 
369 
369 
3R9 
369 
369 

369. 
'369 
370 
388 
369 
369 

368 

369 
369 
369 

3 m  

m 

87 I 106 

' 8 6  
87 
88 
86 
86 

105 
106 
106 
105 
109 
108 

86 
86 
88 
87 
88 
87 

105 
106 
106 
106 
105 

297 
297 
297 
297 
296 
296 

296 
297 
296 
297 
297 
297 

104 

I 
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Table 32.-Dioisors for primary stencil sums-continued 
CONSTITUENT oMK 

- - 
355 - 
365 
356 
355 
355 
355 
357 

354 
356 
355 
3 1  
365 
356 

356 

365 
354 
353 

356 
354 
355 
354 
355 
354 

FA 

- 

- - 
869 . .  - 
869 

368 
388 
368 
370 

388 
370 
388 
369 
369 

' 370 

869 
'368 
388 
369 
388 
388 

371 
388 
388 
368 
370 
388 

3 m  

- 

- - 
106 - 
108 
108 
108 
105 
106 
106 

104 
105 
105 
104 
105 

105 
104 
104 
105 
106 
104 

108 
105 
104 
105 

104 

108. 

108 

- - 
163 - 
164 
164 
163 
163 
164 
164 

163 
164 
163 
164 
164 
164 

162 

162 
163 
163 
162 

163 
lea 

163 
163 
162 

lea 

iea 

- 

- - 
192 - 
193 
193 
193 
193 
192 
183 

191 
192 
192 
192 
192 
193 

192 
191 
191 
192 
183 
191 

193 
I92 
191 

193 
191 

m a  

- 

- - 
Dl - 
221 
321 
321 
223 
231 
222 

321 
221 
M1 aaa 
221 
323 

221 
231 
2ao 
231 aaa m 

221 

220 
231 
219 

zza 
320 

- 

- - 
ass - 
326 
3a7 
325 
3% 
328 
327 

335 
327 
328 
326 

327 

326 
325 
328 
326 
326 
325 

338 
325 
326 
326 
326 
325 

326 

- 

- - 
aw - 
298 
298 
297 ase 
297 
?A% 

297 
a60 
296 
297 
297 
297 

ass 
?wI 
297 
296 
297 
296 

aes ass 
297 
297 
297 
296 

- - 
250 - 
251 
250 
350 
251 
w) 
251 

250 
251 
aM) 
251 
251 
251 

?48 
2-48 
249 
!a9 
250 
249 

260 
249 
aM) 
a50 
a50 
249 

- - 
150 - 
a53 
a50 
248 
254 w 
a58 
!?A7 
250 
261 
247 
255 
247 

252 
-24s w 
253 
248 
254 

246 
250 
251 
246 
254 
246 
- 

- - 
134 - 
134 
134 
134 
133 
134 
135 

134 
135 
134 
134 
135 
135 

134 
134 
133 
134 
135 
133 

135 
134 
133 
133 
134 
133 

- - 
58 - 
m 
59 
59 
I 
P 
59 

58 
59 
I 
87 
I 
59 

57 
57 
57 
58 
57 
57 

59 
58 
57 
IB 
58 
57 
- 

- - 
87 - 
' 87 
87 
87 
8F, 
87 
88 
86 
87 
87 
87 
88 
88 

87 
87 
86 
87 
87 
86 
88 
87 
87 
87 
87 
87 

series 

- - 
221 - 
223 
?#!a 
218 
226 

225 

220 
221 
224 
218 
233 
2l8 

323 
230 
218 
325 
216 
224 

218 
230 
223 
31 6 
a28 

ai7 

ai6 - 

- - 
105 - 
104 
109 
101 
108 
104 
108 

108 
101 
108 
102 
108 
107 

102 
107 
100 
107 
1W 
104 

107 
100 
108 
101 
107 
105 
- 

- - 
87 - 
85 
90 
84 
91 
87 
88 

90 
a3 
90 
84 
89 
6?3 

84 
89 
83 
89 
86 
86 

89 
83 
69 
84 
88 
88 
- 

- - 
I34  - 
134 
139 
129 
139 
133 
136 

136 
130 
138 
129 
137 
134 

132 
137 
128 
137 
131 
135 

135 
131 
138 
129 
137 
133 
- 

- - 
163 - 
163 
166 
158 
168 
,159 
165 

164 
160 
168 
157 
167 
162 

162 
165 
159 
168 
159 
165 

163 
161 
168 
167 
167 
161 
- 

- - 
192 - 
193 
194 
188 
198 
197 
195 

192 
190 
1% 
187 
198 
190 

193 
193 
189 
198 
lS7 
195 

180 
190 
195 
180 
198 
188 
- 

- - 
355 - 
356 
355 
355 
355 
355 
356 
355 
356 
355 
355 
356 
356 

365 
355 
355 
356 
355 
355 

354 
35s 
354 
354 
364 
354 
- 

"1"" Series I 29 

370 
370 
869 

369 
369 
3RB 
368 
'369 
368 
388 
370 

368 
388 
388 
370 
368 
388 
388 
,368 
568 
869 

'368 
369 

370 

- 

56 
Bo 
1 
60 
59 
57 

301 338 
296 325 
297 326 
290 338 
296 325 
301 328 

61 
56 
61 
57 
60 
61 

' 5 5  
59 
65 
59 
I 
Ea 

290 327 
294 324 
296 327 
298 3% 
294 326 
290 327 

12 .__________ I 
13 ___._______ 30 
14 _ _ _ _ _ _ _ _ _ _ _  38 
15. _ _ _ _ _ _ _ _ _ _  30 
16 _ _ _ _ _ _ _ _ _ _ _  30 
17 _ _ _ _ _ _ _ _ _ _ _  28 

351 
?36 
283 

59 
55 
59 
56 
58 
69 

%sa 
276 
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Table 32.-Divisors for primary stencil sums-continued 
CONSTITUENT M8 

108 
106 
lo5 
107 
106 
108 

30 59 
30 58 
2 8 5 8  
30 68 
29 58 
30 ' 58 

185 
134 
134 
135 
134 
134 

as 
30 
28 
28 
30 
30 

28 
28 
29 
29 

29 

28 
29 
29 
28 
28 

m 

m 

igz 
192 
192 
194 
191 
192 

58 
68 
68 
57 
59 
58 

58 
57 
69 
58 
58 
58 

58 
rn 
59 
58 
58 
57 

222 
221 
222 
223 
221 
221 

194 
lea 
191 
192 
193 
192 

- - 
58 - 
57 
60 
56 
60 
55 
60 

56 
60 
57 
59 
59 
67 

59 
17 
60 
65 
80 
56 

60 
57 
59 
57 
58 
58 
- 

223 
220 
Mo 
220 na 
Mo 

- - 
87 - 
88 
88 
87 
88 
87 
88 
88 
87 
87 
87 
88 
88 

87 
86 
87 
87 
86 
87 

86 
86 
87 
86 
86 
86 
- 

104 
105 
105 
105 
104 
108 

105 134 -1- 

134 
134 
135 
134 
134 
135 

192 
193 
lea 
192 
193 
193 

105 I 135 

231 
221 
221 
230 
232 
221 

190 
191 
192 
191 
190 
192 

101 133 

104 1 133 105 133 

. 220 
220 
222 
230 am 
221 

87 105 i- skies 

Hour 
0 - -___- - - -__  
1 _ _ _ _ _ _ _ _ _ _ _  
2 _ _ _ _ _ _ _ _ _ _ _  
3 _ _ _ _ _ _ _ _ _ _ _  
4 _ _ _ _ _ _ _ _ _ _ _  
5 _ _ _ _ _ _ _  :--- 
6 _ _ _ _ _ _ _ _ _ _ _  
7 _ _ _ _ _ _ _ _ _ _ _  
8 _ _ _ _ _ _ _ _ _ _ _  
9 _ _ _ _ _ _ _ _ _ _ _  
10 _ _ _ _ _ _ _ _ _ _ _  
11 _ _ _ _ _ _ _ _ _ _ _  
13 _ _ _ _ _ _ _ _ _ _ _  
13 _ _ _ _ _ _ _ _ _ _ _  
14 _ _ _ _ _ _ _ _ _ _ _  
15 _ _ _ _ _ _ _ _ _ _ _  
16 _ _ _ _ _  1 _ _ _ _ _  
17 _ _ _ _ _ _ _ _ _ _ _  
18 _ _ _ _ _ _ _ _ _ _ _  
19 
20 ___-_______ 
zl-_-_-______ 
22 ___-_____-_ 
23 _________._ 

29 - 
a8 
30 
28 
30 
28 
30 

28 
30 

' 29 
29 
30 
28 

30 
?S 
30 
a7 _ _  30 
28 

30 
29 
29 
29 
a8 
30 

87 
88 
86 
89 
SI 
90 

106 
108 
105 
107 
103 
107 

?so 
280 
279 
281 
376 

- - 
163 - . .  

