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XXXVIL. A Treatife on Rivers and Canals.. By Theod
Aug. Mann, Member of the Imperial. and Royal Aca-
demy of Sciences at Bruflels ;. communicated by Jofeph
Banks, Efg. P. R. S..

Read June 24, r779..

TO JOSEPH BANKS), ES8Q P, R.S:t.

S IR,

"R/ OUR election to the Prefidéncy of ‘the firft literary

and {cientific. Society in the. world,.to a chair fo.

long and fo glorioufly occupied.by the great:NEWTON;
joined to.the friendfhip you have been pleafed to-honour
me with fince my being firft known to you: has encou-
raged me to fend you fomething of my compofition, as
the beft way of exprefling my fincere refpect and attach~
ment to.you, and my profound veneration for the:illuf~
trious Body which has chofen you for its head. Though

variouscircumftances, by carrying me very early into fo--

reign countries, have made me from my youth almoft
an

)
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556 Mr. MANN's Treatife ,
an alien to my native foil, and put me in a fituatic.
which apparently muft make mec ever remain fo; yet,
neither time nor diftance could ever weaken, much lefs
obliterate, my tender attachment to it, or my ardent
wifhes for its welfare.

Thefe confiderations will, I hope, merit a tavourable
acceptance from the Royal Society of the following piece,
which I have the honour of addrefling to you; and an
indulgent condefcenfion for its imperfection in every re-
ipe&t, and particularly in point of ftyle. Five and twenty
years abfence from my native country, and the neceflity
of converfing during that time in different foreign lan~
guages, muft unavoidably have filled mine, without my
being fenfible of it, with idioms and expreffions in ne
wvrife-Englifh.

As to the fubjeé I have undertaken to treat on this
occafion, T was guided in the choice thereof by the mo-
tive of faying fomething that might be ufeful tomy na-
tive country. The great number of extenfive and'mag-
nificent canals, which have been. cut through almoft
every part.of England of late years, for the ufe of inter~
nal navigation, .and which do honour to the public {pirit
of the nation, merit to be confidered.in a {cientifical as
awell as.in a commercial light.  Their 'waters have their

jaws .of motion different in many cafes from thofe of
7 rivers:
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rivers: they are liable to many accidents which the
others are not, and of a different nature. Thefe accidents
do not become fenfible till -many years after their cone
ftruction, and are better prevented in time than remedied
when they happen. I have long lived in a country fa-
mous for its navigab]e canals, and have been much em-
ployed, under the eyes of the government of it, upen that
fubjeét. I only mention this to thew, that I have not un-
dertaken to treat a fubjeét towhichIam an utter ftrauger.

There are, moreover, many confiderations concerning
the laws of motion in rivers and canals in general, the
velocity of their currents in proportion to the. qxiantity of
their declivity, and the means of afcertaining therefrom
the refpective heights of the interior parts of continents,
which merit the attention of a natural philofopher. i
fhall venture to offer my thoughts and obfervations (fome
of ‘which, I believe, are new) ou all thefe {fubjects in the
enfuing Differtation, which I fubmit entirely to the judg-
ment of the Royal Society, and fhall efteem myfelf
happy if I fucceed in it, {o as to be of any ufe to my
country, and to be able to teftify, at the fame time, my
profound refpeét and veneration to you, DEAR SIR, and to
the illuftrious body over which you prefide.

Vor. LXIX. 4D $ E C-
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SECTION L

Different ufes for which canals are made, with an account
of the principal authors who bave wrote concerning
them.

1. Artificial canals are to be confidéred in a double
light; as facilitating comnmerce by means of internal navi-
gation, and as preventing inundations by carrying off the
too great abundance of water from low and flat coun-
tries, fuch as are Holland, Flanders, 8&c. In thefe laff
named countries they ferve at once for both purpofés;
and it is in this double light that I fhall'confider them in
the enfuing difcourfe. If canals for draining have fluices
upon them, particularly at the end whereby they dif-
charge their waters, as is univerfally the cafe in the Low
Countries, they differ in no wife from navigable canals:
if they have nothing to fuftain their waters in them, they
are to be confidered in every refpect as rivers or rivulets,
and follow the fame laws. It muft, therefore, be care-
tully kept in mind, that whenever I mention canals, I
mean thofe only whofe waters are kept up by fluices,
and never thofe without them, which I include, without
diftinction, under the common appellation of rivers; for

they



on Rivers and Canils, 559
they are no more than artificial ones.  If'I miftake not,
all the navigable canals in England are of the firft fort;
that i3, have their waters képt ﬁp, and let off by fluices.
This neceflary diftinétion will take away all ambiguity
from what I have to {ay on canals throughout the fol-
lowing difcourfe.

~ 2. But that I may fulfil the tafk I' have undertaken, it
is neceflary firft of all t_o.lay;d(j)wn fuch principles on the
néture of rivers and canals in.general as have been de-
monftrated true both by calculation and experience; to
the end, that we may deduce.from thence the true lawsof
motion of their waters, and the quantity ‘of declivity of
their beds: for this pﬁr.pofe, and becaufe alarge volume
would hardly fuffice to comprife all the demonftrations
of thefe principles, which, confequently, I am obliged
to omit in this treatife, it will not be amifs to mention the
principal authors who have treated this fubject in dif-
ferent ages and countries, in whofe works the demon-
ftrations of all the principles I fhall lay down may be
found, if any one doubts the truth of them. Thefe are
the following.
SEXTUS JULIUS FRONTINUS, de Aque-ductibus Urbis
Roma, cum Notis POLENT, imprefl. 1722.
JOHN BAPTIST ALEOTTI, Hydrometrician to the Duke
of Ferrara, and to Pope cLEMENT the VIIIth.
4 D2 #* Don
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# Don BENEDICT CASTELLI, Benedictine Abbot, de
Menfurd Aquarum Currentiumn.

J. B. BARATTERI, de Architettura d’Acque, lib, VI,
Piacenza, in folio, 16 56.

ALEXANDER BELTINZOLI, of Cremona.

NICOLAUS CABEUS, in Libris Meteorum.

GALILEI GALILEO.

# JOH. BAPT. BALIANTI, dc Motu Liquidorum,

% JOH. BAPT. RICCIOLI, Geographiwe et Hydrographise
Rcform. libro VI. ce. 2g. et 30.

# CLAUDE MILLET DESCHALES, d¢ Fontibus et Flu-
minibus, & prop. 39. ufque ad 56.

VARENNIUS, General Geography, with Dr. JuriN’s
and Dr. sHAW’s Notes, edit. of 1765, vol. I. from page:
295 to page 358.

Dr. JURIN, in the Philofophical Tranfattions, N® 35 5..
page 748. et feq.

MARIOTTE, Traité du- Mouvement des Eaux.

VARIGNON, Memoires de ’'Academie des Sciences de
Paris, pour 1699 et 1703.

3 Sir 1SAAC NEWTON, Princip. Mathem. lib. II. § 7..
page 318 et feq. edit. 1726.

# DANIELIS BERNOUILLI, Hydrodynamica, in quarto,.
Argentorati, 1738. ’

3 * DOME-
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* DOMENICHE GUGLIELMINT, della Natura de Fiumi,,
Bononiw, 1697, in quarto. Ejufdem de Menfuri Aqua-
rum fluentium, Bononiz, in quarto..

* JoH. POLENUS, de Caftellis et de Motu: Aquae-mixtoy
Patavii, 1697, 1718, 1723.

#* raccoLTA d’Autori che trattano del Moto dell” Ac-
que, Fiorenza, 1723, 3 vol. quarto, cum fig.

JAC. HERMANNUS, in Phoronomia, cap 10. page 226..
et feq. ,

CHRIST. WOLF, Curf, Mathem. Hydraulice, cap. VI..
edit.. Geneva, in quarto,. 1740«

M. DE BUFFON, {ur les Fleuves, dans {fon Hiftoire Na-
turelle,. tom. H. p. 38—100. de la 1°° edit. en 12mo.

Several Memoirs upon this Subject in the Collection
of the Royal Academy of Sciences of Paris, particularly
thofe of M. »1TOT, in the volumes for 1730 and 1732.

‘$"6RAVESANDE, in Elementis Phyfice, tom. I. lib. II..
cap. 1o,

“# R, P..LECCHI S+ J.. Hydroftatica, Mediolani, 1763.
In this excellent work are feveral pieces by Father Bos-
covicH upon the fame fubject..

% sTATTLERI Phyfica, vol. IIL, p. 2 32—286. de cur{u
Fluminum, ejufque Menfuratione et Directione. Aug..
Vindel. 1772, 8 vol. in o&avo. This author gives many
late obfervations and experiments on. the motion and

meafure
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meafure of currents, as thofe of ZENDRINI, HIMENII,
&ec.

Two other authors have lately wrote upon rivers
and canals, but their..works are not yet come to my

hands; to wit,
Father Fris1, an Italian Barnabite, Profcfior of Mathe-

matics at Milan.

M. DE LA.LANDE, of the Royal Academy of Sciences
at Paris, who has juft publithed a Hiftory in folio, with
plates, of all the Navigable Canals in the World that
have come to his Knowledge. »

- Among the above authors, thofe marked with an
afteritk (*) are they who have treated the fubjeét in
queftion with the greateft exaétnefs or moft extent; and
it is from them chiefly that I fhall lay down fuch princi-
ples and laws of action in rivers and canals as regard the
fubject I have taken:in hand.. By this means I thall
avoid advancing any thing upon fo important a mattér,
but what is founded upon the moft certain and exact ex-
periments, and conformable to what are demonftrated to
be the real and unalterable laws of nature.
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SECTION IL

The: theory of rivers and canals,

I. DEFINITIONS:

3. A river is a greater or lefler quantity of water-
which runs conftantly, by its own gravity, from the more:
elevated parts of the earth, towards thofe which are
more deprefled,.in a natural.bed or channel open above.

4. If. this bed or channel is artificial, and has been
dug by hands; it is called 2 cana/, of which there are two-
kinds;:thofe where the channel is every where open, and
without fluices, which 1 call an arzificial river; and thofe.
where the waters-are Kept up or let off by the means of
{luices « itris this fecond fort which I fhall call hence~
forwards by the proper name of @ canal.

§..4 river is faid to perfevere in.the fame flate fo long
as there runs off an equal quantity of.water in the fame.
time, without any increafe or diminution, fo that it re--
mains always at the fame height in the fame place.
When the circumftances are different from this, it is faid
refpectively that g river increafes or dimintfbes.

6. A fection of the bed of a river or canal is a plane

drawn perpendicular to the bottom. of the bed and to the
2 direction.
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direétion of the ftream of water, and whofe limits are
thofe of the water itfelf which runs off in that place.

7. 1 call fections of equal velocity, all thofe where the
water runs with equal velocity ; and _feltions of greater or
leffer welocity, thofe where the water runs fafter or flower
refpectively, and when compared to others.

8. 1 call mean velocity of a current or fiream of wa-
ter, that which a river or canal would have, if a]l the
parts thereof, to wit, thofe of the bottom, the fides, the
middle, and the furface of the fame fection, ran with an:
-equal velocity, in fuch amanner thattherewould pafs juft
as much water in the fame time by this uniform motion,
as there does now actually pafs by the irregular flowing’

.of the ftream.

II. PROPOSITIONS, or laws of altion in rivers.and canals,

9. The motion of water in rivers proceeds from the
fame principle which produces the defcent of heavy bo-
dies upon inclined planes:

11. The defcent of heavy bodies upon inclined planes
follows exactly the fame laws as thofe obferved in the
defcent of heavy bodies in a perpendicular line towards
the center of the earth; that is,

aft, They defcend by a motien uniformly accelerated.
2dly, The
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2dly, The {paces, run over by heavy bodies which fall
perpendicularly by a motion uniformly accelerated, are
in a duplicate ratio of the times and velocities refpetively.

3dly, Thefe fpaces, in equal times, augment in the
fame ratio as the odd numbers in progreflion 1, 3, 5, 7,
9, 11, &c.

4thly, Therefore, both the times and. the velocities
are in a_fwd-duplicate ratio of the [paces run over.

5thly, It is demonftrated by the principles of mecha-
 nics, that the velocity acquired by a heavy body defcend-
ing freely upon an inclined planey in a given time, is to
the velocity which the body would acquire in the fame
time, by falling perpendicularly, as the height of the in-
clined plane is to its length. |

6thly, From whence it follows, that the velocities
which bodies acquire in their defcent upon inclined
planes, are iz a direlt ratio of the fquare roots of the quan-~
tity of incliration or declivity of the planes.

1 1. So that when water flows freely upon an inclined
bed, it acquires a velocity, which is always as the fquare
root of the quantity of declivity of the bed.

12. In an horizontal bed, opened by fluices or other-
wife, at one or both ends, the water flows out by its gra-
vity alone; and the flowing is quicker or flower in a.di-
~ VowL. LXIX. 4 E reét
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ret ratio of the refpective heights of the water, by reafon
of the weight of the fuperior waters wpon the inferior.

13. From hence (N° 11, 12.) it follows, firft, that as
much as the declivity of the bed or channel of a river is
greater, fo much alfo will the velocity of the flowing
waters be proportionably increafed.

2dly, As much as the water in an horizontal bed is
deeper, fo much will the velocity of the current be in-
creafed; and this velocity will diminith in proportion to
the decreafing depths of the water in the bed.

3dly, Abftrating from the refiftance caufed by the
bottom and fides of the bed, as much nearer as the water
is. to the bottom, fo much will its motion be accelerated;
not only becaufe the inferior waters are more compreffed
by the fuperior in propartion to their greater depth; but
alfo becaufe the inferior ones have a greater declivity
than the fuperior, by reafon of their greater depth in the
bed, where they are more deprefled with refpect to the
elevation of their commeon fource or fpring. But thefe
different velocities of the upper and lower waters in the
fame fection of the bed. (abftracting from the friction of
the bottom and fides). approximate indefinitely to each.
other in proportion to the length of the channel, but ftill
without a poflibility of their ever becoming equal in fact,
if they met with no refiftance from the bed.

14. There-
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14. Therefore, the motion of water flowing freely in
an inclined channel, is accelerated by its own weight
combined with the quantity of declivity in the bed.

Neverthelefs, the velocity of waters which flow in
an inclined bed, during their actual flowing, is not acce-
lerated by the weight which the inferior waters fuftain
from the fuperiorones,in cafe thelower parts have already,
by the declivity of the bed, a greater velocity than that
which the weight of the fuperior ones imprefles upon
them. Thereafon of which is, that no body which follows
another with a lefler velocity can a& by impulfion upon
that which precedes it with a greater velocity, as is the
cafe with regard to thefe fuperior and inferior waters. But
the weight of the upper waters begins to accelerate the
lower as foon as they fall inte an horizontal bed, or one
that is {o nearly horizontal as to deftroy the greater velo-
city of the lower waters above that of the upper.

