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LIVES

SMEATON AND RENNIE

CHAPTER 1.
SmieiNe AND HARBOURS,

Tue Commercial greatness of England is of almost a8
modern & character as its Engincering. England had very
little foreign commerce befors the middle of last century.
1t did not begin to agsume any special importance until tho
steam-cngine had beeu inventld by James Watt,

The Maritime greatness offfEngland is also of compara-
tively recent gxowth. Alth ugh the sea is now regarded
a8 the nationgl business of {Englishmon, scarco two cen-
turies have elapsed since Epgland was unable to defend
her coasts againab foxeign pllﬂ

At a tfme when Spain, olland France, Genoa, and
*Venico were great maritim¢ powers, England was almost
without ‘a fleet, its trade other countries being con-
dueted principally in foreign khips.

Untll the middle of tho sjxteenth century, the Foreign
Company of Merchant Advgnturers monepolized almost
the entire foreign trade of on. - Their headquarters

were in the Hanse Towns ofu‘
m




2 SHIPPING..AND HARBOURS. Caar. L,

their trade with England under the protection of a special
code of mercantile law. They ocoupied large premises in
Upper Thames Street, London—where they had their
Guildhall, dwellings, and warehouses, surrounded by a
strong wall,—together with a wharf on the Thames.*

The privileges of the foreign merchants were withdrawn
in 1552, because they were considered prejudicial to the
growth of native commerce; but what the state of the
English merchant navy was about that time, may be
inferred from the fact stated by the Seoretary to the
English Company of Merchant Adventurers, that in 1540
there were not more than four merchant ships of above
200 tons each, belonging to the river Thames!t

Bristol, then next in importance to London, possessed
several large foreign-built ships; but the principal craft
helonging to that port was only of from 50 to 100 tons
burden. In Qucen Elizabeth's time Liverpool was a poor
decayed town, and petitionod, in 1571, to be relieved from
a royal subsidy ; the entire shipping of the place amounting
to only 223 tons,—the largest vessel being only of 40 tons
burden. ‘

It is astonishing, however, to find what bold and daring
things were done by the Englishmen who navigated these
ships. Tho sca-going blood was in them, and wherever
the ship would float, the s4 men were ready to go. Sir
Humphry Gilbert crossed tiye Atlantic, and sailed along
the coast of America in the)‘Squirrel,’ of only 10 tons!
Sir Francis Drake’s fleet, whigh left the English shores for

3 €

The Comgany wag denomi- | into cloth in the Low Countries,
nated’ “ The Bteelyard Company ({ and Germany. The Cannon Street
of Foreign Merchants,” partly be- |{ Station now occupies the site of
canse they imported nearly all the " the Steelyard Company’s premises.
iron and s used in England. TheHanseTowns ration con-
They also imported all the spice, tinued to hold the property until
fine cloth, silks, and other foreign  within the last few years.
commodities; the only article + Macpherson’s ‘ Annals of Com-
which thzexported being English  meroce,’ il. 85. [Fd. 1805.)

wool, for the purpose of being made




Cuar. 1. ENGLISH ADVENTUB.RS 3

the circumnavigation of the globe, consisted of five vessels,
the largest of which was not of 100 tons burden.*

In those early days, the Companies of English Mer-
chants seem to hdve laid the foundations of our colonial
greatness. They were most enterprising in the discoveries
which they promoted. Thus the Merchant Adventurers
of the Musoovy Company endeavoured to find a way, by
the North-East Sea, to Japan and China. The brave navi-
gator Hudson made his first voyage into the Frozen Secas
in an ill-found little oraft of about 80 tons, accompanied
by a crew of twelve men and a boy. Arthur Pet and
Charles Jackman penetrated to the Kara Sea through the
Tugor Strait, in two little ships—one of 40 tons, with
nine men and a boy, and the other in a boat of 20 tons,
with five men and a boy.

Martin Frobisher was another of these early maritimo
heroes. Under the patronage of some private persons, and
of the Company of Foreign Merchants, he set out, in the
reign of Elizabeth, to discover the North-West Passage to
China. ' His fleet consisted of two small craft of 24 tons
each—scarcely the size of Thames yachts, and both poorly
found —accompanied by a pijnace of 10 tons! And some
years later—for*the discovery of tho North-West Passage
seems to have continued the;dream of mariners down to
our own time—Robert Fothefby, in 1615, assisted by tho
East India Company and the Company of Forcign Mer:
chants, set ou¥ in the ¢ Ri(ignrd,’ accompanied by Robert
Baffin as his pilot, to discover the same passage.to glory
and wealth. * .

The royal navy was on a par with the mercantile; and

* One of Sir Francis Drake’s used as one of the floating stations
ships, the ¢ Goldep Hind,’ was of the Thames River Po The
used, until recently, as & Thames ‘Investigator’ was the vessel in
barge. Another interesting little which Capt. Ross made his first
vessel, the ¢ Investigator,’ of abont ,voy:fo to the Polar Seas in search
150 tons, used to lie moored off for the North-West Passage. ..
Somerset House, where it w2 2 .

B
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at the time when the Spanish Armada bore down upon the
English cosst, it consisted of only twenty-three ships,
eight of which were undgr 120 tons. There were only
nine of 500 tons and upwards, the ship of the greatest
burden being of 1000 tons, garrying only forty guns. The
principal part of the fleet which held at bay the Armada
until the storms had scattered it, were coasting-vessels of
small burden, belonging to Lyme, Weymouth, and other
ports along the southern coast. Of the whole seventy-five
vessels which constituted the squadron under the Lord
Agmiral and Sir Fiancis Diake, not fewer thay sixty were
from 400 tons down to as low as 20 tons. About the same
period, the small but flourishing republic of Venice pos-
sessed a fleet of more than three thousand vesséls of various
kinds, carrying upwards of thirty-six thousand seamen.
The English navy, however, made’ gradual progress.
Its growth was quickened by the commercial spirit of the
people. In 1613 theie were ten vessels of 200 tons be-
longing to the port of Londoy. The suppression of the
foreign monopoly of the carkying trade had the effect of
giving a considerable impetus to the English shipping
business; and by the year 1640 we find the number of
ships and sailors more trebled. We had not yet,
however, obtained our proper ascendency. Van Tromp
was still able to sail up the Chanmnel with & broom at
his mast-head, showing that ke had swept his English foes
fiom off the seas. The Dutcly, in fact, then layed those
qualities of commercial entegprise, adventurous discovery,
and fighting power at sea, gn which ths English people
now pride themselves. . ¢
The Dutch not only beat ogr fleets, but fished our coasts,
just as the English, Scotch, and Frenoh fishermen now
fish the coasts of Ireland; a: 4 the Dutch then upbraided
us for our idleness and stypidity, as we now upbraid
the Irish. The writer of phlet published in 1614,—
“Tobias Gentleman, a fish and mariner,”—pointed
to the great amount of th yearly taken out of His
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Majesty’s seas by the Hollanders, whereby they had grewn
rich and powerful, possessed of a great flest, and wer¢ able
to“diotate terms to the Spaniards; whereas the Emglish
ocoapting people were poor, idle, and negligent, and con-
strained even to beg bread of the * plump Hollanders.”
Tobjes was indignant at secing the foreigners, whose in-
dustry aiid_diligence he nevertheless praised, using our
seas a8 o rich treasury, and diawing wealth from them as
from a gold-mine. Six hundied Dutch busses, of some six
score tofiseadh, were employed in tho herring-fishery along
the British' goast,—from the mouth of the Thames as far
north aé ﬁ@pﬂmd,——besides numerous others in the cod-
fishery ; yotected hy some twenty, thirty, and even forty
ships of war to prevent their being pillaged by the Dun-
kirkers, who were the chief pirates of those times.

That thege Dutchmen should come into our markets and
sell us our own fish, carrying away great guantities of
gold and silver, whilst English ships lay rotting, was a
thing tha$, Mr. Gentleman tHought, should not be borne.
¢It is much to be lamented’ he said, “though we have
such a plentiful Country and|Store of able and idle people,
that not ons of His Majesty’$ Subjects is there to be seeh,
all the whole Summer, to {sh or to take one Hening.
but only the North-sea Boags of the Sea-coast Towns,
that go to take Cods; they b takeso many as they need
to bait their, Hooks, and no{more. We are daily scorned
by these Hol¥nders for beihg so negligent of our Profit
and careless of our Fishing); and they do daily flout us
thet be the pooty Fighermenfof England, to our Faces at
sea, callitg to us and sayip Ya Epclish, ya zall or oud
scone dragien, whinlr in ish is this: You English, we
will make you plad &> wear oy ‘old shoes.” *

From this eyrious tract itf would appear that much even
of our commonest English i} dustry is of modern growth ;
and that the herring fsliexy) which it might b~ supposed

Harleian Misoflisny,’ 111, 378-80.
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was indigenous in Engléhd, is as modern as most other
branches of employment. Dowhn to aboat the end of last
century the only fishing was conducted close in-shore, The
fishermen shooting the nets from their small cobles; and
it was not until the year 1787 that the Yarmouth men
began the deep-sca herring fishery.* e

Another remarkable feature of those early times was the
piracy which prevailed round the English coasts, . . The seas
were a8 unsafe as the roads, and a system.of plundering
passing ships was as common as that of robbing mail-
coaches. Sea-roving doubtless ran in the blood of the coast
population, themselves the descendants of the pirate North-
men. There were many daring spirits amongst them, and
when a bold leader started up and fitted out a ship to make
a dash at Spanish galleons, or a descent on the French
coast, he had never a lack of desperadoes to follow him—
thorough-going seamen, equally ready to brave the storm
and tho battle—to face the hurricanes of the Atlantio in
a cock boat, or to fight againstany odds. Hence Scaliger,
when describing the English of his day, said of them,
“ They make cxcellent sailors:and pirates ”—* Nulli melius
piraticam cxercent quam Angli.” {

Drake sailed along the Spafiish main, sacked the Spanish
towns, burnt the Spanish ships, and carried off their gold,
although no declaration of \war had yet~been made by
Elizabeth against Spain. D‘ra,ke’s vessels were the pro-

* ¢ An Historical Account of the =~ Whereby our island foes, no more afruid,
Herring Fishery on the North- ~ Lockup, pad licinch thetr piras orgst in
East Coast of England’ (small o ¢

leggéphlet)- By Dr. Cortis. Feb. \And in' his ode on the Armada,

féon , the Court poet of gora . e
S 43, somnet o e tomd | Do e Bt e won
ot the Great.Adm Var bazan, The green und whitentug main
called®* The Scourge of the En With durk and »
lish," wrote these words in 1588 - i crimeou gore
Alvar Bazan was to have comn

“ Lot all Herperla weep in woe and pain,
H ’ 1 manded the Armada, but died be-
eaven’s wrathful sign in his sad loss fore it ly for' iling,
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perty of private persons, who sent them forth upon adven-
tare on the high seas; and there were not wanting othars
tosfollow his axample, especially after war had been de-
clared between the two countries. ‘Ihe records of the
Corporation of London contain some curious entries relative
to the Htting out of ships, which were sent to sea, for the
ocapture of Spanish galleons and the subsequent division of
the spoil. In 1593 we find a richly-laden carrack captured
by Sir Walter Raleigh, and brought into the Thames a
prize. On the 15th of November, in that year, a Com-
mittee was appointed “ on behalf of such of the City Com-
panies as ventured in the late fleet, to join with such
honourable personages as the Queen hath appointed, to
take u perfoot view of all such goods, prizes, spices, jewels,
pearls, treasures, &o., lately taken in the carrack, and to
make sale and division thereof.”* It appears that about
12,0001, (then about four times the value of our present
money) was divided amongst the Companies who had ad-
ventured, and that about 8000, was similarly netted by
them on & subsequent occasion.

Similar ventures were often made, both bofore and after
Raleigh’s time, In Richard IL.’'s reign, one Philpot hired
& thousand men and sent them to sca, where they captured
fifteen rich Spanish vessels.t Hasry Page, of Poole, ravaged
the coasts of Spain, France, ind Flanders, bringing home
the plunder of many churches, numerous prisoners, and
prizes laden with rich cargogs.

But the piratical propensity was not only displayed
against our continental nejghbours, but by the seagoing
populatign of offe town against those of another. In 1342
Yarmouth and Hull sentfout a piratical fleet against
London and Bristol; and; ports as near each other as
Lyme and Dartmouth, in ti;e adjoining counties of Dorset

. ion of the Ci Raol ‘Sodnlmatorél
Wa«m"" &gﬁmmﬂud ;-
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and Devon, waged deadly feud and strove to capture each
other’s vessels.*

The sailors of the Cinque Ports were at war with these
of Yarmouth, and in Edward L’s reign, regular safe con-
ducts were granted to certain Cinqué Ports vessels yequiring
to visit that port, as if it were an enemy’s. 'The Yarmouth
men were even at war with those of Lowestoft, Camden
relating of them that “ thoy often engaged thein. neigh-
bours, the Lestoffenses, or men of Lowestoff, in. fel-ﬂghtl,
with great slaughter on both sides.”

Robert de Battayle, of Winchelsea, plundered s passing
ship belonging to some morchants of Sherborne; but the
feat must have been regarded as creditable, for & féw years
later his townsmen chosd him for their mayor. At the end
of the sixteenth century three moted pirates-—Hamilton,
Twittie,and Purser—ravaged the coasts of thesouth-western
ocounties. In 1582 Purser attacked the ships, both English
and French, riding in Weymouth Harbour, and carried off
a Rochelle ship of 60 tons. But Weymouth itself also sent
out piratical vessels, which picked up many rich prizes,

Down even to tho middle of the seventeenth century
piracy was quite common along the Devonshire coast.
The weakness of the royal pavy is sufficiently pbvious
from the fact that Turks and Algerines sailed along the
Channel, up the Severn, and f.nto the Irish Seu,caytunng
ships; while the Dunkirk pir, rtes assailed with impunity
the east coast towns, from Dol'er to Berwick-upon-Tweed.
The Emperor of Morocco was ¢ven bribed to cease from his
piratical expeditions and to protect Britisl trade; and the
bribe continued to be paid until the year 1680. Sea-
robbers were masters of the Channel as late as the reign

of Charlos L} . "
* Roberts's ¢ Sooial Histo tyswyote gs follows to Capt.
theSouthemOounﬁeaot.Englnnd ' [homas Ketaﬂ’)' s Have lately
“ved mmpl{tnn out of the

tmeu,themdaomeu- "outitry of divers outrages
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‘When piracy was st Jagt put o stop to the Bnglish
ooasts, the more desperate pirates took service under the-

"Burks, while many more sailed away to the West India
Islands and thrmed buccaneors.* Hugh Miller, in his
eutobi , speaks of his great-grandfather, John
JFeoddes, .45 ¥ one of the last of the buccaneers;” and he
states that'the house in which he himself was born * had
boeen hujlt, ie had every rcason to believe, with Spanish

gold.¥ «

very need of harbours. Tho navigable tidal rivors
were "étply sufficient for the accommodation of the
shippisif, ¥hen of comparatively small burden, by means of
which $rade was then carried on. London possessed a great
advantage in her fine river, the Thames, up which the
natural power of tho tide lifted vessels of the largest burden
into the heart of the land, and lowered others down again
to the see, twice in every twenty-four hours. The river
served a8 harbour, dock, and depét in ono, and provided
ample waterway, with abundant quay accommodation,

g the early state of British shipping, there was

lately commifted in those parts b
Turky; and pirates, msomuch .3.'
the poor flahermen dare not wut to
arid ihoﬁhsbmtll:lﬁs are ;{md
taken in the might ous
otasd. shat Botelby bes “g“ndﬁié
stan ng on
17th May geht by 8ir John Pen-
nmgton, theGarland and twp
ot ank b uppaons the, Tutig
an e Tur
o e e Lty
an 2
important ’servm, ‘31 b

bue In guitng e,

such a state of things that King
Charles required the tax of * Ship-
money ” to be lovied Parhament
would have granted him tho
money, but having chosen to levy
1t 1llegally, 1t shortly after led to
“ The Great Rebellion ”

* Even 1n later times tho prince
of the Ilebrides bore without
scruple the title of # Arch-pirate ”
The Barbary states also afford
examples of odious but not wholly
mvi;e communities, professing
puacy as a trade, and the letters

ue of Europeans provo
how ey, even to ourselves ai the
day, is the suspenswon of

] 6
hie %ﬂmmm princaples of our

- R

@ return

hvmm- (Lappen-
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which sufficiently served the‘purposes of trade down almost
to our own day.