164 
164 
163 
165 
168 
164 

164 
162 
162 
162 
164 
163 

163 
163 
163 
163 
163 
163 

162 
162 
184 
162 
162 
163 
- 

299 
297 
297 
298 
294 

282398 

192 22l. -I- 

356 
355 
356 
355 
353 
356 

369 
370 
370 
370 
367 
370 

84 
90 
85 
88 
86 
87 

103 
108 
103 
108 
104 
108 

277 
283 
277 
282 
279 
279 

277 
279 
279 
277 
281 
276 

282 
276 

276 
280 
278 

CONSTITUENT 28M 

285 
300 
295 
300 
295 
298 

295 
298 
297 
296 
29s 
296 

300 
295 

ma88 
295 
299 
295 

- - 
134 - 
136 
133 
135 
135 
133 
135 

133 
137 
133 
137 
133 
136 

132 
135 
133 
133 
134 
132 

135 
132 
135 
132 
135 
133 
- 

355 
358 
355 

356 355 
356 

- - 
163 - 
164 
163 
165 
163 
163 
163 

163 
164 
163 
165 
163 
164 

161 
164 
162 
168 
162 
162 

163 
162 
163 
162 
163 
162 
- 

370 
370 
370. 

3 
369 

- - 
192 - 
192 
193 
193 
193 
191 
193 

193 
193 
193 
193 
193 
193 

191 
191 
192 
191 
192 
191 

192 
192 
190 
192 
191 
193 
- 

87 
87 
88 
85 
89 
84 

- - 
D1 - 
220 
233 
220 
a23 
219 
223 

220 
223 
231 
222 
223 
220 

221 
219 
232 
219 na 
219 

aaa 
230 aao 
221 
a20 
=? - 

104 
105 
105 
103 
108 
102 

250 
250 
2w 
252 
a48 
a50 

252 
250 
W9 
250 
251 
250 

250 
251 
250 
w) 
251 
251 

248 
249 
250 
249 
348 
250 
- 

- - 
250 - 
250 
252 
249 
253 
247 
253 

248 
253 
249 
252 
251 
349 

249 
349 
251 
247 
257, 
347 

252 
248 
250 
249 
250 
250 
- 

353 

355 
355 
355 

- - 
279 - 
m 
279 
as0 
281 
279 
as0 
381 
278 
278 
279 
279 
278 

a79 
279 
278 
278 
280 

278 
279 
379 
mr 
278 
280 

;m 

- 

367 
3 5 6 3 8 9  

369 
868 
300 

3 6 5 3 6 8  

- - 
297 - .. 

297 ass 
298 
a88 
296 
297 

ass asa ass 
297 
298 
296 

a88 
297 
297 
296 ass 
297 

ass 
m 
298 
29.6 
2se 
2 w  
- 

355 
355 
314 
355 
355 
355 

369 
369 
367 
369 
368 
369 

90 
85 
89 
85 
88 
86 

- - 
336 - 
326 
326 
327 
338 
335 
327 
328 
326 
326 
326 
327 
326 

326 
325 
325 
325 
327 
328 

324 
326 
326 
326 
325 
326 

- - 
326 - 
329 
335 
3.37 
328 
324 
326 

325 
328 
326 
338 
325 
331 

333 
338 
325 
328 
326 
325 

338 
3% 
336 
336 
327 
325 
- 

108 
102 
107 
lo2 
106 
103 

- - 
355 - 
364 
355 
356 
356 
354 
256 

356 
364 
355 
355 
356 
364 

356 
355 
354 
355 
3E4l 
355 

354 
356 
355 
354 
355 
356 
- 

- - 
369 - 
369 
369 
369 
370 
368 
370 

371 
368 
369 
369 

368 

370 
300 
369 
369 
371 
388 

367 
368 
369 
367 
368 
369 

370 

- 

355 qI ,369 
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Table 33.-For construction of secondary stencils . ' 

3 
4 

5 
6 
6 
7 
8 

J 

0-23 
0-23 

0 - 1  
0-73 
0-23 
0-23 
0-23 

I - 

13 
14 
15 

. 1 6  
17 

18 
19 
19 
20 
21 

-I- 

0-23 
0-23 
0-23 
0 - 8  
0-23 

0-7.3 
0-23 
0-23 
0-23 
0-23 

-I- 

?a 
23 
0 
1 
2 

0-23 
0-23 
0-23 
0-23 
0-23 

Xffer 
ence, 
lours 

2 
3 
4 
5 

.6  

7 
8 
8 
9 

10 

11 
12 
13 
14 
15 

15 
16 
17 
18 

19 
20 
21 
21 

+ 3  
9 

15 
21 
3 

10 
16 
32 
4 

10 

17 
23 
5 

11 
17 

0 
6 

12 
18 
0 

7 
13 
19 
1 
8 

14 
10 
2 
8 

14 

n 
3 
9 

15 
2a 

4 
10 
16 
22 
6 

11 
17 
23 
I 

12 

1; 
R 

13 

19 
1 
7 

13 

0-23 
0-15 
0-23 
0-23 
?-23 
0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

8 

50 __-____ 
51 _ _ _ _ _ _ _  
52 _ _ _ _ _ _ _  
(53)----- 

2SM 1 K m d P  

0-23 
19-16 
2-17 
7-14 

- 
J 

hours 

0-23 
0-?3 
0-23 
0-23 
0-23 

0-23 
0-23 
1-11 
'0-23 
0-23 

. 0-23 
0-23 
0-23 
0-23 
0-23 

6 - 3  
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
4-9 
0-23 
0-23 

0-23 
0-23 
0-23 
0-27 
0-23 

8-1  
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
6 - 8  
0-23 
0-23 

0-23 
0-23 
0-23 
.0-23 
0-2Q 

10-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

-I- '""I hours 

* 
0 
1 
1 
2 
2 

2 
3 
3 
4 
4 

5 
5 
6 
6 
7 

7 
8 
8 
8 
9 

9 
10 
10 
11 
11 

12 
12 
13 
13 
14 

14 
14 
15 
15 
18 

16 
17 
17 
I8 
18 

19 
P9 

20 

21 
21 
23 
?a 

23 
23 
0 
0 

a0 

a0 

R and T 
- 

8 
hours 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-15 
0-23 
0-23 
0-23 

0-23 
0-23 

, 0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-7.3 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-?3 

0-!23 
0-23 
0-23 
0-B 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 

.0-23 
0-23 

f 
0 
0 
1 
1 
1 

1 
1 
2 
2 
2 

2 
3 
3 
3 
8 

4 
4 
4 
4 
4 

5 
5 
5 
5 
6 

6 
. 6  

6 
7 
7 

7 
7 
7 
8 
8 

8 
8 
9 
9 
9 

9 
10 
10 
10 
10 

10 
11 
11 
11 

11 
12 
13 
12 - 

L 

M8 

L 
hours 

0-23 
0-23 

17-21 
0-23 
0-8 
0-2a 
093 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-a 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-?3 
0-23 
0-23 
0-23 
0-23 

0-23 
'0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 

. 0-23 
8.16 

znce, 
lows 

- 
0 
0 
0 
1 
1 

1 
1 
2 
2 
2 

' 2  
2 
3 
3 
3 

3 
3 
4 
4 
4 

4 
4 
6 
5 
6 

5 
5 
6 
6 
6 

6 
6 
7 
7 
7 

7 
7 
8 
8 
8 

8 
8 
9 
9 
9 

9 
9 

10 
10 

10 
10 
10 
11 

A 

- 
. L  
hours 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-?3 

0-23 
0-23 
0-23 

la-% 
0-y 
0-a3 

G 2 3  
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
80-23 

2-21 
0-23 
0-23 
0-23 
0-23 

13-15 
0-23 
0-23 
0-23 
0-23 

0-23 

0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 

- 

- 
Dlffcr- 
ence 
hour; - 
- 

0 
. 1  
1 
1 
2 

2 
3 
3 
3 

. 4  

4 
6 

. 5  
5 

- 6  

6 
7 
7 
8 
8 

'8 
9 
9 

. 10 
. 10 

10 
11. 
11 

' 12 
12 

12 
13 
13 
14 
14 

14 
15 
15 
16 
16 . 

