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XIV. Researches on the Tides.—Twelfth Series. On the Laws of the Rise and Fall
of the Sea’s Surface during each Tide. By the Rev. W. WrEWELL, B.D. F.R.S.,
Fellow of Trinity College, Cambridge.

Received June 13,—Read June 18, 1840.

THE subject of the present communication is different in its nature from those of
previous memoirs on the tides presented by me, and printed by the Society; since it
refers, not to comparison of the times and heights of different tides, but to the rate
of the rise and fall of the surface of the water in successive stages of the same tide.
This inquiry has often been prosecuted at particular places by naval observers, and is
of very material importance to navigation. For even supposing the time and height
of high water to be known, it is still often requisite, for nautical purposes, to know
the height of the water at a given interval before or after the moment of high water.
And this inquiry may be the more useful, inasmuch as the laws of rise and fall of the
surface are nearly the same at all places; the differences being, for the most part, of
such a kind as can be ascertained and allowed for without much difficulty. Hence
these laws, once stated, will be applicable on every coast; and the knowledge of them
may supersede those laborious trains of observation which have often been instituted
in order to ascertain the laws at particular places.

The materials of the present investigation (which is principally founded upon ob-
servation) are the following :—Five months’ tide observations made at Plymouth, in
which, besides the time and height of high and low water, the time of the surface
passing two lines above the level of mean water was carefully observed ; these latter
observations being made, at my request, by direction of the Lords Commissioners of
the Admiralty :—Three months’ observations (taken out of a larger series) made at
Liverpool, under the direction of Capt. DEnram, R.N., in which the height of the
surface was noted every half hour :—and twelve months’ observations made at Bristol
by Mr. Bunt, by means of his tide-gauge. The latter observations were reduced by
Mr. Bunt himself; the others were discussed under my direction by Mr. DEssiou
and Mr. Ross, of the Hydrographer’s Office, with their usual care and skill.

Whatever be the exact law of the rise and fall of the tide, if the rise and fall be
nearly symmetrical (which it usually is), the height of the surface of the water at a
given place will increase nearly as the sine, while the time increases as the arc. Hence,
if we were to make the time the abscissa and the height the ordinate, we should obtain
(for one tide) the #gure of sines for our curve. Or, to put the matter otherwise : if
we suppose a point to move uniformly through the circumference of a circle in a tidal
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256 THE REV. W. WHEWELL'S RESEARCHES ON THE TIDES. (SERIES XII.)

half-day, the height of this point above a horizontal line will represent the height of
the surface of the water, supposing the velocity and the radius to be duly adjusted.
But the radius depends upon the total rise of the surface, and the velocity depends
on the length of a tidal day, and both these quantities are different at different
periods of a lunation. Hence our line of sines will, even theoretically, require some
modification.
Let the height of the surface above a given zero line be

y:k—!—kcosg—:—_r—ta

where = is the length of the tidal half-day, and ¢ the time from high water; 2 4 the
rise from low water to high water.

The quantity = will (according to theory) differ at different periods of the semilu-
nation. The law of its change is determined as follows :

Let ¢ be the R.A. of the moon minus a certain constant, and 4 the time at which the
high water (or low water) follows the moon’s transit, minus a certain other constant ;
c the ratio of the solar to the lunar tide. Then by the equilibrium theory we have

oA csin?2 ¢
tan20= — 1 +ccos2¢
Also if ¢/, ¢, be the values of ¢, 4, at the next tide,
L csin 2 ¢/ .
tan20 = — 1+ ccos2¢’

c(sin2¢' —sin2¢) + ¢*sin2 (¢/ — ¢)
1 + ¢ (cos2¢' + cos29) + ¢?

Hence tan (24 — 24) = —

. ccos (¢ + ¢) + ¢ cos (¢ — o) ] '
T T 14 2ccos(¢ + ¢)cos (¢ —¢) + ¢ 2sin (¢ — 9).