Among the early ports, Bristol ranked next in impoft-
ance to London: it was also provided with a convenient
river, the Avon, up which ships were floated by the tide
to port. At the siege of Calais, in Edward IIL’s time,
Bristol furnished almost as wmany ships and mariners as
London ; and it went on increasing in importance down to
the end of the soventeenth century. Liverpool was then
scarcely known as a seaport, and, indeed, was little better
than a fishing village. Before the art of engineering had
advanced so far as to enable harbour walls to be built
in decp water, the tidal rivers sufficiently answered the
purpose of harbours. Hence London on the Thames, Bristol
on the Avon, ITull on the river Hull, Chester (the principal
shipping-port for Ireland) on the Dee, Gloucester on the
Severn, Boston on the Witham, and Newcastle on the

e.

At Bristol the ships lay upon the mud at low water, the
oourse of the river Froom having been turned, in early
times, in order to make “a softe and whosy (oozy) har-
boure for grete shippes;” and the habit of lying on the
mud made the Bristol ships so bulge and swell out, that
until quito recontly “a Bristol hog” could be recognised
by the practised sailor’s eye far off at sca. Bristol was
only provided with floating docks at the beginning of the
present century, long after Liverpool had overcome the
difficulties of the currents in the Mecrscy, and provided for
hersclf a system of docks, now c‘msnlered syperior to every-
thing else of the kind in the warld.

The ample line of the Bri
merable deep-water bays and inJets, also affurded consider-
able convenience for the shi of early times. The
small size of the craft enabled them to be beached with
ease, and the utmost that was dione in the way of harbour
works was to empty large stongs roughly into the sea so as
to form a breakwater or & pier at the harbour head. But

coast, broken by innu-
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the sea was found a fickle and dangerous neighbour, aud
those early works were often washed away. Mr, Boberts
gives the rough representation, shown in the annexed cut,
of the mode of constructing the ancient pier at Lyme
Regis; and most probably the same method was pursued
elsewhere,

Ancient Manner of constructing Picrs

The rocks which lay upon the shore were floated over
the line of the proposed sea-work by mecans of casks, and
dropped into their places. Strong oak piles were then
driven into the ground along either side of the xocks for
the purpose of holding them together. Great reliance was
placed upon timber, and especially upon oak.

The Cob or harbour at Lyme Regis * was go successfully
put together in this way, that Qucen Mary ordered the
workmen to be impressed; and forwarded to Dover, to
exccute a similar work for(the protection of the harbou:
at that place. They werp noxt employed at Hastings,
where they rveared a picr of huge rocks edgeways, but
without timber, But the éeas of the ensuing winter com-

* The Duke of Monmouth, with tagenets (?) had been constructed
followers, entered the port ot e ofstones,unhewn and uncemented
n 1685. ¢ Thut town,” sa; This ancient work, known by the
aulay, “18 a snall knot ep name of the Cob, enclosed the only
and narrow alleys, lying on & haven where, in a space of many
wild, rocky, & beaten b&u miles, the fishermen could take
stormy s¢a. The plave was refuge from the tempests of the
chiefly remarkable for s plef, Channel.”’—* History of England,’
which in the days of the i. 573. ([First edition.]
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pletely overthrew the structede; and, again, in 1597, the
workmen erected another pier, using mnbf timber in cross-
dogs, bars, and braces. The work was thivtycfeet high,
“ bewtyfull to behold, huge, invariable, andl fmfmoveablo
in the judgment of all beholders;” but on the mext All
Saints day a storm upon a spring tide scattefed the whole,
and to this day Hastings remains without a stone pier.

Among the numerous fine natural harbours on the south
const were those of Portsmouth, Plymouth, Weymoeuth,
Falmouth, and Dartmouth, all situated at the mgiths of
rivers or bays, as their names indicate. None BF them
had piers until a comparatively recent dabe, thé: only
landing-places at Portsmouth and Southampton being on
“the Hard.” The Cinque Ports, on the coast of Kent,
were mostly beach harbours, and were constantly liable to
be choked up by the gradual movement of the shingle up
Channel ; so that Winchelsca, Romsey, and Hythe thus
became complotely lost. For the same reason Dover was
always a port most difficult to be preserved. The shingle,
rolling along the coast by the south-westerly winds,
blocked up the port by a bank which extended east
to west, until the pent-up inland waters, collecting behind
it, forced their way to sea, thius maintainink an opening
more or less partial.

Various attempts were madq to preserve Dover Harbour
in early times, the most impprtant improvements being
those conducted by Sir Johnj Thompson, mabter of the
Maison Dieu in tho reign of Henry VIII. He enclosed a
small basin with a quay by driving two rqwh of jpiles into
the sea bottom as far out as tht Mole Rock, and $lling in
the interstices with blocks of stione and chalk. The stones
were floated along shore fromy Folkestonasby means of
empty casks, as at Lyme. It is said'that pot less than
50,0001 were expended on thesd works ;, but the imperfect

manner in which they were ay be inferred
from the fact that the sea veryj soon mada several breaches

in the wall and the pier, and{the beath accumulated, as



crar. L EARLY ENGLISH HARBOUBS, i3

u* L " [}
vefore, all round the bay, so that a boat drawing omfym
- feet of wata:,wuld goarcely enter the harbour. ‘§

“Foreigh ﬁeers were then called in—amongst o&w.
Ferdinand Pgins, a Flemng, and Thomas Diggs, who hid
studied “bathotr construction in the Netherlands; and
various afiditions were made by them to the works in the
reigns of Hlizabeth and Jumes. The harbour was always,
however, in danger of becoming silted up down to our
own times; and the improvement of it formed the sub-
j'le‘ct ﬁw reports of Perry, Smeaton, Rennie, and

. < By v

Along the east coast of England, the carly harbours
were few and bad. Thorgsby relates that in his time
(1682) 'Whitby, in Yorkshife, posscesed a harbour formed
by a rough quay projecting) at the mouth of the river;
but he adds that there was 1o other haven for ships be-
tween that place and Ya tk, in Norfolk. Yarmouth
hes, like Dover, beon thel subject of much unavailing
engineering, in consequencd of the peculiar difficulties of
its gituation. It stands onj the banks of the rivers Yare
and Burr, from the former f which it received its name.
It was always liable to be silted up by the sands which
abound along shore. Nevo ‘theless it continued to main-
tain gome trade; and down o the time of Hemy VIIL.
it was regarded as the m st important maritime town
along thé east coast. But t ho channcls leading to it were
5o liable to become choked 1})p, that its prosperity was very
irregular, and sometimes itd navigation was all but lost.

The Yarmoush people wore reduced to evén greater
straits than ordinary ih the} reign of Elizabeth, when they
adopted usual expedilent of sending abroad for an
engineer of $ation 1o} recover their navigation; and
Joyse Jo v ‘cdlebrat ~ man in his day, came over
from Ho) fdlireet thk works. He caused a strong

is rdorngd, . had the effdet of directing
tho ourrent in *Hdln man |, ins north-easterly direotion,
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was not surmounted, as we still find the inhahtants
fighting against the sea-banks which hemmed 1n the port,
during the reigns of James and Charles, and even daring
the Commonwealth; until eventually a south pier was
formed, the continuation of which, 1n a fine curve, was
carried up the niver, and formed an extemsive whuf,
affording considerable accommodation and secmity fo
shippmg. The ongmnal north piu was subsequenty
abandoned, and a new north pi1 wis cccted, on a plan
chiefly iutended to assist m warpmng ships mto tho
harbonr

"(
Yarmouth Old Puer By R Py eieh.)

Yormoutfi long had a weafher-beaten jetty—a great
favourite with landscape painfers—which extended into
the sea on the eastern side offthe town, On this site a
jetty was built in 1560, with o icrane at the end to facili-
tate the landing of goods. }{ was rebuilt in 1308, and
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became one of the principal landing-places on the east
coast. Exiled sovereigns landed there to seek the shelter
of England, and embarked there to seck the returning
loyalty of their subjects. Neclson twice landed there,
amidst enthusiasm, to receive the embraces of Lis coun-
trymen.

Tho English docks, which are now tho pride of English
engineers, have for tho most part beon ¢« nstructed during
the present contury. liverpool set the example of dock-
making at the beginning of last century, and it has
continued to kcep the lead of all the other towns and
cities to this day. The first dock constructed in Great
Britain was “The Old Dock” at Liverpool, under the
powers of an Act passed in the cighth year of Queen
Anne’s reign,* when the population of the town was undor
6000 in number. Tho Liverpool people were perhaps
forced by necessity to makoe the dock. Sandbanks were
closing up the Dee, and driving tho little shipping there
was from Chester to Liverpool. But the ships, when lying
in the rapid current of the Mersey ~which was also ex-
posed to the hecavy gales from the wostward -could not
eagily be unloaded ; and it was conscquently found ne-
cessary to mako inlots or docks along the strand, for tho
purpose of giving tho ships shelter during the process of
loading and unloading. Ilcfico tho first Act to provide
Liverpool with a dock. It }\ot only afforded 652 feet of
qnay space for the shipping, but it was shut in from the
tides by means of dock-gates, and was consequently a
floating dock. 1760 the' Salthouso Dock was opened, .
and stillelater the George’s )Dock. Dry docks were also
provided, open to each tide,fand these are now mostly used
for the purposes of the coasting-trade.

The King’s Floating Dock was opened in 1785, and the

*8 Anne, chap, 12: a Publit wards the History of Leverpool,
Act. It was long before the Oid| that it must have been gpened by
Dock was finished ; “but we learn the year 1728.
from William Enfleld’s ¢ Essay to-,
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Queen’s Dock in 1789. Tlua followadthg t Prince’s
Dock, which was opened in 1821, when 0,151 Dock,
which could only accommodate smaller ships, #hs filled p,
and the modern Custom House was erected on. {i¢fite. The
docks, which have since then been constructed jn Liverpool,
are of immense magnitude. They occupy a.bout 800 acres,
and are able to accommodate shipping of miore than five
millions of tons burden.

There was no public dock on the Thames until the be-
ginning of the present century. There were twp private
docks : one, the Greenland Dock, for whaling ships; the
other, Mr. Penzy’s dock, for the accommodation of East
India ships. The Grecnland Dock is said to have ipoluded
the commencement of Canute’s Trench, stated, on the
authoiity of Stowo, to have beon cut early in the eleventh
century from thence to Batteisca. Mr. Perry was a ship-
builder, who constiucted Ius private dock at Blackwall,
for the pmpose of getting the East India shipping out of
the river, and placing them, and the traffic they oontained,
unda: lock and key.

Bofore there were any pubhc docks on the Th@mps the
merchandise was kept afloat in barges, for want.of room
to discharge it at the legal quays. An Indiaman of 800
tons could scarcely be delivered of her cargo in less %
month, and the goods had thén to be lightered from k
wall nearly to London Bridge. In addition te Tapid
increase of forcign trade towards the ond of last eentury,
there was also a 1apid incieas{ 1 the coal trade,

A strong prejudice had long existed in J:aondon and else-
where, as to the use of “ sca-caal.” Edward L uaéted a pro-
clamation against its use, and
during his reign, for committing the qmne of urning it
within ths'limits of the City./ But as M became
consumed for the production of “ nharpy r domegtio

purposes, and for iron-smeltia;z,* W nlfommﬂve
* The destruction of the woodslwad & fople of lamentation witl
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but to fall back upon the rich stores of coal found in the
northern parts of England.

Then it was that the Newcastle coal shipping-trade
sprang into importance, and has ever since proved the
principal nursery of our seamen. The fleets of colliers
entering the Thames, added to the other shipping, caused
a great throng of vessels in the river; and what with the
coal-lighters and merchandise-barges,—which carried the
goods and coal up the river,—and the warehouses and coal-
yards on share, it became a very crowded and often a very
confused scene. The merchandise, borne from the vessels
to the warehouses, became liable to serious depredations;
and the losses from this cause, as well as the over-crowding
of the river, at length led to the provision of floating docks
at various points, and to a further vast development of the
port of London.

The Thames was, for a léng timne, not only the harbour,
but the great silent highway of the Metropolis. The city
lay mostly along the banks of the river, and the streots
and roads long continued so bad, that passengors desiring
to proceed eastward or westward, almost invariably went
by boat. There were also forry-boats constantly plying

inhabitants in general are

the poets o the time. Geor o
th %mimd to make them flres of

Withers, in 1634, tells us with

what feelings he beheld

“The havoo and the spoyle,
Which, ev'n within the compass of my

es,
h:z?dathmghevuyq r of this Ile—
In woods and ves, which Were this
killﬂhmlpl‘ﬂ'

Stowe, also, in his ¢ Annals,’ says:
WAt this " present, through the

Thaud the glont of plenting
said, a! e n,
there ia 80 tpmmitg

]

London, all ha o iO:
ven an
mmﬁywﬁwﬂtﬁahﬂ,

ea-.)al or pit-coal, oven in the
hambers of honourable person-
ages; and through necesaity, which
is the mother of all arts, they have
of very late years devised the
making of 1ron, the making of all
sorts of 5}&5:, and burning of
brick, with sea-coal or pif 5
Within thirty dyears last, the nice
dames of London would not come
into any house or room where sea-
als were burned, nor willingly
t of the meat that was either *

or roasted with sea-coal fire.”

‘Btowe's ‘ Annals,’ Horner.

mdon, 1632, p. 1025
0
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from side to side of the riwer, and so long as London
Bridge presented the only means of crossing by coach
or on foot, the number of persons daily using the ferries
was necessarily very considerable. A horse-ferry plied be-
tween Lamboth Palace and Millbank, the tolls ¢f which
belonged to the Archbishop of Canterbury, and there was
another across the river at Hungerford, both being ren-
dered comparatively unnecessary when the second bridge
was erccted at Westminster. Tho extent of thé river
traffic may be inferred from the circumstance stated by
Stowe, that in his time the Watermen's Company oculd at
any time furnish twenty thousand men for the fleet~ But
as the streets of the metropolis were improved, as more
bridges were built, and when the use of coaches had ex-
tended—against which the watermen strongly protested—
their numbers rapidly diminished, until at length they
havo almost become extinct.

While the engineering and shipbuilding of England
were in so backwaxrd a state, comparatively little: use was
made of the sca for tho purposes of travelling. The state
of tho 10ads provented iravelling by land; the state of the
ships prevented travelling by sea. Travelling by road
was accompanied by the risk of highway robbery, and
travelling by sea was accompanied by the risk of piracy
and shipwreck.

