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THi<: TiDKs OF hi'dson bay*

'Pi lie chief interest attaching to the tides in this region is the

successfnl outcomt of t'e endeavor to discover tides of

siniilnr types in oUier harbors for which tide tables are calculated.

This correlation has enabled immediate results to be obtained
;

instead of adopting the lengthy and expensive plan of establish-

ii tiilal stations in these remote regions, to obtain a tidal record

(luring a year or ni> re as a ba' is for calculation. The proceedure

adopted thus affords an example of the successful application of

the method advocated by the write* of classifying tides according

to their various types, for purposes of reduction and calculation.

(See this Joirnai., July-August, IflOT.)

The tides in this region are chiefly important because the

great range in Hudson strait gives rise to .strong tidal .streams ;

and the shallow water around the .shores of Hudson bay make
the rise of the tide of consec|uence in entering the harbors.

OBSKRVATIONS .W.MI.ABLIC

The earliest »)bservations obtained were during the Gordon

expeditions in 18S4 to 1.S86. Observers were landed on the

desolate shores of Hudson strait with instructions to observe the

tides, the drift of the ice, and the weather. Those stationed

idong the strait during the first year were II. M. Burwell, W. A.

Ashe, R. v. Stupart, C. V. DeHoucherville and A. N. Laperriere.

The coasts were so unknown that their names were given to the

localities ; as Fort Burwell, Ashe inlet, Slupart bay, etc. These

pioneers are thus commemorated. They were relieved in the

following year by G. R Shaw, J. W. Tyrrell, F. F. Payne, J

'Delivered as a lecture lo the Otiawii (."eiiire of llie Uryal .AMrunoniii-.il

S.niely of ('.iiiada, 27 Niixfir.hei, ?<»iv
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M. Mackcii/if ami I*. Wood win tli, win) oicdfiid tlie ^nnie seritK

i)f localities throiinlioiit tlu- U-u^lli of tlu' strnit.

Tile work was Nin.iiiio\is, tiio»ll\ done in llic dark, with

laiucrii* to rtrad the title scales With ftw exceptions, the

oliscrvutions wire taken dnrinR twt Ive nonr.i in the twenty fonr
;

sotnetinies in the day and sonietinits in the nij'.lil liouis The\'

are thus broken and dilVicult to rednci.. When the whole series

was plotted out as tide curves, it was fonnd that Ashe inlet at

the centre of the strait, was the nioxt complete and satisfactory

station ; and it is also at the hesl sitnation in the strait, for tidal

pnrjwses, that conld he chosen.

In IltuNon strait the ranj;e sometimes exceeds .'10 feet : Imt

on entering; the hay the tide sjirtads ont and the raii>;e is much
less. Observations have been obtained in riceiit years at

Churchill, N'elson, and Mo(?sc I'actory in J.inus' bay They
were taken by readings on tide scales in the sitninier seasons of

I'-'U) to 11)1 .'5
; as there are no wharves yet, except at two points

in James' hay, whce regisieriiiR tide Ranges have now been used

in the snnimer.

When the whole of this niateiial was looked into, it was

found that the earlier observations, though taken with so much
pains and expense, had never been adequately worked up. It

was evident, that with so much material, good nsnlts might be

obtained and data for the calculation of tide tables secured, if

any other harbors could be found where the tide i'< similar ii;

type to these. Il might thus be ])ossible to i .Iculate tide tables

for these new localities by mentis of a dilTereiice in time from

such harbors, wherever they niig ,' be situated, liefort describ-

ing the lines on which this research w.is carried out, we must

lirst explain cle;.rly the meaning ot the Ivpe of the tide, as well

as the special characteristics of the tide in these regions. For, in

correlating tides, it is not those that happen to have the <anie

range that can best be compared : as the type of the tide counts

fr much more than this.