But the arcs 2¢' — 24 and ¢' — ¢ are small, and very nearly as their tangents and
sines. Also cos (¢' — ¢) = 1, nearly, and cos (¢ 4+ ¢) = cos 2 ¢, nearly.

ccos2¢ + ¢
+ 2ccos2¢ + &

Hence ¢ — 0= — (¢' — 9) 5

1+ ccos29

whence 0’~—A+¢>’——(p=1+200082¢+ce(¢"-¢)'

Now the former tide happens ¢ 4 ¢ after the sun’s transit, and the latter tide ¢’ + ¢
after the sun’s next transit; therefore the length of the tidal half-day is 12" 4 ¢ +
¢ — 60— 9. Also¢' — ¢ is constant, being always very nearly 24 minutes. Hence
the tidal half-day will be least and greatest when the above fraction is so; that is,
when 2 ¢ is 0 and #. The tidal half-day is therefore least at spring tides, when it is
r_

12h 4 %—;;2 ;

and greatest at neap tides, when it is

-
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ON THE LAWS OF RISE AND FALL OF THE SURFACE. 257

If we take ¢' — ¢ to be 24 minutes, and ¢ to be +, which is the value which agrees

best with the times at Plymouth, these tidal half-days are respectively 12 17™ and
12 40m. At any other time

14ccos2¢ 1 1+ ccos2¢
— 19h — ]9oh = .
r=12 +24m1+2600s2¢+02—12 {]+30 l+zcc052tp+cg}'
The height, 2 A, of the total tide varies with the period of the lunation. If 2 H be
the total lunar tide,

at springs A=H (1 + ¢).
atneaps A=H (1 - ).
at any time h = Hy/ {1 42 cos2¢ 4 2} ;
but ¢’ has no longer at all places the same value as ¢ before. The Liverpool tides

give ;2; as the value of ¢': but in order to satisfy the Plymouth observations of height,

1
¢ must be about =z

Since the curve of rise and fall at spring tides has its amplitude the smallest and
its ordinate the largest, it will intersect all the others. The points of intersection
will be a little above mean water.

We have now to inquire whether these features appear in the empirical laws of the
tides, as collected from discussion of the observations already spoken of: namely,
whether the curve of rise and fall is the figure of sines, and whether its maximum
ordinate (%) and its amplitude () follow laws resembling those given by the theory.
If this is the case, the intersections of the curves will also agree with the theory.

(1.) The empirical curve of rise and fall agrees very nearly with the figure of sines
at all the three places here considered. The figure was determined differently at the
different places. At Liverpool, where the height of the water was observed every
half hour, the total curve was given empirically, and is exhibited in Plate X. fig. 1.,
the curves being thrown into two groups (according to hours of moon’s transit) to
avoid confusion. At Plymouth, the time and height of high water were observed, and
also the time of passing two horizontal lines (M and N) situated near mean water
(at nine feet ten inches and ten feet ten inches respectively, above the zero of the scale).
By this means five points were given in each curve, (the observations being arranged
according to the hour of transit), and the curves were drawn by the eye through
these points, as may be seen in fig. 2.

At Bristol, the tide-gauge did not allow the rise and fall to be observed more than
half way down from high water to mean water; but there is no doubt that in its ge-
neral law of variation, the curve approached nearly to the figure of sines.

(2.) But in all these cases, more or less, there is a deviation of the empirical from
the theoretical form, which deserves notice. Instead of being a symmetrical curve,

MDCCCXL. 2L



258 THE REV. W. WHEWELL'S RESEARCHES ON THE TIDES. (SERIES XII.)

the rise and the fall taking place at the same rate, the empirical curve of rise and
fall is unsymmetrical, the fall being more rapid than the rise in general, though some-
times the reverse occurs. By this means the summi¢ of the curve of rise and fall
is displaced, and is posited to the right or left of the position given by bisecting the
interval of the times at which the surface, in rising and in falling, passes some lower
line (as the line of mean water). This displacement of the summit 1 have taken at
Liverpool for two lines (M and N) at the heights of fifteen feet and seventeen feet
above the zero; at Plymouth for two lines (M and N) which, as above stated, are at
nine feet ten inches and ten feet ten inches above the zero. In these cases the lines
M and N are very near mean water. At Bristol, as I have said, the lower observed
height was half way from mean water to high water.