16 
17 
17 
18 
18 

19 
19 
19 
20 

21 
21 
21 

a0 

- 
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Table. 33.-FOr construction of secondary stencils-Continued 

mer. 
::$; 
- 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

21 aa 
23 
0 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
!20 

21 
22 
D 
0 

1 
2 
3 
4 

m 

-- I -- 
M 

hours 
-- 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
5-0 
0-23 
l6-8 

0-23 
7-15 
0-23 

19-22 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 
0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
6 - 0  
0-23 

19-7 
0-23 

' 7-35 
0-23 
20-n 

0-23 
0-21 
0-!E 
0-23 
0-23 

0-23 
0-23 
0-?2 
0-23 
0-23 

0-23 
0-23 
15-14 
0-23 

d-2.3 
0-23 
19-7 
0-23 -- 

l L  hours 

1 _ - _ _ _ _ -  
2 
3 _ _ _ _ _ _ _  
4 _.-____ 
5 

6 ___.___ 
7 _ _ _ _ _ _ _  
8 _ _ _ _ _ _ _  
9------- 
lo------- 

12 .....-. 
13 _ _ _ _ _ _ _  
14 ___.-.. 
15 _ _ _ _ _ _ _  
16 __-____ 
17 _ _ _ _ _ _ _  
18 _ _ _ _ _ _ _  
19 _ _ _ _ _ _ _  
20 _ _ _ _ _ _ _  

11 _ _ _ _ _ _ _  

---I- 
a3-10 
20-8  
17- 5 
15- 3 
12- 1 

8-22 
7-rn 
417 
2-15 
23-12 

18- 7 
15- 5 
12- 3 
10- 0 

7-21 
4-1Y 
2-17 
23-14 
21-12 

win 

- 
mer 
'Urn. 
IOUls - 
- 

1 
2 
4 
5 
I 
8 
10 
11 
13 
14 

16 
17 
19 
20 
a2 

0 
1 
3 
4 
6 

7 
9 
10 
12 
13 

15 
16 
18 
19 
21 

0 
1 

' 3  
4 

6 
8 
9 
11 

14 
15 
17 

2a 

ia 

18 m 
21 
23 
0 

3 
6 
6 

a 

s - 

2MK 

I_ 

N 
lours 

20-7 
11-23 
2-14 
17- 6 
9-21 

0-13 
15- 4 
6-19 
22-11 
1s- 2 

4-18 
20-9 
11- 1 
2-16 
17- 2 

9-23 
0-15 
15- 6 
6-21 
22-13 

13- 4 
4-a(l 
19-11 
11- 3 
2-18 

17-10 

0-11 
15- s 
6-23 

2z1: 
13- e 
4-a: 
19-13 
11- 5 

2-2c 
17-1: 

8 - 2  
0-u 
15-11 

6-1 
21-li 
13- L 

ai 

,LIE 
10- 
2-2: 
17-13 
8- !  

0-3 
15-1: 
6 - 3  
0-8 

- 
Piffer 
:rice, 
lours - 
+ O  
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

21 n 
23 
0 
1 
2 
3 
4 
S 

6 
7 
E 
g 
10 

11 
12 
13 
14 
15 

16 
17 
l e  
16 
a0 

21 
22 
23 
0 

1 
2 
3 
4 

a0 

__ 

N 

Y 

N 
lours 
- 
0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
2-10 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
e23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

2-20 
0-23 
0-23 
0-23 
0-23 

6-9 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

-0-23 

.- 

- 
)iflet 
?Urn, 
lours - 

+ O  
1 
1 
1 
2 

2 
3 
3 
3 
4 

4 
5 
6 
5 
6 

6 
7 
I 
8 
8 

P 
t s 
1( 
I t  
IC 
11 
11 x 
15 

1: 
1: 
1: 
14 
14 

14 
l! 
1: 
1( 
1f 

It 
11 
li 
1s 
1i 

1I 
1I 
1I 
E4 

24 
21 
21 
21 

-- 

0 

P 

0 
hours 

0-23 
0-23 
0-23 
0-23 
0-73 

7- 8 
0-23 
0-23 
0-23 
0-23 

0-53 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 

21- 5 
0-23 

0-23 
0-23 
0-23 
0-23 
0 4 3  

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
11- 4 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
1-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
- 

- 
Differ. 
enm. 
hours 

+ O  
1 
1 
2 
2 

2 
3 
3 
4 
4 

5 
6 
6 
6 
7 

.7 
8 
8 
8 
9 

9 
10 
10 
11 
11 

12 
12 
13 
I3 
14 

14 
14 
15 
15 
16 

16 
17 
17 
18 
18 

19 
19 
20 
20 
20 

, 21 
21 
22 
22 

23 
23 
0 
0 

m 
- 
0 

hours - 
0-23 
0-28 
0-23 
0-23 
0-23 

0-a3 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-z( 
0-!23 
0-23 

0-23 
0-a3 
0-23 
0-3j 
0-23 

0-23 
0-23 
0-23 
0-29 
0-29 

0-23 
0-23 
0-29 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0 - 3  
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
- 

- 
Iiffer- 
!nee, 
lours - 
+ O  

0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
3 

3 
3 
3 
3 
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Constituent A- - - _ _  
Constituent B----- 

Table 33.-For construction of .secondary stencils-Continued 
I 

P l - - Q  ...... 
Differ- 

izzs 
- 

2 
8 
13 
18 
23 

s 
10 
15 
a0 

7 
12 
18 
23 
4 

9 
15 
20 
1 
7 

12 
li 
22 

' 4 
9 

14 
19 
1 
6. 
11 

17 
22 
3 
8 
14 

19 
0 
8 
11 
16 

21 
3 
8 
13 
19 

0 
5 

I O  
-.16. 

21 
2 
8 
12 

-- 
hours 

-- 
0-13 
6- 3 
18-12 
7-22 
19-8 

7-18 

2 8  

19- 3 
7-13 
19-23 

0-23 
8- 5 

20.15 
8 - 1  
20-10 

9-aa 
21- 6 
9-15 
21- 1 
9-11 

0-23 
10- 8 
22-11 
10-3 
!&I3 

10-22 
22-8 
10-18 
23-3 
11-13 

23 
0-23 
23-20 
11- 5 
0-15 

12-1 
0-10 
12-a0 
0- 6 
12-15 

1 
0-23 
1-22 
13-8 
1-17 

13- 3 
. 2-13 
14-22 

- . 2 -8 .  

14-15 
2- 3 
0-23 
4-23 

- 
Differ 
en*. 
bows - 
- 

I 
l! 
21 

s 
l! 
2; 
i 
1t 
2: 
4 
11 
11 

2: 

1t 
2: 

1; 

11 
1; 7 
" 

11 
. 17 
23 
5 
11 

17 
0 
6 
12 
18 

0 
6 
12 
18 
0 

6 
13 
19 
1 

13 
19 
1 
7. 
3 
19 
2 
7 

I 

Differ- 

%$* -- 
- 

6 
18 
7 
19 
7 

1; 
20 
8 

20 

8 
a0 
8 

21. 
9 

21 
9 

21 
10 
22 

10 
22 
10 
23 
11 

23 
11 
23 
12 
0 

12 
. o  
12 
1 
13 

1 
13 
1 
14 
2 

14 
2 
14 
2 
15 

3 
15 
3 
15 

4 
16 
4 
1.1 

0 '  

. .,, 
hours 

12-1: 
31- ! 

t 
15-11 

- - - - - -. 

1::J 

_ _  - - - -. 
' 4-i 

lCli 
0-r 
9-1s 

18-1s 

3- I 
13-2 
2 3 - 8  

5- 8 

17-a( 
2- 5 
12-21 

20-x 

6- 9 
15-21 
1- 9 

9-10 

19-22 
5-10 
14-22 

22-23 

8-11 
18-23 
3-11 _ _ _ _ _  -. 

_ _ _ _  - -. 

- - - -. 

_ _ _  - __. 

- - - - - - 

- - - - - - 
21- 0 
7-12 
17- 0 
2-12 _ _ _ _  - - - 
10-12 
20- 1 
0-13 
1&1 

0- 1 
9-13 
1;- 3 

- - _ _  - - - 

--- 

. .. - . 2Q - - 
0 

hours 
- 
1&2? 
6- 8 
18- 6 
7-16 
19- 1 

7-1 1 
19-21 
7-19 
19- 5 
8-15 

2 0 . 0  
8-10 
30 

a-is 
20- 4 

9-14 
21-39 

9 
21- 7 
9-17 

21- 3 
10-12 

10-21 
22-6 

10-16 
22- 2 
10-11 
23-10 
11-19 

23- 5 
11-15 
23- 0 
11-23 
0- 9 

12-18 
0-4 
13-14 
0-12 
12-22 

1- 7 
13-17 
I- 3 
13 

1-11 

13-21 
7- 6 
14-16 

aa 

. _. 2 
14- 0 
2-10 

1 4 4  
4 

)Mer 
ence, 
hours - 
- 
i 
E 

le 
t 

1; 
18 
1 
19 

7 
19 
1 x e 

2t 

20 
9 

21 

9 
21 

6 z 
IC 

22 
10 
22 
11 
23 

11 
23 
11 

12 

0 
12 
0 
13 
1 

13 
1 
1% 
1 
14 

2 
14 
2 
14, 
3 
15 
3 
13 

a 

n 

0 
h o w  
- 
23-1' 
9-21 
7-1: 

17- ! 
2-1< 

12- I 
224 
20.1 
gl; 
1-1: 
11-2 
21- I 
19- i 
5-li 

15- : 
0-1: 
10-2: 
844 
18- f 

4-11 
13- I 
23-11 
22- ( 
7-11 

17- 5 
3-14 
12- 0 
11-22 
20- 8 

' 6-18 
16- 4 
1-13 
0-10 
10-21 

19- 7 
5-17 
15- 2 
13-23 
23-1 1 

18- 6 
4-16 
14- 1 
12- 0 

22- 0 
7-19 
17- 5 
3.-1 5 

1-13 
11-23 
21- 8 

8-a0 

5-16 

Differ- 
ence 
hourb 

2.16035-41-20 
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Table 34.-For summation of long-period constituents 
b Q N i E N T  OP DAILY SUMS FOB CONSTITUENT Mf 

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 ________________________________________  
2 ______________________________________I- 
3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
4 ________________________________________  
5. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
6 ._______________________________________ 
7 ________________________________________  
8 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
10 
11 ________________________________________  
12 ________________________________________  
13 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
14 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 _ _ _ _ _  
15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I6 ________________________________________  
17 ________________________________________  
18 _________.______________________________ 
19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
30 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
21 ___________I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
12 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
23 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- 
82' 
84 
85 
86 
87 