15. The velocity of rivers depends fometimes upon
the fole declivity of their beds; fometimes alfo upon the
fole gravity of their waters: and if thefe two caufes fome-
times a& together, the effett producedis only the refpec-
tive excefs of the one above the other. It often happens
in the fame fection of a river, that the acceleration of
velocity in the:inferior parts proceeds from the weight of

4 E 2 the
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the upper waters, while that in the upper parts proceeds
from the declivity of the bed.

Irom whenee it follows, that in rivers which have
little declivity, it is the depth of the waters which con-
tributes moft to accelerate their current; and in thofe
whofe beds have moft declivity, it is the defcent of gra-
vity upon an inclined plane which has the greateft {hare.
in producing this acceleration.

To find whether the water in a part of a river where
the bed is nearly horizontal flows by the velocity ac-
quired in the preceding declivities, or by the compref-
fion of the upper waters upon the lower in that place; a.
pole mutft be thruft down to the bottom, and held per-
pendicular to’' the current of the water, with its upper:
end above the furface: if the water fwells and rifes im-
mediately againft the pole, it fhews that its flowing is by.
virtue of a preceding declivity: if, on the contrary, the
water ftops for fome moments before it begins to rife
againft the pole, it is a proof that it flows by means of
the compreflion of the upper waters. upon the lower,

16. The abfolute beight or elevation of the furface of
a river which perfeveres in the fame ftate (N° 5.) conti-
nually decredfes, as the diftance in the river. from its
fource increafes; by reafon that its bed muft continually;
incline and tend towards the center of the earth.

17. The
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17. The velocity of each particle of water in a regu-
lar channel, that is, where the bed is a regularly inclined
plane, may be determined by drawing a perpendicular
from the particle propofed to the horizontal curve which
paflfes through the {pring, or that point of the river
where the particle in queftion begins to acquire its velo--
city. For the velocity which this particle would acquire,
in falling freely along the faid perpendicular, is the fame
as that which it has acquired in its defcent along the in-
clined plane of its bed.

18. So long as a river perfeveres in the fame fate
(N° 5.) there flows an equal quantity of water in equal
times, how unequal foever the fections be through
which they flow; and, confequently, where the fection
of the river is greater, the velocity of the flowing water
is lefs; and where the feCtion is lefs, the velocity is
greater; always in an inverfe proportion. From hence
ray be deduced the following and other fimilar propo-
fitions.

ift, Through equal fetions, in' equal times, and with
equal velocity, there muft flow equal quantities of water.

adly, Through equal feftions, in equal times, but
with unequal velocities, the quantities of water which -
flow, are in a direét ratio of the refpective velocities.

3dly, Through
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3dly, Through unequal fe&tions, in equal times, and
with equal velocities, the quantities of water which pafs
#re in a dire&t ratio of their refpective fections.

4thly, Through unequal fetions, and with unequal
velocities, the quantities of water which flow in cqual
times, are in a combined ratio of the fetions and mean
velocities (N° 8.) together.

In a word, the fections of the bed, the mean veloci-
ties, the times ot flowing, and the quantity which flows,
are univerfally in a combined ratio together; and this.
combination is what is called tbe momentum of a river;
and this momentum of the fame flowing water is univer-
Jally equal.

19. From hence may eafily be deduced the principles
for calculating the quantity of diminution of the water
in a lake, pond, or veflel, by any determinate flowings
whatfoever: for as the {furface of the lake, &c. is to the
fection of the current which carries off the waters; fo is
the mean velocity of the current in this fetion to the
decreafe of the waters in the lake, 8cc, and.vice ver/d.

1. On.
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II. On the nature of rivéers and flowing weters.

20. Rivers contain divers inherent caufes of the ac-
celeration of their motion.

1ft, Their {prings are either in mountains-or on high:
grounds, and it is by the defcent of the waters from thefe
elevations that they acquire a velocity and acceleration of.
motion fufficient to fuftain and propagate it.through the.
reft of their courfe..

2dly, The cohefion of the particles of a fluid,. iz 4
bed ever fo:little inclined,. is a fecond caufe of accelera-
tion of motion in the fluid; becaufe, by their mutual at-
tra&ion,. thofe particles- which begin firft to flow draw
after them thofe which are contiguous, thefe the follow--
ing, and fo on ad infinitum.

3dly, Moreover, where a river, by flowing in a bed
nearly horizontal;.has loft a great part of the velocity
which it had acquired in the preceding declivities, and
the bed by this means-is become large and fhallow, which
confequently again augments the flownefs of the cur~
rent ;. it may, however, recover a part of its velocity,
even in the fame horizontal bed, by augmenting the
depth thereof, and diminifhing its breadth; for by this
means the weight of the fuperior waters upon the infe~

7 rior
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rior is increafed, and confequently the velocity of the
whole is augmented (N° 13. 18.). Inthe {fame manner
a junction of rivers in the fame bed, by excavating and
deepening it, augment the velocity of the common cur-
rent, as we fhall fhew more particularly hereafter.

21. On the other hand, flowing waters meet with
many powerful caufes of refiftance to their motion,
which tend continually to diminifh their velocity. Such
are the following:

1ft, The attraction and continual friction of the bot-
tom and the fides of the bed, contribute greatly towards
retarding the motion of the water.

2dly, The fame effect is produced likewife by the
many obftacles which they meet with in their way; fuch
as inequalities in the bottom and fides of the channel,
banks of fand and mud, rocks, trunks of trees, and other
fuch things.

'3dly, The many windings and angles made in their
courfe, which produce fo much the more refiftance and
hindrance to the motion of the water, as the courfe
varies more and oftener from a right-line.

4thly, The diminution of their declivity the farther
they recede from their {prings; this being generally the
leaft towards their mouths, which are for the moft part
in extenfive plains.

Finally,



on Rivers and Canals. 373

Finally, the natural cohefion of the particles of water
¥u-an horizontal bed contributes to retard its motion pre-
cifely by the fame force which contributes to accelerate
it in an inclined bed. By diminifhing or taking away the
above obftacles to the free motion of water in rivers and
canals, the velocity of their currents will be increafed in
the fame proportion, and thereby alfo all the dangers and
ravages of inundations may be prevented, as we fhall
fhew hereafter.

But if fome or all of thefe caufes; in a greater or leffer
degree, did not exift in rivers of confiderable depth and
dedlivity, it is demonftrated */, that the velocity of their
currents would be accelerated to twelve, fifteen, and, in
fome cafes, even to twenty times more than. it is at pre-
fent'in the fame rivers, whereby they would become ab-
abfolutely unnavigable.

22. The waters in a river or open canal have. their
motion accelerated, {o long as the effeéts proceeding from
gravitation, declivity, depth, ina word, folong as sbe fums:
of accelerations furpajes the fum of refifiances.

‘When thefe different fums become equal- to each
other, the motion of the water is neither accelerated:nor
retarded, but remains equal, till fomething anew deftroys.
the equilibrium.

(a) Vide LEccur, Hydroftat, et sTATTLERI, Phyfic, tom. IIL p. 252

VoL, LXIX, 4 F When
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When the {fum of 1efiftances and caufes of retardation
is greater than the fum of accelerating caufes, the velo-
city of the river is diminifhed in proportion to the excefs.

23. The percyffion of the waters of a river againft an
obftacle which is oppofed to their motion, is the action of
the waters ftriking againft that obftacle; and the prine
ciples for calculating the quantity of this percuffion, or
the effets which any obftacles whatever produce in the:
motion of rivers, by known forces, and in déterminate
times, are as follows:.

1ft, The percuffion of the water of a river againftany
obftacle whatever is univerfally in a compound ratio of
the quantity of the plane or planes which the obftacle:
oppofes to the current of water, of the fine of the angle:
of incidence which the direétion of the current makes
with thefe planes, and of the fquare of the velocity of
thie faid current.

adly, The refiftance, therefore, which the bed of a
river oppofes.to its current from any particular ebftacles
in it, is in a compound ratio-of the magnitude and fitua-
tion of the planes of thefe obftacles, together with the
fquare of the current’s velocity in the place: where thofe
obftacles are foond.,

3dly, The accelerating force of a river, or that
by which it furmeunts the refiftance of its bed in any one

7 place,
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place, compared to that in another, is in a compound ratio
of the mafs of water and of the velocity of the current
in thofe places refpetively.

24. In different parts of the fame river, the velocity
of the current is greater in a dire€ proportion of the
greater declivity of the bed; becaufe the relative gravity
of the flowing particles augments in that ratio.

25. But in the fame fection of a river, the fuperior
parts, and thofe which are fartheft from the bottom and
the fides, will continue their courfe by the fole caufe of
the declivity of their bed, bow Jiztle foever i be; becaufe
thef{e waters not being retarded by the fric¢tion of the
bottom and fides of the bed, or hardly by any other ob=
ftacle whatever, the leaft pofible deviation from & level
ovill produce a current. But the waters at the bottom of
ariver, both becaufe of their friGtion againft it, and of
the irregularities which are almoft every where found in
it, will lofe that little motion which a very {mall declivity
can give them, and their motion in that cafe will be pro-
duced alone by the compreffion of the fuperior waters
upon them.

*Fhe inferior waters which thus acquire their motion
from the weight of the fuperior ones upon them, com=
municate reciprocally a part of their -motion, by means
of thenatural cohefion of the particles together (N° 20.)

4 F 2 to
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to the fuperior ones, whichin an-horizontal bed,. witlt-
out. this.caufe, would. have no other motion than -that
which is imprefled upon them by the impulfive force of
the waters defeending from their elevated {prings.

From whence it appears, that the fuperior and inferion
waters in ariver communicate reciprocally.a part of their
motion to each other; but this can never go beyond a
certain ‘point or maximum, which is always proportion-
able to the mwomentum of the river in that place (N° 18.).

It. follows from hence, that the greateft velocity of a
river, running in-a right=<line; is in zbe center of its fec=
tion (N° 6.); that is to fay, in that point which is the.
fartheft poffible from the furface of the water and.from
the bottom and fides of. the bed, all taken together. This
part has the advantage of one half of the depth of wa-
ter preﬂihg upon it, and it is exempt from the frition.
of the bottom and.fides of the bed which are there over-
come and vanifh by the perpendicular compreflion.

On the contrary, the leaft velocity of the water is at
the bottom and fides of the bed, becaufe it is there that
the refiftance produced by friction is greateﬁ, from.
whence it is communicated to-the other parts of the fec-
tion in an inverfe duplicate proportion of the difiances froms
2he bottom and fides. combined together, until it becomes a

negative
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negative quantity, where the effect. vanifhes, or is re-
duced to nothing..

26. The beft and moft {imple method of meafuring
the velocity of the current.of a river or open canal, that
Tknow of, is the following:

Take a-cylindrical piece of dry, light wood, and of a:
length fomething lefs than the depth. of the water in the
river: round one end of it let there be fufpended as many
fmall weights as may be neceflary to keep up the cylin-
der in a.perpendicular fituation in the water, and in fuch
a manner that the other end of it may juft appear above
the furface of the'water. Fix to the center of that end
which appears above water a fmall and ftraight rod, pre-:
cifely in the direction of the cylinder’s axis; to the end,
that when the inftrument is fufpended in the water, the
deviations of the rod from a perpendicularity to the fur-
face of it may indicate which end of the cylinder ad-
vances the fafteft, whereby may be difcovered the dif-
ferent velocities of the water: at different depths;.for if
the rod.inclines- forwards according to the direction of
the current; it is a proof that the furface of the water
has the greateft velocity; but if' it inelines back, it fhews
that the {wifteft current is at the bottom ; if it remains.
perpendicular, it is a fign that the velocities at the fur-
face and bottom are equal.

This
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This inftrument being placed in the current of a river
or canal receives all the percuffions of the water through-
out the whole depth, and will have an equal velocity with
that of the whole current from the furface to the bottom
at the place where it is put in, and by that means may
be found, both with eafe and exactnefs, the mean velo-
city of that part of the river for any determinate diftance
and time.

But to obtain the mean velocity of the whole fection
of the river, the inftrument muft be put fucceflively
both in the middle and towards the fides, becaufe the ve-
locities at thof€ places are often very different from each
other. Having by this means found the diference of
time required for the currents to run over an equal fpace ;
or, the different diffances run over in equal times, the mean
proportional of all thefe trials, which is found by dividing
the common fum of them all by the number of trials,
will be the mean velocity of the river or canal.

If it be required to find the velocity of the current
only at the furface, or at the middle, or at the bottom, a
fphere of wood, of fuch a weight as will remain fuf-
pended in equilibrium with the water at the furface or
depth which we want to meafure, will be better for the
purpofe than a cylinder, becaufe it is only affe¢ted by the.

water
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water of that fole part of the current where it remains
{ufpended.

It is very eafy to guide both the cylinder and the globe
in that part which we want to meafure, by means of twe
threads or fimall cords, which two perions muft hold and
dire®, one on each fide the river; taking care at the fame
timae neither to retard mor accelerate the motion of thé
inftrument.
~Several other methods have been invented for deter-
mining the velocity of the currents of rivers and canals,
which may be feen in moit of the authefs enummerated
in’ the beginning of this effay (N° 2.)

V. Application of the preceding laws of the dcceleydtion
and retardation of currents to rivers and canals in ge-
neral, from whence are deduced the various méans of
freventing or remedying the defecls and inconveniencies
which miaf neceffarily bappen to thém in @ [eries of
years.

2. By combininig together all we have faid hitherto
wpon:the. nsture and theory of motion in rivers, and' pas<-
ticularly i the articles T 3.18.20.21. and 23 it follows
evidently, that be dedper the waters are in: wbeir bed'
in propertion to its breadth, the more thest motion. is ac~

otlerated 5
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celerated; {othat their velocily increafes in an inver/e ratio
of the breadth of the bedy, and alfo of the greainefs of the
Sfections from whence are deduced the two following
univerfal practical rules:

1ft, To augment the velocity of water in a river or
canal, without aygmenting:the declivity of the bed, we
mult increafe the.depth and. diminyl the breadth of its
bed. ‘

adly, But to diminifh the velocity of water in:a river
or canal, we muft, on the contrary, iucreafe the breadth
and diminifb the depth of its bed.