The displacement of the summit being arranged according to the hour of moon’s
transit, there is no obvious agreement in the form of the result for different places.
Fig. 3. and 4. give the curves which express these results for Plymouth and Liverpool ;
Bristol is not readily comparable with these, from the nature of the observations.

(3.) The variations in the length of the ¢tidal half-day (from low water to low water)
were also examined. It appeared that at Liverpool and at Plymouth the variations
in this element followed nearly the law indicated by the theory; which, indeed, may
be considered as having been previously sufficiently proved by the near accordance
of the observed with the theoretical times of high and low water; an accordance
which had already been established by the discussion of the observations at Liverpool,
London, and other places.

(4.) The same may be said of the variations in the height ot high and low water
during a semilunation. It had already been repeatedly shown, that (if we assume a
proper value of c) these, as observed, agree with great accuracy with the theory, at
every place yet examined.

(5.) Hence, as I have said, the intersections of the curves of rise and fall belonging
to different hours follow, in the curves given by observations, nearly the theoretical
law. Thus these intersections all take place nearly at mean water; but occur a
little higher and nearer high water than the height and time of mean water.

(6.) But yet the want of exact symmetry in the empirical curves occasions some
peculiar features in the intersections of these curves. Thus, at least for many of the
hours of transit, the intersections of the curves of rise and fall are higher and nearer
the time of high water in descending than in ascending. This may be seen in the
Liverpool curves, in which many of the ascending intersections fall very near the line
M, while the corresponding descending intersections fall near the line N.

(7.) Since the time of ascending is greater, and the height ascended less, at neaps
than at springs, it is plain that the velocity of ascent must be greater, and the time
of ascending a given space less, at springs than at neaps. The same is the case of
descent. And hence the times of ascending from M to N vary, and this variation
appears eminently in the rate of the surfaces ascending or descending about mean
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water. I have compared the times of ascending a given space (from M to N) both
at Liverpool and at Plymouth, but I have not thought it necessary to give the diagram
which exhibits the result.

(8.) Near mean water the surface is rising or falling with the greatest velocity.
Hence the observation of the time at which the surface passes the line M or N is far
more precise than the observation of high and low water. The observations at Ply-
mouth were made fo seconds; and the hypothetical time of high water, obtained by
bisecting the interval from M rising to M falling, agreed with the time obtained by
bisecting the interval between N rising and N falling, generally within a minute or
two, and often within a few seconds.

(9.) Since this is the case, it might be made a question, whether it would not be
better to observe the time of the surface passing M, or N, or both, than to observe the
time of high water and low water. (Of course it must be understood, that it would still
be requisite to observe the keight of high water and low water, but this is very easily
done, either by the eye, or by self-registering machinery.) There are some circum-
stances which appear to confirm the conjecture that this would be an improvement in
tide observations : for instance, the diurnal inequality of the times of high water at
Plymouth is much more distinctly seen in the bisected times than in the observed
times ; but on examining the general run of the observations, it does not appear that
the bisected times are more regular than the observed times.

Since the exactness with which it is possible to determine the bisected time of high
water has not previously been practically shown, I shall give, at the end of this me-
moir, the comparison of the bisected times obtained from the lines M and N at Ply-
mouth, with each other, and with the observed times of high water.

(10.) As we have already seen, the displacement of the summit of the curves of rise
and fall, that is, the time by which the observed time of high water differs from the
bisected time, appears to follow different laws at different places, and therefore pro-
bably depends upon local circumstances. In general, in the cases hitherto examined,
the observed time is later than the bisected time ; that is, the surface descends more
rapidly than it rose. But both at Liverpool and Plymouth this difference vanishes
very nearly at about seven hours’ transit. Thus at neap tides the curve of rise and
fall is nearly symmetrical.

(11.) The laws which we have investigated have been referred to the hours of the
moon’s transit, these hours being reckoned from 1 to 12; but at Plymouth, if we
refer the observations to hours of moon’s transit from 1 to 24, thus distinguishing
superior from inferior transits, we find a great difference in the effects belonging to
corresponding transits, as 6" and 18", 7" and 19", and the like. 'This difference ap-
parently arises from a diurnal inequality, and would disappear when the moon’s nodes
came into another position.