At the present time, when a steamship can°make the
voyage between England and Australjs with such regu-
larity that you may count upon her arrival almost within
three days, and when steamgrs of thousands of tons bur-
den sail almost daily betwepn New York and Liverpool,
and their arrival may be depended upon to a day and
almost to an hour, the logs of time in long and even
short voyages, would now jhe regarded as sgmething ex-
traordinary, A passage misht be made in a Leith smack
between London and Edinljurgh in four or five days; but
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during contrary winds, it might last for three or four
weeks ; and, the smack might in the meanwhile be driven
over tothe cossta of Norway. At the beginning of the
; tury it took six woeks to bring the North Cork

i of militia from Cork Harbour to Colchester.
Thete was a considerable difference in getting from
i to the Contment in the old times and the new.
The t Continental route used to be through Graves-
end Manor, belonging to the Abbot of Tower Hill, who,
“figding that by tho continual recourse to and from
Calgin, the passage by water between London and Graves-
end gbas- much frequented, both for the great easo, good,
cheap, and, speedy transportation (requiring not one whole
tide), made offer to the young King Richard tho Second,
that if he would be pleased to grant unto the inhabitants
of Gravesend and Milton the privilege that none should
trangport any passenjgers by water from Gravesend to
London but they only, in their own boats, then should
they, of these two parishes, undertake to carry all such
passengers, either for twopence each one with his farthell
(a truss of straw) or otherwise, making the whole fare or
passage worth four shillings.” * To this proposal the King
consented, and hence the route o and from the Continent
long continued to be by Gravesend. Ambassadors to the
Court ugually took boat at Gravesend for Londou ; and per-
haps a finer entrance into thg great Capital of the kingdom
could not have been selected
The comfort* of the Long}Ferry for the commoner, so1ts
of people could yot, Jhowevef, have been very great. The
passengers were required i i

tide was low, tnder the n
mile or two short of thei
their way to,shore or pay

e
¢ A Porambiudafion ofxenty By William Lambarde, of Lin
col’s Inn, Gent. Iaonﬁrl,“lﬁﬁliip a4, 2

[+]

destination, and either Wade
being carried thither on the
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backs of mud-larks. The toatmen only rendered them-
selves liablo to a penalty, if they landed the Paseengers
more than two miles short of their destination |

Fielding has left an account, in his ¢ Voyage to.Lisbon,’
of tho tediousness and discomfort of voyaging, about the
middle of last century. Ilis ship was fixed to sail from
oppoelfe the Tower Wharf at a certain tlme, when Field--
ing, ghastly and ill, was rowed off to it in & wherry,
running the gantlope through rows of sailors and water-
men, who jeered and insulted him as he passed. The ship,
however, did not set out for several days, and Fielding
was compelled to spend the intervenimg’ fnis “th the con-
fincs of Wapping and Redriff. The vessel at lepgth
sailed, and, reaching Gravesend, anchored for the night.
Next evening they sailed for the Nore, and the day after
that they anchored off Deal, and lay there for a week. It
took four days more to beat down Channel to Ryde, where
Fielding was landed in the mud fifteen days after his
cmbarkation at the Tower; and a long, long time elapsed
before the termination of his voyage at Lisbon.

When coaches began to run upon the improved road be-
tween London and Dover, passing by Blackheath and Dart-
ford to Rochester and Canterbury, the principal part of the
continental traffic was diverted from Gravesend, though
the comfort of the journcy does not seem to have been
very much improved. Smollett gives a rather dismal
account of his progress from London to Boulogne in 1763,
which presents a curious contrast to the facilities of
travelling by the modern Boulogne stegm route. After
tediously grumbling his way through Rochester and
Centerbury, flecced by every innkeeper on the road, he at
last.xeached Dover in a very b&.d temper. He pronounced
the pla.ce to bo a den of thioves, where the people live by
piracy in time of war, and /by smuggling and fleecing
strangers in time of peace. Ifte did them the justice, how-
over, to admit, that *they xhake no distinction between
foreigners and natives. Witthout all doubt a man cannot
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be much woreé lodged and worse treated in any part of
» Europe; nor will he in any other place meet with more
flagrant instances of fraud, imposition, and brutality.
One would imagine they had formed a gencral con-
spiracy against pll those who go to or return from the
Continent.”

But Smollett's troubles had scarcely yet begun, as he
found td"his cost before he reached Boulogne, He sent for
the master of tho packet-hoat—a comfortless tub, called a
Folkestone cutter—and hired it to carry him across the
Strait for six guineas, the master demanding eight. “We
embarked,” he says, * between six and seven in the evening,
and found ourselves in a most wretched hovel. Tho cabin
was 80 small that a dog could hardly turn in it, and the
beds put me in mind of the holes described in some cata-
combs, in which the bodies of the dead were deposited,
being thrust in with tho feet foremost: thero was no
gotting into them but endways, and indoed they seomed
so dirty, that nothing but extreme necessity could have
obliged 'me to use them. We sat up all night in a most
uncomfortable situation, tossed about by the sea, cold and
cramped, and weary and languishing for want of sleep.
At three in the morning tho master came down and told
us wé were just off the harbour of Boulogne ; but the wind
blowing off shore he could npt possibly enter, and there-
fore advised us to go ashore if the boat.”

Smollett went on deck, When the master pointed out
through the spray raised by ghe scud of the sea whero the
harbour’s mouthdaye The passengers were so impatient
to get on Bhore, that after pi ying the captain and “grati-
fying the crew ” (which was 'no easy matter in those days),
they committed themselves b the ship’s boat to be rowed
on shore. They had y, however, got half way to
land, before they perceive a boat coming off to meet

small boat to the other in tie open sea, it being a pri-



22 SHIPPING AND HARBOURS. Craz. L

vilege of the boatmen of Boulogne to carry all passengers
ashore.” . Y
Smollett then proceeds :— This was no time op: to
remonstrate. The French boat came alongside, huf? lled
with water, and we were handed from the one o the other,

We were then obliged to lie upon our oars till thé' in’s
boat went on board, and returned from the a
packet of letters: we were then rowed a long in

a rough sea, against wind and tide, before we Yeubhed
the harbour, where we landed, benumbed with oold-and
the women excessively sick. From our landin pm we
wore obliged to walk very near a mile to the inn Where
we purposed to lodge, attended by six or seven pnd
women, bare-leggod, carrying our baggage. “boat
cost me a guinea, besides paying oxorbitantly the le
who carried our things; so that the inhabitants of Ty

and Boulogne seem to be of the same kidney, and indeod
they understand one another perfectly well.”™ . ¥ 7

The passage of the ferry between England and #¥nce
continued much the same until a comparatively résent
petiod ; Fowell Buxton relating that as late as the'year
1817 the packet in which he sailed from Dover to :"»‘.%‘,: ne
drifted about in the Channel for two days and twidgh
and only reached the port of Calais when every m 'ﬁ‘;—'
food on board had been cohsumed. Steam hag éirkire
altered this state of things, 4s every traveller knows1“and
the same passage iz now easily and regularly mada four
times a day, both ways, in aljout two hours.

The passage of ferries in the northern parts ¢f England
was equally tedious, uncomfartable, and often dengerous.
In ¢ A Tour through England{in 1765, it ig that at
Liverpool passengers were cafried to and from = ferfy-
boats which plied three times Ja day to the opphiite shore,
“on the backs of men, who 7‘»« Imep-deep 18 41 » mud to

take them out of the boats,” §

——-——u—f&";“;
* Bmollett's ¢Travels througk | Franse snd’ Y Letter
June 28rd, 1768. k 4 T
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WKQR mdBartm a packet phed onm%%
mrou tlu Hum'ber, the travellers wading to the boats
*reach of mud; but whether the vo

hours or a dny, no cne could prediet
‘ . If the weather looked threatening,
imyetlers would take up their abode at the miserable
-Gt "the Barton side until the wind abated. Now the
il regularly and frequently performed every day, to
m New Holland, in less than half-an-hour.

ry, of the Frith of Forth was also a formidable
d b voyage to Fife was often full of peril. The
A Kinghorn or Burntisland was made in an open
A pinnace, and the boatmen usually waited, it might

urs, until sufficient passengers had asserablod to

perony, The difficulty of passing the Foith ferries was
expeyiénded by Mr. Ronnie as late as 1808, when returning
Frith from Pettycur, where ho had been ex-
the harbour with a view to its improvement for

the et-boats which plied between there and Leith.
“ The.wind blew fresh,” he says, “ fiom about three points
wesbzﬂg& of south, and aftor beating about in the Frith

le three hours, we were obliged to return to Potty-

4%, to save time, I went round by Queen’s Ferry,” a
pla.ce‘mo miles to the westward, from whence it was three
miled, porous the Forth, and then other nine miles to
Edinhmgh the distance directly across from Pettycur
bemgumly seven miles, This state of.things, wo need
scaroél;Y 6dd, has been entinely altered by the facilities
afforded hy modern steam napigation.

The phidage of the Brisfol Channel was equally un-
certain j58 Gingerous. QGiljpin gives a graphio account of
the from Cardiff in 1770, in his
¢ Obse: the River Wye’ On descending towards
the b winding his horn, as a
signal to the hgrses. The old ferry-boat was

neually fufgdshion g ends for the admission of
cattle and Hadiyigarticles; and where the forry wag ncross
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a river, there was usually a chain passing along the side
of the boat on pulleys, and fixed to each bank, by which
it was hauled across. But from Cardiff to tho other site
of the Bristol Channel was several miles, and it was ac-
cordingly rather of tho nature of a voyage. The same
morning on which Gilpin crossed, the ferry-boat had made
one incffectual attempt to make the farther side at high
water; but after toiling three hours against the wind, it
Lad heen obliged to put hack.

When the horses were all on board, the horn again
sounded for the passengers. “A very multifarious com-
pany assembled,” says Qilpin, “and a miscrable walk we
had to tho boat, throngh sludge, and over shelving, slip-
pery rocks. 'When we got to it we fuund cleven horses on
board and above thirty people; and onr chaise (which we
had intended to convert into a eabin during the voyage)
slung into the shrouds. The hoat, after somo struggling
with the shelves, at length gained the Channel. After
beating about for near two hours against the- wind, our
voyage concluded, as it began, with an uncomfortable walk
backwards through the sludge to high-water mark.”

The passage of this ferry was often attended with loss
of life when tho tide ran strong and the wind blew up
Chanuel. Moreover, the ferrymen were by no means skil-
ful in the management of the boat. A British admiral,
who arrived at one of these ferries, and intended to cross,
observing tho boat as she worked her way from the other
side, declared that he durst ot trust himself to the sca-
manship of such fellows as managed hor ; and, turning his
horse, he rode somo fifty miles round By Gloucester!
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CHAPTER IL
Beacons AND LIGHTHOUSES.

Likg our docks and harbours, our lighthouses are among
the youngest triumphs of modern engineering.  verything
in England is young. We are an old people, but a young
nation. Our trade is young; our mechanical power is
young; our engincering is young; and the civilisation of
what are called “ the mwasses” has scarcely begun. Not
o hundred years have clapsed since the best prizo that
could befall the barbarians of Devon and ('ornwall was
a rich shipwreck, and when fulso lights were displayed on
shore to lure the passing vessel to its destraction.*

The lighting up of vur coast by means of beacons and
lighthouses for tho purpose of insuring greater safety
to ships approaching our shores by night, received very
little attention in early times. So long as the mercantilo
navy was comparatively insignificant, and the amonnt of
our foreign trade was but swmall, the lighting up of our
shores after dark was of much less importance than it
is now.

It was ouly when the commerce of the country began to
develope itself—when our merchants sent out their vessels
richly freighted to all parts ¢f the world, and the sea was
made a great highway for Knglish trade and commerco—
that it became as matter of absoluto nceessity, us well as

* The inland people about Morte}! twenty stories of the haysinen
(North Devon) are * mereiless tof down thae by the westward 1sk-
wrecked vessels, which they cond | ing themselves like very heroes to
sider their own by immemorial)' save strangers’ hives, and beating
usage, or rather right divinef off the labouring folk wh- rwarmed
Bignificant how an agrizultura}] down for plunder fiom the inland
people is generally as cruel tol hills.” (Rev. Charles Kingsley,
wrecked senmen, a8 a fishing one || ¢ Prose 1dylls.” 261.)

iy merciful. I could tell you
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of simple economy, to render the sea highway as safe as
possible, by plantinglight houses upon all the dangerous
rocks and headlands round the coast. ¢

The idea of the Lighthouse is, of course, very old. The
ancient commeorcial nations were familiar with its use.
They erccted a tower on some dangerous part of the coast,
which was a landmark by day and a lighthouse by night.
The Phoenicians, though they did not go far out to sea,
but crept cautiously along shore, had marks by which
they could casily sail along from one part of the shore to
another. The Colossus of Rhodes is supposed to have been
a gigantic brazen statue, surmounted by a hand bearing a
lighted chauffer, for the guidance of the shipping entering
the port.

The most distingnished of the carly lighthouses was that
erccted on the Island of Pharos, at the mouth of the Nile.
The island is now connected with the mainland, and forms
the sito of tho modern Alexandria. From that early light-
house, all subsequent ones built by the Romans were called
after the name of the island—Tharos. Many were erected
along the most frequented parts of the Latin coast. One
of the most remarkable was that built by Claudius at
Ostea, the chief port of ancicnt Rome. Pliny mentions
those built at Ravenna, Pozziola, and Messina ;. and also .
tho Pharos of the Isle of Capri, which was overthrown by
an earthquake a few days betoroe the doath of Tiberius*

* It is also related that there jewel was offéred to him for pur-
were illegitimate lights shown by chase, ho led the dealer to a win-
the barbarians of tho coasts, who, dow of his castle, and, showing
like the Cornishmen, showed false tim a rock in the tideway,
lights for tho purpose of luring hssured him that the black stone

sing ships to their destruction. pe saw was more valuable than al.
t is not long since wrecking was fhe jewels in his casket. More
a common practice along oursouth |valuable was the harvest of ship-
coast, as well as along the coast of )wrecks to that ancient Breton,
Brittany, in France. ]than the much less gainful pur-
It isrelated of one of the Breton ' suits of honest industry.
Counts, 8t. Léon, that when a
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The most important lighthouses erected by the Romans
«in the North of Europe were thosc erected on the heights
above Boulogne, and on the heights above Dover. Their
object was to light vessels passing across the Channel
from one port to the other, and also thoso passing from
the coasts of France to their stations at Portus Rutupise
(now Richborough), near Sandwich or to Regulbium (now
known as Reculvers) on the Thames, by way of the
channel which then scparated the Isle of Thanet from
the majnland.

The tower at Boulogno is supposed to have been erccted
by Caligula. Tho original name was the Turrie Ardens,
but this eventually became corrupted into Tour d’Ordre
It was repaired by Charlemagne in the ninth century,
and continued to cxist until tho sixteonth century, when
Boulogne was in the hands of the English. It was then
surrounded by ramparts, and provided with artillery,
which were used to command the town and the entiance
to the port. Quarries have been dug out wheio it stood,
the cliff has also fallen away, and the sito of tho Tour
d’Ordre has long been destroyed.

From a description of the Pharos loft by Claude Cha-
tillon, engineer of Henry 1V, it would appear that it
was built about a stone’s throw from the edge of the cliff,
above and overlooking the high tower and the castle.
The tower was octagonal in shape. At the base it was
192 feet in circumference, and abuut 64 in diameter.
It was comstructed of groy stone, with thin red brick,
and yellow stoyes  (laid agross at intervals. It was
built in “two stories, each retiring about a foot and
a half inside the other, so that it had, in some measuro,
tho form of a pyramid. Each story had an opening
towards the sea, of about the size of an ordinary door.
There is also supposed have becn a chamber to
contain the light, above thg two stories, which, however,
had ceased to exist at the dite at which it was examined
by M. Chatillon.
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The sister Tharos at Dover is of a siwilar character to
that which cxisted at Boulogne. It is also of Roman
build, as is apparent by the foundations being laid in a
bed of clay, and by tho Roman tiles, of the usual depth,
laid in tiers across the work, and falling into each other
like a half-dovetail, thereby rendering them close and com-
pact. 'I'he Pharos occupics the highest point of the lofty
rock on which the castle is built, and commands the English
Channel as far as the cye can see. 'The coast of France,
with Cape Grinez in
the foreground, lies
cxactly opposite. The
tower is octagonal
without, and square
within. At the base
it is about 33 feet in
diameter, and, ori-
ginally, it may have
been about 72 feet
high. At the summit
it has three round
holes on the three
cxterior sides, evi-
dently for the purpose
of a look-out, or for
showing a light sca-
wards.