I 
1 30 60. 89 119 148 178 a07 237 aSa 396 325 355 
2 31 61 90 1% 149' 179 .2O9OS. 238 268. 397 327' 358 
3 33' 62 92' 121 151 180 210 339 269 298 328 357 
4 34 63 93 122 152 181' 211 240. 270 300' W 359'' 
5' 35 65' 94 124' 153 183 212 242 271 301 330 360 

7 36 66 95 125 154 184 213. 243 273. 303 332. 361 
8 37. 67 W 128 156' 185 215 M 274 303 333 363 
9 39 68 98 127 157 186 216 245 275 304. 334 364. 
10 40 69. 90 128' 158 188' 217 247' 270 306 335 385 
13. 41 71 ' 100 130' 159 189 218 248 277 307 336' 366 

13 42 72 101' 131 160' 180 220'249 279' 308 338 367 
14 44' 73 103 132 162 191 121 250 280 309 339 368' 
15 45 74 104 133' 163 192' 227, 252' 281 311' 340 _ _ _ _  
17' 46 76' 105 135 161 194 223 253 292 312 311 _ _ _ _  
18 47 77 108 136 165. 195 224' 254 284' 313 343. _ _ _ _  
19 49. 78 108' 137 ,167 1% !Z# 255 B5 314 344 _ _ _ _  
20 50 79 109 138 168 197' 227 256. 286. 316. 345 _ _ _ _  
21. 51 80' 110. 140. 169 I99 229 258 287 317 346 _ _ _ _  
23 52 82 111 141 170 '?oo 229 2-59 288. 318 348. _ _ _ _  
25 '55 84 ' 114 143 173 aOa 232 251 291 320' 350 _ _ _ _  
28 56 85' 115 144' 174 3 4 '  233 !B3* 293 323 351 _ _ _ _  
23. 57 87 116 146 175 205 234 2f?4 323 352. _ _ _ _  
29 58 88 117. 147 176. ?(M 236' 265 295' 324 354 _ _ _ _  

53. 83 112. 142 172. mi 23i* aeo 30 319 349 _ _ _ _  

88 
89 
90' ~~ 

93 
93 

94 
95 
96 
97 
98 
100' 
101 
102 
103 
104 

105 
106 
108. 
109 

- 
110 
111 
112. 
113 
114 

115' 
117 
118 
119 im 
121 
123 
1B' 
125 
125 

127. 
128 
129 
130 
131' 

133 
134 
135 
136 

DaysoIgeri& - . . ... . .. 

137 164' 19.2 '219 S.46 274-'301 '338 356 
138 166 193 270 248.275 303 330.357 
139 167 194 221 249 276 303 331 3.58 
141. 168 195 a23* 250 277 304. 332 359 
142 169 196 224 251 2.78 306 333 360 

143 170 197' 2% 252 279 307 334 361 
144 171 190 226 253 a81*.308 335 363. 
145 172 a00 231 254 282 309 336 364 
146 174' 201 228 256' a83 310 337' 365 
147 175 202 229 257 !284 311 339 366 

149' 176 203 230. 258 285 312. 340 367 
150 177 204 232 259 2% 314 341 368 
151 17s 205' 133 280 287 315 342 339 
152 179 307 234 251 289.318 343 _ _ _ _  
153 180 208 a35 253 280 317 344 _ _ _ _  
I64 182' 239 236 3M' 291 318 345' _ _ _ _  
155 183 210 237 %5 292 319 347 _ _ _ _  
158 185 212 a40 967 294 322. 349 _ _ _ _  
159 186 213 241 269 395 323 350 _ _ _ _  
156' 184 211 238' a93 320 34s _ _ _ _  

160 187 215' 242 %I9 297. 324 351 _ _ _ _  
163 189' 317 244 271' 299 325 353 _ _ _ _  
163 191 218 245 273 300 327 355. _ _ _ _  
161 188 216 1 3  270 m 325 352 _ _ _ _  

ASSIGNMENT OF DAILY SUMS POB CONSTnVENT MSf ' 

Days of series I Constituent division 
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Table %-For summation of long-period constit uents-Continued 

ASSIQNMENT OF DAILY BUMS 10B CONSlTXIENT Mm 

Constituent dldsion I Days of series 

1 I 58 83 111 138 166 193 221 249*276 304 331 359 
2 29 57 84 112 139' 167 196. 222 ?Ed 277 305 332 360 
4 32.59 87 114 142 169 197 224 252 280.307 335 363 
3 30 s a* 113 141 im 106 m 251 27s a08 a* 361 

8 34 81 89 116. 144 172 199 227 W aSa 308 337 364. 
7 35 63. 90 118 146 173 2M) Ms 255 a)3 311. 338 368 
9. 36 l?4 91 119 146 174 201. aa8 !257* !284 312 339 367 

10 37 I 92 120 147. 176 203 330 258 285 318 340 368 
11 38 66 94. 121 149 176 a04 331 269 a86 314 342' 869 
12 40. 67 95 122 150 177 206 23.?*#W) 268.315 343 _ _ _  
13 41 68 96 123 161 178. %Xi 234 261 289 316 344 _ _ _  
14 42 69 97 125. 162 180 207 235 aS2 290 817 345 
15. 43 71. 98 126 153 181 XM 236 !WP 291 319* 346 _ _ _  
.I7 44 72 9!4 127 154 182 209*B7 a85 292 320 347 _ _ _  
IS 45 73 100 las 156.183 Zll 238 288 aeC 331 348 _ _ _  
19 46. 74 102. 129 157 184 212 a39 267 294. 322 350. _ _ _  
20 48 75 103 130 158 186 213 240' 263 296 3 s  351 _ _ _  
21 19 76 104 131 159 ,187. 214 242 269 ,297 324 363 _ _ _  
23. 61 79 108 134 161 199 216. 244 271. a88 337 364 _ _ _  
?5 52 80 107 135 163 190 2182 '246 273 300 3 I  356 _ _ _  
28 53 81 108. 136 164. 191 219 246 274 a01 329 366. _ _ _  
27 Ma 82 110 137 165 192 230 247 276 802' 330. 358 _ _ _  

za M) n* io5 i x i * i w  1 s  PS w a70 aes 325. 353 _ _ _  
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Constituent - 

_. " .  . 
Time meridian in hours=S+15 . . . 

.. 
1.000 I 2.000 I 3.k I 4.000 1 5.000 I 5.500 1 6.000 . I 6.600.. 

. --I- I 

28.98 57.97 

28.44 1 . 8 8  
30.00 I 60.00 

57.97 115.94 ;::: 1 ::: 

16.14 32.28 
29.46 58.91 
16.00 I 30.00 
14.50 28.99 

15.69 81.17 
0.54 1.09 
0.08 0.16 

0.04 0.08 
1.02 2.03 
1.10 2.20 

13.47 26.94 

13.40 %:80 
'29.96 59.92 
30.04 60.08 
12.85 25.71 

14.96 29.92 
31.02 62.03 
43.48 88.95 
29.63 59.06 

86.96 115.94 

85.32 113.76 
80.00 1 120.00 

46.13' 60.16 
173.90 231.87 
41.83 55.77 

260.88 347.81 
13208 176.10 
180.M) I 240.00 
172.27 229.70 

48.42 64.68 E:8 I 117.82 
60.00 

43.49 57.99 

46.76 62.34 
1.63 2.1s 
0.25 0.33 

0.12 0.16 
3.05 4.06 
3.29 4.39 

40.41 53.89 

40.20 53.59 
89:88 119.84 

38.56 51.42 

44.88 59.84 
93.05 124.06 

130.43 173.90 
88.59 118.11 

80.12 im.16 

144.92 
150.00 
142. #) 

75.21 
289.84 
69.72 

74.76 
230.13 
300. 00 
287.12 

143.56 
90.00 

139.84 
139.48 

80.70 
147.28 
75.00 
72.48 

77.93 
9.72 
0.41 

0. 21 
5.08 
5.49 

67.36 

66.99 
149.79 
150. 21 
64.27 

74.80 
155.08 
217.38 

. 147.64 

214.64 
150.41 
219.68 
294.92 

- 
159.41 
165.00 
156.42 

82. 73 
318.83 
76. 69 

118.24 
242.14 
330. 00 
315.83 

166.82 
135.00 
153.83 
153.42 

85.77 
162 01 
8 2  50 
79.73 

85.72 
2.99 
0.45 

0.33 
5.59 
6.04 

74.09 

73.69 
164.77 
165.23 
70.70 

82.27 
170.68 
239.12 
162. 41 

236.10 
165.45 
277.65 
324.41 

- 
173. w 
180.00 
170.64 

90.25 
347.81 
83.66 

161.71 
264.15 

0. w 
344. M 

171. OB 
180.00 
P67.81 
167.37 

96.83 
176.72 
90.00 
86. a9 

93.51 
3.27 
0.49 

0.35 
6.10 
6.59 

80.83 

80.39 
179.75 
180.25 
77.13 

89.75 
186.10 
260.80 
177.17 

257. ris 
180.49 
335: 62 
353.90 

188.40 
195. 00 
184.86 

97.77 
16.79 
90.63 

2%. 16 
30. 00 
13.25 

185.33 
225.00 
181.79 
181.82 

104.90 
191.46 
97.50 
94.23 

101.31 
3. €4 
0.63 

0.27 
6. 60 
7.14 

87.56 

87.09 
194.73 
195.27 
63.55 

97.23 

282. BO 
191.94 

279.03 
195.53 
33.59 
33.40 

205.19 

mi. 60 

- .  
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constituent 

Table 35.-Products for Form 444-Continued 

I .  ' Time meridianin hours=S+l5 

7.000 I 8.000 I 8.000 I 10.000 I 10.500 I 11.000 1 ' 11.500 I 12.000 

MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  sa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
61 _ _ _ _ _ _ _ _ _ _ _ _ _  i _ _ _ _ _  
Mc ______________.__ ~ 