The above propofition is perfectly conformable to.ob=
fervation and experience; for it is conftantly feen, that
the current is the {wiftet where the waters are deepeft
and the breadth of the bed the leaft; and that they flow
floweft where their depth is the leaft and the breadth of
the bed the greateft. “ The velocity of waters,” {fays
M. DE BUFFON /¥, ¢ augments in the fame proportion as
¢ the fection of the channel through which they pafs
¢ diminithes, zbe force of impulfion from the back-waters
 being [uppofed. always the fame. Nothing,” continues
he, ¢ produces fo great a diminution in the fwiftnefs of
“¢ a current as its growing fhallow; and, on the contrary,
% the increafe of the volume of water augments its

(%) Hift, Nat. tom, II. p. 53. 60, edit, in 12mo.
5 4 velocity
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“ gelocity more than any other c¢aufe whatever. The
celebrated woLF, in his Hydraulics ®), affures us, that
“ it is a conftant and univerfal praice, for atcelerating
% the current of waters, to deepen the bed, and it the
¢ fame time to fender it narrower.”

28. When the velocity which a river has acquired by
the elevation of its {prings and the impulfe of the back-
water, is at laft totally deftroyed by the different caufes
of refiftance which we have enumerated above (N° 21.)
becoming equal or greater than the firft, the bed and
current at-the fame time being exaétly horizontal, tio-
thing elfe remains to propagate the motion, except zbe
Jole perpendicular compreffion of the upper waters upon
the lower, which is akways in a Hirest ratio of their depth.
But this neceﬁ'ary refource, this remaining caufe of mo-
tion in rivers, augments in proportion as all the other di-
minifh, and as the want of it increafes: for as the waters
of rivers in extenfive plains loft the acceleration of mo-
tion acquired in their defcent from theit fprings, their
quantity accumulates in the fame bed by the junction of
feveral ftreams together, and their depth increafes in
confequence thereof. This junétion and fucceflive accu-
mulation of many ftreams in the fame bed, whith we
fee univerfally in a greater or lefs degree in all rivers
throughout the known world, and which is fo abfolutely

(¢) N.224.
Vot. LXIX. 4G neceffary
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neceflary to the motion of their waters, can only be at-
tributed, fays Signor cucLIELMINT /Y, to the infinite wif-
dom of the fupreme Author of ‘Nature.

29. The velocity of tlowing waters is very tar from
being in proporuon to the quantity of declivity in their
bed: if it was, a river whofe declivity is uniform and
double to that of another, ought only to run with dou~
ble the {wiftnefs when compared to it; but in effect it is
found to have a much greater, and its rapidity, inftead of
being only double, will be triple, quadruple, and fome-
times even more: for its velacity depends much more on
the quantity and depth of the water, and on the com-
preflion of the upper waters on. the lower, than on
the declivitv of the bed. Confequently, whenever the
bed of a river or canal is to be dug, the declivity muft
not be diftributed equally throughout the whole length
but, to give a {wifter current to the water, the declivity
muft be made much greater in the beginning of its
courfe than towards the end where it difembogues itfelf,
and where the declivity muft be almoft infenfible, as we
fee is the cafe in all natural rivers; for when they ap-
proach near the fea their declivity is little or nothing,
yet they flow with a rapidity which is fo. much greater,
as they contain a greater volume of water: {o that in

(4) Della Natura de Fiumi,
great
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great rivers, although a large extent of theit bed next the
fea thould be abfolutely horizorital, and without any-de<
clivity at all, yet their waters do not ceafe to flow, and to
flow even with great rapidity, ‘Both from the impulfion
of the back waters, and from the cornpreflion of the up-
per waters upon the Tower in the fame fection.

30. Whoever is well acquainted with the principles
of the higher geometry, wilt eafily perceive that it would
be Lo difficult matter {o to dig the bed of a canal or ri-
ver, that zbe welocity of the current fbowld be every where
equal. It would be only giving it the form of a curve
along which a moving body fhould recede from a given
point, and gz/cride [paces evéry where proportional to the
times, allowance being made therein for the quantity of
éffe@ ot ¢he compreffion of the upper waters upon the
lower. This curve is what is calted the EoriZontal Ifochronicy
being the flatteft of an infinity of others which would
equally anfwer the problem where fluids were not con-
eerned. Upon thefe curves may befeen LEIBNITZ, HUYG~
HENS, and the two BERNOUILLI’, who were the firf} that
determined and analyfed them, and alfo many fucceed -
ing geometricians, if any one is defirous to occupy him-
felf in fuch fpeculations as are tnore turious than ufeful,
which is not my purpofe in this treatife,

4G 2 31. Not-
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31. Nutwithftanding all we have faid concerning the
neceflity of augmenting the depth of a riverin a greater
proportion than its breadth, if we would. accelerate its
current; yet it is certain, that this can only be done to a
certain point, without deftroying that equilibriam which
ought ta reign between the depth and the breadth ‘of the
fedtion of the ftream, and thereby putting thie river-into
aftate of continual violence, which will inceflantly exert
itfelf to the deftruction of the banks'and wiers made to
keep it in, and that aétion will always exert itfelf in a
direct ratio of the greater or lefs want of equilibrium, as
it would be eafy to demonftrate by the principles of hy-
draulics. Thefe fame principles give likewife the juft pro-
portions of this equilibrium between the perpendicular
and lateral compreflion of the water in any river or:canal
whatfoever, which vary in an inverfe proportion, accord-
ing to the different degrees of the declivity and velocity
of the current; and ina dire¢t one of the greater or lef$
coherence and hardnefs of the fubftances which com-
pofe the bed. Rivers which' flow in beds tompofed of -
homogeneous ‘matter of little confiftency, fuch as fand,
&c. are always more broad than deep, when compared to
thofe which run in beds of matter of greater tenacity. It
is manifeft, that the equilibrium here fpoken of is real,
4 : becaufe
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becaufe rivers remaining in the fame fate only widen
their beds to a certain pitch which they do not {urpafs.

32: M.. DE BUFFON remarks, < That people accuf-
“ tomed to rivers can eafily foretell when there is going.
¢ to.be a fudden increafe of water in the bed from floods
¢ produced byfudden falls of rain in the higher countries.
* =through which the rivers pafs. This they perceive by
¢. 3 particular motion in the water, which they exprefs.
¢ in their diale&, by faying that rhe river’s bottom movess
¢ that is, the:water at:the bottom: of a channel runs off
¢ fafter than wfual; and this: incréai'e of motion at the
¢ bottom: of the river always.announces a .fudden in-
“.creafe of - water coming down the fiream:. = Nor does
¢ their opinion - therein,” ‘continues the fame author,
% feem to be. illgrounded. on the nature of things; for
¢ the motion and weight. of the waters coming down,
¢ though not yet-arrived, muft act upon the waters in
% the l"ower..pa_mts.-of» the river, and;communicate. by iinf
“ pulfion part-of their motion thereto;:fince a canal or
# river. contained inits bed is-to be confidered in fome
% dégree as a column of water contained in a long tube,
¢ where the motion is communicated at once throughout
# the whole length.” In a viver-or canal, open above, it
is only communicated to a certain diftance; that is, as far
as the impulfive force of the new increafe and fuperior
rapidity
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rapidity of the back~waters acts upon the ftream, which
will always be as far as till this force is gradually, and at
laft wholly, deftroyed by the fuperior gravitation of the
fuper-incumbent waters'in the ftream. Something of the
fame kind happens when a very great additivnal weight
comes fuddenly upon the furface of a river or canal; for
:inftance, by the launching of a fhip or of feveral boats
together upon it. 'Thefe caufes increafe the velocity of
the water in the lower parts of the bed, and moreovet
retard its nmrotion at the furface, which effe¢t may pro-
perly ‘be called making the river's bottom move. For
the fame reafon, the increafe of weight of the waters
in a fudden flood, as well as the increafe of their impul-
five force, muft contribute to produce this-effect, and, by
increafing the motion in the bottom of the river, may
hinder, for fome fpace of time, the fiream from fenfibly
rifing in the bed. |
33. All obftacles whatever in the bed of a river or
canal, fuch as rocks, trunks of trees, banks of fand and:
mud, 8&c. muft neceffarily hinder proportionably the free
running off of the warer; for itis evident, from what we
have faid, that the waters fo far batk from thefe obfta~
cles, until the horizontal level of the bottomn of the -bed
becomes higher than the top of the obftacles, muft be
intirely kepr upand hindered from running off in pro-
portion
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portion thereto (N° 23.). Now as the waters muft cons
tinue to. come down from their fources, if their free run-
ning-off is hindered by any obftacles whatever, their re--
lative height back from them muft neceflarily be increafed
~until their elevation, combined with the velocity of their
current proceeding from it, be arrived to fuch a pitch at
the point where the obftacles exifty as to counterbalance
the quantity of oppofition or impediment proceeding
from thence, which frequently does not happen untik
all the lower parts of the country round about are laid

under water.
34~ Now it is certain from all experience, that the
beds of rivers and canals in general are fubjett to fome
or others-of the obftacles above.mentiohed. If rocks or
trees do not bar their channels, at leaft the quantity of
fand, earth, and mud, which their. fireams never fail to
bring down, particularly in floods, and which are un-
eqﬁally depofed according to the various Windings and
degrees of {wiftnefs in the current, muft unavoidably, in
courfe of time, fill up, in part, different places in the
channel, and thereby hinder the free running off of the
back waters. This is certainly the cafe, more or lefs, in
all rivers, and in all canals of long ftanding, as is
notorious to all thofe well acquainted with them.
Hence, if thefe accidents are not carefully, and with a
conftant.
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conftant attention prevented, come inundations, which
fometimes lay wafte whole diftricts, and ruin the finett
tracts of ground, by covering them with fand: hence
rivers become unnavigable, and canals wufelefs, for
the purpofes for which they were conftruéted. Canals,
in particular, by reafon that their waters for the moft
part remain ftagnant.in them, are ftill more liable than
.rivers to -have their beds fill up by the fubfiding of mud,
and:that efpecially for fome diftance above each of their
fluices;iinfomuch, ‘that.if continual careis not taken to
prevent it, or remedy it as often as it happens, they will
foon become incapable of receiving and pafling the fame
veflels as formerly. Nay, the very fluices themfelves, if
the floors of .their bottoms are not of a depth conform-
able to'the bed of the canal, will produce the {fame acci-
dents as thofe'we have been {peaking of; for if they are
placed-too low, they will be continually filling up with
fand or mudj if too high, they have the fame effect as
banks or bars in the bed of a river, that is, they hinder
all the back-waters under their level from running off,
-and {oen fill up the bed to that height by the fubfiding
of mud. This effect is.much accelerated by the fhutting
.of the lower fluices, which makes a great volume of
water reflow back 'to thofe next above them, till the

whole.is filled and ‘becomes ftagnant. Now it is evident,
that
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that this ftate of things muft contribute far more to the
fubfidency of mud and all other matters brought down
by the waters in canals, than can be the cafe in rivers
whofe currents conftantly flow.

35. I do not fuppofe that thefe inconveniencies can
have yet manifefted themfelves by any very {fenfible ef-
fedts in the many new canals and fluices lately conftructed
in England; but as the fame caufes do not ceafe to alt
more or lefs every where, the effets which neceffarily fol-
low from them will likewi{e beceme more and more fen-
fible, unlefs continual care be taken to prevent them.
‘The waters of all rivers and canals are from time to time
muddy: their ftreams, particularly during rains and
floods, carry along with them earth and other fub-
ftances which fubfide in thofe places where their cur-
rents are the leaft, whereby their beds are continually
raifed: fo that the fucceflive increafe of inundations in
rivers, and of unfitnefs for navigation in canals, when
they are neglected and left to themfelves, is a natural and
neceflary confequence of the ftate of things, which no
intelligent perfon can be at a Jofs to account for; and yet
I have known whole countries remain in this habitual
ftate of negligence to their very great detriment,

36. Having thus thewn the principal accidents which
rivers and canals are liable to, with the caufes of them, I

VoL, LXIX. 4 H thall



£g0 My. MANN's Treatife

thall proceed to point out the moft efficacious methods of”
preventing them, or at leaft of diminithing their effets.
Perhaps it would have been more proper to have deferred
doing this till I fhould have faid all I have to fay upon
the nature of rivers and canals: however, I fhall forego
the more {cientific order of things, for the fake of
bringing the means of remedying the accidents and
inconveniences which happen, nearer to the caufes
that produce them, whereby their connexion and effi-
cacity may be better judged of. For this end, I fhall
here lay down, briefly and in general terms, the methods.
moft proper for the purpofe in queftion. They How im~
mediately from the principles already laid down in this.
effay, and do not need many words to make them coms-
pleatly underftood.

37. A work of this kind, if it is properly conduéted,
muft be begun at the lower end of the river or canal;.
that is to fay, at that end where their waters are difs
charged into the fea, or where they fall into fome other
greater river or canal, from whence their waters are car-
ried off without farther hindrance. If it is a river whofe
bed, by being filled up with mud, fand, or other obfta=
cles, and by being otherwife become irregular in its
courfe, is thereby often fubjet to inundations, and in-
capable of internal navigation, the point, from which

3 the
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the work muft be begun and directed throughout all
the reft of the channel, is from the loweft water-mark
of fpring tides on the fhore at the mouth of the river;
or even fomething below it, if it can be done; though
this part will foon fill up again by the fand, mud, &c.
which the tides ceafe not to roll in.

If it is a canal whofe bed is be to dug anew, or one al-
ready made, which is to be cleaned and deepened from
the fea (hore or fome large river back into the country,
and where no declivity is to be loft; as is the cafe in all
flat countries : the work muft be begun, and the depth of
the whole channel directed, from the low water-mark of
{pring tides, if the mo_uth is to the fea, or from fuch a
depth in the channel of the river, if the canal falls into
one, that there may be fuch a communication of water
from the canal to the river, in all fituations of the cur-
rent, as may let boats freely pafs from one to the other.
This, of courfe, muft alfo dire& the depth of the floor of
the laft fluice towards the mouth of the canal, be it to the
fea or into a river. If the bottom or floor of a {luice al-
ready conftructed be too low, it will foon fill up with fand
or mud, and thereby hinder the gates from opening, un-
lefs it be continually cleaned out; if, on the contrary,
this floor be too high, and in a canal whofe natural de-
clivity is too little for the free current of the water, as is

o 4 H2 generally
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generally the cafe i Holland and Fladders, all depth of
the bed of the canal below the horizenta} level of the
bottom of the fluice will ferve to no manrer of purpofe,
either for navigation, or for carrying off the back-waters,
but will foon fill up with mud, in fpite of all means ufed
to the contrary, except that of digging it continually
artew to no manner of purpofe; as is evident from the
reafons given above (N° 33. 34.).