Bede scems to have been under the impression that
the Romans, during their long stay ine Britain, erected
lighthouses at different parts of the coast. Thus'he inter-
prets Streonshalh (the namg of Whitby, in Yorkshire,
in his time) into Smus Fari,{the bay ol the lighthouse.
The Jiomans had a road frj)m York to Dunum Sinus,
now Dunsley Bay, a few niles to the north-west of
Whitby; and on an cminencé in the midst of the village
of Dunsley there still rem the ruins of a building
which at one time mzy hafe been the guide-tower to

Pharos, Dover Castlo,
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the navigation, and thus gave rise to Bede’s name of the
.Bay.*

Bede also relates that, before the Romans left, they built
towers along the sea-coust to the southward, because there
also the frruptions of the barbarians were apprchended,
« and so they took leave of their friends, never to return
again.”t The southern coast of England was in those
days subject to the frequent attacks of Frisian and Saxon
pirates—and hence the appointment, during the Roman
days, of a Duke of the Saxon shore—which shore iucluded
the opposite coasts of both ¥ranco and England. The
towers may have been erccted along the English shore, as
our Martello towers wero erected somo soventy years ago—
and they may, possibly, have been used as lighthouses for
the purpose of warning the people inland of the appear-
ance of the piratest but this is mercly a supposition.

Many centuries elapsed after the Romans had left Eng-
land, before anything further was done to light up the
coasts by night. There was no necessity for doing so.
The country had no commerce, no shipping, and was very
thinly peopled. What civilisation the Romans had left
was rapidly dying out. Then forcigners began to land
from the opposite coasts. They planted themselves firmly
on the soil, and made Britain their home. It took a long
time for them to grow into a maritime people. They
morely came across in boats from the neatest poiuts of tho
opposite coast; and, with a fair wind, the voyage might
be made in daylight within a few hours.

* Tho pmeage in Bedo (Hist. ' the hest wiitcrs make the proper
Fecles. Gentis Anglorum, i. cap. s reading to be * faru..”
xi) is as follows:—* Habitabant | 1 ded et in hitore oceani ad Me-
avtem [Romani] intra vallum ] ridiem quo naves eornm habeban-
quod Severum trans insulam fecisso ' tur, quia et indo Barbarorum in-
con'memoravimus, ad plagam Me- | ruptio timebatur, turres per mter-
ridinam, g d civitates, farus, jvalla ad prospeeturn mans collo-
pontes, ol strat®, ibidem facte | cant, et valedicunt sociis tanquam
usque hodw testantur.” The word | ultra non reversmi. (Bede, * Hist
“farus” has by some been tron- | |{Ecclos. Gent. Angl,) i. cap x1i.)
soribed as “ fores”” or “ fana;” but ]
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It was not until the piratical Northmen began to cruise
along our shores, that beacons and fire-towers began to be.
erected along the coasts, sometimes by the natives to warn
the people inland against their arrival, and at other tumes
by the pirates themselves to guide them on their way.
Tho Noursemen know every headland along the coast; and
tho names they gave them are rotained to this day. From
Dungeness and Grinez in the south, to Caithness in Scot-
land, and the Nazo in Norway, the names of the headlands
round the German Occan arc mostly of Norse derivation.
The Northmen were among the first to navigate the Irish
Sea, and along the west coast of England and the east
coast of Ircland, they gave names to most of the pro-
jeeting headlands along the coast.

Noar the entrance to the river Boyne, therp is a solid
mass of masonry known as “The Fingg},"‘ an ancient land-
mu,rk, and pl‘()blblily a ﬁrO-bcwon’ cerected 'by the North-
men, who then held possedgjon of Dublin, of Wexford, of
Waterford, and of Lilm‘l‘i(é and had extensive colonies
scttled in different parts of Trcland. On the opposite
coast, in England and Wiles, thoy had similar heacons
and fire-towers. Near St. {Ann’s Head, at the northern
entrance to Milford Iaven, (in Wales, there are the remains
of an ancient beacon and tighthouse, which was all the
more necessary to give light to the Norse ships ontering
the port,—as Milford Haviy was the favourite piratical
station of the Northmen, frl,, which they made their de-
scents upon Ireland, or on the, Wegtern Counties of England
from Cornwall to G]Ull(:(‘ht(‘f;. .

Thoe Northmen had also scittlements in the Isle of Man
and the Northern (‘ouunties (q',f England. At the entrance
to Morccambe Bay there is a” gmall island ealled the Isle of
Walney, at the southern end (J)f which is a place still called
Pecl. Tt was originally so callled becanse of a pile or tower
that served for a lighthousie to guide the Norfhmen on
their voyages from the Islj, of Man to Lancaster; and
the neighbouring hoadland |, ecame known as Fire-ness or
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Furness, which it retains to this day. Flamborough, on
the eastern coast of England, was also in early times used
by the Danes or Northmen as a lighthouse; and the name
speaks of the rude fires of coal or wood that used to
“flame” by night on that dangerous headland.* The
Danes held a large arca of ncarly three thousand acres,
onclosed by a formidable rampart—still called the Danes’
Dyke. They most probably occupied it permanently, or, at
all events, between the successive arrivals of their fleets;
whén it was necessary to light up the headland to direct
their ships to the landing-place situated in the bay imme-
diately under the ITead.

South of Flamborough is a very dangerous part of the
coast adjoini1 § the northern entrance to the ITumber. It is
a narrow tapering neck of land, about two miles in length,
over which the sea sweeps in high tides. The ncck ends
in Spurn Head. Tho first occupant of this placo was a
courageous hermit, who built a chapel to pray for poor
mariners, and oxposed a light in his windows to guide
them up the IIumber at night. Another anchorite,
Richard Reedbwrrow, afterwards built a tower for a beacon,
which is said to have been tho first lighthouse built on
that part of the coast.

In ancient times, fires were also lighted for the guidance
of geamen, at Foulness, near Cromer, at Lowestoft-ness,
and at Orford-ness —all Noyse names. A long spit of
land lies between the river Alde and the sca neur Orford
—extending from near Aldborough to Haversgate Island-
which was alwagys a source) of danger to mariners. A
lantern tsed to be hung out/ at w part of the narrow strip
of land, still called the Uiantorn Marshes, whore two
splendid lighthouses have since been erccted.

The first idea of a lighthduse, said Professor Faraday, is
the candle in the cottage window, gniding the husband
across the water or the pathlless moor. But oun Orford-ness

* Rev. Isaso Taylor, ¢ \{'ords and Places,’ p. 393.
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a lantern answered the same purposc. The main point
was the production of a steady light ; and it mattered not
whether it was given forth by a candle, a lantern, pitch-
pots, coals, or oil. 'Wood was also frequently employed ;
but it was found too perishable. Lambarde says of the
lights shown along the coast, that ¢before the time of
Edward ITI. they were mado of great stacks of wood;
but about the cleventh yoere of his raigne it was or-
dained that in our shyre (Kent) they should be high
standards with their pitch-pots.”*

Many attempts wore made to light up the south coast
at tho most dangerous places. Some six hundred years
since, when Winchelsea —now soveral miles inland —
was a scaport, Honry IIL issued a precept commanding
that cvery ship laden with merchandise going to that
port for the two following years, should pay two pence for
the maintenance of the light thero, for the safety of sailors
entoring by night, unless it wore shown that the Barons
had heen accustomed to maintain that light at their own
cost.} It appears that the Darons were in certain cases
roquired to maintain the five-lights, and to rcceive the
sum of two pence from each vesscl, usually called * fire-
pence.”

One of the most dangerous parts of the south coast was
Dungeness, consisting of a Ic ﬁg’ low bank of shingle, run-
ning far out into the sca,and 1,0t easily discernible at night.
It is not known when the fipst light was shown on this
part of the coast ; but Lambargle makes mention of its being

—— -t -

* William Lambarde, ‘Peram- fhe masters of the ships, for sus-
bulation of Kent,” p. 183. | taining the fircs at the accustomed

t Rot. Patent, 45 Henry IIL | places, for the saluty of vessels
In an ordi anco made in tho | duriving by night, so long as they
reign of Heury ITL for settling &naintained the fires; but, if they
disputes hetween the Cinquo | {failed to do so, the Provost of
Ports and the inhabitants of Yar- [Yarmouth might receive the pence
month, it was declared that the d maintain tho fires. (Jenkes,
bailiffs of the Barons of the Ports |’ Charters of the Cinque Ports’

should receive the two pence from /4728, p. 14.)
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lit up by beacons in the time of Fdwad 1IT.  Speaking of
. Dungeness, Lembarde says, « Befuie this neshe licth a flat
into the sea, threaiening grent danger to sailors. In the
veign of Edward I1L it was first ordered that beacons in
this country should have their pitch-pots, and that they
should no longer be made of wood-stacks or piles, as they

= P -

Ol Lnghsh Bceon.

(i & I Letch. The Design of o Studard from Boben t * Soclal History ')
be yet in Wiltshire and elsewhere.” It has been ohserved,
upon this passage, that tho statement of Lambarde must
imply that either a beacon vas now first erected on the
Neso Point, or that there had previously been ono com-
posed of wood, for which a pitch-pot was now introduced,
as being considered prefera%*

* Holloway’s ‘History of Rom- l m@d that Dungeness Light was
ney Marsh,’' p 119.—TIt has been ! t projected by & Mr Allen, 8
D

1. li -
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While these beacons were used to light up the coast
for the benefit of mariners, thoy were also used for the,
purpose of alarming tho nation when a foreign invaston
was expected.  When Richard II. succeeded Edward IIT.
in 1377, fire-beacons were ordered to be established along
the south coast, the keepers of which were enjoined to set
them on fire so soon as they saw the cncmy’s vessels
approach. England was at that time without a flect, and
notwithstanding that the hill of St. Catherine’s in the
Isle of Wight was furnished with a chantry *and a light-
house, where a priest was maintained to say mass and
keep the light burning, the French, nevertheless, landed
and carried away a great deal of spoil, as they afterwards
did at Winchclsea, Plymouth, Dartmonth, and elsewhere.

Pitch-pots were not found to serve for coast-lights. In
heavy storms, when lights were of the greatest value,
tho pitch-pots would either be blown out or drowned out,
and then all would be daikness again. Coal was next
intioduced. It was st fire to, on an open chauffer, and
fed from time to time by the lighthouse keepers. Wood
continued to be used where coal was not available. Thus
tho Tour de Cordounan, off the south-western coast of
France, long continued to bo lit up by oak billets brought
from the Gascon forests. Dut the English coast was
mostly lit up by cval. In fact it is not so long since
coal became disused. It was ouly in 1822 that the last
coal fire, at Saint Dces, was extinguished. Tho last man
who attended the coal beacon at Ilarwich—where the fuel
was burnt in an open grate, with @ pair of bellows
attached—was alivo only a few years ago.* ‘The hght-

goldsmith £ Rye, in the time of | built by Smeaton at Eddystone.
James I. But it will be observed ~ Previous to that umointhe light
that the Light existed long before consisted of a raised platform, on
that date. The present lighthouse; which a pile of coals lay burning.
was erected in 1792, at thesole e * Nall, ¢Great  Yarmouth and
pense of the Earl of Leicestey Lowestoft, p. 721.

aftor the model of the lighthoug
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houses at Spurn Point, and on the Isle of May at the
egtrance to tho Firth of Forth, also continued, until a
recent period, to bo lit up by coal-chauffers. The light.
also, which theso coal fires gave was very uncertain.
When stirred, they emitted a bright Llaze, and then sunk
into almost utter darkness until again roused by tho
attendants.

A long time clapsed before anything practical was done
to light up the coasts at night. The Trinity House was
indeed ostablished by Menry VILL. in 1513; but it was
at first moro of a monastic institution than a lighthouso
association. It was denominated *The Brotherhood of the
Most Glorious and Undividable Trinity.” The brethren
prayed for the mariners at sea, but they did not crect light-
houses. Thejr dutics were cnlarged by subsequent sove-
reigis. They had to appoint pilots for tho Thames, collect
dues for ballast, and crect lights and signals. They at-
tended rather to the navigation of the Thames, than to
the lighting of ships along the coast. The only step they
took for the purpose of lighting up tho coast, was the
granting of leascs from the Crown, for a definite number
of years, to private persons willing to find the means of
building and maintaining lights, in consideration of which,
authority was given them to levy tolls on passing shipping.

The erection of lights became a matter of specniation
as well as of political jobbing. A speculative man would
propose to crect a lighthousoe just as he might propose to
sink a coal-mine. If there was a dangerons rock at sca, in
front of a,seaporf] arfy man might propose to the Trinity
House to erect a building thero for the purpose of guiding
ships, in which case ho was allowed to levy ducs on the
ships that passed. Or, if he had political influence, ho
might use it for the purpose of obtaining a lighthouse.
Thus & memoérandwa was found in tho diary of Lord
Grenville, to watch the kingsinto a good humour, that he
might ¢ ask him for a lighthdusc.”

Thero was a combination ¢f philanthropy with specu-

.o
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lativeness, in orecting a lighthouse. The olject was to
save human life, though its net result was that it should
pay its comstructor a large profit. When a lighthouse
was crccted on the Smalls IRock in the Bristol Channel, it
was through the instrumentality of Mr. Phillips of Liver-
pool, a member of the Society of Friends. His object was
to crect, at his solo risk and expense, a work that should
bo “a great holy good to serve and save humanity.” Tho
lighthouse was crceted at considerable risk, and it was
a strange-looking barracoon when finished. It doubtless
saved the lives of many scamen; but it also served tho
purposes of its crector, who derived a large income from
it during his lifctime; and, after his death, his repre-
sentatives obtained from the Trinity Tlouse not less than
170,0002. by way of compensation for handing it over to
the Corporation.

There was another dargerous rock in the way- of the
shipping bound for Liverjool -the Skerrics Islands, north-
east of ITolyhead. A jnivilege was granted to a private
speculator to erect a lighthouse there; and tho dues
reccived by the owner were so large that the Trinity
Board were compelled to give him £50,000L for the rock
and lighthouse, when they took it into their own hands!
A wooden lighthouse was also crected in 1698 on the
Iddystone Rock as a matter of speculation; but that was
soon swept away by the sea.y  The coasts of Cornwall
and Devon were also lit up about the same period; for we
are informed, in the Travels of the Urand Duke Cosmo
in England about two centuries ago, that the Plymouth
shipping ¢ paid fourpence per ton for the lights which
were in the lighthouses at night.”t

We alsc find from the records of the Corporation of Rye,
that a light was hung out from the south-east angle of the
castellated building in that town, called the Ypres Tower,
as a guido for vessels enteriyly the harbour in the night-

R — [
* Sce ‘ Life of Smeaton.’ ' Grand Duke of Tuscany, through
t ¢ Travels of Cosmo the Third® Xngland’(1668-9). T.ondon, 1821.
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time, and that not being found suflicient, another light
was ordered by the (‘orporation “to be hung out o’ nights
oft the south-west corner of the church, for a guide to
vessels entering the port. A Deacon io rouse the inhabi-
tants in case of invasion was also kindled in tho old oak-
tree still remaining in the necighbouring churchyard at
Playden. A light-pot used to be hung out from the
spire of old Arundel Church for the purpose of guiding
vessels entering the harbour of Littlechampton after dark,
and the iron support of the rude apparatus is still to be
seen thero.*

That lights were used for the guidance of ships nay
also bo learnt from the practice which then prevailed
among the wreckers along the Cornish coast of display-
ing false lights, and thus luring passing vessels to their
dostruction; the shipwreck secason being long regarded
as tho harvest scason in Cornwall. With the increase
of navigation, the crection of lighthouses at the more
dangerous parts of the coast became a matter of urgent
necessity ; and it was such necessity, as we shall after-
wards find, which brought to light the genius of Smeaton.