0 1  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

202.89 
210.00 
199.08 

105.29 
45.78 
97.60 

248.67 
308.18 
60.00 
41.97 

199.58 
270.00 
195.78 
195.27 

'11287 
206.19 
105.00 
101.48 

108.10 
3.81 
0.57 

0.28 
7.11 
7.69 

94.30 

93.78 
%N. 71 
210.29 
89.98 

104.71 
217.11 
304.33 
206.70 

300.49 

91.55 
5 2  88 

210.67 

231.87 
240.00 
227.52 

120.33 
103.55 
111.54 

336.62 
352 a0 
120. 00 
88.39 

a. 10 
0.00 a. 76 

333.16 

129.11. 
335.65 
1 9 . 0 0  
115.97 

124. ea 
4.35 
0.66 

0.33 
8.13 
8.78 

107.77 

107.19 
339.67 
240.33 
102. 

118.67 
248.13 
'347.81 
236.23 

343.42 
240.66 
207.49 
111.87 

- 
aao. 86 no. 00 
255.96 

135.37 
161.71 
125.49 

62.57 
36.23 

180.00 
156.81 

358.61 
90.00 

251.71 
251. OB 

145.26 
266.10 
135.00 
130.47 

140.27 
4.90 
0.74 

0.37 
9.14 
9.88 

121.24 

1%. 59 
209.63 
270.37 
115;69 

134.63 
59 .14  
31. 29 

265.76 

26.34 
270.74 
323.43 
170.86 

Produets in degrees 

289.84 
300.00 
284.4u 

150.41 
219.68 
139.43 

14Q. 52 
80.25 

240.00 
214.24 

aS5 13 
180.00 
279.68 
278.95 

161.38 
2Q4.56 
150.00 
144.97 

156.85 
. 5.44 

0.82 

0.41 
10.16 
10.98 

134.72 

133. 88 
299.59 
3M). 41 
128.54 

149.59 
310.16 
74.76 

295. as 
68. a 

300.82 
79.36 

229.84 

- 
304.33 
315.00 
YO. 63 

157.93 
' 248.67 
146.40 

193.00 
102 26 
n o .  00 
?%2 95 

299.38 
225.00 
293.67 
292.90 

169.46 
309. as 
157.50 
152.22 

163.65 
5.72 
0.86 

0.43 
10.67 
11.53 

141.45 

140.89 
314.57 
315.43 
134.97 

157.07 
325.67 
96.50 

310.05 

90.73 
315.86 
137.33 
259.33 - 

318.83 
330.00 
312.84 

165 45 
277.65 
153.37 

236.48 
124.28 
300.00 
271.88 

313.64 
270.00 
307.65 
306.86 

177.53 
344.01 
165.00 
159.46 

in. 44 
6.W 
0.90 

0.45 
11.17 
12.08 

148.19 

147.39 
329.55 
330.45 
141.40 

164.55 
341.17 
118.24 
324.81 

112 20 
330.90 
195.30 
a88.83 

- 
333.34 
345.00 
327. OB 

172.97 
306.63 
160.34 

279.95 
146.29 
330.00 
800.37 

327.89 
316.00 
321.63 
320.80 

185.60 
338.74 
172 50 
166.71 

1 n .  a3 
6.26 
0.94 

0.47 
11.68 
If 63 

154.92 

154.08 
344.53 
345.47 
147.82 

172.03 
360.68 
189.98 
339.68 

133.66 
345.84 
253.27 
318.32 - 

347.81 
0.00 

341.28 

180.49 
335.62 
167.32 

323.43 
168.30 

0.00 
3%. 08 

342.15 
0.00 

335.62 
334.74 

193.67 
353.47 
180.00 
173.96 

187.03 
' 6.53 

0.99 

0.49 
1 2  19 
13.18 

161.06 

160.78 
358.51 

0.49 
164.25 

179.51 
1 2  19 

161.71 
354.34 

0.88 
311.24 
347.81 

155. ia 
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0 .  

-223.4 

-a87 

-31 
-86 
-193 

U. S. COAST AND GEODETIC S'TJRVEY 

Table 36.-Angle difference8 for Form 445 

0 0 

+112.2 -247.8 
O D 0  

+56 -804 

+a30 -30 
+!Z5 -136 
+142 -2l8 

Feb. 1, Oh, to Dec. 31,24h 
Jan. 1, Oh, to 

Common year I . Leap year I 1 Feb.1,Oh 

0 

t100.8 

+12 

t m 2  
t l 0 l  

-- 
0 0 

-36.8 4-136.6 
0 0  

-81 +93 

-329 +329 
-72 +a74 
-68 +l67 

0 

-269.2 
0 0  

-348- 

0 0  
-168 
-259 

-107 *9 

-117 +BO 

-311 
-254 

-130 

-43 

-86 
-311 

-a33 +131 

.--I8 +248 

+E ;z 
0 0 0  

+la - 1 u  

+as1 -79 
0 0 0  

+B5 -135 
+359 -1, 

-284 +12 
-316 +44 
-299 +m 

t302 
t l 0 l  

t l l 3  

t2W 

t m 2  
tas3 

-329 +a29 
-324 +233 
-a63 +l6!3 
-57 +34a 

-58 
-259 

0 0  
-247 

-70 
0 0  

-158 
-77 

-111 +123 - 31 4-81 
-329 +329 
-1% +a0 

b229 
+77 

0 
+51 

t254 
0 

t153 
t233 

-31 +31 
-324 +223 
-54 +2a 
-351 +lW 
-102 +3w 
-299 +299 
-143 4-186 
-36 +137 

-131 . 
-% 

0 
-309 

-106 . 
0 

-207 
-127 

tz58 
t271 

t23o 

-103 
-89 

0 0  
-130 

-229 -4; 4-168 1-57 -201 

0 
-112 +a36 -124 

+88 
+88 

t259 
t259 
t291 

+1; 

td 
t259 
t331 
t l89  

taoa 
4-43 
t l 0 l  

-348 -316 1 IIE 
-61 +300 -60 

-272 
-271 

0 0  

0 0  
-101 
-101 
-69 

-348 
0 -: 

0 0  
-101 
-29 

-171 

-158 
0 0  

-317 
-769 

r 3 1  -137 
-198 
-12 

-237 
-329 
-31 
-280 

-339 
-137 
-336 
-180 

Jan. 1, Ob, to Dec. 31,24h 

+330 -30 
+248 -112 
+I88 -172 
+311 -49 

E 3 
+330 -30 +as -332 

+30 -830 
+248 -112 
4-348 -12 
+169 -191 

Common year 

t333 
t25D 

+1 
1232 

w59 
t284 
t294 
tl.78 

-26 
-1 

-359 
-128 

-1 
-76 
-66 

-182 

W P  Year 

-74 
t258 -102 G ' 1 -1A 

t103 -257 +loa -2% 
1 -359 

+1 -368 

t264 -106 
1 1;; 
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Table 37.-U. 5. Coast and Geodetic Survey tide-predicting machine No. 2 

GENERAL GEARS AND CONNECTING SHAFTS 

S-14 _ _ _ _ - _ _ _ _ _ _ _ _  
0-33 _ _ _ _ _ _ _ _ _ _ _ _  
Q-34 _ _ _ _ - _ _ _ _ _ - _  
S-15 _ _ _ _ _ _ _ _ _ _ _ _ _  
Q-35 _ _ _ _ _ _ _ _ _ _ _ _  
Q-36 _ _ _ _ _ _ _ _ _ _ _ _  
S-16 _ _ _ _ _ _ _ _ _ _ _ _ _  

(larsandShaftsl Face or I Number of I Piteh 

diameter teeth 

0.88 - -_-______ 
0.B 75 '30 
0.28 76 30 
0.50 _ _ _ _ _ _ _ _ _ _  
0.28 75 30 
0.28 75 30 
0.88 _ _ _ _ _ _ _ _ _ _  

0.41 72 o. 41 72 
0.60 -- 
0.38 75 
a38 75 

0.38 75 30 
0.38 15 30 
0.38 ------____ --_____. 
0.27 75 30 

0.38 -_________ _______. 