38. Setting off from this determinate point, at the
mouth of a‘river, or at the bottom of the laft fluice upon
a canal, which are to be cleaned and deepened; the work
muft be carried on, in conféquence, uniformly through-
out their whole courfe backwards into the country as far
as is found neceflary for the purpofes intended. ‘This is
to be done after the following manner =

1ft, One mutft dig up and carry away all irregularities
in the bottom and fides of the bed, fuch as banks of. fand
and mud, rocks, {tumps or trunks of trees, and whatever
elfe may caufe an obftacle to the regular motion of the
water, and to the free paffage of veflels upen it.

2dly, If the declivity of the bed thould be ftill too
little to give a fufficient current to carry off the water as
oftenandas faftasis neceﬁ'ary, the whole bed itfelf muftbe
regularly deepened, and what is dug out from the bot-

tom mutft be laid upon the fides, to render it narrower in
proportion
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proportion to its depth. The reafon of this is evident
from all that has been faid.

3dly, Wherever the banks are too low to contain the
fiream in all \its fituations, they muft. be.fufficiently
raifed; which may he conveniently done .with- what is.
dug out from the bed: and the whole being covered.
with, green. turf will render thefe banks firm and
folid againft the corrofion of the water.. It is proper at
all times. to lay upon the banks what is dug from the
bed, by which they are continually ftrengthened againft

the force of the current.
4thly, It is often neceflary to diminifh the windings
and finuofities in the channel as much as poflible, by
-making new cuts whereby its courfe may approach to-
wards a right line.. This.is a great refource in flat coun-
tries fubject to. inundatiens; becaufe.thereby all the de~
clivity of a great extent of the river, through its turns
and windings, may be thrown into.a {fmall {pace by cut-
ting anew- channel in a. ftraight line; as. may gencrally
be done without obftacle in {uch countries as I am {peak-
ing of, and hereby the velocity of the current will be
very greatly augmented, and the back-waters carried off
to a furprizing degree, as is evident from what is faid

above i: N° 29.

sthly,



594 Mr. MANN’s Treatife

sthly, Wherever there is a confluence of rivers or ca-
nals, the angle of their junétion muft be made as acute
as poflible, or elfe the worft of confequences will arife
from the corrofion of their refpective ftreams; what
they carry off from the fides will be thrown into irregu-
lar banks in the bottom'of the bed. This acute angle of
junction may always be procured by taking the diretion
at fome diftance from the point of confluenice.

6thly, Wherever the fides or banks of a river are lia-
ble to a more particular corrofion, either from the con-
fluence of ftreams, or from irremediable windings and
turns in the channel, they muit be fecﬁred,aga_inﬁ it as
much as poﬂible by wesrs: for this corrofion not only
deftroys the banks, and alters by deégrees the courfe of
the river, but alfo ills up the bed, and thereby produces
all the bad effets: we have fpoken of above in N° 33.
34. &c.

7thly, But the principal and greateft attention in dig-
ging the beds of rivers and canals muft be had to the
quantity and form of their declivity. This muft be done
uniformly throughout their whole extent, or fo much of
it as is neceflary for the purpofes in hand, according to
the principles laid down above (in N° 2g.and 30.) Con~
formable thereto, the depths of their beds, and of the

floors of their fluices, at the mouths whereby they dif-
charge
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charge their waters, being fixed according to what we
have faid in N° 3%. the depth-of the reft of the beds, and
the quantity of declivity therein, muft be regulated in
confequence thereof, {o as to increafe regularly the quan-
tity of declivity in equal {paces the farther we recede
from their mouths, and proceed towards their fources or
to the part where the regular current is to take place..

If the depth and volume of water in a river or canal
is confiderable, it will {fuffice, in the part next the moutn,
to allow one foot perpendicular of declivity through fix,
eight, or even, according to pEscHALES %, ten thoufand
feet inn horizontal extent; at-moft it muift not be above
one in {ix or feven thoufand. From hence the quantity
of declivity in equal {paces muft {lowly and gradually in-
creafe as far as the current is to. be made fit for naviga—
tion; but in fuch a manner, as that at this upper end
there may not be above one foot of perpendiculardeclivity
in four thoufand feet of horizontal extent. If it be made:
greater than that in a regular bed centaining a confider~-
able velume- of water, the current will be {o.ftrong as to
be found very unfit for the purpofes of navigation, as
will appear hereafter, when I come to inveftigate the
quantity of declivity in feveral rivers, the degree of
{wiftnefs of whofe currents is well known..

(d). De Fontibus-et Flulis, prop. 49.
39.1
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39. 1 dare boldly afirm, from the certain princi-
ples of hydrodynamics laid down in this eflay; that if the
above mentioned things-(N° 37. 38.) were:carried into
execution ina proper ranner; the velocity of currents
and the acceleration ‘of metion «of the waters in rivers,
and in canals when their fluices are :apen, might be.in-
creafed to any degree that can be required for opening
their beds, and for preventing inundations during great
rains or fudden floods: by carrying off more: {wiktly the
great acceflion of water which then takes place. It
would not libe‘ difficult, by thefe means, to increafe
the velocity of ‘the cwrrent to .double.and triple..what
it is in rivers and candls, whofe beds for a leng {pace of
time have been eft to themfelves. There is not, per-
haps, a.country -on €arth but what might be freed:from
inundations by thefe means. But it may be objeétéd,; that
if all I have advifed was put in execution, even.in.the
flatteft countries, the currents of rivers (for cansls fhrat up
with fluices are here out of the queftion) would become
incommodious; if not unﬁfg, for mavigation, efpecially
againft their ftreams. This objection would be of weight
if it was not evident that the various means which I have
pointed out may be executed in whele or in part, tea
.certain degree, and no farther than neceflary for the pur-
pofes required. But, as it is certain that a ftrong and
regular
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regular.current.in a river is the beftof all means for keep-
ing it open and deep, and for preventing the formation
of banks inithe bed by the fubfidency of mud, &c. which
it <does. not allaw. time to precipitate; I leaye it to be con-
fidered, whether it is better te have a free and open navi-
gation fomething incommeded by the .firength of the
current, or to have foon no navigation at all, without re-
peatedly digging the bed anew.

40. I {hall not here enter into the mechanica} part
of the methads. of. digging and cleaning canals, rivers,
and fea ports,. or into any defCription of the .ma-
chinés and. inftruments necoffary for that purpofe.
The fubjet would lead me much too-far: befides
all thefe things may be found much. at. length in
moft of the authors who have wrot¢ upon hydraulic-
architeCture, fach as BARATTERL CORNELIQ, MEYERI,
GUGLIELMINI, and @ noforious anomymeus French pla-
giary, who has taken from MEYERI; without.ever naming
him, almoft all that is contained in bis, book, publifed
at Paris in 1693, and at Amfterdam in 1696, in oftavo,
undér the title of 77 raite des Moyens de repdre.les. Rivigres
navigables. But the author who has treated this fubject
with the greateftcare, and moft at lengthyis the celehrased
BELIDOR, in his Arcbiteiture Hydraulique, 4 val.in quarto.
To thefe may be added a.late. memoir of: M. FORFAET of

Vor. LXIX. 41 Rouen,
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Rouen, vice-architect of ‘the French navy, which gained
the prize of the Royal Academy of Sciences and Belles
Lettres of Mantua, for having given the beft folution of
a problem propofed by that Society in 17786, in the fol-
lowing terms:  To indicate the beft and cheapeft method
“ of freeing mavigable canals from banks of fand and
“ earth formed in their beds which render. them too fhal~
¢“ Jow.” ‘This piece, printed at Mantua, by Pazzoni, in
1778, contains fixty-three pages in quarto, and is di-
vided into two parts; the firft contains the means of
preventing the formation of banks in navigable canals;
and the fecond offers divers methods for remedying
them when they are already formed. For this purpofe
the author propofes fix different machines of his own
invention: the firft may be employed in rivers near the
fea, and fubject to the ebb and flow of the tides; the fe-
cond may be ufed in thofe where the waters are always
nearly of the fame height and velocity; the third and
fourth are to be ufed in thofe places where the violence of
the currents corrode the beds; and the two laft ferve to
break up the banks of fand or earth formed in the bot-
tom, and to carry off all heterogeneous bodies funk in
the river, which caufe an obftacle to the current. It
would be difficult to give a juft idea of thefe machines

without the help of the fix plates which accompany the
Ppiece;
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piece; but as this production of a foreigner has been
crowned in Italy, the country of all others in which, from
all antiquity, the fcience of rivers and canals has been
maft cultivated, we cannot well doubt of its merit, or that
it is worthy of a tranflation into our own language.

V. Other confiderations on the nature of rivers and
inundations.

41. Rivers flowing along plains, as well as through
vallies, have naturally their beds in the loweft part of the
,gxound comprized between the o_ppoﬁte hills or moun-
tains: neverthelefs, the furface of the water of ariver in
the midft of a plain is often higher than the furface of
the grounds adjacent to the banks of the river. 'This
proceeds from the continual fubfiding of the mud, &c.
brought down by the ftream during floods; the waters
in that cafe ufually overflowing the banks fpread them-
felves over the pl:iin, where they lofe a great part of the
{wiftnefs.of their current, which contributes greatly to the
fﬁbﬁding of the mud they contain; fo that the farther
they flow upon the plain, the clearer they grow, and the
Jefs remains to.fubfide. From hence the greateft preci-
pitation of mud muft be in the parts of the plain neareft
,;hé fides of the river, which in length of time will raife

412 thefe
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thefe grounds above the reft of the plain. Again, the
waters in the bed itfelf depofing inceflantly a part of the
mud, &c. brought down by the ftream, muft continually,
though infenfibly (for a long fpace of time) raife the
channel and banks of the river above the reft of the
plain. Thefe caufes may at laft contribute to the form-
ing of an intire new bed for the river; for as all rivers
carry down in their fireams more or lefs mud and other
heterogeneous matters, which do not fubfide regularly
in all parts alike, but muft precipitate fafteft where the
current is floweft; there muft accumulate by little and
little in thefe parts fuch banks of fand and mud, as will
in time hinder the current of the waters, make them re«
flow, and at laft totally change their diretion.

Canals are ftill more fubject than rivers to have their
beds raifed and their currents ftopped by the fﬁbﬁding of
mud and heterogeneous matter in different _places,'and
efpecially juft above their {luices; becaufe of the fudden
ftagnation of the water which firft begins there as often
as the fluices are fhut: and as there is a neceffity for
keeping them for the moft part fhut, the ftagnating wa-
ters in their beds muft precipitate their mud, &c. ina
much greater proportion than can be done in the cur-
rents of rivers, which are in a continual motion towards
the fea.

42. 1



on Rivers and Canals, 6ox

42. 1 call center of the current, or, more properly, /ine
of greateft current, that line which pafesthrough all the fec-
tions of a river,in the point where the velocity of the current
is the greatef} of all. Wehave feenabove (N°2 5.)thatif the
current of ariver is regular, and in a right line, its center
or line of greateft velocity will be precifely in the center
of the fections (N° 6.): but, on the contrary, if the bed
is irregular and full of turns and windings, the center or
line of greateft current will likewife be irregular, and
often change its diftance and direction with regard to the
centers of the fe€tions through which the waters flow,
approaching fucceflively, and more or lefs, to all parts of
the bed, but always in proportion and conformably to the
irregularities in the bed itfelf.

This deviation of zbe'line of greatefl current from the
centers of the feétions through which it pafles, is a caufe
of many and great changes in the beds of rivers, fuch as
the following:

1ft, In a ftraight and regular bed, the greateft corro-
fion of the current will be in the middle of: the bottom
of the bed; becauit it fs that part which is neareft-to the
line of greateft current, and at the {fame time which is'
moft aced upon by the perpendicular compreflion of
the water. In’this eafe, whatever matters are carried.off
from the bottomn will be thrown, by the force-of the

current,
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current, equally towards the two fides, where the velocity
of the ftream is the leaft in the whole fection.

2dly, If the bed is irregular and winding, the line of
greateft current will be thrown towards one fide of the
river, where its greateft force will be exerted in propor-
tion to the local caufes which turn it afide: in fhort turns
of ariver there will be a gyration, or turning round of
the ftreain, by reafon of its beating againft the outer fide
of the angle; this part will be corroded away, and the
bottom near it excavated to a great depth. The matters,
{o carried off, will be thrown againft the oppofite bank of
the river where the current is the leaft, and produce a
new ground, called an aZuvion.

3dly, Inequalities at the bottom of a river retain and
diminith the velocity of the water, and fometimes may
be fo great as to make them reflow: all thefe effets con~
tribute to the fubfiding of fand, earth, and other matters
thereon, which ceafe not to augment the volume of the
obftacles themfelves, and produce thallows and banks in
the channel. ‘Thefe in time, and by a continuance of
the caufes, may become iflands, and fo produce great and
permanent changes and irregularities in the beds of
Tivers.

4thly, The percuffions of the center of the current againt

the fide of the bed are fo much the greater as they are
made
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made under a greater angle of incidence; from whence
it follows, that the force of percuffion, and the quantity
of corrofion and of detriment done to the banks and
weirs of rivers,and to the walls of buildings made therein,
and which are expofed to that percuffion, are afways in a
divelt compound proportion of the angle of incidence, of the
gréatneﬁ and depth of the Jeltion together, and of the
quantity of velocity of the current.

sthly, It may happen in time, that the excavation of
the bottom, and the corrofion of the fides, will have fo
changed the form of the bed as to bring the force of per-
cuffion into equilibrium with the velocity and. direction
of the current; in that cafe, all farther corrofion and ex-
cavation of the bed ceafes (N° 31.)

6thly, This gives the reafon why when one river
falls into another almoft in a perpendicular direction, and
makes with it teo great an angle of incidence, this di-
retion is changed in time, by corrofions and alluvions,
into an angle much more acute, till the whole comes
into equilibrium.

7thly, So great and fuch continued irregularities, from
local caufes, may happen in the motion of a river, as will
intirely change its ancient bed, corrode through the

banks, where they are:expofed to the greateft violence of
percuffion
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percuffion of the ftream,; and open new beds in grounds
lower than what the old one is become.

8thly, Hereupon the ftate of the-old bed will entirely
depend on the quantity of water, and on the velocity and
direction of the current in the new one; for immediately
after this divifion of the waters into two beds is made,
the velocity of the current in the old one will be dimi-
nifhed in proportion to its lefs depth. In confequence
thereof, the waters therein will precipitate more of their
mud, &c. in equal {paces than they did before; which
will more and more raife up the bottom, fometimes even
till it becomes equal with the furface of the fiream. 'In
this cafe, all the water of fhei river will pafs into the new
bed, and the old one will remain intirely dry.. It is well
known, that this has happened to the Rhine near Ley-
den, and to'marny other rivers.

othly, Hence the caufe of the formation of the new
branches and mouth, whereby many great rivers dif-
charge their waters into the fea.