Until the erection of the Eddystono Lighthouse by that
engineer, the only stone lighthouse in Europe was the fine
Tour do Cordouan, built on a flat rock off the mouth of
the Garonne in the Bay of Biscay. It was finished and lit
up moro than two hundred and fifty yearsago; and, though
one of tho earliest, it continucs one of tho most splendid
structures of the kind in cxistence. It replaced a light-

' The tower of Hadley Chureh, [ the foret of Galtres, and the hook
near Chipping Barnet in Middle- | of the pulley by which the lamp
~eX, was similarly used in ancient  was raised is still in its place.
times, but as a lund beacon. ILantern lights were also hung
The iron cage in which the pitch- from the stecple of Bow Church,
pot was placed is still there. Itnl London, Stowe says, “whereby
is said that a-lamp used formerly’! travellers to the City might have
to be hung from the old steeple oy #the better sight thereof, and not
All Saints, York, for the purpos: [imiss their way.”
of guiding travellers at night over +
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house founded by the English on the rock in 1362-71, while
the Black Prince was Governor of Guienne.

The present stone building was begun by Louis de Foix,
one of the architects of the Xscurial, in 1584, in the time
of Henry IIL., and was continued all through the reign of
Henry IV., being finally completed in 1611, in the reign

*of Louis X11I. Its height originally was 169 feet French;
but in 1727 it was raised to the height of 175 feet French,
or 186% fect English. The building cxhibits that taste
for magnificence in construction which attained its meridian
in France under Louis XIV. The tower does not receive
the shock of the waves, but is protected at the base by a
wall of circumvallation, wlhich encloses the apartments:for
the attendants. It is not conical like the Eddystone, but
is constructed in three successive stages, angular in the
interior, and consequently moie susceptible of decoration
than the simple and solid stiuctures of Smeaton, Rennie,
and Stevenson.

The Tour de Cordouan is fuather memorable as the first
lighthouse in which a revolving light was ever cxhibited.

Tour de \Cordouau.
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CHAPTER III
OLp BRIDGES.

[x a country such as Britain, full of running streams,
bridges form an essential part of every system of roads
connecting the various districts of the kingdom with exch
other. So long as the population was scanty and the
intercourse between different parts of the country was of a
limited character, the nccessity for bridges, by which the
continuity of the tracks was preserved, was probably little
felt. The shallow and broad parts of rivers, provided
with-a gravelly bottom, were naturally selected as the
places for fords, which could be casily waded by men or
horses when the water was low; and even in the worst
case, when the waters were out, they could be crossed by
swimming.

Towns ang villages sprang up at these fordable places,
along the main lines of communication, the names of
many of which survive to this day and indicate their
origin. Thus, along the line of road Letween London and
Dover, there was first Deop Ford, now Deptford, at the
crossing of the Ravensbourne— next (‘rayford on the 1iver
Cray—Dartford gn the Darent—and Aylesford on the
Medway, part of the pilgrim’s road Tetween the west of
England and Becket’s shrine at Canterbury. In all other
directions round London it was the same. Thus, castward,
there was Stratford* on the Lea, Romford on the Bourne,
and Chelmsford on the Chelmer. Westward were Brentford

* Thero aro numerous bridges i{ford on the street or road, the
in England ot places called Straf. \ford being afterwards superseded
ford or Stretford—literaily" the 'y the bridge.
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and Twyford on tho Brent, Watford on the Colne, and
Oxenford or Oxfo:d on the Isis.* And along the line_of -
tho Great North Road, crossing as it did the large streams
Jescending from the high lands of the centre of England
towards the North Sea, the fords were very numerous.
At Hertford the Maran was crossed, at Bedford the Ouse,
at Stamford the Welland, and so on throagh the northern
conntics of England.

As population and travelling increased, the expedient
of the Bridge was adopted, to enable rivers of moderate
width 10 be crossed dryshod. An uprooted tree thrown
across a narrow stream was probably the first bridge; and
he would probably be cousidered an ingenious man who laid
down a couple of trees, fixel upon them a cross-planking,
and thus enalbled foot-passengers and pack-horses to cross
from one bank to tho other. But these loose timber
structures were very apt to be swept away by the rains
of autumn, and the continuous track would again become
completely broken. In a rough distriet, where rocky
streams with rngged banks had to be crossed, such inter-
ruptions must necessarily have led to considerable in-
convenience, and henco arose the idea of tying the rocky
gorges together by means of stone bridges of a solid and
prermanent character.

The first of such bridges in Britain were probably these
erccted across the strcams of Dartmoor. The rivers of
that district are mpid and turbulent in winter, and come
swecping down 1rom the hills with great fury. The deep
gorges worn by them in the rocks awmidst which they run,
prevented their Leing forded in the usual way, and tho
ordinary expedicent of bridging the gaps in the track by
means of fellod tvees thrown across, was found imprac-
ticable in & district where ng trees grew. But there was

* Oxenford was the spot at for cattle.—H. Brandreth, Faq , in
which the Thames, then ealled{; ¢ Archreologin, yol. xxvii. 97.
the Inis, was most casily fnnl.nhle(l ‘
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an abundance of granite blucks, which not only afforded
$he means of forming solid piers, but wero also of sufficient
8iz8 to be laid in a tabular form from one pier to another,
so a8 to constitute a solid cnough road for horsemen and
foot-passengers. Hence the Egyptian-looking Cyclopean
hridges of Dartmoor ; a series of structures—most probably
coeval with the building of Stonchenge-—of the greatest
possible interest.

One of the largest of these bridges is that crossing the
East Dart, near Post Bridge, on the road between Moreton
and Tavistock, of which a representation is given on the
preceding page. Though the structure is rude, il is yet of
a most durable character, otherwise it could not have with-
stood "the fury of the Dart for full twenty centurics, as it
most probably has done. The bridge is of thiee piers,
each consisting of six layers of granite-slabs above the
foundation. One of the sido piers, by accident or design,
has unfortunatoly been displaced, and the tabular slabs
originally placed upon it now lic in the bottom of the
river. Each of the table stones iz about fifteen feet long
and six feet wide, the whole structure being held together
merely by the weight of the blocks.

There are other more perfect specimens of these Cyclo-
pean bridges in existence on Dartmoor, but none of a size
equal to that above delineated. For instance, there is ono
of three openings, in a very complete state, in the neigh-
bourhood of Sittaford Tor, spanning the North Teign: it
is twenty-seven feet long, with a roadway seven feet wide,
and, like the othews, ig entirely formed of granite blocks.
There is aflother over the Cuwsic, near I'wo Bridges, pre-
sonting five openings: this bridgo is thirty-seven feet long
and four feet broad, but it is only about threc feet and a
half above the surface; novgrtheless it has firmly with-
stood the moorland torrents of centuries. There is a fourth
on the Blackabrook, consisting of a single stone or clam.
We believe that no structurys resemlling these bridges
bave been found in any othgr(part of Britain, or even in
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Brittany, so colebrated for its aboriginal remains. The
only bridges at all approaching them in character are
found in Ancient Egypt,—to which, indeed, they bear a
striking resemblance.

Although the Romans were great bridge-builders, it is
not certain that they crected uny arched stone bridges*
during their occupation of Fngland, though it is probable
that they built numerous timber bridges upon stone piers.
Tho most important were those of Rochester, Newcastle,
and London. Not many ycars since, when a railway-
bridge was being built across tho Medway at Rochester,
the workmen came upon the foundations of the ancient
work in a place where no such foundations were looked
for, and their solidity caused considerable interruption
to the work. So at Newcastle, when the old bridge over
tho T'yne wus taken down in 1771, the foundations of the
picrs, which were laid on piles of fine black ocak, in a
perfect state of preservation, were found to be of Roman
masonry. Similar bridges were erected at different points
along the lines of the Roman military roads wherever a
river had fo be crossed; and it is probable that the town
of Pontefract (Pons fractus) derived its name from a broken
Roman bridge in that neighbourhood, the remains of which
were visible in tho time of Leland.

It is not known when the English people began to build
stone Dbridges, after the Roman bridges had become de-
stroyed. The history of England was a blank for several

. [ ]

* Mr. Wright is, however, of | considered to be Roman. The
opinion that some of the Roman masonry of this bridge is massive,
bridges in England had arches; and remarkably \wl}uf)reservcd;
and he says Mr. Roach Smith has the stones aro carefully squared
pointed out . very finc scmi-cir- , and sharply cut, and in some of
cular arched bridge over the little { them the mason’s mark, an R, is
river Cock, near 1ts entrance into | distiuctly visible. The roadway
the Wharfc, about half-a-mile be { was very narrow (* The Celt, the
low Tadeaster, on the Koman roac, } Roman ‘and tho Saxon,’ 2ud Fd.,
leading southward from that towr ! p. 187.)

(the ancieut Calewin), which hg
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hundred years after the Romans left. We know next to
uothing of the people who occupied the country; we can
only guess at the successivo migrations of tho foreigners
who settled in it. The probability is, that at first they
were, for the most part, barbarians, who neither huilt
bridges nor repaired the roads which the Romans had left
behind them. Civilisation recommenced with the Church.
The early Churchmen were not only the first people who
could read and write English, but they were the principal
agriculturists, gardeners, and masons. They wero the
first church-builders, as they wero also, probably, the first
bridge-builders.

Thus, we hear of St. Swithin, Bishop of Winchester,
building a bridge over the Itchin at that city in the ninth
century. Ile planned the bridge, and cansed it to bo built
at his own expense. As St. Swithin “had necessarily to
go abroad upon spiritnal matters, as ever, so in this in-
stance, he cared for the common advantage of the citirens,
and built a bridge of stonc arches at tho cast gate of tho
city, a work which will not casily decay.” *

Bridges were also constructed, must probably through
the influence of the Churchmen, at Lincoln, Durham, and
other ceclesiastical cities. These early bridges were useful,
but not graceful. They resembled a long, low scries of
culverts, hardly deserving the name of arches, with inter-
vening piers of greater thickness than the span of the arch
they were built to support. They wero a sort of stone
embankments perforated by a mnltitude of small openings

* In the ‘Life of St. Swithin’;, The MS. is a ‘Lifo of St.
(Arundel MSS,, B. M., 169), it is | Swithin;” probably of the eleventh

stated :—* Unde factum cst, ut century.
The Lifo of St. Swithin in

nocessitato exigente de spirituali-
the ¢ Acta Sanctorum’ (cleventh

bus ad forinseca. cxiens utilitati

communi civium sicut sc.aper et
aliquando tasn-oviderel:, pontemque
ad orientalem portam civitatis
arcubus lapideis opere non leviter
ruituro construeret.”

century); tho Metrical Lifo (thir-
iteeath century); and the Life in
ICaxton’s Golden Legend, contain
l¥;l;¢?ta.l:’r)vo passage, or paraphrases
of it.
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to let the water through. Tho piers had thus very little
more to support than their own weight. Quantity was
substituted for quality, and mass for elegance. °

An ealy budge, which some alloge to be the earliost
arched stone budge existing in England, is the singunlar-
lookiug stiuctuie still standing in tho immediate neigh-

Croyland Bridge [From the ¢ Lopcgraplia Britanniea ]

bourhood of Croyland Abbey, a few miles norsh of Peter-
borough. It has been conjectured that the bridge, which
is triangular, was erccted out of tho offerings of pilgrims
to the shr.no of St. Guthlac, the saint of the Fens, as an
emblem of the Tiinity * The bridge stands on three

* The famous bridge at Croy- & triangular form, rishiy from
land 13 the greatest curiosty 1 three segments of & oinge, and
Butam, 1f not in Europe It 1s of, meeting at a pcint at top. It

J
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piers, from each of which springs tho segment of a circular
orch, all the segments meeting at a point in the centre.
It®is situated at the junction of the three prineipal streeta
of the little town, which was originally built on piles;
and along those streets the waters of the Nene, the Wel-
land, and the Catwater respectively, used {o flow and
meet under the Lridge. Carrying out the Trinitarian
illustration, cach picr of the bridge was said to stand in a
different county : one in Lincoln, tho second in Cambridge,
and the third in Northampton. 'The road over the bridge
is so stoep. that horscs can scarcely cross it, and they
usually go under it; indced the arches underncath aro
now quite dry. This curious structcre is referred {0 in an
ancient charter of the ycar 943, although the precise dato
of its erection is unknown. On tho south-west wing,
facing the London road, is a sitting figure, carved in s*onc,
very much battered about the facoe by the mischievons
boys of tho place. Tho figure has a globe or orb in its
hand. It is supposed to be a statue of King Ethelbald,
though it is commonly spoken of in the village as Oliver
Cromwell holding a penny loaf!

The first ordinary road-bridge of which we have any
authentic account is that erccted at Stratford over the
river Lea, several miles to the cast of London. The road
into Essex by the Old Ford across the Lea is noticed as
early as the soventh century. It appears that the hody of
St. Erkenwald was stopped there by the flood, while being
conveyed from the abbey of Barking, where he had dicd,
for interment in Iendpn; and the body of the Saint was
only convéyed across the river by the intcrvention of a

seomun to have been built under vast sum, yet it is so steep in its
the direction of the abbots, rather ascent and descent that neither
to oxcits ack iration an((l' ulfurnibh 'caningcs( ix[nr horser(rlnﬁl can get
a prefahge nting in mees over it. (‘ History and Antiquities
anp;e mngniuﬁ thﬁggmlfg: ) ‘cif Oroylailld All;beg;.' Bxbgothﬁcl;
any resl 486 ough it s "*Topographica Britannica, No,
in'a bog, eud must have cost o ° ’
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miracle! Many lives were afterwards lost in crossing

the Old Ford, and amongst those who narrowly escaped

drowning was Maud, Queen-Consort of Henry I. Sevesal ‘
of her attendants were drowned, while her Majesty her-

self was, to uso Stowe's expression, “well washed in the

water.”

To prevent this great danger to travellers, the Queen
dirccted two bridges to be bnilt over the two branches of
the T.ea—one at Bow, the other at Channelsea, connected
Ly a gravel causeway ; and she bequeathed certain manors
and a mill to the abless of Barking for their maintcnance
and repair. The Lridges were erccted some time between
the years 1100, when Maud became Queen, and 1118, the
yoar of her death: and they arc supposed to have been
named “de Arcubus,” or the Bows, because of their arched
form. Stowe says, “ the bridge (of Stratford-le-Bow) was
arched like a bow; a raie picee of work, for before that
the like had never been seven in England.”

Notwithstanding the ample endowment of the bridges,
and the additions made to it by successive benefactors,
their repair seems to have been sadly neglected, and the
approaches were often found impassable. The crowns ot
the arches became worn into deep ruts, and they must
shortly have fallen in, had not cne ITugh Pratt, who lived
in the neighbourhood in the time of King John, contrived,
hy begging aid from the passers-by, to keep the structures
in repair. His son contiuned the practice, and even ob-
tained leave to levy tolls, amongst which we find the
following: “ For every cart carrying cogn, wood, coal, &c.,
one penny; of one carrying tasel, two pence; and of one
carrying a dead Jew, cight pence”* At a still later
period, we find collections made in all the churches
throughout the City, for the purpose of repairing Bow

posed on the bodies of Jews, in§ ated to the eastward .f the

* Probably tho last toll wag im- ] in a Jewish burying-ground situ-
progress of removal for interment | bridgo.
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Buidge, as “a work of gicat necessity for the passage of
wictual unto the inhabitauts,” and m the 1ugn of Lhza-
bctu we find a letter, ssigned by Bmlugh, Tancoln, busses,
and other Lords of tle Puvy Comnnal, o the Corporation,
acknowledging that such collcetion had been mado by the
free-will of the ctizens, and was not to bo drawn mtoa
precedent for compelling the atizens at any futme true to
bo at the cost of 1¢paiting the saud lnrde

o SR,

OW B 3Bul, [Tremthe Vrchoolopnn
.

