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XII. On the Tides of the Arctic Seas.
By the Rev. Samuen Havenron, M.D. Dubl., D.C.L. Oxon., F.R.S.,
Fellow of Trinity College, Dublin.
Part V. On the Tides of Refuge Cove, Wellington Channel.

Received July 11,—Read November 19, 1874.

Tue following observations, like those at Northumberland Sound, were made on board
H.M.S. ‘Assistance,’ under the command of Sir Epwarp Brrcurr, R.N., K.C.B.
They were made from 16th September to 11th October 1853. Although the period of
observation is so short, yet, owing to the fact that it was the time of Equinox, some
useful information has been obtained as to the Lunar Diurnal Tide at this Station.

The position of Refuge Cove is
Lat. 75° 81 N.

Long. 92° 10" W.

The following Table contains the Height of ecach High and Low Water, and the Height
of the Diurnal Tide, calculated by the second difference of the heights.

TasLe L—Refuge Cove.

T High Water. Low Water. D iurnatl Tide | D iurnzzl Tide
1me. T . al a
Height. Height. High Water. Low Water.
1853. h m ft. in. 6. in. ft. ft.
Sept. 17 6 80 AMevvrrnrees]  aenns 6 0
17. 12 30 P.M. curenneee 10 6%
17. 6. 25 4 .ceveennns 5 3 | ... 0:313
18. 1 0 AM......... 11 8: | ... 0573
18. 7 30 5 ceveeeene]  verns 5 9 | L 0-271
18. 12 50 PM. ......... 10 7 | ... 0477
18. 7 0 5 vveerne]  eeeenn 5 2 | .. 0-224
19, 1 80 AMeeeenf 11 4 | Ll 0-393
19. 740 5 eevevnn|  aeean 5 6 | ... 0:193
19. 1 45 P.M. eevenennn 10 6 | ... 0-271
19, 7 85 5 eeeveened]  aeenn 5 2 | ... 0-167
20, 2 0 AM..ieinens 10 11} ... 0°135
20. 8 20 5 ceeeeenndd 5 8 | ... 0:094
20. 2 10 P.Me cvvnnnens 10 1Y | ... 0-057
20 8 0 5 ceeeennnd] e 510 | ... 0:005
21, 2 5 AM......... 1 06 | ... 0°055
21, 8 30 55 cereenere]|  eeiees 6 0 | ... 0-083
21. 2 25 P.M. .cecunenn 10 9 | ... 0026
21, 8 40 45 ceeeevnid]  aieeen 6 5 | ... 0:203
22. 2 54 AM..eu.ene.. 10 72 | ... 0:046
22. 8 4D 4 ceeerrend]  eeeee 6 0 | ... 0323
22. 3 30 P.M. ccuunene 10 8 | ... 0°120
22. 945 4 seeeivendl eeieen 611 | ... 0:234
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TasLe I. (continued).