43. But in proportion as a river, that has none of thefe
obftacles in its bed, approaches towards its mouth, we fee
the velocity of its current augment, at the fame time
that the declivity of the bed diminifhes, the caufes of
which have been explained abave (N°29.). It is for this

reafon, that inundations are more frequent and confi-
1 derable
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derable, and do more damage in the interior partsof a
country, than towards the mouths of moft rivers.

In the Po, for example, the height of.the banks made
to keep in the waters diminifhes as the river approaches
to the fea. At Ferrara they are twenty feet high; whereas
nearer the fea they do not gxceed ten of twelve.feet, al-
though the channel of the riveris not larger in one place
than in the other.

44. The mouths of rivers, by which they difcharge
their waters into the fea, are liable to great variations,
which produce many changes in them.

ft, The velocity and diretion of the current at thefe
mouths are»in. a continual variation, caufed. by the tides,
which alternately retard and-accelerate the {tream.

2dly, During the flowing of the tide, the current of the
river is firft ftopped, then turned into a diretion intirely
contrary throughout a confiderable extent; if we may
believe M. DE BUFFON, there are rivers in which the
effect of the tides is fenfible at 1 5o or 200 leagues from
the fea.

3dly, This ftate of things is-a caufe of a.great quan-
tity of fand, mud, &c. being precipitated and .accumus»
lated in the channel near the mouth, This continually
raifes and widens the-bed, and at laft changes itintirely
into a new place, or at leaft opens few mouths to dif~

VoL, LXIX. 4K charge
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charge the waters at, ‘Fhe Rhine, the Danube, the
Wolga, the Indus, the Ganges, the Nile, the Miffifippi,
and many other rivers, are inftances of this.

4thly, All thefe effects are lefs fenfible at the mouths
of little rivers, as their currents oppefe no fenfible-obfta-
cle to the flowing of the tides; {o that the ebb carries off
again what the flow had brought in.

45. Whenever the courfe of a river throughout a cons-
derable: extent of country approaches towards a right
line, its current will have a very great rapidity; and the
velocity wherewith it runs diminithing the effe¢t of its
natural gravitation, the middle of the current will rife
up, and the furface of the river will form.a convex curve
of fufficient elevation to be perceived by the eye; the
higheft point of this curve is always directly above zbe
line of greatefi current in the ftream.,

On the contrary, when rivers approach near enough
to their mouths for a fenfible effe¢t to be produced in
them by the flowing of the tides; and alfo when in
other parts of their courfe they meet with obftacles at the
fides of their channel: in both thefe cafes the furface of
the water at the fides of the current is higher than in the
middle, even though the ftream be rapid. In this fitua-
tion of things, the furface of the river forms. a concave

curve, the loweft point of which, or that of inflexion, is
3 direétly



on-Rivers and Canals. 607
diretly over the line of greatef} current. ‘'The reafon
thereof is, that there are in this cafe two différent and
oppofite currents in the river; that 'whereby the waters
flow towards the fea, and preferve their totion therein
even to a confiderable diftance; and that of the waters
which remount, either by the flowing of the tide, or by
their meeting with local obftacles, which form a counter
current, fo much the more fénﬁble as the flowing of the
tide is ftronger, or as the percuffion of the water is made
againft greater obftacles, and in a direction nearer to a
perpendicular to them. From both thefe caufes, the
greater of which by far is that of the tides, the water near
the fides of the channel, where the velocity of the de-
fcending fiream is naturally the leaft (N° 25), takes a
contrary direction, and runs back in the river, while that
in the middle continues to flow on towards the fea,
This counter current is what the French call a remous.

An ifland in the middle of a river produces the fame
effect as obftacles at the fides, regard being had to the
difference of fituation of each. '

Fddies and whirlpools in rivers, in the center of which
there appears a conical or fpiral cavity, and about which
the water turns with great rapidity and fucks int whatever
approaches it, proceed in general from the mutual per-
cuffion of thefe two counter currents; and the vacuity in

4K 2 the



608 Mr. MANN's Treatife

the middle is produced by the action of the centrifugal
force, whereby the water endeavours to recede, in a direct
ratio of its. velocity, from the center about which it
moves.

46. If rivers perfevered always nearly in the
fame ftate (N° 5:) the beft means of diminifhing the
velocity of the current, when it is found too great for
the purpofes of navigation, would be by widening the ca-
nal: but as all rivers are fubject to -frequent increafe
and diminution, and confequently to very different de-
grees of velocity and force in-the current, this method
is liable to produce very detrimental effe¢ts; for, when
the waters are low, if the channel is very large in pro-
portion, the ftream will excavate a particular bed, which,
according to the irregularities of the bottom, will form
various turnings and windings with regard to the princi-
pal bed; and when the waters come to increafe, they will
follow, to a certain degree, the directions which the bot-
tom waters take in this particular bed, and thereby will
ftrike againft the fides of the channel, {o as to deftroy the
banks and caufe great damages.

It would be poflible to prevent in part the bad effeéts
proceeding from the current ftriking againft the banks,
by opening, at thofe places where it ftrikes, little gulfs
into the land, dug in fuch a form and direction as that the

ftriking
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firiking current fhould enter and circulate therein, fo as
to deftroy, or at leaft greatly diminifh, its velocity. "This
effet would be felt for a confiderable way down the
river.

This fame method might probably be ufed with fuc-
cefs againft the deftruction of bridges, weirs, &c. by the
violence of the ftream during floods.  Such gulfs being
dug into the outer fide of thofe turnings in the river
which are immediately above the place to be fecured
from the violence of the ftream, would fucceffively di-
minifh its velocity, its force and dangerous effects, a con-
fiderable way down the river. It is true, this method
might contribute to produce an overflowing of the river
upon the grounds adjacent to thofe artificial gulfs, this
being a natural confequence of the decreafe of the velo-
city of the current in thofe places; and it would rémain
to be confidered whether thofe local inundations, or the
danger of deftruction of the bridges or edifices in the
river, were the leffer evil.

47. The nature of inundations, and the manner of
their formation, merit a particular attention in this
place.

While the volume of water in the ded of a river in-
creafes, the velocity of the current increafes in propor-
tion, as has been repeatedly fhewn above (N°13.18.20.

4 23
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23. 27. 28. 29.). But from the moment that part of
this water overflows the bed, the velocity thereof begins
to diminith (N° 41.) and does {fo more and more, the
farther it flows and {preads on the plain. So that the
overflowing being once begun, it is a natural confe-
quence, that the inundation fhould continue for {everal
days; for though the volume of water brought down by
the flood during that time fhould decreafe, yet, as the
quantity of what runs off’ decreafes likewife, from the
great decreafe of velocity in what overflows the plains,
it will continue to produce the fame effet as if the vo-
lume of water coming down had not diminifhed, until
the whole of the fiream be every where contained agdin
within the bed of the river. When thatis become the cafe,
the waters that have overflowed the plain will decreafe
thereon, by gradually and flowly running off,and alfo by
evaporation, till they wholly difaf)pear. ~ If this was not
fo, we thould fee rivers overflow for an hour or two,
and then return again within their beds, 2 thing con-
trary to general obfervation; for we conftantly fee inun-
datiens, once bégun in flat countries, laft for feveral days
together, although in the mean while the rain ceafes,
and the quantity of water coming down diminifhes. This
mutft be the cafe, becaufe as the overflowing diminifhes

the velocity, and confequently the quantity of water
carried
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carried off, it has the fame effect as if a. greater quantity
Aill eontinued to come down.

It may not be ufelefs to remark here, that what we
have often faid in this eflay becomes evident from thefe
obfervations on nature, as well as from the principles
laid down in it; to wit, that the moft direét and effica~
cious method of preventing inundations is by deepening
the bed and raifing the banks of the river. |

It may likewife be obferved, with regard to inunda-
tions, that if the wind blows directly contrary to the cur-
rent of the river, the overflowing will be greatef than it
would have been otherwife, becaufe this accident dimi~
nifhes the velocity of the ftream: but, on: the contrary,
if the winds blow in the fame direction with the cur-
rent of the river, the inundation will be lefs than other-
wife, and fooner at an end; becaufe this accidental caufe
augments the velocity of the ftream.

V1. On the confluence of rivers, and on. the feparation of
the fame river into divers branches and mouths, with
the effells thereof upon the velocity of currents, inunda-
tions, &c..

48. All great and long rivers receive into their beds
many others of different magnitude throughout the ex~
tent
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tent of their courfe. This is evident to every one who
only cafts his eyes over amap. The Rhaneandithe bo,
in particular, receive each. above ome: humdred:’ot:hers
great and fmall; the Danube above two hundred ¢ the
‘Wolgaasmanys. theriverof Amazonsreceivesinto itsvaft
bed a prodigious number, fome of which are five of fix
hundred leagues in length, and are of fuch a depth.and
breadth as would make them-elfewhere pafs for capital
rivers. M. DE BUFFON '/ gives a 1ift of the more. confi-
derable of thofe which fall into other great rivers
throughout the known world. Many curious particulars
may be feen in VARENIUS' General Geography, pattl.
chap. xvI. concgrniﬁg ‘tivers;. but of a ‘nature. which
does not enter into my plati. ‘The works themfelves are
in every. body’s hands, and may be confiilted by thofe
who. pleafe.

This confluence offirivers i$ fo-ngceffary for propugate
ing the motion’ of the water throughout a long courfe,
and for, renewing and accelerating from time to time. its
velacity, which otherwife would be too greatly «timi-
nithed by the refiftarice of fo many obitackes as they
meet with in their way, that, as we have faig. abave (N°
28.) after Signor GUGLIELMINT, it can only beattributed

(¢) Hift, Nat, tom. IL p. 75, 76.
ta
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to the infinite wifldom of the Author of Nature, in the
original difpofition of things.

49. We have feen above (N° 18. 27. 28.) that the in-
creafe of a river or canal by the new waters which it .re-
ceives, s unsverfally in an inverfe ratio of the new velo-
‘city which is acquired therefrom. If this velocity is greater,
the increafe of the feGion of the new ftream will be lefs
in:proportion, and wice ver/d. It follows from hence,
that it:is poflfible. for .one river or open canal to fall into
another river or.open canal.of equal magnitude with it-
felf, and yet the feétion of. the current in the commeon
bed after their confluence fhall be no greater than it
was in: each of them before their junétion. It is certain
that this will be the cafe as often as zbe confluence. of  the
1wo augments the velocity of the common current in the fame
proportion:with the increafe.of the volume of waters; both
the greater rapidity of the current; and the greater volume
of water in the bed after the junction, fervingto:deepen
it-in'proportion to its breadth, will contribute towards the
above effet. Another caufe will likéwife add thereto;
to wit; that inftead of the refiftance from the attracion,
friction, and other obftacles, in two beds, which give two
bottoms and four fides, there are, after the confluence,
only thofe of one bed, of one bottom and two fides.
Moreover, the center of the feftion in the common bed

VoL. LXIX. 4L is
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ig farther from the bottom and fides thereof, than it is in
the feparate beds. All thefe caufes, in proportion to their
refpective quantities, contribute to accelerate the velocity
of the common ftream,

50. It is not lefs certain, that in rivers which bring
down a great abundance of water, the more the velocity
and (1ifCl1arge thereof at their mouths are retarded. and
diminifhed by the tides, the winds, the rolling in:-of the
fea, &c. the more will the back-waters increafe in height,
and endanger overflowing the inner parts of the coun-
try. ‘This.is evident, becaufe the decreafe of velocity in
the current, and the increafe of height of all the back-
waters-that are affected thereby, are in a reciprocal in-
verfe ratio one of another ({fée above N° 32.)

Nature itfelf teaches us a method of preventing, or at
leaft of diminithing, this effect. We fee all great rivers
overcharged with a vaft volume of water divide, when
they come near the fea, into- different branches and
mouths, whereby the {uper-abundance of theéir waters-is
difcharged. ‘This is the cafe with the Scheld, the Rhine,
the Rhone, the Po, the Danube, the Wolga, the Euphrates,
the Indus, the Ganges, the Nile, the Niger, the Oroonoko,
the River.of Amazons, and with almoft all other great
¥ivers.

7 ‘Thisg
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"T'his feparation and difperfion of the to) great quan-
tity of water into fevera! channels is one caufe of their
felddom overflowing the country near their mouths 7,
beeaufe it gives a greater depreffion and declivity to the
furface of the current, and thereby facilitates the run-
ning down of the waters from the interior parts of the
country, forafmuch as their beds are every where regu-
lar and free from obftacles to their current.

§1. Notwithftanding the apparent oppofition to what
has been faid in feveral other parts of this treatife, I re-
peat again, that this divifion and difperfion of the waters,
into feveral branches and channels when zbere is fuch an
abundance of it as is fufficient to keep up the velocity both in
tbe old and wew channels, augments the declivity, and
chereby facilitates the running off of all the back-waters
from tlie inner parts of the country, as far as the bed is
regular and free from obftacles, according to what is
laid down above (N° 38.).

" But whenever this fuper-abundance of waters, fuffi-
cient for keeping up the velocity in each channel nearly
to what it was before the {feparation or divarication, thall
be found wanting, it is certain, that this divifien and dif-
perfion of the waters into feveral channels willonly ferve
to dirhinifh the velocity of the current in each, whereby

() Another caufe thereof is pointed out above, N° 43.
4L a 2s
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as much or more difcharge of the water, and confequently
of dedlivity for the running off of the back-waters, may
be loft, as has been gained by the feparation inta dif-
ferent beds. :

This difadvantage may be eafily remedied in thofe
new channels and mouths of rivers which are dug by
hands, and have fluices placed in them at the point of
{eparation from the original bed; for thefe fluices of
communication need be opened only when there is a
fuper-abundance of water in the river, fufficient to keep
up the velocity in each of the channels; at other times
they may be kept fhut, and the waters retained in their
original bed.

52. Itwas for this purpofe, of preventing the damages.
proceeding from immoderate inundations, that the an~
cient Egyptians dug vaft lakes, and. made fo-many canals
and fluices of communication between the Nile and thofe
lakes, and from thence to the fea; that they might
thereby be able to difcharge the waters into thofe refer-
voirs-if they came down in too great abundance, or let
them off again from thence upon the land, if the quan~
tity of the natural inundation at any time was lefs than
what was neceffary for the good of the country. By thefe
means ancient Egypt was always mafter of its waters.