Bow Budge was unqustionably a stiucture of great
utility, but though Stowe desciibes 1t as 1 1are picce of
work, it possessed no great mcut mn an arclntectmal pont
of view, as will be obvious from the above 1epresinta
tion

* ¢ Corpmation of the City of London Jounals,’ 21 fol 58 b, 201h
July, 1560 \
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This bridgo, like most of the early structures, had large
piers, occupying a great part of the waterway, and sup-
porting smnall and low-arched openings, with high batile-
ments for the enclosure of a roadway of the narrowest
possible dimensions. The piers were provided with large
angular projections, not only 1o divido the force of the
current, hut to admit of spaces for foot-passengers to retire
into, and thus avoid danger from carriages and horsemen
when passing along the narvow roadway. Indeed, its
extreme narrowness, notwithstanding the attempts made
to widen it, eventually led to the removal of the bridge,
and the substitution of a new one of a single arch on tho
same site some i“unty years ago.

The great convenience of bridges gradually led to
their ereetion along most of the principal rontes through
the country. In the fitnt place they superseded fords;
and when 1lie art of bridge-building had become more
advanced, they superseded  ferries —always an incon-
venient, and often a dangerous, method of crossing rapid
rivers. Many towns weie named hecause of the bridge
crected in their neighbourhood.  Thus Bristol is only a
corruption of Briegstow, the bridge-place, or the site
where the river Avon was crossed by a bridge. Henco
also Dridgenorth, Bridgewatcr, Brigg, and similar names
of places.

The bridge bronght the mh.ﬂ dtants of certain districts
into nnmcdmto connection with those on the opposite bank
of the river flowing letween them, and cpabled them
freely to bold intercourse and exchange produce with each
other; and the public advantages of t}us improved means
of communication were found so great as to lead ma.ny
benevolent and thoughtful men, in those e.»lly days, to
bequeath large sums of moncy for the purpose of building
and maintaining bridges, in like manner as public bene-
factors, in affer tnnes left money to Luild and endow
chutches and hospitals. Yot popular tradition in some
places attributes these structures to a very different origin,
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Thus the fine old bridge of three arches over the river
Lune at Kirkby Lensdale, in Westmoreland, is said to
* Is.ve been tho work of the dovil.*

‘We have said that the religious orders ecarly took in
hand the erection and maintenance of dbridges, and wo owo
to them someo of the finest structures still extant, many
others having lLeen superseded by modern works.  An
order called the Drothers of the Bridge was founded by
8t. Benezet, tho builder of the noble bridge at Avignon
carly in the thirteenth century; aud the brethren spread
into England, and went from one work to another, huilding
bridges and chapels thereon, the provision of a laidge-
chantry characterizing nearly all their carly struefures in
this country. Indeed, the architeeture of the carly bridges
in many respecets resembled that of the carly cathedrals,
From the point at which the picis rose above the level of
the stream, ribs of stone nsnally spanned the openings
from one pier to tho other, precisely similar to the Gothic
arching of cathedrals and vanlts of chapter-honses ; and it
is most probable that the hridges and cathedrals were Luilg
by the same class of workmen.

One of the finest of such bridges was that crected by
Abbot Bernard over the Trent at Burton, until recently
the longest in Fingland. It was 1515 fect in length, and
congisted of thirty-four arches, built of squared free-
stone,~—a most usctul aud substantial strueture.  Another
o0ld bridge of tho same period is that over the Wensum at
Norwich, still called Bishop’s Bridge, o singular-looking

,uld building of pagehgd-up stono and fliut, crecteld in 1295,
It consist® of three arches, inside of which are some gro-
tesque heads and remaine of old ornuncutal work,  Fairs

* How this tradition coula have than the others.  The readway
originated dves not appear. The however, inconvenrntly uarrow,
hadge i very lofty, and of excel- Dihe all the old Inlges, It is
lont workiuanship. It consisis of evidently of tho Norman period.
three semicwcular ribbed arches, | and the ercelion of a very clever
the centre one being much higher ! architeet.

! x 9
1 -~
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uscd furmerly to ho held on it at Easter and Whitsuntide,
as was the practice on several other old bridges. At Leeds
the weekly cloth-market was held on the bridge at the fust
of Briggate, sumoe of the old arches of which are still to
bo scen; the clothiers being snmimoned to assemble by
the ringing of a bell in the old bridge-chapel, when they
exposed their cloth for sale on the parapels. DBut the
bridge was so narrow, and the market eaused so great
an obstruction, that at length a special cloth-hall was
built, to which the clothiers removed about the end of last
century.

The erection of Wade Dridge over the river Camel, in
(‘fornwall, is an example of the origin of many of these
structures in carly times.  The henevolent viear of Eglo-
shayle, lJamenting the number of lives that wero annually
lost in crossing the forry, determined to raiso a fund
suflicient to Puild a bridge ; and suceess erowned his efforts.
Tt was creeted in 1485, an L claimed the distinction, with
Barton Biidge, of being the longest in England. It con-
sirted of seventeen arches, and, though recently widoned
and repaired, stands firmly upon its foundations to the
present day.  The vicar must have been a man of great
cuergy, for it is recorded of him that he designed the
bridge and worked diligently upon it until it was finished.*
At his death he left an endowiment of 201 a-year towards
its maintenance.

Rochester Bridge was an important part of the great
highway between London and the (fontinent, and a Roman
timhcr rondway on stone piers formed part 6f the ancient
Watling Street. The bridge long cuntinued to berof timber,
and we lind Simon de Montfert burning it down in 1264.
Twenty ycars later, having been repaired in the interval,

* I{ is caud he had ercat dufli- ' tion was handed down as to Lon.
eulty in scewing  foundations, ; don Bridge. The meaning is, that
owing to the sandy nature of tho | thevicar raised the requixite money
ground, until he had recourse to | by mecans of a tax on wool.

* pachvof wool.”  The same tradi- §
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it was seriously damaged by the breaking uwp of the ice,
. the forcoe of which, rushing down the Medway, carried
“aWay several of tho pers. It was palched up from time
to time until the reizn of Edward 111, when the gallant
Sir Robert Knolles, who had raised himselt by his valonr
from the rank of a private soldicer to that of a commander
in the royal army during the wars in Franee, returning to
England, and determining to leave helind him some useful
work by which his name should be held in kindly remem-
branco by his countrymen, resolved npon the ercetion of
an arched stone bridge over the Mcedway, and if was
accordingly built at his charge and made over by him to
the ppblic. 1t was completed in the fifteenth year of tho
reign of Richard I1., and was considered one of tho finest
bridges at that time in England. It had cleven arches,
resting on substantial piers, the foundations of which were
blown up, not many years since, hy the Royal Engincers,
at a considerable ~xpenditme of gunpowder.® A chapel
was afterwards crected by Siv Jolm (‘obhiam at its cast
end, where collections were made in the usual manner for
maintaining the structure.  But it appears that the money s
thus collected had heen insufticient, and the Tnidge shortly
fell into decay; for, about a century after its ercetion
(in 1489), we find Jolm Moiton, Avchbishop of (anterbuy,
adopting the extraordinuy expedient of publishing a 1e-
mission from purgatory for forty days, and from all mauner
of fines, to such persons us shauld give anythiug towaids
the repairs, as the bridge had by that time become very
‘much broken. o
Bishop-Auckland Bridge over the Wear, and Neweastlo
Bridge over the Tyne, were similar structures, maintained
by the voluntary offerings collected by the priests who

* The foundations secm to have | huge stailings, which ocenpicd o
been obtoined in the then usual | very large pait of the watcr-way,
manner, by throwing loose 1mbblc | and eomsequently presented asan-
#nd chalk into the river, and sur- * ous obstruetion to the navizatin
rounding tho several heaps with | of tho Medvway
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ministered in the chantries. The chapel was invariably
dedicated to some patron saint. That on old Liordon
Bridge was dodicated to St. Thomas, on Bow Bridge £h '
St. Catherine, and others were dedicated to St. Nicholas,
the patron saint of sailors. The chapels were exogpd-
ingly picturesque objects, and were often highly deeoratid.
They were erected over one of the piers, about the ceridre

Wakefield Bridge and Chantry, L
[By 1, DI, Wimperis, after an original Diav ing 5y T. Bulcuze.] .

of the bridge, elongated for the purposo; and’s brotlier
stood at the door to receive the offerings of the' passers-by
towurds the ropairs of the lridge and the support of the
services in the chantry. There was a chapel on.a liridge
in Droitwich, Worcestershire, throngh which ;thd ~high
turnpike-road passed until within a fow yéats ’p g3 and
tho congregation sitting on the one side of m@%%:» :
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heard the preacher from his pulpit ou the other.* Noarly
. all-these old bridge-chapels have perished, but a buautiful
“Specithen. has happily been preserved in the chantry on
Wakefield Bridge, of which the preceding cut is a repre-
sentation.

‘This bridge is supposed to have heen built by Edward
Duke of York, afterwards Edward TV., in memory of his
fathet and followers who fell at the batile of Wakefield
durihg the wars of the Roses. 1t was richly endowed,
that prayers might o offered up there for 1he souls of the
glain, and especially of poor little Rutland.  Ilowever this
may be, the bridge chantry at Wakeficld, which las re-
cently been renovuated in excellent taste, and is still used
for evening service, is one of the most beautiful and inte-
resting of these ancicut struciures. The entrance to the
chapel is directly from the roadway, and it stands wpon an
clongated pier obviously ereeted for the purpose, and form-
ing part of the original structure. The bridge itsclf has
undergone many changes, in o1der to adapt it to the im-
proved modes of travelling. When chaises, stage-coaches
and, waggons came into general use, the old crections wero
found altogether inadequate for the traffic. They were
very narrow,f aud often very steep; and though they had
been well enough adapled for the foot-passenger, the horse
man, aud tho pack-horse convoy. many of them did not
admit of sufficient width for tLe cunvenient pussage of
wheeled vehicles. The picturesque gateways at the ends
of old bridges—such as existed over the Ouse at York and
"the Monnow at Momouth, us shown in the next cut -
were’ alsd found to be a great obstacle to stage-coach

Sir J. Cullum’s *History of | its route for fourteen nuics on
Hawsted” = comins to a bridge in Cumberland
+ De Quincey, in his ¢ Autobio- | budt m somo remote age when
graphié Sketches, say~ ho has | as yob post-chaises were neither
known of a ¢ase, even in the nince- | known nor anticipated, and, un
toenth jcentury, where a po-t- ! fortunately, too narrow by threeor
chaise ¢f the common narrow di- | fonr inches to cnable the vehile
mondiotis was, obliged to retrace i iv pass,
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travelling. The arched gateways did not admit of the
passage of a coach without danger to the outside passen-
gers; and whero it was not found practicable to turn tHc
thoronghfare another

. way.thoy were shortly
demolished. The
Inidges  themselves
were widened and en-
larged ; and thongh in
many cascs, as at
Wakefield, the old
pir1s were included in
the new work, the
original picturesque
charactcr of the hridge
was in 4 great measure
destroyed.

Notwithstanding the
inc1cascd necessity for
swh sbinctures, the
art of nidge-building
scems to have fallen
into decay and beeome
almost a lost a1t until abont the middle of last century;
and whilst many of the ercetions of the Brotlors of the
Bridge continued to stand fiim on thdir foundations, as
they had done for centuries, the Inidges of more modern
construction were liable to be swept away by the ncxt
winter’s flood. e

The ouly mode of secming foundations was the clumsy
one of throwing loose stones promisenously into the bed of
the rivcr, so as to find their own bearing, and then, on the
top of these loose stones, the stomework of the starlings
was c1ceted.  The piers were builf up on the foundations
thus 1udely formed; but they were constantly liablo, as
may be 1cadily imagined, to be unsettled, undermined, and
oa:ried away by the rapid flow of the river.

Monn outh Bridge
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No architect of cminence devoted himse.f to lridpe-
. building ; and although Inigo Jones fuinished the design
“Tor the bridge of Llanrwst, over the Conway in Wales, in
1634, it was a work of a compartively unimportant cha-
racter, and the onlv ono of the kind on which he seems to
have been employed. In the plan of thisiidge the pointed
arch is no longer adopted, but thice segmentil arches, the
middle of which is of the spanof fifty-cieht fiet "Thevnad
way approached the hoizomtal line, and was of suflicicnt
breadth to accommodate caritage tiaffic. On tho whole,
the design was of a ve1v modein chaacter, and was po-
bably adopted, to a considerablo cxtent, as a maodel by
succeeding bridge-build 1s.

Inigo Jones’s Bridge at Llnmwst  [By I M Wimjans]

®

The woik, however, scems to have becn «o badly doue,
that it was shortly after found necessary to rebwild one of
the arches; and to this day the biudge is knovn as “the
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shaking bridge,” * as it does not stand very famly on its
foundations. The people of the locality consider this a merjt, -
as it certainly is a curiosity, and they attribute the shaking
of the bridge to the “ very nice principles on which it is
built.” But that the bridge should shake or rotk could
have formed no part of Inigo Jones’s design, and that it
stands at all must Le attributable mainly to tho fact of its
foundation being upon a rock, which cannot be undermined

aud washed away. '

* A tourist in North Wales o shake. On inyuiry I found that
says :—* While standing on the the brulge will strongly vibrate
bridge, adwiiing the beautiful by o person striking his back for-
scencry, two or thiee men came cibly against the parapet of the
and asked in bioken  lnghsh centic arch.” (Parry’s * Cam
‘whether I would hike to have Miror, p. 134) .



CHAPTER 1V,

OLp LoxnoN BRIDGE.

v ! .

THE erection of the old stone bridge across the Thames at
Tiondon, was the most formidable enterprise of the kind
undertaken in England during the Middle Ages. It wasa
wirk of great magnitude and dificulty, in consequence of
the rapid rise and fall of the tides in the river, It it was
ane of essential importance as connceting the fertile dis-
tricts Iying to the south of the Thumes, diveetly with the
population of tho metropolis.

As in all similar cases, the ferry (where the river conld
not be forded) preceded the bLridge. The Romans fiist
established a trajectus on the Thames, thus connecting their
station in London with their military road to Dover. Dion
Cassins makes mention of a bridge over the Thames at tho
time of the cxpedition of the Emperor (laudiug in A.n. 4 £,
It may have been of hoats, or it may have heen construc ted
on piles, for the Romans frequently constiucted biidges of
this sort in order to maintain 1heir communications.

After the departuro of the Romans the idge ceased to
exist, and the Saxons continued to pass across from one
side of the river to thu other by mcans of a ferry. The
" name of one of the masters of the ancient ferry las de-
scended to‘us in a tradition of a singular character.* This

* The tradition is, that John
Overy rented the ferry of the
(Aty, and what with hard work,

urio.m living,
e bnume exme gly rich. 1Iis
daughter Mary, beuuhful and of a
pious disposition, was songht in

marringé by a young gallant, who

was rather more pmbitions of be ing
the ferryman’s heir than his son-
in-law. It is related that the
ferryman, in one of his fits f
usury, formed o schemo of feigu-
ing himself dead for twenty-four
hours, in the expeetation that his
servants would, out of propiicty
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was John Overy, the father of the foundress of St. Mary’s
church in Southwark. The property in the ferry; with .
its revenues, having hecomeo the possession of the adjoining
collego of priests of St. Mary’s, they determined on the
bold enterpriso of erecting a bridge of timber across the
river. Tho first mention of this structure is contained in
the Jaws of Iithelred, where the tolls of vessels coming to,
Billingsgate ad pontem are fixed and defined.  William of
Malmeshury states that, in 994, Sweyn, the Danish king,
when sailing up the viver to the attack of London, ran foul
of the bridge with Lis ships, and in the contest which
subsequently ensued bhetween the Londoners on the north
and the Danes on the south of the river, the bridge was
destroyed.