Ki;i)fCTI()\ III riliAl (IIISI'.KXATIONS

The modern ??iethod of dealing with the tide is known as the
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Harmonic Ai. .ym*. due chiefly to Lord Kclvir ami Sir OcorKe
Darwin. The name "harmonic" shows that it is in a gtneral
way similar to nnisic

; and to follow out tliii comparison may ht
the most intelligible way to understand the matter. We know
that musical notes arc repre.Hented by very fine waved I-iie» ; and
any given tone is a perfectly regular series of similar undula-
tions. If we examine a phonograph record, or even a gramo-
phone, we will see that the piece of music is represented hy a

very conipliiated wavy line
, yet the special point to note at

preset!' IS that after all it is a single continuous line. A whole
orchestra is thus reduced to a zig-zag line which is made up of

the individual tones of all the instruments
; the simple undula-

tions troni the vil)rati()ns of each Iwing all combined into one
exceedingly complicated result. The larger variations on this

resulting line correspond with the rhythm or beat of the music.
Now, when we turn to the tide, v.e have the reverse problem

to solve. We have the final or resulting line Iwfore us, and the
problem is to find out all the individual in.struinents that have
contributed in making it up. This resulting line, as a tic! "curve
shows, has a much wider and more uniform sweep than a phono
graph recoril

; but none the le.ss, it has proved in ji;.,t the same
way to bv made up of a whole series of individual tones which
produce the re.sult. Its majestic curve is niort- like some old

(irenoriau chant ; but the time is slow in this music, and our
ears are dull of hearing, and we do not catch the grand
cadences.

In this great orchestra, it is the sun and the moon that take
all the parts. We may say that the sun takes the bass and tenor,

and moon the soprano and alto. The total nunibe'- of instru-

ni'.iit'-- or primary tones in the orchestra amounts to twenty-

eit,. Some of these individual tones produce uiuliilations as

rapid as 6 or 8 to the day ; others art- so slow as to have a period

of half a month, a whole month, or even a year in length

It is thus no flight of fancy to compare these tide curves to

music
;
very slow music if you will, but really the same in

character. For every movement of the noon and the sun, is
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exactly reflected in the tide
; every variation in their diHtaiue or

position has its ettect. The tides in their physical way, are thns
the moM heavenly thinj; on the earth. So. Nature holdi up lo
ui the standard of i)ertection ; for if onr thou|{hts and actions
reflected heavenly intluenoes with the i>erfect accuracv of tin-
tides, the will of (;,Kl would l)e done on earth as it i. don,, in
heaven.

We cannot take space here to follow on. i r jdeas into
greater detail

; hut instead of atteniining to dt :
' the individ

ual instruments, we must be content for our pur|K)»e at present
to make a broad distinction between the various types of tla-

tide
:

just as we may .liMiuRuish the oinra ami the national
anthem, the oratorio and dance mu.sic.

Tvi'i , ov Till-: Tiniv

There are then three leading tvjnrs of tide, in corre.spondei.ce
with the influence of the three movements of the moon which
have the greatest effect. Thesf may be thus summarized, with
less avoidance of tc;chnical language than u.scd in the lecture.
( 1

,
The .synodic morth of the moons phases, which is the most

generally recognized. (2 ) The anomalistic mouth of the moons
distance, from perigee to } ;ee, (W j The month of the change
in declination of th- morn. rth and south of the cfjuator

; its

average length beii.u t',e same as the tropical month. In the
case of the sun, •, e change in it.-^ meridian altitude, due to
declinr;. n, from s •..inier to winter, is very evident: but it is

not so
;

.rally recognized that the moon does exactlv the same
tiling in the course of each declination-month. When the moon
is in high north or south declination, its attraction is oblique to
the plane of the earths ecjuator ; and this gives ri.se to diurnal
inequality in the tide, l-ach of the •' months' ' above mentioned,
hus its own special period ; so that they necessarily over-run
each other. It is thus possible for perigee to fall at the springs,
and a few months later, at the neaps

; or for the springs to bj
most affected by diurnal intquality at one date, and the neaps at
another.
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The most important fact to note is that these various uiove-

mt'iits of the moon have a very different effect upon the tide

in different regions. As a rnle, in any particular region some

one of these movements has so preponderating an effect that the

inllnence of the others is ohscured. Or, it may be that two of

the:n have a nearly equal effect and the influence of the third is

ilifficult to detect.

In the North Atlantic and notably on the coasts of Europe,

tliL- most marked feature of the tide is the variation from springs

to neaps in the synodic month. This probably accounts for the

explantiiin of this feature exclusively, in the physical atlas and

the school geography. Hut to assume that this is the leading

cliaracterislic of the tide everywhere in the world and that all

other influenires may practicallv be ignored, is a mistake which

has probably placeil the chief obstacle in the way of a correct

untlerstanding of the tides generally.

An example of the dominance of the atii'^alistic month is

gi\cn by the Hay of Knndy
; where the variation in the range of

the tide from perigee to apogee is distinctly greater than the

variation from springs to neaps, with the moon's phases.