T, High .Wat or. Tow Wat or. Dlurr;aél Tide Dxurn:é Tide
Height. Height. High Water. Low Water.
1853. h m ft. in ft. in. 1t. 1t.
Sept. 23, 3 30 A.M 10 2 | ... 0-112
23. 950 5 el 6 2 | ... 0:439
23. 3 55 P.M 10 4 | ... 0:005
23.. 10 30 9 eceesenes|  Liiea. 7 6 ...... 0'516
24. 4 0AM 10 7 0-041
24, 10 30 5 eeveenenn| .. 6 9 | ... 0:594
24, 5 0 PrPM 10 3 | ... 0125
24. 11 10 5 .eeeennnd] Ll 8 0 | ... 0604
25. 510 AM 9 4 0-266
25, 10 20 5 ceeererns| e 610 | ... 0-687
25. 5 30 P.M. ......... 910 | ... 0:234
26, 12 30 AMeaeuenennd| ...l 8 6 | ... 0:698
26. 545 45 ceeeennn. 9 6 | ... 0:240
26. 12 30 P.M. veveennsn]  annns 7 3 | ... 0661
26. 630 4 .evrenn.. 910 | ... 0°401
27, 115 AMc..ccl ..l 8§ 6 | ... 0651
27- 7 0 39 eesessene 8 6 ...... 0:531
27. 1 30 .M Y R 71 0:635
27, 730 4 .enenn. 9 7 | .. 0:594
28, 3 0AMeccenn] el 8 3 I ... 0578
28, 8 0 4 ceiveenn. 8 8 | ... 0:740
28. 3 30 P-Me weivennnd| ..., 7 1 1 . 0°516
28. 10 5 5, ceeerrn. 1010 | ... 0:849
29, 4 0 AMeuerererrs] e, 711 | .. 0455
29, 10 25 5 .eeen.... 9 4 | ... 0:799
29, 4 0PMewvvrers  aenn. 6 10 v 0-375
29. 10 40 5 ceeeennn. T 0 1 ... 0:740
30 5 0 AM..] 7 2y | ... 0-328
30. 10 45 ,, ......... 910 | ... 0734
30, 4 45 PM. i . 6 5 | ... 0-344
30, 11 45 5 .eeeenn. 11 19 0-672
Oct. 1. 6 0AM..........l ... 7 1 ... 0:-331
1. 11 0 ,, im0 | ... 0:565
1. 5 15 PMe vivvnns|  auns 6 4 | ... 0-208
1. 11 45 ,, ceenne 12 3 | ... 0:490
2. 5 0AM..on . 6 7 0-182
2, 12 30 P.M. ......... 11 5 | ... 0:354
2. 615 4 el 6 3 | ... 0115
3. 12 20 AM.......... 12 2 0 ... 0:224
3. 6 0 45 ceveennd el 6 8 | ... 0110
3. 1 0pM....... 12 6 | ... 0078
3. 645 ,, ol .. 7 4 | ... 0-099
3. Midnight ......... 13 0 | ... 0-088
4, 7 15 AM. evviiind] el 7 4 | ... 0-188
4, NOOD .vevrvvrenenen. 13 0 | ... 0:094
4, 8 0 PMeererenns]  errnnn 710 | ... 0°297
5. 1 0aMm 13 3 | ... 0:094
5. 8 30 ., ceevevnnd el 7 0 1 ... 0:380
5. 1 28 p.M 13 0 | ... 0:094
5. 8 20 5 ceveviin]  eeens 79 | ... 0386
6. 1 40 AM.......... 13 0 | ... 0135
6. 8 30 4 eveeenid  aeeans 611 | ... 0-380
6. 1 0PMe wevun.n.. 12 6 | ... 0-182
6. 9 30 45 i e 7 8 1 ... 0-386
7. 4 0 AM 1211 | ... 0-125
7. 9 0 5 e e 7 1 1 ... 0-484
7. 3 0prmM 12 9 1 ... 0026
7. 945 , i 8 5 | ... 0:615
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TaBLE I. (continued).

i High Water. Low Water. Diurnatl Tide Diurnatl Tide
2 . ; al af
e Height. Height. High Water. Low Water.
1853. h m ft. in. ft. in it. ft.
Oct. 8 4 0AM... 12 6 | ... 0-031
8. 10 0 , .eveeviee]  eienen 7 2 | ... 0688
8. 5 0prM.. 12 3 e 0172
8. 10 50 ,, ...eend] el 8 8 | ... 0755
9. 415 AM 11 5 | ... 0-370
9. 10 50 4 eeeeeeerr| e 73 | ... 0'823
9. 4 40 P 12 2 | ... 0:547
10, 12 10 AMacevaeeed]  aennn 9 4 | ... 0-823
10. 4 30 , .eininen 10 9 | ... 0651
10. 12 30 PMe wevenen|  eennen 8 0 | ... 0-709
10 6 45 ,, ......... 12 2 | ... 0°646
11 2 0 AMeccceeeind]  eenes 9 6
1] 640 ,, ......... 11 0o | ...

A. Diurnal Tide.

The general expression for the Diurnal Tide is

D=M sin 2p cos (m—1,,)+S sin 26 cos(s—1,), .

which at the Equinoxes reduces simply to the Lunar Tide, viz.

D=Msin 2{2 cos(m—i,). .
If the Tides be plotted carefully to scale, it appears that the Diurnal Tides in height

vanish together at High Water and Low Water, when x=0, or nearly so.

The mean interval from the time of the Moon’s declination vanishing to the dis-
appearance of the Diurnal Inequality is about 36 hours, which may be regarded as the
age of the Lunar Diurnal Tide. It is evident from equation (2) that if 2 and 7 repre-
sent the range of Tide at High Water and Low Water respectively, since the phase
changes by 90° from High Water to Low Water, we have the following equations to

determine the unknown constants ¢,, and M:——

. Vi
cot(m—1,,) = Zl,

2M sin 2(max. value of p)=\/h*+7. .