0.27 I 75 

24 
24 

30 
a0 

30 

0.17 8 4 4 8  
0.17 8 4 4 8  
0.15 -- -_______ --_____. 
0.17 180 1 
0.17 6 0 4 8  

0.15 -- _ _ _ _ _ _ _ _  -______. 
0.17 2 4 0 4 8  
0.17 6 0 4 8  
0.15 - - L  

0.17 6 0 4 8  

- - 
Period 

Of 
otation 

Dial 
hws 

4 
4 

la 
la 
la 

la 
la la la la 
12 
12 
la 
la la 
12 la  
12 
24 
24 

24 
24 
24 la 

. 4  

4 
4 
1 
1 

24 
24 
24 

24x366 
24x366 

12 

ia 

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

l a  
la 
13 la 
la 
12 
l a  
la 
la la  i a  
l a  i a  

. i a  

Band Crsng shaft for operating machine. 
3pur gear on shaft 1. 

on shaft 2. 

Bevel gear on shaft 2. 
Bevel gear on shaft 3 
Diagonal shaft conne'cting with middle section. 
Bevel mar on shaft 3. 

' 

Bevel gear on shaft 4. 

Short vertical shaft through desk top. 
B G i  giar on &aft 4. 
Bevel gear on shaft 6. 
Bhort horizontal shaft. 
Bevel gear on shaft 5. 
Bevel gear on Sh8ft 6. 
Main vertical shaft of dial case. 
Releasable bevel on shaft 6. 
Bevel gear on shE. 
Intermedurte shaft to hour hand. 

Bevel gear on shaft 7. 
Bevel gear on shaft 8. 
Howhand shaft. 
Releasable bevel gear on shaft 6. 
Bevel gear on ahaft Q. 

Intermediate Shaft to minute hand. 
Bevel gear on Shaft Q. 
Bevel gear on shaft 10. 
Mlnute-hand shaft. 
Releasable bevel gear on shaft 6. 

Bevel gear on shaft 11. 
Intermediate sh8ft to da dial 
Worm S W W ,  0.56 hch t$8&X, 18 threads to 

Worm wheel, 6.47 inch 'diameter, on shaft 13. 
Day dial shaft. 
Spur gear at top of shalt 6. 
Sour-stud eear. 

inch on shaft 11. 

SbE-&ud- connected with gear 

Spur gear at lower end of feeding roller. 
Bevel gear on shaft 3. 

ratchet w%% and pawl. 

Bevel gear on shaft 13. 
Main vertical shaft of middle section. 
Spur gear on shaft 13. 
Spur stud gem. . 
Spur stud gear on shaft 14. 

Front vertical Shaft of rear section. 
Bevel gear on shaft 14. 
Bevel gear on shaft 15. 
Main connectinn horizontal shaft of rear see- - 

tion. 
Bevel gear on shaft 15. 
Bevel gear on shaft 16. 
Rear vertical shaft of rear section. 
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constit- 

Table 38.-U. S .  Coast and Geodetic Survey tide-predicting machine No.  2 

CONSTITUENT GEARS AND MAXIMUM AMPLITUDE SETTINGS 

Theoretical 
S P d  

perhour 

JI - _ - _ _ _ _ _ _ _  
KI - _ _ _ _ _ _ _ _  
6 s  _ _ _ _ _ _ _ _ _  
La _ _ _ _ _ _ _ _ _  
*MI. _ _ _ _ _ _  

0 

15.5854433 
15.0410686 
30.0831372 

. 29.5%4788 
14.4920531 

MI _ _ _ _ _ _ _ _  
Ma _ _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _  
ME. _ _ _ _ _ _ _  
Ms. _ _ _ _ _ _ _  
NI _ _ _ _ _ _ _ _ _  
3N _ _ _ _ _ _ _ _  
01 ____.____ 
00 _ _ _ _ _ _ _ _  
PI _ _ _ _ _ _ _ _ _  
QI _ _ _ _ _ _ _ _ _  
2Q _ _ _ _ _ _ _ _ _  
RI -._______ 
SI .________ 
S I  .----____ 
SI - - - - -____  
so. - _ -  ~ _ _ _ _  
TI -._______ 
ha _ _ _ _ _ _ _ _ _ _  
PI .-----____ 

28. W1M2 
43.4761563 
57.9sgaOsl 
86.9523136 

115.9364168 

28.4397296 
27.8953518 
13.9430356 
16.1391016 
14.9589314 

13.3988809 
12.8542882 
30.0410686 
15.0000000 
30.0000000 

60.0000000 
90. OMmOM) 
29.9589314 
29.1556254 
2 7 . 9 6 8 m  

YI _ _ _ _ _  ~ _ _ _ _  
PI ..___.____ 
MIi .._____ 
2M6 _ _ _ _ _ _  
MN _ _ _ _ _ _ _  

28.5125830 
13.4715144 
44.02517S 
42.92113S3 
57.4238338 

Teeth in gear wheels 

MS.------- 
2SM _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _  
MSf _ _ _ _ _ _ _  

Vertical 
shafts 

58.9841W2 
31.0158958 
LOSS0330 
1.0158958 

I 

107 
61 

122 
104 
103 

103 
36 

I18 
140 
118 

65 
68 
92 

134 
91 

84 
127 
85 
63 
70 

75 
90 
81 

131 
, 125 

89 
69 im 
81 

135 

118 
69 
84 

149 

93 
61 
51 

Mm _ _ _ _ _ _ _  
Sa _ _ _ _ _ _ _ _ _  
Ssa _ _ _ _  _ _ _ _  

:ntermediate shafts 

0.5443747 
0.0410686 
0.0821372 

I1 

90 
73 
80 
61 
85 

74 
62 
74 

. 62 
37 

46 
58 
89 

131 
73 

88 
114 
50 
75 
70 

45 
48 

. 5 0  
65 
82 

69 
70 
81 
52 
42 

61 
47 
45 
80 

41 
149 
125 
149 

-- 

I11 

52 
SI 
96 
56 
59 

59 
70 

103 
86 

103 

53 
. 46 

58 
71 
50 

51 
50 
43 
M) 
70 

60 
80 
a5 
57 
74 

70 
41 

105 
78 
53 

62 
50 
1 
1 

1 
1 

60 
1 

-- 
Crank 
shafts 

IV 

119 
85 

146 
97 

148 

85 
67 
85 
67 
85 

79 
58 

129 
135 
135 

109 
130 
73 
84 
70 

60 
50 
73 

117 
121 

95 
90 

106 
86 
89 

61 
71 
51 
55 

125 

125 

. _ _  - - - - -. im 
- 

Gear spced 
per dial 

hour 

0 

15.5854342 
15.0410959 
30.08219lS 
29.5ZS4773 
14.4920508 

28.9841017 
43.4761675 
57.968m5 
86.9523351 

115.8364070 

16.1391008 
14.9589041 

38.5135858 
13.4714m 
44.031572 
42.9271020 
57.4237560 

0.5443902 
0.0410738 
0.0821477 

.- 

Error pel 
year 

0 

-0.08 + .24 + .48 - .01 - .01 
-. 02 +. 10 
-.04 +. 20 +. 09 

+. 05 +. 07 +. 01 -. 01 
-.?A 

+. 04 -. 31 +. 24 .oo 
. 00 

.oo .oo -. 24 -. 04 -. 50 

+:02 -. 75 -. 14 -. 33 -. 68 

-. 35' -. 12 +. 05 +. 12 

+. 14 
+. 05 
+. 09 

Maximum 
rmplitude 

C E 3 S  

Wb 
1.4 

11.0 
3.9 
2.4 
1.0 

20.0 
1.4 
4.0 
1.0 
0.4 

6.0 
1.0 
9.0 
0.8 
4.8 

3.0 
0.6 
0.4 
2 0  
9.8 

1.0 
0 .4  
1.0 
0.4 
1. 2 

2 0  
0.8 
1.9 
1.4 
0.7 

2.0 
1.4 
4.0 
PO 
3.0 
8.'0 
3.0 

'DaPigned for one-half of speed of MI. 
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Table 39.-Synodic periods of constituents 

Days. 
27.555 
13.777 
9.133 

27.093 
23.942 

DIURNAL CONSTITUENTS 

Days. 
.________. 

27.555 
13.661 
13.661 

182.621 

--- I J1 I "I 

QI _ _ _ _ _ _ _ _  1 6.859 I '9.133 
2Q _ _ _ _ _ _ _ _  5.492 6.859 
SI _ _ _ _ _ _ _ _ _  25.622 365.243 
PI _ _ _ _ _ _ _ _ _  7.096 9.557 

-- I li9 
La MI 

FIG _ _  - - - - - - - - - - - - - 
27.555 _ _ _ _  - - _ .  
13.777 27.555 
9.185 13.777 
29.363 14.192 
31.812 14.765 

MI I . 01 

13.661 27.555 
9.133 13.777 
29.803 1 14.192 
14.632 31.812 

SEMIDIURNAL CONSTITUENTS ' - - 
Na 

Daya. 

- 
. - -. - . - - .  
. - - - - - - - . 
. - - - - - - - . 