The large development of diurnal inequality during the

course of the declination-month is illustrated by Northumberland

strait, where the difference in range between the two tides of the

day is at times half as nnich again as the true difference betwten

springs and neajis. The tide on the Pacific coast of Canada, and

notably in the Strait of (ieorgia, is also of the declination type.

The diurnal ine(|uality is there so developed that it obscures

every other feature in the tide ; anil the sjirings and neaps can

only be detected by a careful analysis.

In regions where declination is thus the dominant element,

the change in the declination of the sun during the year niav

have a greater effect than any other of the moon's own motions.

There is couse(iuently a marked annual variation ; and the extreme

tides of the ye.tr, due to ineiiuality, necessarily occur at the

moon's maximum declination which is nearest to the date of the

solstice, in summer and in winter.



'/"//<• Tidii of I/iitisi'ii /id] 103

A fourth type of the tide, ilue to local iiifliK'uce and not

a<>trouoinical, is the es'.nary t.\ [le ; which has a rapid rii-e and a

slow fall. This mav become so accetitnattd as to break and form

a liorc.

The enquiry whv it should he that in different regions the

title is thus more inlliienccd by one element in tlie moon's motion

than another, is a ([Uestion to which we can >;ive no satisfactory

reply. Hut the classification of the tides of the world into their

various types on the lines here indicated, woulil jiroliably offer

the best hope of a correct nnderstandins; of the matter ; whereas

any stereotyped method of sprinj^s and neaps excUisivelv, will

tend to let it remain in obscurity. Meanwhile, the fact itself is

a wariiinH: not to iheori/i' too far, re^ar<linj; the features that the

tide ought to present in any new locality ; lint rather to in\e.>-ti-

j;.ite its actual characteristics, for purposes of correlation.

nines OK IIIDSON HAY

In Hudson bay the tide is of two tlistinct tvpes, one being an

open-water type, as found at Churchill where the duration of

the rise is longer than the fall, an unusual feature ; and the other

an estuary tide of an extreiiie kind, as exemjilitled at Xel'-on.

Tliis contract in characteristics isipiite similar in Jan:ts' bay : and

the tides at Churcliill and Nelson are thus proballx- t\ pical of

tlij whole region. Their leading features are as follows ;
—

Churchill - Range at springs b'i'j. , at neaps 7^4 feet.

Duration of Rise li'' 2.')"'
: Fall C.i' (!()'".

Nelson - Range at sjnings 1 I'j, it neaps 11 feet.

Duration of Rise V' SO'" : Fall S'' (>.")".

When the cndta\»n- was made to find tidal stations which

would serve as ports of reftrtnce for these haibors, it ap];tau(l

jiossible that the tides of iludsDii bav would prove similar to

those of the North sea. The main tide, riiniiiiig up tlie Ath.ntic,

branches to the east and west in entering these two water aie.':s,

where the land coiitigiiration is not unlike. If this conjecture

were correct, the tide at Nelson should be similar to the eNtrtme

angle of tliL- North Sea, belweni Germany .iiid Denmark. The
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endeavor was therefore made to find an estuary tide there of *J.e

same type. Bremerhaven in the month of the Weser -^s selc;

ed as very similar, and although numerous comparisons were

made with other places in the North sea, this original choice

proved to be a correct one. The difTerence of time between

Bremerhaven and Nelson is remarkably constant, irore especially

for high water ; as the variation in the difference is actually less

than between two estuaries in the Gulf of St. Lawrence, or from

one end of Northumljerland .strait to the other.

By following this clue with regard to the similarity of

Hudson bay and the North sea, an investigation on similar lines

ihovved that Harwich is the best port of reference for Churchill.

Most of the harbors on the eastern coast of Britain are in estu-

aries
; but Harwich affords a suitable open -water type, and it

shows the .same unusual feature as at Churchill, in that the rise

is slower than the fall. The result in this case is equally

satisfactory
; as the difference in time between Harwich and

Churchill, for both high water and low water, is remarkably

constant.