London, June 12, 1840.
2L2
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P.S. I will add to the above memoir two tables, giving the height of the surface
of the sea at any time, as affected by the tide at Plymouth and at Liverpool. In con-
structing these tables I have supposed the rise and fall of the surface to follow the law
of the sine of the time from mean water, as already explained. For although there
exists in many places a displacement of the summit of the curve of rise and fall, this
displacement is small, and would not much affect the height at any time. Whether
it arise from the combination of the solar with the lunar tide-wave, or of the diurnal
with the semidiurnal wave, or from the form of the channel and local circumstances,
it may be disregarded or postponed in a statement like the present.

The height is given in these tables according to hours before and affer high water,
the curve being supposed symmetrical, as we have said. The uni# of height (ex-
pressed in the table by 1000) is the height of the high water at spring tides above the
mean water, or half the total rise of the surface at spring tides. The table must be
adapted to any particular place by multiplying each tabular number by this quantity
(the height of spring tide high water above mean water) for the place (cutting off
three decimal places).

The highest spring tides and the lowest neap tides take place at different intervals
after the moon’s syzygies and quadratures at different places, the interval varying
from a few hours to a few days. Inlike manner the tides corresponding to the moon’s
octants (when her transit takes place three hours after the sun’s) follow the time of
the octants at different intervals at different places ; but they may be very intelligibly
designated as octant tides, which term is employed in the tables.

In the table for Plymouth, the spring tide is to the neap tide as 5 to 3; which
supposes the solar tide to be one fourth of the lunar tide. In the table for Liverpool,
the spring tide is to the neap tide as 7 to 3 ; which supposes the solar tide to be fwo

Jifths of the lunar. These are the proportions given by observation at those places.

I will add an Example of the use of the following tables. Let it be proposed #o

Jind the height of the surface at Plymouth 15 hour before high water at octant tides.
The range of spring tides at Plymouth is sixteen feet; hence the unit of heights is
eight feet; and at 13 hour before high water the tabular number (by interpolation)
is *515. Hence the height above mean water is 412 feet, or four feet one inch; and
since mean water is at nine feet ten inches on the scale, the height of the surface on
the scale is thirteen feet eleven inches at the time proposed.



ON THE LAWS OF RISE AND FALL OF THE SURFACE. 261

Tables of the Elevation or Depression of the Surface of the Sea above or below Mean
Water at all hours of the Tide.

For PrymouTH.

Bl?lfigt{f \%,ra?g?r Spring Tides. | Octant Tides. Neap Tides.
-h m
21 0 0 1000 825 600
2] 030 979 797 584
: 1 0 872 721 530
541 30 720 599 441
E1 2 0 522 432 330
£l 230 289 245 194
203 o0 041 038 047
r3 30 217 172 100
140 462 367 243
£] 430 665 541 371
g) 5 0 834 679 470
5 30 945 772 550
L6 0 996 818 592
Low water. . 1000 825 600
h m h m h m
Time ...... 6 8 6 11 6 20

At 20 52m before and after high water, the surface, both at neaps and springs, is
57 of the parts above mean water, that is $%th of the tidal unit.

For LivERPOOL.

BI?Ifi(;f \O,;a’:gfr Spring Tides. | Octant Tides. Neap Tides.
h m

10 0 1000 775 429
%] 030 979 748 417
110 872 677 379
g1 130 720 562 315
Ele o0 522 405 236
51 230 289 230 139
2030 041 635 033
(3 30 217 161 071
| 40 462 344 174
E) 430 665 508 265
g 5 0 834 637 336
5 30 945 725 393
6 0 996 768 423
Low water. . 1000 775 429
h m h m h m
Time ...... 6 9 6 11 6 19
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Observations at Plymouth of the time when the Surface passes lines M and N ; and the
calculated Time of High Water, hence obtained, compared with the Gbserved Time.