The mean maximum values of /2 and { were found to be
h=0-849 foot,
{=0761 foot;

hence we find

849

cot(m—1,)= 61

m—1,=41°52" or —138° &
=20 53" or — Q2 7™,

MDCCCLXXY. 2Yv
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The mean values of m at High Water and Low Water, as appears from the following
Table, are :—

h m
High Water . . . . . m=-—0 27
Low Water . . . . . . m= 6 1
or, reducing both to High-Water Standard,
m=-—0 27
—0 11

‘Mean. . . . —019
Hence, by equation (5),
—0"19m—q, = 2253™,
p=—23"12m,

or

—0"19™—g,=—9" T™,
2, = |8 48™,
An examination of the signs of the Diurnal Tide shows that we must select the value
Go=-48"48= . . . . . . L ... b (bis)
From equation (4) we find

A (0°849)2 1+ (0°761)2
M= 2 sin 49°

=076 foot=9'06 inches. . . . . . . . . (06)
If we plot the Lunitidal Intervals at High Water and Low Water to scale, from the
following Table we obtain the Diurnal Inequality in time. It produces a maximum

acceleration or retardation in the time of Tide, amounting to 39 minutes.
The following Table gives the Lunitidal Intervals at High Water and Low Water.

TasLe I1.—Refuge Cove. Lunitidal Intervals.

; High Water. | Low Water. High Water. ; Low Water.
. ! 1853. h m h m hm 1853. h m h m h m
[Sept. 17, 6 80 AM. .ttt ...l 6. 35 Sept. 21. 8 30 AM. wuvun| ... 619
17. 12 30 p.M. ......] 40 11 21. 2 25 PM. ..... —0 48
17. 6 25 , ool e 5 b4 21. 8 40 , ... ... 6 33
18. 1 0aAmM. ......, +0 20 22. 2 54AM........ —0 39
18. 7 30 5,  .ovid  aeeen. 5 10 22. 845 , ... . 6 48
18. 12 50 p.M. ......] —0 14 22. 3 30p.M. ......, —0 27
18. 7 0 ,, oo eeee. 6 4 22. 945 ,, .. el 6 12
19. 1 30 Am. ......] +0 7 23. 3 30 AM. ......[ —0 49
19, 740 ,, ... s 5 43 23. 950 ,, ... ... 6 29
19. 1 45pm. ....... —0 2 23, 3 55 p.M. ......] —0 48
19. 7 55 4, i s 5 52 23. 10 30 ,, ... .l 6 13
20. 2 0AaM. .....] —0 6 24. 4 0AM. ..., —1 6
20, 8 20 5, ceeid]  eeenen 5 46 24. 10 40 ,, ... ... 6 26
20. 2 10p.M. ....... —0 20 24. 5 OpM. ......, —0 30
20. 8 0 5,  ceeed]  eeien 6 30 24, 11 10 ,, ... ...l 6 20
2. 2 baAMm. ...| —0 44 25. 5 10 A, —0 45
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REFUGE COVE.

TasLE II. (continued).