The success of this method is valuable in avoiding the

necessity for the establishment of permanent tidal stations at

these harbors. To obtain definite data for the calculation of

tide tables for Nelson, the time of the tide as observed at Bremer-

haven was obtained from Germany, to make a simultaneous

comparison. A value was thus obtained by which high water is

calculated by means of irect difference : but as for most
Kuropean ports the time o low water is not published, it was
found best to compute this from the duration of the fall of the

tide. This duration varies throughout the course of the synodic

month, but the law of variation was ascertained. The calculation

of the height of the tide was a matter of much greater difficulty
;

because the observations available were for short periods, which
happened to be of the same type from an astronomical standpoint,

as the effect of the moon's distance was always superpojed simi-

larly on the springs and neaps. By a method of successive

approximations however, a satisfactory solution was reacliid, by
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which the height of high water can be calculated in terms of two
series of variables. One of these is in the period of the .'vnodic

month, and the other affords a plus and minus correction in the

psriod of the anomalistic month. The problem of tide tables for

Nelson which will be reasonably accurate, may thus be considered

as solved ; although further observations are desirable to improve

the accuracy of the values used in the calculations. Tables

giving the time of the tide have already been published for the

season of 1914.

TIDES OF HIDSON STRAIT

In this strait the tide has an unusually large range, the

average at Ashe inlet, in the central part of the strait, l)eing

aO'j feet at the springs and \h^i feet at the neaps. The dura-

tion of th6 rise and fall is almost equal, and there is very little

diurnal inequality ; but the semi-monthly variation with the

moon's distance, is extremely large. The spring range is twice

the neap range, as above indicated ; and the variation in the

anomalistic month from perigee to apogee may occasion a differ

ence of almost sevenfed in the range of successive .soring tides.

With these variations and tide curves for only half the day,

their completion by inteipolation was too uncertain to be

attempted, as a b' is for harmonic analysis. But for coinpari-

s):i with any reference station, the broken character of the

record was relatively unimportant.

Among the ports selected for comparison, as most similar in

their characteristics and nearest in range, those found to be best

were Liverpool. Port Talbot in the Bristol Channel, and St.

John, N.B., in the Bay ot Fundy. The outstanding variation

in the difference of time between Ashe inlet and the.se harbors,

was chiefly in the psriod of the anomalistic month. St. John
\vas chosen as the most suitable of these three ; as the range is

nine-tenths as much as Ashe ink't, and the anomalistic variation

is the same, absolutely, which makts it slightly greater in jiro

portion. The comparative features at the two places are shown
in the following table :

—
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To obtain the best comparison possililc, tide tables for St.

Jolm were recalcniattd for the back years 1SS4, ISSo and iSSfi.

Such calculation for the past can he made as readily as for a

future year, by means of the tidal constants deduced from the
harmonic analysis. For St. John, these constants are now
derived from 15 complete years of observation, which gives a
high accuracy to the tide tables so calculated. The differences
of time between Ashe inlet and St. John which result, are very
constant and thus afford satisfactory values for computing the
tide in Hudson strait. In this case, it is the time which is of chief
importance, in order to bring the turn of the tif'al streams into
relation with the tide

; as it is not likely that harbors will develop
in this strait for which the height of the tide will be rtquiied.

The progre.ss of the tide tliroughout the length of Hudson
strait, from Port Htirwell to haperricre, can be determined by a
compari.son of the successive localities in the strait. Tlie ob.ser-

vations are not always simultaneous, but the final reduction will

afford a series of tidal differences with Ashe inlet as the port of
reference for the strait.

We may note in conclusion that tidiil work in Canada has
now reached an advanced position. The best poil of reference
on the Atlantic coast of the United States is Sandy Hoo:;, at the
entrance to New York, where eight years of tidal observations
have been .secured At five of our harbors in Ivasteri; Canada
we have a basis of nine to fifteen years of observation. This
in.iy be taken as representing the relative accuracy of the tide
tables for the two countries. Much the ^anie may be said of the
Pacific coast, where three of onr harbors are now supeiior to
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San Francisco, which is the best on that coast of the United
States for which tide tables are publishetl. \Vith the exception
of Great Britain and Kurope, the only conntry which has a

better basi^ for tide tables is India. A bcKiuninR is being made
in Australia and New Zeala d, wliere much the same lines are
being followed as those which we adopted in Canada tweniy
years ago. In the investigation of the currents, which is the
other branch of the work of the Tidal Survey, very fuH informa-
tion is now available on the routes of all the leading steamship
lines in Ivastern Canada, as well as for the navigable passes on
the Pacific coast.

TiiMu Si-RVEv, Ottawa,
March 25, 1914.
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