M. Calculated High N. Calculated High
ig. ir(l) Watela\llrl 'fromg {t() ir(z) WateIG.fromg H?g%s%v’gér'
1839. h m s h m s h m s h m s h m s
December 1 5 34 23 5 220
Wl | 1w | YN Xl 159 0| 145 0
2 - gg | 23640 | pM0 1 23615 | 213 0
WA | gas13 | 1M1830 1 gur00 | 2m 0
o 30| si6se | RIS s | 320
11 49 49
71758 | PFH 0 9ms | a0 | gag
6 57 40

4 g ii Wl 406 2 o2 | 35846 | 350 0
g 20 sz g N sz 0| 490
B9 2 43330 ; ;? ] 48 427 0
5 o éf aszes | L4 S0 4516 | 445 0
6 s | s1220 | 108 Zg 51453 | 5 4 0
; Rl oss0o 7 | 284 52846 | 525 0
7 g o a0 | 550 6 g i; gg 54747 | 539 0
3 2 3g 6 218 g ;2 33 6 052 6 0 0
a2 3g 21 62050 . i; 1 62 | 611 0
S0 | suw | 3RE| cwu| o
1.3 32 o0 | 6832 | B2 f; 65122 | 650 0
AR A
10 32852 | qaass | 3120 e | 7o 0
3 g? oo | 74836 | 120 gupas | 7440
AR R e ] e

R E T AT T
Tel | sa0ss | 233500 sup 7 | 842 0
8l Sok0 | 9wss0 | S 91692 | 9 6 0
S5l 9s6ss | S0 936 6 | 930 0
v g or 12| 1014 40 f 3]z | 950 0
S10 9 | wse o % | 102914 | 1019 0

sl el uesa | T2 1500 | 1047
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Tasre. (Continued.)
M. Calculated High N. Calculated High
th | Ve g | e
1839. hom s b m s b om s s A
December 15 3 24 10 2 55 14
782A0 ] 1149 20 758 o | 114613 | 1130 0
6 sais | ossiz | 53 s | oes10 | 1159 0
1ia 08 | 0ssa0 | G0 0 osss | 039 0
17 3 gg T 139 0 12 " 38 13915 190
0819 o | BB 21020 | 145 0
18 1g i; §Z 2 44 49 12 33 Tg 2 44 28 220 0
L eeu | HHE | sas |
11 50 41
Yo | P ) o a0 | 34345 | 226 0
S1h4p | 41514 ‘7’32‘;’2 41157 | 336 0
= g i; ig 442 21 g 33 fg 4 40 35 421 0
o530 | 5836 | g w21 5 88 | 448 0
. ; Z? 12 5 26 27 ; ?Z ig 5 31 47 516 0
556 5 | 6210 5 i 13 6 211 540 0
B e | 6e6es | BITO) | 62657 | 617 0
o858 | 65a 2 | 0% | 65320 | 633 0
WIS | SRR ot | 720
Sanas | raaso | 30| 7431 | 725 0
i R IPIPPPO ek | 71 | 748 0
0 236
25 3 }3 12 8 13 37 g 32 1? 8 17 41 8 5 0
3 32 32 8 34 33 3 fg 33 8 36 19 826 0
o6 05516 | 9 43 . a0 9 218 845 0
: ég o 9 25 37 58 ; 9 23 32 911 0
27 fg;% 9 46 1 fgﬁlg 9 40 11 930 0
PAt w0 s | § 9% 1 95926 | 953 0
ol o202 | 05088 | G838 109999 | 1012 0
g g? ip | 1046 32 g Sy | 104218 | 1034 0
29 7202 L aeseo | 7303 1 110040 | 1052 0
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Tasre. (Continued.)
. R
P | e g Ve R
1839. h m s h m s h m s h m s h m s
December 29 3 25 20 2 50 50

72030 | qags | 75930 1 y14088 | 1105 0
50 S 30 501 oes0 89S 0213 | 1147 0
852 lg 04139 | 92301 o4087 | 014 0
al o g? Sl 15 e | 10 Bl r2s | 048 o0
S | usrer | N2 8 15396 | 121 0
g L8 L TR e ]
12 o | 3oee | 28 5 em 233 3