27.555 
9.367 
9.614 

9.814 
14.765 
31.812 

205.882 
5.833 

182.630 365.259 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ - _  
25.622 27.555 29.803 _ _ _ _ _ _ _ _  ___ -  _ _ _ _  ------ 
7.236 7.383 7.535 10.085 __________._-_ 
9.814 10.085 10.371 15.906 27.555 

15.387 14.765 14.182' 91614 4.922 5.992 I 
Table 40.-Day of the common year corresponding to day of month 

[For leap year increase all numbers after February 29 by 1 day] 

Day of month. Jan. Feb. Mar. I 
1 33 80 
2 33 61 
3 34 62 
4 35 63. 
5 36 64 

6 37 65 
7 3 8 6 6  
8 39 67 
9 40 68 

10 41 89 
11 42 70 
12 43 71 
13 44 72 
14 45 73 
15 46 74 

16 47 75 
17 48 7G 
18 49 77 
19 50 78 
20 51 79 

21 52 80 
22 53 81 
23 54 82 
24 -55-  83 
25 56 84 
26 57 85 
27 58 86 
29 59 87 

39 88 
89 

30 31 90 

Apr. May June 

91 121 
92 122 
93 123 
94 124 
95 125 

96 la6 
97 127 
98 129 
99 129 

100 130 

m i  ia i  
io2 iia 
103 ,133 
104 134 
105 135 

106 136 
107 137 
1W 138 
109 139 
110 140 

111 141 
112 ,142 
113 I43 
114 144 

115 145 
116 1 1  
117 147 
118 148 

119 149 
120 150 

151 

152 
153 
154 
155 
156 

157 
158 
159 
160 
161 

162 
163 
164 . 
165 
166 

167 
168 
109 
170 
171 

172 
173 
174 

176 
177 
178 
179 

180 
181 

175. 

ruly Aug. sept. 

182 213 244 
183 214 245 
184 315 246 
185 216 247 
186 217 248 

187 218 249 
188 318: 250 
189 a20 251 
190 22l 253' 
191 aaa 253 

192 223 254 
193 224 255 
194 225 9%6 
195 226 257 
196 227 9 3  

197 228 259 
198 229 260 
199 ZJO 261 
a00 231 262. 
201 232 263 

203 233 264 
?03 234. 265 
'201 235 266 
205 236 267 

#w 237 268 
207 238 289 
208 239 270 
208 240 271 

310 241 272 
211 242 273 
212 243 

Oct. Nov. Dee. 

274 
275 
276 
a77 
278 

279 
280 
281 
?82 
?83 

284 
285 
286 
287 
2% 

289 
290 
291 
292 
293 

294 
295 
2M 
297 

29s 
299 
300 
301 

302 
303 
304 

305 335 
306 336 
307 337 
308 338 
309 339 

310 340 
311 341 
312 342 
313 343 
314 344 

315 345 
316 346 
317 341 
318 348 
319 349 

320 350 
321 351 
322 352 
323 353 
324 354 

325 355 
336 350 
3a7 357 
328 358 

329 358 
330360 
331 361 
332 362 

333 303 
334 364 

365 



310 

--- 
1.0 -- 
2.000 
1 . w  
1.9711 

1.939 
1.879 
1813 

1.732 
1.638 
1.532 

1.414 
1.286 
1.147 

1.Ooo 
0.845 
0.684 

0.518 
0.347 
0.174 

0.m 

- - 

Z 

- 
0 

0 
10 

80 
40 
50 

60 
70 
80 

90 
100 
110 

130 
140 

1 s  
180 
170 

180 

m 

im 

- 

'. 

0 

360 
350 
340 

330 
320 
310 

300 
290 
280 
270 
260 
250 

2-40 
230 
a#, 

aio 
a00 
190 

180 

- - 

2 

- 
0 

0 
10 
20 

a0 
40 
50 

60 
70 
80 

90 
100 
110 

IaCr 
130 
140 

160 
160 
170 

180 
- 

0.1 

1. 100 
1.098 
1.095 

1.088 
I .  079 
1.067 

1.054 
1.038 
1.022 

0.983 
0.970 

0.954 
0.939 
0..928 

0.915 
0.907 
0. sea 
0.900 

1.006 
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0.2 --- 
1.200 
1.197 
1.1w 

1.177 
1.180 
1.139 

1.114 
1.085 
1.053 

0.985 
0.950 

0.917 
0.585 
0.8% 

0.833 
0.615 
0.801 

0.800 

i . o m  

Table 41.-VaZues of  h in formula h = ( l + f l + d r  cos x)+ 

I 
- 
0.0 - 

1. OM) 
1. 000 
1. OM) 

1. OM) 
1. OOO 
1.000 

1. OOO 
1.000 
1. 000 

1. OM) 
1.OOO 
1. Mw) 

1. 000 
1.000 
1. OOO 
1.000 
1. OOO 
1. OM) 

1. OOO 

0.3 - 
1.300 
1.296 
1.286 

1.269 
1 . 1 5  
1.215 

1.179 
1.138 
1.093 

1.044 
0.993 
0.941 

0.888 
0.839 
0.794 

0.755 
0.735 
0.700 

0.700 

0.4 - 
1.400 
1.396 
1.383 

1.361 
1.331 
1.294 

1.249 
. l .  197 
1.140 

1.077 
1.010 
0.941 

0.872 
0.804 
0.740 

0.684 
0.639 
0.010 

0.800 

r - 
0.5 - 
1.500 
1.495 
1.480 

1.455 
1.420 
1.370 

1.323 
1.282 
1.193 

1.118 
1.037 
0.953 

0.866 
0.779 
0.696 

0.557 
0.515 

0.600 

0 . 0 ~ 1  

0.6 - 
1.600 
1.594 
1.577 

1.549 
1.510 
1.480 

1.400 
1.331 

1.166 
1.073 
0.974 

0.572 
0.767 
0.884 

0.568 

0.422 

0. rlw 

1. %a 

0. aa 

0.; - 
1.700 
I. 694 
1.675 

1.644 
1.601 
1.546 

1.480 
1. 403 
1.316 

i. 221 
1.117 
1.006 

0. R S ~  
0.768 
0.646 

0.527 
0.418 
0.334 

0.300 

-- 
0.8 - 

1.800 
1.793 
1.773 

1.739 
1.693 
1.634 

1.562 
.l. 479 
1. 385 

1. 281 
1.167 

0.917 
0.782 
0.644 

0.504 
0.m 
0.254 

0.200 

1.045 

- 

- 
0.9 -- 

1.900 
1.893 
1.871 

1.836 
1.786 
1.723 

1.646 
1. $57 
1.457 

1.345 
1.224 
1.093 

0.954 
0.808 
0.657 

0.344 
0.193 

a 501 

n. 100 
- 

r sin x 
Z+r cos x Table 42.-Values of  k in formula k=tan-l 

[When z is betwcen 1 W  and 3M0, tabular values are negative] 

- 
0.0 

0 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00' 
9.00 
0; 00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

- 
0.1 - 
0 

0.00 
0.90 
1.75 

2.63 
3. 42 
4. 12 

4.72 

5. I 

6.71 
5.72 
5.65 

5.22 
4.68 
3. 98 

3.13 
2 17 
1.10 

0.00 

5.20 

- 
0.2 - 
0 

0.00 
1.60 
3.30 

4.87 
6.36 
7.73 

8.95 
9.98 

10.78 

11.31 
11.63 
11.41 

10.89 
9.97 

6.90 
4.81 
2.48 

0.00 

am 

-- 
0.3 - 

D 

0.00 
2.30 
4.58 

0.78 
8.92 

10.00 

12.73 
14.33 
15.68 

16.70 

17.43 

17.00 
15.90 
14.05 

11.45 
8.13 
4 2 3  

0.00 

17.83 

- 
0.4 - 

0 

0.00 a 85 
5.68 

8.45 
11.13 
13.70 

10.10 ia 30 m. la 
21.80 
22.95 
23.53 

23.42 
2a. 4a m. 33 

17.02 
1 2  37 
6.53 

0. w 

T - 
0.5 - 
0 

0.00 
3.33 
6.63 

9.90 
13.08 
16.17 

19.10 

2.4 37 

26.67 
28.33 
29.56 

.%I. 00 
28.4.5 
27. ba 
23.80 
17.88 
9.70 

0.00 

a1.87 

0.0 - 
0 

0.00 
3.75 
7.47 

11.17 
1 4  80 
18. 35 

21.78 
a6.07 
28.15 

30.96 
33.42 
35.35 

36.58 
.% 80 
35.52 

31.98 

1428 

0.00 

25.m 

- 
0.7 - 
0 

0.00 
4.12 

1 2  30 
16.32 

a 22 

m. 30 
'24.18 
a7.95 
31.58 

34.99 
38.12 
40.85 

43.00 
44. a7 
44.13 

41.63 
34.98 
21.37 

0.00 

- 
0.5 - 

D 

0.00 
4 4 5  

13.30 
17.68 
'2203 

as. 33 
80.66 
34.67 

38.66 
4 2  45 
45.98 

49.10 
51. 80 

5 2  48 
47.82 
a3.22 

0.00 

8 8 8  

63. oa 

- 
0.9 - 
0 

0.00 
4 73 
9.41 

18.90 
23. 60 

28.27 

37.47 

41.M 

60.70 

54.78 
58.57 
61.77 

63.89 
63.38 
53.98 

1 4  m 

3 1  IB 

46.4a 

aoa 

1.0 -- 
0 

0.00 
5. MI 

10.00 

1500 

E 0 0  

30.00 
il5.00 
40.00 

46.00 so. 00 
65.00 

60.00 
65.00 
70.00 

75.00 
80.00 
86.00 

m. o 

I _ _ - _ - - -  

- - 

I 

- 
0 

360 
350 
340 

330 

310 

300 
290 
as0 

270 
260 
250 

2-40 
230 
a#, 

210 
200 
190 

180 

320 

- 



EXPLANATION OF SYMBOLS USED IN THIS BOOK 

Although the following list is fairly comprehensive, some of the 
symbols given may a t  times be used in the text to represent other 
quantities not listed below, but such applicat,ion will be made clear 
by the context. 