1 It
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It is well knoewn that it rains feldom in that country,
and that the Nile by its regular inundations waters thé
land, by bringing dowrrupen it the rainsand melted fnow
from the high mountains of Abyflinia. HERODOTUS /&
and p1oDORUS sicurLus "/ have left us deferiptions of
the. immmen{¢ 1abours of the inhabitants to govern and
multiply fo: beneficent a river, the -particulars whereof
are too well known: to be repeated in this place. By
thefe: means: Egypt.became the granary of the world for
above two . thoufand: years, and reimburfed, with ime
menfe advantage, thefirft expences..
riccrort’/affures-us, that the ancient Perfians did: the:
fame thing with regard to the Eupbrares, andsfor the fame
end. . He:adds, moreover, Sic #bi Cyrus Gangem in Al-
veos 460 difper/fit; minora damna ex Gangis alluvionibus
campi perpeff funt; but I am totally-at a lofs.to find uporr
what: authority he grounds this laft affertion, for I never
read that any: cYRus penetrated as far into. India as. the:
mouth of the Gunges, much lefs reigned fo long over
that .country -as to. perform the. vaft work which ric-
¢1oL1 fpeaks of.
(g) Tnlib. II,

(b) Biblioth, L. 1L c. 1. -
(i) Geogr. et Hydrogr. 1. V1, cap.. xx1x. p. 248, 249.

PLINY
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pLINY ™/ fays, with regatd to the different mouths of
the Po, Omuia ea flumina fofafque primi a Sagi fecere
Thufciy egeflo amnnis impetu per tranfverfum in Atriano«
yum Paludes, que Septem Maria appellantur. Thefe
feven lakes difcharged their waters into the fea by
feven mouths, which PLINY names in the fame place.
All this was apparently done that the river might do
lefs damage to the adjacent countries by its frequent in-
undations, - PLINY adds, His fe Padus mifcet, ac per hee
effunditur, plerifque; ut in JEgypto Nilus, quod vocant
Delta.

To thefe examples, drawn from ancient hiftory, might
be added mmny modern ones, if the things in queﬁion
had need of further proofs. Thus, both nature and the
experience of a long feries of ages teach us, that the fe-
paration of a river into feveral beds, by new branches
and mouths, is a means of diminifhing inundations in
the inner part of the country; but that this takes place
only when there is a fufficient abundance of water in the
river to fill the hew beds and channels {o far as to prevent
the velocity of the currents therein from being notably
diminifhed from what they were before the divifion.

(#) Hift, Nat, 1, III, cap, xy1.

SEC
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SECTION IL

Laws of the meeting of oppofite currents, with the appli-
cation of them to jluices..

53. When two equal currents of homogeneous fluids
meet in oppofite directions, there is firft-a {welling and.
rifing up of them at the point of rencounter; then
follows a revulfion and counter: current of each equally
back again,.fo as to bring.the whole to an.equilibrium..

' 5.4,.: If the two.oppofite currents are unequal, either in
force or in-quantity,.or in both, there will ftill be a fwel-
ling and revulfion of each back again, but it will be
diminithed-in the greater current, and- augmented in the
Iefler,. by the quantity by the which the one furpafles
the other; and the- point: of rencounter of the two cur-
rents will have a flow and progreflive motion in the di--
rection of the ftronger, the degree of velocity thereof
being always in a' direét ratio of the force and quantity
of theone above the other,.

55. If the fluids in oppofite currents be not homoge-
neous, as is the cafe between fea and river water, that
which has the leaft fpecific gravity will fwim upon the
other, and continue to follow its firft direction, until

fuch
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fuch time as the heavier fluid fhall have communicated
its motion to all the parts of the lighter. But the lighter
fluid will not lofe its former motion and direction at
once, but in a decreafing feries, the law whereof will vary
according to the greater or lefs difference of [pecific gravity
in the two fiuids, until the whole of the lighter has ac-
quired the velocity and direction of the heavier which
buoys it up.

The time and Jfpace required for a greater current of
falt water to communicate its motion and direétion to an
oppofite one of frefh water will be but very little, fihce
they differ in fpecific gravity only -% parts that the falt is
heavier than the freth. It would require much greater
between water and oil, and ftill much more between
quickfilver and oil, and fo on. = The elements for deter-
mining them in every cafe might be found by a proper.
number of experiments.

56. Let the two currents be equal or uhequal in
force and velocity but nearly of the fame [pecific gravity,
if we thould fuppofe at the fame time that their furfaces
are not upon a level, but that theone is higher than the
other (as is conftantly the cafe in all fluices that open to
the fea, except at the moment when the furface of the
tide is upon a level with the furface of the water in the
canal behind the fluice); this circumftance entirely

changes both the cafe and the effefts. It is certain, on
’ this
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this fuppofition, that the overplus of velocity and eleva-
tion in the higher current, though it thould be the lefler,
‘will make the waters in the lower and greater current
reflow upon themfelves until they come to a level and
equilibrium with thofe in the .upper current; fincé
thefe, by the laws of univerfal gravitation, cannot flow.
back from a lower to a higher level, but muft defcend
according to the declivity of the furfaces. If the currents
are of wery different fpecific gravities, they will come.to
an equilibrium according to the law laid down above (N°
55); but their greater or lefler quantity and velocity
will produce little or no effect in this cafe.

57. Now as the running of two currents in oppofite
diretions, after their rencountery and beyond the limits
laid down above (N° 55.), is incompatible with, and con~
tradictory to, the laws of nature, and confequently im-
poﬁiblé; we may draw this ufeful conclufion, which be«
comes important during inundations, and efpecially
during the annual overflowing of the low grounds in
flat countries; to wit, that if the fluices next the fea
againft which the tide flows be {hut only a quarter of
an hour before the flood has rifen to the level of the
water in the canal, not a drop of falt water can enter
the faid canal, nor even into the fluice itfelf; becaufe
both the progreflive motion of zbe point of rencounter of

Vor. LXIX. 4 M the
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the two curibnts, and the over-fwimming of the freth
water upon the falt, will be always without the fluice and
towards the fea, {o long as the furface of the tide is below
the level of the water in the canal. Many fluice mafters,
for want of knowing or confidering this, are accuftomed
to fhut their gates next the fea a little after ba/f flood, un-
der the pretence of preventing by this means the falt wa-
ter from getting into the canal, and communicating
thereby with the waters that overflow the low grounds
in many places during winter; which would be of great
detriment to the foil. ‘Through this falfe perfuafion,
they lofe no inconfiderable part of that time every day,
which they might fafely .employ in drawing off the wa-
ters which overflow and incommode low and flat coun-
tries almoft every winter and rainy feafon, as is the cafe
in the Dutch and Auftrian Netherlands.

SECTION 1IV.

Experiments to determine the different velocities,in different
depths of water, of the [ame floating body moved uni-
Jormly by an equal force.

58. It is well known already, that for facilitating or

retarding the motion of boats, &c. in canals, the different
1 depths
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depths-of the water, above that fimply neceffary to keep
them:afloat, is a thing not at all indifferent. Dr. FRANK-
LIN ‘has: already treated--this fubjec, though perhaps
not with fufficient accuracy, in a letter to Sir ].O.HVNl
PRINGLE, written in the year 1769. He proves, how-
ever, that it is univerfully known among people-accuf-
tomed to work boats on canals, that there is a confidera-
ble difference in the fwiftnefs of their motion according
to the greater or lefs depth of the water therein;
and that the water being low is of itfelf fufficient to
retard the motion of a boat, without the keel thereof
rubbing againft the bottom of the canal. The reafon he.
affigns for it is evident; for a boat cannot advance its own
length in a canal without difplacing a quantity of water
equal in mafs to the fpace which the boat occupies under
the furface of the fluid. The water fo difplaced muft re~
trograde, and pafs under, and to the right’.and left, of the
boat : fo that the lefs depth and breadth of water there
is in the channel, the more in proportion it muft rife up
and weigh againft the boat, and the more difficulty it
mutft find in paffing under and along fide of it, and ne-
ceffarily muft retard fo much the more the motion thereof.
The refult of Dr. FRANKLIN’s experiments on this fubjeét:
may be feen in the letter above mentioned.

4 M2 59. Mr,
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§9. Mr. NEEDHAM, Director of the Imperial Academy
of Sciences at Bruxelles, being of opinion that Dr.
FRANKLIN’S experiments were made upon too fmall a
fcale to draw any very exa& inferences from them, de-
fired me, at the beginning of the year 1775, to makea
new fet of experiments upon a much larger fcale and
with all poffible exactnefs; I did accordingly, and fhall
here give a thort defcription of them.

I got made, by the fhip carpenters of Nieuport upon
the Coaft of Flanders, an exaét model of a bilander, an-
fwerable in all its proportions to thofe ufed in the Low
Countries. Its length was thirty-nine Englifh inches, its
breadth nine inches and a'half; and its depth nine inches.
Its form both within and without exactly reprefented
that of a bilander. At each end of it was faftened
perpendicularly a round and polifhed rod, ten inches and
and a half in height above the fides of the boat.

I got made likewife a wooden canal, twenty feet in
length, thirty-feven inches in breadth,and fixteen inches
in depth; a fection of which is reprefented in the fol-

lowing figure:

This
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This form is that of the excavation of the canals in
the Low Countries, and approaches to that of the natural
beds of rivers inafmuch as they are regular. Here
‘AB= 37 Englifh inches, pc=16 inches; and the length of
the whole canal, as we faid before, was twenty feet.
z reprefents the fection of a pulley fixed atone end of
the canal, upon which paffed a {mall cord, one end of
which was tied to the round rod. at the fore part of the
boat, and at the other end was a piece of lead which
weighed eight ounces. This ferved for an equable force
to give an uniform motion to the boat throughout all the
experiments. x and y are fections of two other cords
firetched parallel to each other at about-one inch and a
half diftance, and reaching from one end of the canal to

2 the
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the other. The two round rods fixed at the ends of the
boat, moving within thefe parallel cords, ferved to make
the boat move in-a right line in the middle of the canal,
without running againft either fide, which it would have
done without this precaution. The canal itfelf was upon
an exact level, and one end of it, where the pulley was
fixed, refted upon the fide of a well twenty-three feet
deep, twenty of which were above the furface of the
water; which gave {ufficient {pace for the free and uni-
form defcent of the lead-weight and cord running over
the pulley, as they drew the boat from one end of the
canal to the other. |

Latts, exaétly divided into inches, were nailed againft
each end of the canal within, to mark the different
depths of the water in it according as it fhould be aug-
mented or diminithed. The outfides of the little boat,
from its keel upwards, were likewife divided into inches.
In the infide of the boat was a quantity of fand f{ufficient
to fink it to fix inches deep in the water. The common
loaded bilanders in the Low Countries ufually draw fix
feet of water.

Thus the form of the wooden canal, together with its
breadth and depth, and the form and dimenfions of the
little boat, together with the depth of water it drew by

means of its ballaft of fand, exactly correfponded with
thofe
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thofe in the real canals and bilanders in the Low Coun-
tries, an inch in the one anfwering to a foot in the
other.

Clofe to the canal, and out of the way of all wind, was
fufpended a pendulum of fine waxed thread, to prevent
the variations of the atnvofphere from altering its lehgth,
which from the point of fufpenfion to the center of gra—
vity in the lead was 391 Englifh inches, fo that its ifo-
chronic vibrations were exactly feconds of time.

60. It was neceflary, in order to render the experi-
ments exaét, that they fhould be made at a time when
the air was perfectly calm; for the leaft breath of wind,
dpring the motion of the boat, caufed great variations
and irregularities in them, which it was abfolutely necef-
{ary to prevent, in order tobe ableto deduce any exact re-
{ults from them. On the contrary, in a perfect calm, the
times of the paffage of the boat, from one end of the ca-
nal to the other, were exceedingly regular, as may be feen
from the table of experiments which I give below.

By means of the pendulum I was able to meafure
the times of paffage of the boat along the canal, in all
the different depths of water, to a third or cven to one
quarter of a fecond. The boat being held faft againft
the back end of the canal by the hand of an affiftant, and

then let go, it was eafy for me to perceive the precife
' inftant
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inftant of the beginning of its motion, to let go the pen=
dulum at the fame moment, -and to count its vibrations
till the inftant that the boat ftruck with an accelerated
force againft the fore end of the canal.- Asto the weight
of eight ounces fufpended at the end-of the cord, and
which ferved as .a moving force to draw the boat along
the canal, it was juft as much as fufficed to counter-
balance the cord, and to put the boat in motions; lefs
weight than that would do neither: therefore I was
obliged to ufe fo much, notwithftanding the ‘confiderably
accelerated motion it gave to the boat.

This is the whole mechanifin of the inftraments I
ufed for the experiments in queftion, and fiich ‘were the
precautions I judged it neceflary to ufe for making them
with {crupulous exadtnefs. ,

In the following table, which confifts of twelve co-
lumns, the firft of them contains the different depths of
water at which the experiments were made; theten follow-
ing ones contain ten different experiments made at each
depth of water in the canal; and the'twelfth or laft co-
lumn is the reduétion of the ten others to a mean pro-
portional or mean refult of the whole, which is in_/zconds
of time.

‘Table
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Table of experiments made to afcertain the times of
paflage of the boat along the canal, or its different
degrees of velocity, in different vepths of water.

Depths of) 1ft | 2d | 3d | 4th 5t5 6th | 7I 8th | gth |1oth] Mean -
Water. |Exp, | ditto [ditto|ditto | litto|ditto (ditto |ditto [ditto ditto | Refults,
Inches " " w bt wlt wl ot o wl W
15 143) 143 | 148 143 148 148 148 15 | 14 14 144
14 3| 15 |15 | 153 15 | 15 | 1ad| 1ad] 15 | asH) x5
13 | 1s3| 1st | ssa| wsi| vsa| sa| ssa] as3| asa| 15t 15
12 163} 16 | 16 | 153| 16 | 153 16 |16 | 16 | 16 16
1 163 >17 17 -1.(;; 163 17 | 163 165 163 1@% 16%
10 17 18 wind 17 19| 1y | 17 17d-1y 1y 13wl o
9 185 185118 | 19| 19 | 18 18 | 183 18 183 184
8 |l 20| 20 |20} 20| 20| 20|20 g}l 20|20 20
7 238 23 | 228] 23| 23| 23| 238l 238] 23| 23| 23
61 In the experiments made with this depth‘ of water, the| - 30 by
z . boat often touched the bottomn. {uppofitior

It may be obferved with regard to the laft column of
the above table, which contains the mean refults or
mean quantities of time which the boat takes to pafs
from one end-of the canal to the other in different depths
of water, that it is given for the fake of deftroying thofe
little differences which are inevitable in practice; and it

VoLr. LXIX. 4 N fhews,
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thews, as nearly as poffible, what the true time of paf~
fage ought rcgularly to be wlien nothing happens to dif
turb it. '

It is alfo highly worthiy of remark, that the mrean
refults contained in this laft column form a feries of nums
bers regularly increafing as the depths of water, wheiein
the re/pective experiments were made, regularly decreafe;
{o that tbe different welocities of the floating body are in an
inverfe ratio of the refpeciive depths of the water in which
t floats with an.equal impulfive force, and that according
to the law of the above feries. ‘This, perhaps, may fur-
nith elements to calculate, pretty near the truth, the dif-
ferent velocitics of veflels upon canals and rivers with
different depths of water in all other cafes whatfoever.,
As to the conclufions to be drawn therefrom in practice,
and in the common ufes of life, they are too obvious to

need mentioning here.