0 1; oy | 32133 1; o401 392259 | 3 3

11 57 51 3 28

v 50 5 3 43 58 g 13| 3439 | 358
8 2 Beas |l 41638 g 8 suy 427 0
0 fg 2 43633 ; 2] assse 451 0
4 5 o 454 24 L2 gi 4 53 51 5 5 0
; T sises | 146 Nl s1a 530 0
5 é oy o 531 3 g 5 gg 5 34 59 548 0
g ;g gg 5 53 58 g ?g 3? 5 54 20 611 0
6 g ?2 gi 6 12 28 g 33 ig 6 11 41 629 0
282 630 51 3 53 bl 62927 | 645 0
I et 6a619 | 3195 64612 | 7 0 0
o rorss | SN 7 71| 7 0
RS e | 33690 o045 | 736 0
1? }; ?g 7 42 0 13 ?i gg 7 41 43 753 0
145 3; 75852 | 198 2 7 58 37 819 0
ey | 81947 | SIUIZ 0 4538 | 536 0
W Rl s | SR T sara | 87 0

013 23

noaa sl 9usy | AL 9 13| 910 0
oS ey | 8.1 g0 | 936 0
W SR | sw e PRE| cuw | s
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ABLE. ontinued.
T. Continued
M. Calculated High N. Calculated High .
ft. in, Water from” ft. in. Water from | O"*Gred High
9 10 M. 10 10 N, -
1840. h m s h m s h m s h m s hom s
January 12| 1 16 34 0 48 10
61945 1 30 628 | 537101 30 388 | 1024 0
s oaeis [ wegas | T 200 100840 | 1045 0
: g by | 11 346 | 1% Woloese | 170
 Laong | s 7| 5 D00 | msaar | mas oo
8 16 30 841 3
4 555 | 0M12 0 oo el 0 955 | 022 0
9 718 9 37 17
15| 4 57 16 1 217 T 22 45 1 0 1 054 0
3 34 40 13811 | 17 ? . 136 58 143 0
e NI g1z | 10413 9us46 | 220 0
11 17 28 11 42 47
64316 | S 0% | "gigg | 3 03 ) 330
. |4
v s he | 3eoss | Tl 3302 | 342 0
? s 45 | 35714 g 2 35745 | 420 0
B | ames | 12N us043 | 4430
saaaa | 556 | L2 5 s 512 0
190 1as el | sgigs | 2 20 Sag | s
g 550 | 55150 g ?3 ol ss1es | 614 0
oS | 610 Saroy | 61432 | 624 0
330 314 44 |
03015 | 64638 | ;U630 | 64587 | 6550
21 310 25 3 24 43
10 48 42 6 59 34 10 34 30 6 59 36 715 0
3 53 40 4745
1058 9 | 7255 | jgs7s | 7230 7310
22| 354 11 4 11 41
11 22 26 7 3819 11 9 51 7 40 46 756 0
427 10 4 42 48
113539 | 8 12 | 179096 | 8 242 | 8 40
23 4 31 28 4 45 50
816 4 | 4y 4554 | 81652 8240
0041 513 20
45515 | oo | 114gse | 880561 8490
24 015 21 5 16 40
12000 | BEA | o g9 | 9 135 | 9 40
5 630
o5 o saa0 | 85950 | SIS 9 03 | 913 0
PRl 969 | DM 91512 | 930 0
o6 sag1s | 95215 | ST 95004 | 941 0
MDCCCXL. 2 u
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TaBre. (Continved.)
9 10 M. 10 10 N. ‘
1840. h m s h m s h m s h m s h m s
January 26| 1 48 15 123 8
5 81 94535 | 328101 94036 | 1010 0
o S0 | 1o1sss | 84710 | roer1s | 1028 0
68245 1 10 36 24 6 5% | 103245 | 1043 0
ol 05 s 7 7235 111 aee | 1100
2 }g M imgs | 7 33 Bl imeses | 1134 0
s o oz | TR 0 32 | 035 0
B2 ) osssr | I 5 a5 | 17 0
sl 2495 | r3ses | 123 71 136 12 o
12 19 g 23983 | 1029 B 2361 | 230
sl R 2ass0 | A% | 2413 | 245 0
Lo | seess | 1 T80 1 32110 | 330 o
11 42 35
February 1 cos1s | 4 4% | § o | 4416 | 346 0
o eS| 4 4 g B | 4 2e2 | 428 0
708 Sl assss | g T30 asr 4| 448 0
; oog | s1018 | ¢4 5 985 | 517 0
3 ; 5% s13e6 | o ?g 12 513 10 535 0
; P g; 5 55 42 g Wil ssssz | 557 0
T A 5473 ; 2? ;? 54650 | 620 0
g ig | 61 5 g P ? 61634 | 628 o
g g | 63310 | S0 | 632 1| 643 0
oo s 608z | 0 S 65950 | 713 0
° 10 55 |7 | g i? | 7 850 7340
33| wa | ART | rww | e
TS| Tas | Tun | 72| 830
G rsese | 338 gg 8 42 | 824 0
B 44540 gozas | 125 g0059 | 843 0
0 148
IR B IS T TN I
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TasLe. (Continued.)