(1) General symbol for a tidal constituent or its amplitude. It is some- 
times written with a subscript to indicate the species of the constituent 
(par. 52). 

(2) General symbol with an identifying subscript for a constituent term 
in the development of the lunar tide-producing force (par. 66). 

(3) The particular tidal constituent being cleared by the elimination 
process (par. 245). 

(4) Azimuth of tide-producing body reckoned from the south through 
the west (par. 80). 

(5) Azimuth of horizontal component of force in any given direction 
(par. 85). 

(1) Speed or rate of change in argument of constituent A. 
(2) Mean radius of earth. 
(1) Tidal constituent following constituent A in a series. 
(2) General symbol with an identifying subscript for a constituent term 

(3) General symbol for disturbing constituents .in elimination process 

Speed or rate of change in argument of constituent B. 
(1) Mean constituent coefficient (par. 74). . 
(2) General symbol for coefEcients of ,cosine terms in Fourier series (par. 

Reciprocal of mean value of l/d. 
Reciprocal of mean value of l/dl. 
Declination of moon or sun. 
Distance from center of earth to center of moon. 
Distance from center of earth. to center of sun. 
(1) Mass of earth. 
(2) Argument of tidal constituent (same as V+u). 
Eccentricity of moon’s orbit. 
Eccentricity of earth’s orbit. 
Reduction factor, reciprocal of node factor f (par. 78). 
Horizontal component of tide-producing force in azimuth A. 

in the development of the solar tidd-producing force (par. 117). 

(par. 245). 

187). 

When 
numerals are annexed, the first digit (3 or 4) signifies the power of the 
parallax of the moon or sun involved in the development and the second 
digit (0, 1, 2, or 3) indicates the species of the terms included in the 
group. Thus Fa represents tha t  part of the horizontal component in 
azimuth A that comprises the long-period terms depending upon the 
cube of the parallax. 

(See F. for explana- 
tion of annexed numerals.) 

(See F. for kxplanation of 
annexed numerals.) 

(See F. for explana- 
tion of annexed numerals.) 

South horizontal component of tide-producing force. 

Vertical component of tide-producing force. 

West. horizontal component of tide-producing force. 

Node factor .(par. 77). 
(1) Greenwich epoch or phase lag of a tidal constituent (par. 226). 
(2) Gear ratio of pedicting machine (par. 396). 
(1) Mean acceleration of gravity on earth’s surface. 
(2) Modified epoch of tidal constituent, same as I‘ .(par. 225). 
Mean amplitude of a tidal constituent (par. 143). 

31 1 
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Ho 
A 

ha 

Mean water level above datum used for tabulation. 
(1) Mean longitude of sun; also rate of change in same. 
(2) Height of tide at any time. 
Height of equilibrium tide involving cube of moon’s parallax. 

Height of equi.librinm tide involving 4th power of moon’s parallax. 

Obliquity of lunar brbit with respect to earth’s equator.. 
Inclination of lunar orbit to. the ecliptic. 

Longitude of moon in its orbit reckoned from lunar intersection. 

A second 
digit in the subscript limits the height to that due to terms of the single 
species indicated by this aigit (pars. 97 and 101). 

A sec- 
ond digit in the subscript has the same signikance as in the case of ha. 

hr 

I 
i 
J1 Tidal constituent. 
j 
ICll K4 Tidal constituents. 
KJs, BPI, KQ, Tidal constituents. 
k 
L 
4, LPI Tidal constituents. 
AI Mass of moon. 
MI’ M., Ma, MI, Mal M8 Tidal constituents. 
Mf Tidal Constituent. 
MK8, 2M&, MI<.$ Tidal constituents. 
Mm Tidal Constituent. 
MN4, 2MNe, MNS. Tidal constituents. 
MPI Tidal constituent. 
2MSz, MSI, PMSa, 3MS8, 2(MS)s Tidal constituents. . .  
MSf Tidal constituent. 
MSNal 2MSNn Tidal constituents., 
m 
N 
Nzr 2N2, NJI Tidal constituents. 
01, 001 Tidal constituents. 
P 
PI Tidal constituent. . 
p 

Difference between mean and true longitude of moon (par. 59). 
Longitude of place; positive for west longitude, negative for east longitude. 

Ratio of mean mottan of gun to t.hat of moon (par. 62). 
Longitude of moon’s node; also rate of change in same. 

Mean longitude of lunar perigee reckoned from lunar intersection (par. 122). 

(1) Mean longitude of lunar perigee; also rate of change in same. 
(2) Numeral indicating species of constituent, frequently. written as the 

subscript of the constituent symbol: In special case used with long- 
period constitu.ents to show numher’of periods in month or year. 

Mean longitude of solar perigee; also rate of change in same. 
Term in argument of constituent MI (par. 123). 
Factor in amplitude of constituent MI (par. 122). 
Term in argument of constituent MI (par. 122). 

(1) Amplitude of constituent pertaiuing to a particular time (par. 143). 
(2) Term in argument of constituent 
Factor in amplitude of constituent I;% (par. 129). 

p 1  
Q 
Q. 
Q. 
QI, 2Q1 Tidal constituents. 
R 

R, 
Rn, RP, Tidal constituents. 
r 
S (1) Mass of sun. 

east longitude. 

(par. 129). 

. Distance of any point from center of earth. 

(2) Longitude of time meridian; positive for west longitude, negative for 

(3) General symbol for coefficients of sine terms in Fourier series (par. 187). 
(4) Working scale factor of predicting machine. 

S‘ Solar factor U,/U (par. 118). 
S,, S,, &, Sr, Sa, Sn Tidal constituents. 
Sa Tidal constituent. 
SK3 Tidal constituent. 
2SMs Tidal constituent. 
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SO1, SOs Tidal constituents. 
Ssa Tidal constituent. 
8 
8’ 
T 

Mean longitude o€ moon; also rate of change in same. 
.True longitude of moon in orbit referred to equinox (par. 59). 

(1) Number of Julian centuries reckoned froin Greenwich mean noon, 

(2) Hour angle of mean sun. 
(3) Time espressed in degrees of constituent reckoned from phase zero of 

December 31, 1899. 

Greenwich argument (par. 439). 
’ Tp Tidal constituent. 
t 

U Basic factor (M/E)  (u/c)*. 
Ul Factor @/E) (u/cJs. 
71 Part of constituent argument depending upon variations in obliquity of 

lunar orbit (par. 71). 
V (1) Principal portion of constitute argument (par. 71). 

(2) Velocity of current (par. 330). 
(V+ u) Constituent argument at any time. 
( Vo+ 71.) Constituent argument at beginning of a tidal series. 
V, Potential due to gravity at earth’s surface (par. 96). 
Va ’ Tide-producing potential involving cube of moon’s parallax (par. 94). 
T74 Tide-producing potential iiivolving 4th power of moon’s parallax (par. 94.) 
9 Longitude of observer reckoned in celesti@ equator from lunar inter- 

section. 
I’ Latitude of observer. When combined with a subscript consisting of a 

letter and numerals, it represents the latitude factor to be used with 
the tidal force component similarly marked (par. 79). 

(1) Hpur angle of tide-producing body. 
(2) Time reckoned froin beginning of tidal series. 

2 

(Y (Alpha) General symbol for the initial phase of tidal constituent A. 
p (Beta) Initial phase of constituent B. 
y (Gammu) Initial phase of constituent C. 
6 (Della) Initial phase of constituent D .  
E (Epsilon) Initial phase of constituent E. 
r (Zeta) The esplement of the initial phase of a constituent (par. 221). 
el (Theta) .Tidal constituent, same as XO1. 

I[ (Kappa) Local phase lag or epoch of tidal constituent (par. 144). 
K )  ModiEed epoch of tidal constituent (par. 225). . 
X2 (Lasz.bda) Tidal constituent. 

Geocentric zenith distance of tide-producing body. 

Attraction of gravitation between unit masses at unit distance. 
Tidal constituent, same as 2MS2. 
Right ascension of lunar intersection (par. 24). 
Term in argument of lunisolar constituent KI (par. 133). 
Term in argument of lunisolar constituent I<* (par. 135). 
Tidal constituent. 
Longitude in moon’s orbit of lunar intersection (par. 24). 
An angle of 3.14159 radians or 180’. 
Tidal constituent, same as TIL 
Tidal constituent, same as v&. 
Tidal constituent, same as vJ1. 
Length of series in mean solar hours (par. 248).. 
Tidal constituent, same as IIPI. 
Tidal constituent, same as LP1. 
Tidal constituent, same as RP1. 
Obliquity of ecliptic. 
Vernal equinox. 
Moon’s ascending node. 
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