SECTION V.,

On the quantitity of declivity in rivers.

62. Abftradting from all refiftance and fri¢tion, fluids,
fuch as water, defcend upon planes let them be never fo

little inclined towards the center of the earth: and the
5 velocity
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velocity of defcent incredfes in a compound ratio of ¢he
increafe of the mafs-of water, and of the greater declivity
of the plane which ferves for its bed (N° 13.).

63. Water, thbugh unaffected by any compreflfion or
impulfion from above, cannot remain immoveable in any
bed whatever except that which makes a curve perfectly
eoncentrical with the serrefirial curve; but in this, being:
every where equally affected by the force of gravitation,
it will remain without moetion any way.

6 4. It follows from hence, that the {prings and fources
of all rivers muft be at a greater diftance from the center
of the earth than one femi-diameter thereof, which is
terminated at the furface of the {ea; without which the
waters could not run to the river’s mouth.

65. Therefore, the abfolute elevation of the furface
of rivers.is continually diminifhed as they recede from
their {prings, becaufe of the neceflary declivity of the
beds of rivers towards the center of the earth; for with-
out fome degree of this declivity the waters could not
run at ail, as has been faid above (N° 62. 63.).

66. The declivity of the beds of rivers cannot be a
right line making a rectilinear angle with that horizontal
planewhich, being continued, would interfect their re-
fpe&tive fources; but, if it-is regular, it muft be a curve
awhich differs. very little from that of the earth’s furface,

4N 2 and
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and this, if the direction is in the parallels of latitude
due Eaft and Weft, is /pberical; but in all other direc-
tions it is a portion of an:odlate ellip/is, on account of the
earth’s being a {pheroid comprefled by its axis. Now the
horizontal plane which continued paffes through the
{prings of rivers, is always a tangent to the curves of
their beds -at the point of inflexion, infomuch as thefe
are regular.

67. The quantity of abfolute declivity from the {pring
in any determinate part of a river, is that perpendicular
line drawn from the point of greateft current in that
place till it meets Zbe curve concentrical to the earth's
Jurface which pafles through the river’s fource. The de-
clivity of the bed below the {pring is had by taking the
fame perpendicular from the bottom of the bed; as that
of the river’s furface is by taking the perpendicular from
thence.

68. If a plane be extended horizontally every way
from thé point of tangency to the earth’s furface,or from
the point where it is perpendicular to any radius of the
earth, water will run from every other part of the plane
towards that faid point which is nearer to the center of
the earth than any other point in the whole plane.

69. The depreflion of zhe curve of a river’s bed, below
the concentrical-terrefirial-curve which inter/fects s

Jource,
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fource, being anly 250 fathom perpendicular in a courfe:

of 5oo leagues, it will be fufficient to give a notable cur-
rent in a regular bed throughout all that extent of river,
as appears from what we have faid above (N° 38.). But.
the depreflion of zbe curve of the river's bed, below the
korizontal plane whichis a tangent to its fource, in this
fame extent of courfe, is not lefs than ninet}; leagues per-
pendicular, being always zbe fecant of the arc of the ri-
ver's extent. minus a vadius of the earth in that point.

7o. It follows evidently from the above princples (N°
62—69), that the declivity and velocity of a river are
lefs in proportion as the bed approaches nearer to being
concentrical with the curve of the earth’s furface.

7 1. I thall now apply the principles laid down to de-
termine, as near as poffible, the real quantity of declivity
in different rivers, making ufe of what is already known
from experiments and a¢tual ‘menfuration to determine
the {fame in all others by the comparifon of the different
degrees of velocity in their refpetive currents.

72. It is the general opinion of moft of thofe who
have examined this fubje&t”, that rivers and canals
which have lefs than one foot of declivity in 10,000 feet
of courfe, will have very little current, unlefs it be by
means of the great abundance of their upper waters

(%) Vide pEscHALES, de Font. et Fluv.

4 which
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which give motion to thofe:before them by their weight
and impulfion. Without.this.the refiftance proceeding
from the bottom and fides-of the bed, and from other
accidental obftacles (N° 2 1.) would equal, if not {urpafs.
the ordinary caufes of acceleration (N° 20) fo as to dimi~
nith continually the motien of the waters, and at laft
render them almoft ftagnant (N° 22.). But nature has
prepared remedies againft this, as we have feen above
(N° 28. 29. 48.). What riccioLt ” fays of the Po, in
that part of its courfe next its mouth, is perfectly con-
formable to this theory: ¢ Sic Padus, qui a'Pago Offcllata
t yocato, ufque ad ddriaticun, intervallo milliarium cir-
4¢ citer 70, non habet libramemtum majus 13 aut 14
« pedum, ita ut fingulis milliaribus ne 3-quidem uncie
4 declivitatis obveniant; unde:Padu/e, potius inftar ftag-
“ pantibus aquis, incertiffimus effet ad defluxum curfus:
“ impetu tamen impreflo & 30-et amplius fluminibus
« aut torrentibus fe in‘illam exonerantibus, etiamquea
¢ nativee pondere aquae ex fuperioribus et altioribus
« prope Alpes alveis decurrentis, velocitatem maximam
“ acquirit.”

23 From many obfervations and trials which I made
for this purpofe in the years 1773 and 1774 upon the
river Iprelee in Flanders, which comes down from the

(1) Geogr. et Hydrogr,d, VI, ¢, x1x, p. 215. edit, Bonon. 1661.
city
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city of Ipres and falls into the:fea at Nieuport, having a
very moderate current when the fluices upon it are open,
¥ found its mean declivity to be nearly three fathoms four
feet and eight inches in 20,000 fathoms of extent of its
courfe, or very nearly one foot in a meafured Englith mile.
L{ay its mean declivity, becaufe from what has been faid
above (N° 13. 27. 28. 29.) it is plain; that a greater or
lefs quantity than ordinary of water in it will add to, or
take from, fomething thereof; but the declivity in each
part.of its bed is-nearly uniform.

As the fources of this river, and thofe of the Ifere
which joins it at. Fort Knock, fourleagues from Nieu-
port, are in the higher grounds of Flanders towards
Houthem, Mount Kemele, Swaertfberg, Catfberg, and
the other hills as far as Mount Caffel; and as the reft of
their courfe is in a flat country with a very {inall defcent
towards the fea, the declivity thereof may be taken as 2
mean between. that of the other rivers and canals of
Flanders: the artificial eanals will have lefs, not above
a fix or feven thoufandth part of their extent, or one
twelfth of an inch in each eight fathoms: the rivers Lys
and Efcaut, before they fall into the flat country, fome-
thing more, after which they may have about the fame,
or even fomething lefs between Ghent and Antwerp.

This
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This quantity of three fathoms four feet and eight
inches of declivity in 20,000 fathoms of extent, gives
the proportion of the declivity to the. extent as 1 to
5292, which is one line or twelfth part of an inch in 6%
fathoms, and two feet feven inches in one French league
of 2283 fathoms. Now the meafured Englith mile con-
taining 5280 feet, this proportion of 5.2“92 approaches {o
very near to one foot of declivity in every meafured mile
‘of extent, that I fhall every where reduce what I call the

mean declivity to that quantity, as a ftandard wherewith

to compare the reft.
7 4. In canals, all whofe fluices and vents have been

kept fhut a fufficient time to render the water ftag-
nant throughout their whole length, there cannot be al-
lowed above an inch or two of declivity for each mile in
length, on account of the water that unavoidably runs
off through the chinks of the doors of fluices, drains, &c,

75, According to the.obfervations of the Abbe CHAPPE
p’AuTEROCHE ™, the floor-of the Hall of the Ro&al Ob-
fervatory at Paris is forty-five fathoms three feet and five
inches French sbove the level of ‘the fea at the mouth of
the Seine. According ‘to the Abbé NOLLET, this fame
floor is forty:fix fathom above the level of theOcean, and
only forty-five fathoms above the level of the Mediter-

(m) See Relation de fon Voyage en Siberie, tom. IL p. 406, 407. 444.
ranean
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ranean fea. Again, according to the above Abbé cHAPPE,
the faid floor of the Obfervatory is elevated twenty-four
fathoms one foot and ten inches above the level of the
river Seine at Paris; therefore the level of the Seine un-
der the Pont Royal at Paris is twenty-one fathoms one
foot and feven inches above the level of the Ocean; and
fuch alfo is the quantity which Mefl. cassini have given,
from their own obfervations and experiments, for the
mean height of the Seine at Paris above the level of the
fea. 4

Now the courfe of the Seine from Paris to its mouth
at Havre de Grace, by following all its turns and wind-
ings, is about go,ooo fathoms in length; therefore
920 = 4232} fathoms of extent for one fathom of de-
clivity in the river Seine, or one line in 43 fathoms, and
confequently the proportion of its declivity to its length
is as one to 4232+, It is to be obferved, that the bed of
the Seine is deep, and its current confiderably ftrong.

»6. By fimilar obfervations and actual levellings made
upon the river Loire by M. M. PICARD and p1TOoT ", the
declivity thereof in proportion to its length is found to
be as one to 3174, which is one line in 3} fathoms.
Notwithftanding this great declivity of the bed of the
Loire it is obferved, that the velocity of the water therein,

(n) See Memoires de I’ Acad. Rovale des Sciences de Paris, pour 1730,

Vor. LXIX. 40 compared
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compared to that in the Seine, is lefs than it fhould be in
proportion to their refpective declivities, which is very
juftly attributed to the much greater depth in proportion
to the breadth of the Seine, above what is found in
the Loire. ‘This laft river is remarkably broad, and fo
fhallow that in many places it is hardly navigable for
boats. Now this, according to the principles laid down
above (N° 27, &c.) muft very much diminifh the {wift-
nefs of the current, which it fhould otherwife have from
the great declivity of its bed. In confirmation of this it
is moreover obferved, that in great falls of rain, which
equally increafe the volume of water in both thefe rivers,
the velocity in the Loire augments in a much greater
proportion than it does in the Seine; and this obfervation
is likewife-conformable to the principles above laid down
(N° 12. 28. &c.).

77. The river Doux, after pafling by Befancon, falls
into the Saone above Chalon; the Saone joins the Rhéne
at Lyons. This river, from Befancon to its mouth in the
Mediterranean fea, is one of the moft rapid in the known
world: the velocity of its current is at leaft double to that
of the Seine or Loire, and its courfe is almoft in a ftraight
line. The difference of elevation of this river at Befan-
gon, above that of its mouth in the Mediterranean fea,

after a courfe of about eighty-fix French leagues, has
been
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been found, by.a long feries of barometrical obfervations,
to be about feventy-five fathom ”, which gives the pro-
portion of the declivity to the extent as one to 2620, or
about one third of a line to each fathom. This is double

the mean declivity of the rivers 'in Flanders: but the
velocity of the current in the Rhone is at leaft triple
that in the.others (N° 29.).

78. From the above data, got from obfervations and
aétual menfuration, and from many others of the fame
nature too long to mention here; we may deduce the fol-
lowing table of comparative proportions between the de-
clivities and velocities in different kinds of rivers,

{a) See-Cours dé PhyfiquedePara, tom. IL N° 740,

40 2 Rates
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Diftin&ijve. attiibutes of the yarious kinds
of rivers and flowing waters.

1 T.500

Channels wherein the refiftance from the
bed,. ‘and other obftacles, ‘eqhal the quan-
tity of eurrent acquired from the decli-
vity 3 fo thdt tlfe watéts wodld'ftagnate] -
therein, -were it not for tire compreffion
and impulfion of the upper dnd back-|
(__wa;ers‘..

|
|

s

“m

180 |

Artifi¢ial canals. in'the Dutch and Auf-
trian Netherlands.

120

10

Rivers in low and flat countries, full of]
turns and windings, and of a very flow
current, fubjet to frequent and.lafting
inundations.

80

13

FOCT

Rivers in moft countries that are a mean
between flat and hilly, which have a

Alfo, the upper parts of rivers in flat
countries.

55

21}%

X
TL0T

w
wip

Rivers in hilly countries, with a ftrong
cuarrent, and {eldom fubjeét toinundations :
Alfo, all rivers near their fources have
this declivity and velocity, and often
much more.

40

30

1
Z¥TT

Rivers in mountainous countries, having ‘
a rapid cuarrent and ftraight courfe, and
very rarely overflowing,

24

50

ZT0T

Rivers in their defcent from among
mountains down into the plains below,
in which places they run torrent-wife.

{ good current, but are fubje@ to overflow:

15

8o

1
TT5%

Abfolute torrents among mountains.

I thould
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I fhould thinkK it quite fuiperfluous to give any expia'-
nation of a table fo clear and intelligible as the above; and
fhall only remark upon it that zbe:comparative degrees of
the mean veélocities of the n‘f/peﬂzw currents in the fecond
column are the refult ot obfervations and experiments,
the method of making which has been given above
(N®26.): but-as-the velocity of rivers is very different in
different 1eatons of-the year, which augment or diminifh
greatly the mafs of waters in their beds, @ 7eaz has been
kept to, as much as poffible, in the above table.

By taking the degree of velocity of the current in any
river, a'thing {0 eafy to'be done; and obfervmg* its other
chara&eriftics as laid down above under the title of di/~
tiniive attributes, it will be eafy to judge very nearly of
the quantity of declivity in that part of the river.

79. After carefully comparing what has been faid in
the relations of travellers, and in the beft treatifes of
geography, upon' the principal rivers in the known
world, I Thould be inclined to clafs them in thefollo‘wing;
manner, particularly entreating at the fame time that
my opinion abbut it may be regarded as fimple conjec-
ture; ‘which I leave to be redified by thofe better ac-
quainted with the matter than it is poffible' for me to be.

Under the fitft rate or clafs in the above table I thould
put that part of the chafihél of moft great rivers which-

is
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is in extenfive plains next the fea; with regard to 25 de-
clivity thereof alone, but not at all with regard to the ve-
locity of the current there, which is often very great
from the compreffion and impulfion of the upper waters,
as has been repeatedly fhewn above muft be the cafe
(N° 29. 38. 43.72.)-

Second rate or clafs. Moft artificial canals in flat coun-
tries, made for the ufe of navigation; efpecially thofe in
the Dutch and Auftrian Netherlands.