It seems, however, 1o have been repared hy the time that
Canute sailed up the Thames with his flect several years
later; for, finding the Irvidge to be an obstacle in his way,
he adopted the hold expedient of eutting a wide ditch or
canal from near Dockhead, at Redviff, through the marshes
on the south side of the river, woestward to the lower end
of Chelsea Reach, throngh which he drew his ships and
completed the Dlockade of {he city. Not long after, in
1091, the timber-hridge was entirely swept away by, a
flood; but the provision of so great a convenience was
found indispensable, and William Rufus levied a heavy tax
for its rebuilding.

e ! butt-end of a2 broken oar and

fast until after his funeral.
| brained Josn Overy on the spot.

wasg aceordingly laid out as dead,

his daughter consenting to tl

plan, against her better judement.
The servants, instead of fasting
ag the ferrrman had anticipated,
broke open the Tarder and fell to
bangucting, until the dead man
could hear it no longer, but rose
up in his winding-sheet to 1ate

Mary Overy’s galland, heasing of
tho news, rade up to town in all
haste from the enmtry; but his
hotse stumbling he was thrown,
and “ hrake his neck.” On which,
Mary Overy is said to have
founded the church which still
bears her name, nad made over

them. At this, ono of the ferry- | hor possessions to the eollege cf
men, thinking it was tho devil | priests which was there and then
who stood betore them, seized the ; established.
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Again, in 1097, a new timber-bridgoe rose upon tho ruins
,of the old one; but fifty ) cars luter we find it destroyod by
*¥"fire which broke ont in a tenement near Tondon Stone,
and burnt down all the houses castward as far as Aldgate,
and from thence to the south bank of the river, including
the Bridge. It was again patched up; but it was found
80 costly to maintain the wooden structure, and it ran
80 much risk from firc and floods, that it was eventually
dotermined to build a Iridge of stune upon ncarly the sameo
site; and the wmk was accordingly begun by one Peter,
the chaplain of St. Mary's, Colechurch, in the Poultry, in
the year 1176.

One.of the mosi important considerations in building a
bridge across a deep and rapid xiver is the security of its
foundations. Comparativedy fiw of the older bridges failed
frow the unskilful construction of their arches, but many
wero yndermined and ecanied away by floods where the
foundation of the piers was insceure.  The period at which
01d London Bridge was built is so remote, and the records
left of the mode of conducting the work are so meagre, that
it is impossible, cven were it desirable, to give any dctailed
account of tho building.  Some wiiters have supposed that
the whole course of the 1iver was diverted in the line of
Canute’s canal above referied to, and that the bed of the
Thames was thus lail diy to enable the foundations of the
piers to be got in.  This expedient has frequently been
adopted in building Inidges across streams of moderato
size; but it is scarcely probuble that it was employed in

"this case. When #hie donndations of the old brilge wero
taken up, if was ascer tained that strong elm piles had been
driven deep into the bed of the river as closely as possible,
and large Llocks of stone were cast into the interior spaces.

* Stowo was of this opmim ]:md allother puints relating to the
See his ‘Survey’ Nee also Dr. ! structure, see Thompson’s * Chro-
Wallis to Pepy#, Oct. 24th, 1(99, | nicles of Old London Bridg, a
*Popys’s Diary. v. 375. Fornnieh | eingularly curious hook.
unti uarian information on this
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Long planks, strongly bolted, were placed over the piles,
and on these the bascs of the piers were laid, the lowermost,
bemg bedded 1n pitch, whilst outside of all was placed 4.5
pile-work, called stailings, for tho purposo of breaking the
rush of the water and protceting the foundation piles.

Another statcment was long current — that London
Budye was built on wool-packs ~ansing fiom the ciroum-
stance that a tax wisluvied by the King upon wool, skins,
and Jeathel, passmng over the bridgo, towards defiaying the
cost of 1ts constiuction  The buadge was 1n a measure re-
suded as a nitwnal work, and for more than two cen-
tuiies ter its erection, tibute contmued to be levied upon
the mnhabitants of tho countics neaest the metropolis for
1ts muntenance and 1epwi.  laberal gifts and donations
wete so made with the sumo object, until at length the
Bid_c Dstates yielded o large annual mcome.

Old ond n Bidge 1,09

Not lass than thnty-threo years were oocupied in the
ercction of this mportant structuie It was begam in the
rergn of Ienry IT, caried on during that of Richard I.,
and finished 1n tho elovauth year of King John, 1209.
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Before then, however, the aged priest, its architoect, died,
and he was buried in the crypt of the chapel which had by

Sethat time been crccted over tho centie pier. At his death

another priest, a Frenchman, called Iseubert, who had dis-
played much skill in constructing the bridges at Saintes
and Rochelle, was rccommended by the King as his sue-
cessor. But his appointment was not confirmed by thae
Mayor and citizens of London, who deputed three of their
own body to superintend the finishing of the work —the
chief difficulties connected with which had indeed already
been surmounted.

The bridge, when finished, was a remairkable and curious
work. That it possessed tho elements of stability amd
strength was sufficiently proved by the fact that upon it
the traffic of London was safely borne across the river for
more than six hundred years. But it was an unsightly
mags of masonry, so far as the bridge was concerned;
although the overhanging buildings, cxtending along hoth
sides of the roadway, tho chapel on the centre picr, and
the adjoining drawbridge, served to give it an exceedingly
picturesque appearance. Onc of the housos adjoining the
drawbridge was digunified with the name of Nousuch
House: it was said to have heen constructed in olland

- and brought over in picces, when it was set up without

mortar or iron, being held together solely by wooden pegs.

The piers of the bnd«r(, were o close, and 1he arclies so
low, that at high water fhf‘) resembled a Tong Jow seties of
oulverts hardly descrving the name of .m,hu The piers
were of varions dimeysions, in some eascs almosl as thick
as the spats of the arches which they supported were wide.
The structure might bo compared to a very strong stone
embankment built across theiiver, perforated by a pumbr
of small openihgs, through whicll the water Tushod with
tremendous forco as the tide was rising or falling, the
power thus produced being at a later pumd cconomised
and’employed in some of the arches to work watcr-engines.
Thé bridge Lad not less than twenty archoes, including the
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drawbridge, some of them being too narrow to admit of the
passage of buats of any kind.

This great obstruction of the stream, at a point wherer
the river is about the narrowest, had the effect of producing
a series of eataracts at tho rise and fall of cach tide, so that
what was called * the roar of the bridge” was heard a long
way off. The feat of “shooting the bridge” was in thoso
days attended wilh considerable danger, and lives were
frequently lost in the attempt. Hence prudent passengers,
who tovk a boat for down river, usually landed above the
Tnidge and walked to the nearest wharf below, where they
again embarked. The more venturous risked ¢shooting
the bridge,” and thus boats were frequently swamped and
their passengers drowned. In (428 John Mowbray, second
Duke of Norfolk, when passing under one of the arches, ran
his huat upon the pile-work, and had very ucarly perished ;
Iut leaping on to one of the starlings, he was then hauled
up to the hridge by ropes 1ot down to hiim for the purpose.
The risk attending this operation of shooting the bridgo
explains the ol proverh, that « London Bridge was made
for wise men to go over, and fools to go under.”

Perhaps the most singular feature of the old bridge was
its upper platform, consisting of two rows of houses with
a uarrow roadway between, the chapel and drawlbridge,
and the turreted battloments at cither end. Tho length
of the roadway was 926 fect, and from cend to end it was
enclosed by the lofty timber-houses, which wero held to-
gether by arches crossing overhead from ono range to the
other and thus keeping the whole in pgsition.  Tho streel
was narrow, dark, and dangerous. There wereeonlys three
openings between the houses on either side, provided with
balustrades from which a view of the river and its shipping
might he obtained, as well as of the reat of the houscs
themselves, which vverhung the parapets and completely
hid the arches from sight.

On the centre pier was the chapel with its tower, and at
the ends of the bridge weire the gatehouses, on which the
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grim heads of traitors and unfortunato partisans were
stuck upon poles until a comparatively 1ecent period.
imntzner, a German traveller, countcd abovo thirty heads
displayed upon them as 1ute as the year 1598,

The drawbridge was another curious fiature. Tt vecnt
pied the fourteenth arch fiom the north end, and provided
an opening of about thnty feet. 1t was used for purpuses
of dofence as well as to provide for the passage of masted
ships. 'When Jack Cade was told of the army waiching
against him, Shakespeare mahkes him say, « Let's go fight
with them ; but first go and set London Biidgoe on fire ”?
But Cade'’s project having failed, his head was taken off
and placed upon a polo, amongst those of vther trartons,
over the southern gatehouse, with his face lovking towards
Kent.

Old Tondon Bridge [By kM Wampar aftar the Tunting by Chwde de ] ngh
* o

The bridg.t was also used as a place of publiec punish-
ment. Persons found guilty of machsing witchaatt wag
couapelled to do penance there, No less a pasonage than
Eleanor Cobham, Duchess of (loncester, was exposed upon
the bridpe in 144, for tho alleged crime of witcheraft.

The bridge had a long history and many viassitudes,
1t had scarcely been completed ¢re the timber-horires upon

1, F
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it were consumod by a fire, and the bridge was thus at
ance stripped of its cumnbrous load. But, as the revenues
required for its maintenanco and ropair were in a great
measurc derived from the rental of the lLouses, which let
for high sums, they were shortly aftor erected in even
more cumbersome forms than bcforo, and were for a long
time principally inhabited by pin- and needle-makers.

At a vory carly period the bridge showed signs of weak
ness. Before it had stood a hundred years, a patent was
issuod by Edward L, authorising its speedy repair, in order
“to prevent its suddvn fall .md the destruction of innu-
merable people dwelling thereon.”  Tolls were authorised
to be taken— for cvery man crossing, a farthing; for overy
horseman, a penny ; for every pack carried on a horse, one
halt-penny. There was not a word of vehicles, which did
not as yot oxist. The rcpairs done to the structure do not
scemn to have been of much cffect ; for in 1281 five of the
urches, with the buildings over them, were carried away
by a flood following a thaw, and the repairs had to be
Degun again on a more exiensive scale than before. Ata
subsequent period Stowe's gate, tower, and arches, at the
Southwark side, fell into the river.

After repeated patlching, the bridge novertheless con-
tinued to hang together for several centuries longer. It
witnessed the processions of priests, the jousting of knights,
the murch of Kentish rebols, the triumphal march of
Henry V.into the City after the battle of Agincourt, the
funcral procession of the same monarch when borne to his
royal tomb in Westminstor Abbey, and the entrance to
the metropolis of his successor aftor’ being cxowned King
of France at Notre Dame. (ieneration after genemﬁlgn of
toiling men and women passed over the bridge, wqanng
its tracky deep with thoir feet, and somé¥imes Jmoistening
them with their tears. Still the old bndge on,
almost down to our own day; for we shall find in the
lives of Smeaton and Rennic, that theso eminernt engineors,
amongst others, were called upon from time to time to
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dueot. its repair; until at last the old structure, which
Jad aervgd its purposoe &0 long, was condemued and taken
down, and the magnificent New London Bridge was
‘erected in its stead.

It was long befurc any second bridge was built over the
Thames' near London. 'The advantages derived fiom the
current of traffic passing through tho City from a district
extendmg for fifty or smt) s on all sides of Tondon,
were felt to be of such importance thats the citizens would
not readily part with them. Bridges were regarded as
the best fecders of towns and citics, and wherever oue
was erected, all 1he avenues by which it was approached
became specdily converted into sticets of valuable houses.
At the two ends of the Thames Bridge were Loudon and
Southwark ; at Tyne Bridge, Newe .hlle and Gateshead ;
and at the Medway Biidge, Rochester and Stioad, But
London was cxtending wostward with sneh rapid stiides.
and the population of Westminster as well as Lambeth
had so much increased, that the provision of an additional
bridge for those districts came 1o be regarded as o matter
of abeolute nocessity.

An attempt was made with this object in the reign of
Charles IL, but the project was vigoomsly 1esisted by
the citizens of London. They waited wpon his Majosty
in stato, and implored him to oppose the measure; and,
on his compliance with tho petition, their expression of
gratitude towards him was as great as if ho had delivered
the City from a famine, or a plagne, or a great fire, or
somé such overwhelmings calamity. 1t is not improbable
that thte citizens secured his Maujesty’s support by tho
offer of money, which he very much wanted at tho time:
for we find from the records of the Common Council,
of date the 25th Octobcr, 1664, that upon advancing hy
way gfisloan, the sum of 100,000L to Charles II., the
ol took dccasion to thank his Majesty in the fullow-
ing feprha for préventing the erection of the now bridgoe at
Westrinster:—

F 2
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“ And withal to represent unto his Majesty the City's
groal sense and apprehension of, and most hnmble th.mkﬂ
for, the great instance of his Majesty’s good and favour
towards them expressed in proventing of the now bridge
proposed to be built oser the river of Thames betwixt
Lambeth and Westminster, which, as is conceived, wonld
Liuve been of dangerous consequence to the state of this
vity"* .

A few years later, in 1671, a similar project was
attenpted, and o hill wax brought into tho Llonse of
C'ommons to enable a bridge to he erected over the Thames
w far west as Putney. But the Corporation of London
was again up in avws, protesting against the cstablishiment
of any bridge which should enable the fraltic to jass from
one side of the river to the othor without going through
the City.  The debate on the subjoet is eaceedingly
curions, as read l») the light of the present day. Mr. Love
deelared the opinion o the Lord Mayor to be. * that if
earts were {o go over the proposed new bridge, Lordon
world be destroged”” v William Phompson opposed it
beeause it weuld make the shivts of Tondon too hig for
the body,” hesides pro loeing sand~ and shelves in the river,
and alfeeting the helow-hiidge navigation, whicli would
canse the ships to lie os Tow down as Woolwich; whilst
M. Boscawen opposed the bille beeanse, i coneeded, there
might he o elaim sct up fov crea a thivd bridge, at Taanheth,
or some other point.t The bill was thrown out on theso
grounds by a majority of 67 1o 51; and for nearly a
huadred years more, London had, new second  bridgo, not-
withstanding that the old structure was so harrow that
there was not room on it for two carts to pass cach other!
Siuce that time, however, iwelve bridges have been thrown
across the river between Putney and the City, and Londcn

*¢(City of London Recordsy Commons, from the Year 1667 to
jor, 5, 423, 1694 Collected by the Hon. A.
t ‘Dcbates of the Housg of Grey. Loudon, 1769.
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is not yet destroyed! Indeed the ery still is for more
Jbridges.

® Tho second bridge was built in 1738 -50, nearly opposito
the palaco of Westminster.  During the many ¢onluries
that had elapsed sinee old London Bridge had been erected,
the reience of bridge-building had made but little progiess
in England.  The prineipal structures were of woerl,
Trees, merely  ved, were Taid side by side, at 1ight
angles with the stream, supported on perpendicnlar piles,
the roadway being planked over and coverad with gravel,
OL1 Batteo o0 Bridee was an example ol the primitive
struetnres -, means of which many of our wide rivers
long continned to he erossed. Few wero built of stone
and theso, of acomparatively rude kind, were prineipally
situated upon the moin lines of rvoad; hut they were
asually Jiable to be swept away by the first heavy Hond
During the period aeferved 1o, however, the seieneo of
construetion had made groat progress in Franee, and fron
the practice of I'vench engieers our hest moddls continnd
for some time longer to e drawn. Henee, when the
sanction of 'arliiment was at length obtained for a secoml
bridgo to bo huilt across the Thames, Labelve, the Frenel
engine T, a native of Switzevland, was employed to design
and excente the work.