335

High Water. | Low Water. High Water. | Low Water.
1853. h m h m h m 1853. h m h m h m
Sept. 25. 10 20 AM. cuvver|  vene 735 |Oct. 3. 645pm. ..l ... 5 51
25. 5 30p.mM. ......, —0 49 3. Midnight ...... -1 0
26. 12 30 AM. .vuied|  ennen 5 49 4. 7 15AM. ol el 5 45
26. 5 45 ,, ... —1 1 4, Noon ...... -1 27
26. 12 30 P.Me ceveed]  eeeens 6 16 4. 8 0pPM. evend  aeen. 5 27
26. 630 ,, ...... —0 40 5. 1 0AmM. . —0 51
27. 1 15 AM. ...... 5 b5 5. 8 30 ,, ...... 5 21
27. 7T 0 , ... —0 37 5. 1 28pM. ......, —0 53
27- 1 30 p.M. cesesel  seenese 6 7 5. 8 20 99 eessee|  sesees 6 1
27. 7 30 , ... —0 31 6. 1 40 AamMm —1 5
28. 3 0AM. weverd  aennnn 5 1 6. 830 , ...n|  eeeen. 6 15
28. 8 0 , ... —0 29 6. 1 OpmMm -2 17
28. 3 30PM. ceverr|  aennnn 4 59 6. 930 , .ot el 5 47
28. 10 5 ,, ... +1 12 7. 4 0AM. ...... +0 19
29. 4 0AM. .ved]  eennen 4 53 7.9 0 ,, .0 6 41
29. 10 25 ,, ... +1 6 7. 3 0OpmMm —1 16
29. 4 0P.M. cveid]  eeennn 519 7. 945 ,, .00 .. 6 31
29, 10 40 ,, ...... +0 57 8. 4 0aAmM —0 40
30. 5 0AM. ceeed]  eeeens 4 43 8.10 0 ,, ......] ...l 6 40
30. 10 45 ,, ...... +0 36 8. 5 OpwM -0 17 !
30, 4 45PM. . eeenn. 5 24 8. 10 50 , .ver| e 627 |
30. 11 45 ,, ...... +1 12 9. 4 15 A.Mm —1 26
Get. 1. 6 0AM. ... oueee. 4 33 9. 10 50 ,, ...l ...l 6 51
.11 0 , ...... +0 2 9. 4 50 r.m —1 28
1. 5 15PMe eeens]  weeene 6 17. 10. 12 10 A M. woerid]  aeenns 6 8
1. 11 45 4, ... +0 23 10. 430 ,, ... -2 12
20 5 0AM eeerd]  eveens 6 22 10. 12 30 PM. .ouued]  aeeenn 6 12
2. 12 30 p.Mm +0 18 10. 6 45 ,, ...... —0 31
2. 615 ,  oeed]  eeeen 5 57 11. 2 0AM. ceeen|  wuen.s 516
3. 12 20 A —0 16 11. 6 40 ,, ...... -1 0
3.6 0 L, ] e 6 36
3. 1 0pM. ...... +0 24 Mean....coveneannenene —0 267 6 11

If we compare the mean Lunitidal Intervals here

intervals at Northumberland Sound, we find :—

Refuge Cove . .

* Mean Lunitidal Interval.
High Water.

h m
—0 26-7

Northumberland Sound. .

Difference .

+0 705
3370

Low Water.

h
6
6

m
11
3535

3425

found with the corresponding

These differences represent the time of the Atlantic Tide-wave passing from Refuge
Cove to Northumberland Sound (uncorrected for longitude); and their agreement is a
proof of the accuracy of the observations at both places.

B. Semidiurnal Tide (Heights).
‘When Table I. is plotted to scale, it is easy to correct the tide for the Diurnal

Inequality, or to do so by the Diurnal Tide at High Water and Low Water given in
2Y2
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that Table. "When this correction is made we find the following Spring and Neap
Ranges:—

ft. in.

Springs—19th September, 1.30 A.M. o8
5th October, 1.28 p.m. 5 8%

Neaps.— 2Tth September, 7.0 A 14

Using the formula for the Semidiurnal Tide,

T=M cos 2 (m—i,)+S" cos2 (s—i), . . . . . . . (
T=A cos 2 (m—B),

|

)

we find at Springs

(M'+8')=34"1 inches,
and at Neaps

(M'—8')= 8 inches;
from which we obtain

2 M'=42-1 inches,

28 =261
%: 0-621.

C. Semidiurnal Tide (Intervals).

‘When Table II. is plotted to scale, and the Tide corrected for the Diurnal Inequality,
we obtain the following results, making use of the formulee given in discussing the
Tide at Northumberland Sound :—

Mazimum Value of 2 B.
Range of Lunitidal Interval at High Water.

h m

29th September, 10.256 oM. . . . . . . . 41 6
9th October, 450pMm. . . . . . . . =124
2B=2 30

Range of Lunitidal Interval at Low Water.

h m

25th September, 10.20 Av. . . . . . . . 4648
28th September, 3.30 pm. . . . . . . . 44959
2B=1 49

The approximate value of 4,, taken from the mean of the observations, is,

h m
At High Water . . . . . . . . . . . =027

Low Water . . . . . . . . . . . =011
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Hence we have

o
(]
-{

2 (B—1,).
h m o
High Water 3 24 49 30
Low Water 2 3 30 0
Hence we obtain
!
~=sin2 (B—i,)=076 High Water
=050 Low Water.
Mean . . . . 063
Collecting the several constants, we obtain :—
Divrnal Tide.
1,, = 8" 48™,
M'= 9-06 inches.
Semidiurnal Tide.
S .
=062 (Heights),
!
%:0'63 (Intervals).
High Water. Low Water.

Mean Lunitidal Interval=—0" 26™7 6h 11,