Third rate or clafs. The river Trent;.the Scheld and
the Lys below Ghent; the Ifere and the Iprelee -below
Fort Knock in Flanders; many rivers in the territories of
Bologna and Ferrara in Italy; the river Meander in Na-
tolia; and innumerable others in flat countries.

Fourth clafs. The Thames; the Lys and the Scheld
above Ghent in Flanders; the.Senne, the Dyle, and the
Demmer,inBrabant; theSeine and the Somme in France;
the Nile and the Niger in Africa; the rivers of St. Law-
rence below Lake Ontario, tne Orouaoko, the river of
Amazons, and the rivers of ‘Paraguay, in America.

Fifth clafs. The Severn and ‘Oufe in England; the
Loire ana Garonne in France; the Tagus, the Guadiana,
and the Guadalqui?ir,,.in Spain; the Po and the Tiber in
Italy; the Meufe, the Rhine, and the Elbe, in Ger-
many; the Weiflel, the Neifter, the Bog, and the Nieper,

in



on Rivers and Canals. 643
in Poland; the Don and the Dwina in Ruffia; the
Amur or Saghalien in Tartary; the Yellow and Blue
Rivers in China; the rivers of Cambodia, Ava, and
Ganges, in India; the Euphrates; the river Zaire in
Congo; the Miflifippi.

Sixth clafs. The Rbhone in France; the Ebro and
Douro in Spain; the Danube; the Wolga; the Irtifch
and Oby, the Jenefea and Lena, in Siberia; the river In-
dus; the Tigris; the Malmiftra in Cilicia.

Sevénth clafs. In this clafs can only be enumerated thofe
parts of rivers where they defcend from among moun-
tains into the plain country below; as alfo fome rivers
paffing through the midft of mountains.

Eighth clafs. To this clafs belong all torrents among
mountains ; fuch, for example, as the Bourns in the
Highlands of Scotland are defcribed to be.

SECTION VL

A general-and eafy method of taking levels though largre
extents of country where rivers pafs; and dfo of comi~
puting the beights of interior parts of continntss dhvsoe
the furface of the fea.

80. After all' I have faid hitherto in this eflay, and

particularly in the foregoing fection, what I am about to
lay
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lay down under this laft hedd of it muft appear very
plain and eafy. Iam very far, howewer, flom giving the
methods I am going to propofe for taking the levels
through whole countrics and continents as far as rivers
extend, as ftri€tly exalt; 1 know very well that it is
next to impoffible they fhould be {o, confidering the
continual variations in the declivities of rivers, and
in the velocities of their currents in different parts,
as alfo the impoflibility of knowing the exaét length
of their courfe through all their tufns and windings
I only give them therefore as a general and eafy me-
thod of computing the relative heights of -countries
without deviating much from the -tmﬁ.’h,’which, per-
haps, is all that may be neceflary for the. confide-
ration of the natural philofopher. At all events, they
may be of fome ufe, for this end, in fo many psuts
of the earth through which rivers pafs, and where no
barometrical obfervations, or any others whatever, for
taking heights above the fea, have been, ‘or perhaps ever
will be made. They may alfo be found ufeful in taking
the levels through a large extent of flat countries where
regular canals and rivers pafs, and where the difference
of elevation is too fmall to be obferved by the barometer,
and where alfo the taking them through fo_great an.ex-
tent by the common methods of levelling would be
much too expenfive for the purpofes required. Now in
I this
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this laft cafe I have found, by expesience, that by the
method I here propofe the difference of heights may
very eafily be found, and that very near to the truth.

. For this end it may be praper to premife a few necef-
fary confiderations and precautions to. be obferved. in
making ufe of the method I here propofe.. They would
eafily occur to any ane who confiders the principles
whereon it #s’grounded; but .to fave trouble I fhall put
them down in a few words.

81. The firft is, that a particular attention. muft be
had tq the quantity of water a&ually.in the rivenat the
time of the operation, fo that ageording as the greater or
lefs quantity, thereof may augment or diminith the ve-
locity of the current; allowance may be made confarma-
ble thereto in determining the quantity of declivity fram
the degree of velocity. .

2dly, Obferving this precaution throughout the whole
river, or all that part of it wherein we want to find the
difference of elevations, we. muft next endeavour. te de-
termine, as near as poflible, By the principles laid down
in the laft fe&tion, a// the variations of declivity from the
variations -of welocity within thofe limits, and alfo the
exall length and quantity of each.

- 3dly, The fame attention muft be had in taking the.
difference of heights by canals, while their. fluices .and,

Vor. LXIX. 4 P com-
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communications are kept conftantly open, o as to effec-
tuate a compleat natural current throughout the whole
extent thereof; for in this cafe they are no other than
rivers, and their waters follow the fame laws of motion.
4thly, But in canals which are fhut, and their waters
kept up by {fluices fo as to render them nearly ftagnant,
the practice of this method will be different from what
it is in rivers and open canals : for in this cafe there can-
not be allowed for the declivity of the furface of the wa-
ter from {luice to fluice above one inch, or two at moft,
in each mile of length, according as there may be fewer
or more accidental drainings of the water in it (N° 74.).
Again, as it may happen, in taking the levels of coun~
tries by the means of artificial canals, that the water in
different parts may have different directions, attention
muft be had to add or fubtrac? refpeétively the total de-
clivity of each. k
Moreover, it almoft always happens, in canals where
the ftuices are fhut, that the water on the two fides of
each fluice is of a very different height, the back waters
being kept up, while the lower are run off to a certain
point; but in {luices next the fea, the tide againft the
outer gates is fometimes lower and fometimes higher
than the water in the canal above. In all thefe cafes, the

difference of height muft be exaétly meafured, and the
quantity
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quantity refpectively added or fubtra&ed in the account
of the levelling.

sthly, After this it is neceffary to determine, as nearly
as poflible, the length of the canals and rivers through
all their turns and Windillgs, and throughout the whole
extent of country in which we want the difference’ of
elevations. This may be done by an actual menfuration,
or by the general opinion of the inhabitants of each part
of the country, which, being founded upon the long and
continually repeated experience of an infinity of people,
will be found to differ very little from the truth, .atten-
tion being had to the qﬁam‘ily of their nominal meafures;
even the errors in more or Jgfs will nearly compenfate
each, 6ther‘;, or, finally, in great exterits it may fuffice to
compute them from good geographical maps.
6thly, This being done by one or the other of thefe
methods, it .will be eafy, from the quantity of declivity
before determined for each part in particular, to find the
whole quantity of declivity throughout the whole extent
of country meafured, or from any one part thereof to any
other along the rivers or canals in queftion, which are
place to the other: If to this be added the relative height
of the country in each place compared with the level of
the water in the -part: of -the river or. canal next to each,
4P 2 we
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we {hall have very nearly the difference of elevation of thofe
two parts of the country. And thus the levels may be
taken from the fea through any extent of country, nay
even through whole continents, as far as rivers or canals
extend without interruption. Cataracts themfelves, fuch
as thofe in the Nile and in the river of St. Lawrence,
need not hinder the operation, fince we have only to take
the refpective heights from which they fall into the ac-
count as we do in common fluices, and allow for the in-
creafe of velocity produced by them in the current of the
river.above and below the places where they exift.

82. Although I do not pretend to equal this method
(of finding the difference of heights in countries) for
exacinefs to the levels taken by actual menfuration, or to
thofe found by a long feries of nice barometrical obfer-
vations; yet it muft be allowed, that it is free from many
inconveniencies, and accompanied with many conveni-
ences, which the others are not. It may be eafily carried
thi‘ough great extents of country, where the other me-
thods cannot be put in praétice, on account of the ex-
pence or time required ; and this may be done with
very little trouble, and perhaps with fufficient exact-
nefs to anfwer all the purpofes of the natural philo-
fopher in his confiderations on the globe we inhabit.

Although the method of taking heights by barometrical
obfervations
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obfervations is highly ufeful, and among mountains
(where mine can be of little or no fervice) far preferable
to every other hitherto difcovered; yet it will eafily be
acknowledged by every one who is acqhainted with what
M. pE Luc’™, Sir GEORGE SHUCKBURGH, and Colonel
RrOY ", have done upon this fubjeét, that the greateft at-
tention to an infinity of varying circumftances, as well
as the greateft nicety and exactnefs both in the inftru-
ments and in repeated obfervations, are neceflary if we
would come at the truth thereby.

Again, the method of taking the difference of heights
by the quantity of declivity in rivers requires no atten-
tion to the curvature of the globe, an object (as every
one knows) infinitely too confiderable to be negleéted in
the common method of levelling; as are alfo the great
and varying refractions of the vifual rays fo near to the:
furface of the earth as they muft be taken in the practice
of that method. The quantity of effets and of errors
in the vifuals proceeding from this laft caufe muft be.
very different at different times, as it depends wholly on
the greater or lefs denfity, on the greater or lefs quantity
of vapours fufpended in the loweft part of the atmo--

(m) See his work on Barometers and Thermometers, intwo vol. quarto.
(n) See the learned and curious treatifes of thefe' two gentlemen in the

Philofophical Tranfalticas for 1777.
fphere,,.
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phere, the ftate of which feldom remains long the fame.
Now it is no eafy matter either to determine the quantity
of thefe exatly, or to calculate the effeCts and errors in
the vifual rays proceeding therefrom, which yet muft be
done to come at the truth by the common method of
levelling; whereas, in the method I propofe, no fuch con-
fiderations are neceflary, as is evident from the nature of
it.

But this is more than enough on a method {o obvious
and eafy; I fhall now give a few examples of it, and
thereby conclude this eflay, already perhaps much
too long.

83. Suppoﬁng the length of the Scheld, between
Antwerp and-Ghent, following all its meanders, to be.
forty meafured Englith miles, as it is reckoned nearly to
" be; and fuppofing the length of the faid Scheld between
Ghent and Tournay to be fifty of the fame miles; and
that of the Lys from Ghent to, Commines, where it ép—
proaches neareft to the city of Ipres, forty-fix miles; itis
required to know the refpective differences of elevation
between all thefe places.

It may'be found above (N° 78. 79.) that the river
Scheld, between Ghent and Antwerp, has not above one

foot declivity in each mile of its courfe; and that the
I Scheld
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Scheld and the Lys, above Ghent, have about one foot
declivity in each four thoufand feet of length.

According to this, the furface of the Scheld in Ghent
is about forty feet higher that it is at Antwerp; and at
Tournay it is fixty-fix feet higher than at Ghent, and
one hundred and fix feet higher than at Antwerp. So
alfo the furface of the Lys at Commines is {ixty-one feet
higher than at its junction with the Scheld in Ghent, and
one hundred and one feet higher than the fame at
Antwerp. From hence it may be deduced, that the
Scheld at Tournay is about five feet higher than the Lvs
at Commines, through twenty-five miles of interjacent
country.

84. Suppofe it be required to find the difference of
height between the furface of the Lys at Commines and
the furface of the canal at Ipres which falls into the fea
at Nieuport on the Coaft of Flanders. The diftance be-
tween Ipres and Commines is nearly feven meafured
miles, through which there is no communication by
water; but there is one a great way round, which there-
fore, for the purpofe required, muft be followed through
all the differences of elevation comprized therein, viz.

Defcent
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Defcent towards the [ea at Nieuport on the Coaft of
Flanders.
Feet,

Total declivity of the Lys from Commines to Ghent,

4.6 miles, - - - - - 61
Declivity of the canal from Ghent to Bruges, when

the fluices are fhut, - - - I
Difference of height of the water in the aforefaid

canal above that in the canal from Bruges to

Oftend, which two communicate together by

fluices, - - - - 8
Declivity from Bruges to Plafchendahl where the
canal of Nieuport joins that of Oftend, - 6

Total declivity from Plafchendahl to Nieuport, in.
cluding the difference of furfaces in two interme-~

diate fluices, - - - -

|

Total declivity, all one way, from Gommines to
Nieuport, about g 5 miles, - - 84

———

Afcent
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too far into the regions of conjeCture; but as fuch mif-
takes as thefe are no ways prejudicial to my fellow crea-
tures; to whom I wifh to be ufeful, and as they may give
occafion for others to retify them, and {o lead them to a
fubject which otherwife, perhaps, they might neverhave
attended to, I fhall hope for indulgence from all thofe
who wifh well to humanity and to ufeful knowledge.

4 Q2 86. A
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from what was found by actual levels made from the
Lys to Ipres by the French engineers during the time
that LEwIs the x1vth was mafter of the country, when
there werg propofals for opening a canal from the one to
the other.

8z. I thall venture to carry my conjetures ftill far-
ther, and grounding them upon the principles laid down
above (N° 78. 79.) I fhall take a general view of the
elevations of continents along the courfe of the principal
rivers in the known world. I cannot, however, repeat
too often, that I give this as a matter of mere conjecture
and curiofity. It has not been, nor ever will be, in my
power, or in that of any other particular perfon whatfo-
ever, to follow the courfes of all the rivers mentioned in
the enfuing table from their mouths to their {ources.
All that can poflibly be done on this head, is to examine
the relations of voyagers and geographers concerning
each river as far as it is known, and to reduce it by that
means within the compafs of the hydrometrical princi-
ples laid down in this eflay. This is what I have done as
far as I could; and therefore, allowing that I make great
miftakes therein, yet I do not think that I merit much
blame on that account, as I have done what I was able to

do. If I am blame-worthy, it is for having launched out

I too
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Afcent from the fea at Nieuport to the city of Ipres.

Feet.
Difference of height which the river from Nieuport
to Ipres has above the canal from Nieuport to
Plafchendahl, taken crofs the harbour of Nieu-
port, by means of the tides which come up againft
the outer gates of the fluices next the fea on each, 3
Declivity of the river Iprelee from Nieuport to

Boefinghe, . - - - 11
Difference of level of the water above and below the
fluice of Boefinghe, - - 22

Wl w8

Declivity in the canal from Boefinghe to Ipres, =«

B ]

*T'otal afcent, all one way, from Nieuport to Ipres, 7

Sy

Now 84-37=47 feet for the difference of height
which the furface of the Lys at Commines has above
the furface of the canal at Ipres. I have made ufe of the
above example preferably to any others, as it is very
complicated, and becaufe the quantities of declivity
which I have put down are not arbitrary; and, moreover,
becaufe I had the good fortune to find, fome years after I
had taken thofe meafures, that I only differed two feet

Vor. LXIX. 4Q from
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