9 10 M. 10 10

1840. h m s h m s h m s h m s h m s

February 9] 0 20 51 0 4 3
SR |y 0w | $50 | vwe | ow o
0 3 33 o | 9% | o S2ae | 92515 | 930 0
55 lg 940 9 f Sa | 93650 | 10 0 0
11 f a1 | 10 816 ? 3? g0 | 10 647 | 1016 0
S oaoe | 10erse | SA | 190755 | 1046 o
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TasLe. (Continued.)
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fe. . Waer .fromg fi. in. Watelfr.fmmb Hgﬁf%‘;
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2 g R R ; 13 - 411 2 | 423 0
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1840. h m s h m s h m s h m s h m s
Mg VG | BRE VL] LR
sl osenaz | 21220 g0 | 839 0
S R IRV - 3 %3 83354 | 851 0
10 % 3? ;g 9 537 : 3§ 22 gu8 0 9160
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12 ; 22| 1034 48 7302 1 108514 | 1048 0
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REET 413 IR I e A I
Yn 2 194 9 | 192092 124 25 118 0
¥ Ry 15834 | 1) B a7 1 56 26 2 0 0
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2 gg 2| ssa3s | 2350 | 35495 | 356 0
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N SO AP PE ; 2? 2 e | oas0 o
o1 oo | assag | LI80T 45506 | 5 6 0
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18 g sae | 5864 | 22O 55600 | 546 0
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Ssoao | 62mar | S0 6er 9| 6430
W 31220 1 68 56 sl | 64 0| 6355 0
ST T Y IR IEE T ) )
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TaBre. (Continued.)

M. Calculated High N. Calculated High Observed
ft. in. Water fi ft. in, Water fi :
9 10 e R ater from | gigh Water.
1840. h m s h m s hnés h m s h m s .
March 22| 4 10 50 4 26 55
10 59 35 73513 | 10 10 30 7 33 43 742 0
4 25 10 4 40 50
111015 | 74743 | 105 4 | 74757 | 758 0
23] 4 34 20 4 51 21
11 24 42 75931 | 11 74098 7 57 55 810 0
4 44 38 5 218
1137 9 810 54 | |7 % 50 8 855 823 0
24 5 430 5 27 15
11 43 34 824 2 | 1) 1820 8 22 48 838 0
5 10 49 5 32 24
83615 | 11 32 35 8 32 30 849 0
25| 0 140 5 53 20
5 28 10 11 27 27 8 40 24 9 0 0
5 42 34 9 4 46 920 0
26| 0362 | 9 9% 0 0 1
6 525 6 35 41
25551 9 30 38 31339 9 23 40 944 0
17 10 56 20
271 14215 9 59 43 0 52 23 95422 | 1019 0
716 5 8 17 35
24348 | 105957 | y44qg | 11 054 a1 400
745 0 8 46 50
28 32950 | 113725 23310 | 1140 0 0 3 0
9 36 19 10 25 43
T 45 2 110 41 3 58 40 11212 041 0
s a0 | tea0 | NI 186 | 1e6 0
Wl ewas | LI 1 21950 | 211 0
10 58 30 11 26 11
30, 6 18 25 2 38 28 5 53 11 2 39 41 248 0
11 45 2
3 16 37
1
1? gg 3; . g 21 ig 315 44 32 0
31 7 830 0 14 10
64920 | 33145 1 3420
2 gg 42 4 327 g ?Z 35 4 316 416 0
Aprill] 0 45 0 1 013
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1
Soras | 4e | L8| 4442 | 5 o0 0
2 12410 139 11
g4259 | ° 335 8 28 43 5 357 519 0
154 8 2 821
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10135 | 646 2 S 5| 6437 | 658 0
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Tasre. (Continued.)

o |||V | L
1840.. m h m s h m s h m s h m s
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6 417 74753 | 1 ui | T4rer | 754 0
e 8 3 4 | 12a ig 8 335 810 0
e geese | 0 3§ Ao | 82056 | 833 0
g ;g 83719 | ° i? 2] 8402 | 854 0

8 b5 47 6 7 6
9 13 51 91212 | 919 0
0 40 017 18

o f g 9 35 52 g 3 9msr | 94 0
f gg 1098 ? 1740 ) 10 511 | 1014 0
1o 75 103826 | 73220 | 103630 | 1054 0
: ;g 118 8 | 528 70 1sess | 1139 0
L 8 0108 | 2.5% | 0 935 011 0
952 11736 | 1030 fg 116 34 114 0
o N 145 o | 103857 1 44 51 148 0
1059 232 5 | '} ;3 6| 22845 | 236 0
18 6o 2502 | I ese 4| 36 0
. 32956 | ooao3 | 3ess4 | 338 0
14 g 3 3 43 56 2 2950 | 34532 | 357 0
g i 413 55 ; o1 gg 413 3 | 424 0
- 4 30 39 ; S8 aer43 | 439 0
: ?; 4 50 41 : 3g fg 450 5 | 458 0
16 5 gg 5 458 | £330 1 5 404 | 516 0
3o 521 15 | 52349 536 0
17 g 1? 54115 | 2251 54088 | 554 0
g 2 5 55 59 g 01| ss61z | 69 0
18 5 g? 6 11 32 3 4 g? 61055 | 622 0
5o 6 26 22 g Mo 6262 | 637 0
19 312 64016 | 221 | 63643 | 648 0
1 23 65229 | 53101 65 m 75 0
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TasrLe. (Continued.)
M. Calculated High N. Calculated High s
ft. in. ‘Water from ft. in. ‘Water fromg Obs‘i?,:t‘irﬂlgh
9 10 M. 10 10 N. -
1%{0..120 h41:1(1)5so h m s 1'13m78 h m s h m s
pri 3 2 357 3 .
10 32 46 7649 | 15701 3 7 532 7130
3 51 52 4 653
10 43 55 717 5% |0 o5 26 716 10 729 0
21 4 8 46 427 8
10 58 18 733382 1 14 36 52 732 1 748 0
SRR wa | SR a1
22| 4 41 20 5 2 6 _
Fae 8 236 | 100 8 034 818 0
S e sa | B2 s11e | 828 0
23 512 20 5 32 12
R 3514 | 53208 8 27 18 845 0
518 23 5 41 29
852 37 | 11 54 35 848 2 350
24/ 0 26 50 6 15 50
1
g ig 23 915 44 0 817 Vi v e
d3EE | v | S0 suw | em
6 48 45 730 10
o 13 a6 | 103311 73030 | 103143 | 1088 0
26 g gg ?g 10 54 21 ; 42 lg 105339 | 1111 0
8 39 10 9 24 30
s 0 933 g8 010 14 0 5 0
9 0 5 9 48 12
al 398 0 38 38 ) 0 46 46 040 0
g 52 Z; 130 37 12 gﬁ 13 130 12 133 0
oy 102041 14526 | 1 3? ;g 149 0 | 2 6 0
B EINTTIETE I I e
RIEEECH O S 3 IS
11 59 20
6 48 36 3 23 58 g ;g g 324 3 333 0
30 012 30 0 28 16
210 3 41 38 o 3 41 29 354 0
0 45 16 1 1 22
2 20 10 410 28 v 20 1 410 49 422 0
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