It will have been observed that the chic U diflienlty with
the carly bridge-huilders was, in securing proper founda-
Ltions for their piers. A common  practice was to sink
haskets of small dimensions, full of stones, v the bed of
the river, and on ghepe, when raised above water, the
foundations were laid.  But where the boltom was com
posed of loose, shifting material, such as sand, it will he
ohvious that a firm hasis conld searcely he seenred by such
a method. Tho plan adopted by Labelye, thongh con-
sidered an improvement at. the time, was even inferior to
the method employed by Peter of Colchnreh in founding
the piers of old London Bridge in the thirteenth century.
For, clumsy though the latter strecture was, it stood mora
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than six hundred years, whilst Westminster Bridge had
not been erccted a century befure it exhibited algni of
giving way; and it is already dcstroyed

Labelye’s method of founding his piers was as follows.
Ho had a sufficient number of large caissons, or water-
tight chests, prepared on shore, of such form as to fit close
alongsido of cach other. They were then floated on rafts
over the spots destined for the piers, where they were
permanently sunk. Tho top of cach caisson, when sunk,
being above high-water mark, the masonry was commenced
within it, and cartied up to a level with the stream, when
the timber sides were removed and the pier was left resting
firmly on the bottom grating. 'I'he foundations were then
protected by sheet-piling, that is by a row of timbers
driven firmly side by side into the earth all round the piers,

Westminster Bridge was originally intended for a
wooden bridge, but the design was subscquently altered to
one of stone, Labelye considering it necessary to have a
great weight of masonry in order to keep his caissons at
the proper level. To add to this weight, the engineer
added a lofty parapet, which Grosley a French traveller,
gravely asscrted was placed there for the purpose of pre-
venting the Londoners from committing suicido!

Not many years after Westminster Bridge had been
opened, the London (‘fommon Cvuncil, in order to facilitate
the passago of traffic across the Thames as near to the
centre of the City as possible, applicd to Parliament for
powers to construct a bridge at Blackfriars; and the
requisite Act having been passed, the works were com
menced in 1760, and finished in 1769. The architcet and
cugineer of Blackfriars Bridge was Robert Mylne; and a
noble piece of masonry it was. The principal new feature
in this structure was the clliptical arch,* which Mr. Mylne
was the first to introduce into England.

* The disadvaniage of the somi- | self-contained, it necossarily leﬂ to
circular arch was that, though | a great rise in the road over-the
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The' innovation gave rise to a lively controversy at the
Jditg, in which Dr. Johnson took part,—in opposition to
Mr. Mylne, and in support of his fricnd Gwyn, who was
the designer of a rival plan. Boswell, in his ¢Life of
Johnson,’ defends the design of Mylue, and adds, it iy
well known that not only has Blackfriars Bridge never
supk either in its foundation or in its arches. which were
50 much the subject of contest, but any injnries which
it has suered from the cffoets of severe frosts, have been
alréady, in some measure, repaired with sounder stone, and
overy mecessary renowal can be completed at a muderate
éxpense,”

This was written in 1791, only twenty years after the
bridge had been opened ; and, thongh it may have heen
true then, it is so 1o longer. When the numerous heavy
piers of old London Bridge—which acted as a dam acrosy
the river—had been removed, the low-water mark above-
bridge fell five feet. The velocity of the unimpeded tide,
sweeping up and down the Thames twico in every twenty -
foutr hours, and the eonsequent jucreased scour along the
bedl of the river, suun hogan to grind away the foundations
both of Blackfriars and Westminster Bridges; and they
exhibited the unsightly appenrance of nwmnerous props
and centerings to prevent the further sulsidence of their
foundations. 1lence Labelye’s lridge at Westminster,
and Mylne’s bridge at Dlackfriars, have since been pulled

. down, in order to make room for newer nidges.

Robert Mylne, the engincer above referred to, was the

descendant of a long line of Scotch masons and architeets.

which hore tho lateral pressure.
both . By means of tho flat | When the span wns oxtensive,
elliptical arch this disadvantage | aud the arches of considerahle
was obviated, and more watur-way | flatuc »s, the greatest care was also
was afforded ‘with less rise in the | requirad m the seleetion of the
bﬁt}]ﬁa Dut greater scienoe was sgone, which must neeessanly be
required to eonstruct bridges of qapable of resisting the severes
thmu the strength mainly | o?mpression.

de upon the sgutmeutu,

bri which was thus stecp at
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The originator of the family was an Aberdeen man, who
crected some of the principal churches and towers in that
city, some three hundred years ago. Ilis son was mastér
mason to James VL.; he built a bridge over the Tay at
Perth, which was swept away by a spate; and executed
many other works, which were more successful. His son,
and son’s son, were also master masons. The latter
rehuilt the cross at Derth, which had been destroyed in
Oliver Cromwell's time for the purpose of building tho
Citadel. The cross has since heen demolished as a hin-
dranco to traflic.

Robert Mylne, the architect who built Blackfriure
Bridge, was lineally descended from the master mason of
James VI, In his youthhood he travelled abroad, and
joined the Academy of St. Luke at Rome. He remained
there five years, and reccived the chief prizo in the
highest class of architecture.  After the building of
Blackfriars Bridge, he was appointed surveyor of St. Puul's
Cathedral ; and at his death he was buried by the side of
Sir Christopher Wren.

Mr. Mylne also held the office of engincer to the New
River Company, in which he was succeeded by his sen,
wnd afterwards by his *son’s son.”
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! CITAPTER V.
Winiam Epwarns, Birunae Builpri

TrE lifficultivs encountered by the early nidge builders
cannat be better illustrated than by a hrief history of the
life of William Edwards, architeet of Pont-y-Prydd a
remarkable work erected at Newbridge, in South Wales,
about the middle of lust century.

Edwards was born in 1719, in a small farmhonse in

parish of Iiglwysilan, in Glamorganshire. Ilis father
died when William was only two ycars old; but his
mother, who was an industrions, well-doing woman, kept
on o farm, and piously and virtuowsly hrought up her
family, William's literary calture was confined to Welsh,
which he could read and write from his early youth; hut
a8 he giew older ho also learnt to read and writo English,
though wore imperfectly. Ile had the character of being
obstinate, stublorn, and self-willed in his boyhood,
qualities vhich, under the guidanco of virtuo and picty,
became devloped into inflexible courage and resolution
in his manbod. Until cighteen years of age ho was
regarded as . wild, headstrong fellow, with little promise
of good in hy; Imt he was gradually tamed and disci-
plined by hara wosk, and as he grew older he became
thoughtful and edate even heyond his years.

Edwards’s firstordinary employment was coramon farm-
work; but at thogame time he was a diligent sclf-edu-
cator, taking lesson iy, arithmetic from a neighbour in the
evenings. It happued that, in the ordinary course of
affairs, he had occasiv {0 repair the dry-stone walls about
the farm. He took jrticular pleasure in this kind ot
work, and very soon Deame 1emarkably haudy at it ; but
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he always longed to do botter. Some’mase nsﬁﬁm m g
oume into tho neighbourhood to build a smithy, Bd#ars,

William Edwards. [By M. Ipmn.] o
wonld occasionally leave his farm-y0rk and take hif stand
in tho field where the masons ‘ere employed, éagerly
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wg;chmg them while they worked. o admired the way
im ; which they handled their tools and prepared the
stunes for the building. One thing that he particularly
note¢d was tho way in which thvy dressed tho rongh
blocks by mcans of the pointed end of the masvn’s
hammer. Ho tried to do the same, but failed, his hammer-
point not being steeled. He then inquired and ascertained
t.he cause of his failure, and went to a smith and had a
stecled point added {o his hammer. With this he suc-
ceeded in dressing his stones much mome neatly and
quickly than he had been able to do before.

Practice and application, and the desire to oxcecl, even
in dry-stone wall building, inevitably carry a man onward;
and Edwards soon became so expert in this sort of wor k,
that he was extensively employed in repairing and build-
ing dry-stone walls for tho ncighboming farmers. 1lis
walls ‘were observed to be ro ncat, so firm, and so servico-
able, that ho was cverywlere in request, and his eunings
were regularly added to the common stock of his mother
and brothers, who carried on the business of the farm.
He began to consider himself fitled for something hetter
than continuing this rough sort of wok; and ho thought
that, instead of being a mere builder of diy-stono walls,
he might even undertake to hecome a builder of houscs.

An opportunity occurred of ciceling o little workshop
for a neighbour, and Edwards acquitted himself so well,
that he gained much praise for his skill. Thus proving
his ability in small things, he was shortly entiusted with
the execution of wogks of greater importance. 1le had
scarcelyx reached the age of twenty-one when he was
employed to build an iron forge at Cardiff, and while
carrying on the woik he lodged with a blind man, named
Rosser, by trade a beker. Rosser knew the English
language, which as yet Edwards (did not; and, what was
more, tho blind man conld teach it to others.  The young
magd “determminod to take lecssons of his landlord; and
such'waa his assiduity and perscverance duripg his leisure
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hours, that he very shortly contrived to master the new
langnage.

When he had completed his contract, which he did o
“he entire ratisfaction of his employers, he regularly
entered upon the business of a house-bnilder on a consider-
able scale, and very shutly there was not a building of
any magnitude or importance in the neighbourhood—
whether it were ¢ mansion, a mill, or an iron forge—which
he was not willing as well as competent to undertake.

During his leiswe he took great pleasuie in studying the
wius of Caciplully Castle, near to whoio he lived. This

Ruins of Caerphilly Castle,

castle was once the lugst in the kingdom, next to
Windsor, and its ruins ate still of great extent, covering
an area of about thirty acies. Its walls ure of prodigious
thickness, and its leaning tower has stood for centuries,
irclining as much as cloven feet out of the perpendicular,
held together principally by the stiength of its cement.
This old castle was tho collego in which Edwards studied
the principles of masvnry ; and he himself was accustomed
to say that he had derived more advantage from wandering
abeut the ruins, observing the methods adopted by the
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ancient builders, the manner in which they had hewed
dressed, and sot their stones, than from all the other in-
struction ho received. 1t was while employed in erecting
a mill in his own parish that hoe fivst applied tho know-
ledge he had gained by studying the ruins of Caerphilly,
in the construction of an arch. T'he mill was finished to
admiration, and professional builders pronoanceed Edwards's
arch to be an cxcellent piece of masonry.

Employment now flowed in upon him, and when any
work of more than ordinary diffienlty wus proposed, ap
plication was usually made to William Fdwards.  1ence,
in 1746, when it was propused to throw a bridge over the
river Taff, he was employed to build it; and thongh he
was only twenty-seven years old, and had not yet Imilt
any bridge, ho had the courage at once to undertake the
work. Tho bridgo was Imilt of three arches, in a style
superior to anything of the kind that had been erceted in

and closely jointed; the arches were light and clegant,
and supposed to be sufliciently substantial for the dufy
they had to perform, and as a whole the erection was
much admired, and greatly added to the fame of s
builder.

It would appear, however, that Fidwards had not sofli-
ciontly provided for the passage of the flods, which in
certain seasons rush down from the Drecknock Beacon
_mountains with great impetuosity.  Above Newbridga
several rivers of considerable capacity, such as the Crue,
the Bargold Taff, md the Cynon, besides numberless
brooks* descending rapidly from the high grounds, con-
tribute to swoll the torrent su as to render it almost ire-
sistible. The piers of Edwards’s new hridge unfortnmately
proved a serious obstruction iu the way of a heavy flood
which swept down tho valley about two ycars and a half
after the-bridge had been completed.  Tices were torn up
by the roots and carried down tho stream, lodging athwart
the piers, where brushwood, haystacks and field-gates.
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becoming firmly stuck amongst their branches, choked up
their arches and fairly dammed the torrent. The waterg
rapidly accumulated abovo the hridge and rose to the para-
pets ; the sides of the vu,lloy being steep, left no room for
their escapo, and the tremendous force finally swept awsy
arches and piers togother, carrying the materials far down
tho river.

This destruction of his first bridge was doubtless a
terrible blow to the builder, who was bound in sureties tc
maintain it for a period of seven years. But worse even
than tho loss of his time and labonr was the failure of his
design, the most distressing of all things to the man who
takes a proper pride in his calling. Ho resolved, how-
ever, to fulfil his contract, and hegan the building of a
second bridge of only onc areh, to avoid the defect which
had proved the ruin of thoe first.

This sccond hridge, without piers, was a much more
difficult work than the first, in consequence of the wide
span of thoe arch, which was not less than 140 feot, the
segment of a circle of 170 feet in diameter. No such ex-
tensive span had yot been attempted in England; and
oven on the Continent, where the science of bridgo-buﬂd-
ing was much better understood, the only bridges of la!
span were of ancient construction, chiefly Roman. Mloha.gl
Angelo’s beautiful bridge of the Rialto, at Venice, was
the largest span attempted in modern times, and its width
was only about 100 feet.

The result of Edwards’s daring cxponment proved its
extremo difficulty. Ile succceded ine finishing the arch,
but had not added the parapets, when the tmemendous
prossure of tho masenry over tho haunches forced them
down, the light crown of the bridge sprang up, thé ‘key
stones wero forced out, and a second time the labomy of
Edwards was lost, and his masonry lay a ruin’ at the
bottow of the river. Yet not altogether losts for by
fuilure he learat experience, dearly bought though it had
been. ' :‘ ::;’*
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The undaunted man dctermined to iy agun  Twice he
Jhad failed, yet Le vas not uttcily dcfcated an has 1esonrces.
"o wotld try a new expedicnt, and ho believed he should
eventually succecd T'urtunatcly his fizends licved n
bim too, for they generously cime forward and helped hum

Pont y Pryid (By Iauvil Sk ton

with, the means of bulding his third bridge, which proved
a complete success Tho courage and skill of Edwirds
wora ¢rowned at last

l‘hé plan which he adopted of more equally bilancing
the'wmk and reheving the severc thrust upon the
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haunches, was to introduce threo eylindrical holes or tun-
nels in the masonry at thuse parts of the bridge. The same,
plan is found to have been adopted in some of the anciedit
bridges, and Perronet, the great French engineer, not only
formed such tunnels over the haunches, hut occasionally in
the piers themselves. Where KEdwards gained his informa-
tion as to the expedient, or whether he had gathered it
from his own Dbitter experience, is not known; but it
answered his purpose.  Three ¢ylindrical holes were built
over each haunch  the lowest and outermost nine feet in
diameter, the next six feet, and the highest and innermost
three feet. The arvch, the same in width as that which
fell four years before, was finished in 1755, and the beautiful
“rainbow bridge” lightly spans the Taff at Newhridge to
this day.

The singnlar inflexibility of purpose displuyed by our
engineer in grappling with and overcoming the difficulties
enconntered by him in the ereetion of his first hridge,
heeame the subjecet of general interest thronghout Wales.
When it was finished and opened for public traffie, and the
news spread alroad that the extraordinary arch of Pont-y-
Prydd at last stood firm as {he rocks on which it rested,
strangers flocked from all parts to view it, and the Welsh
people, as was nadural, hecame prond of their conntryman,
Employment flowed in wpon hing, and he went on bailding
bridge after bridge in all parts of South Wales.

Among the more imvortant of the later works of Ed-
wards were the largo and handsome bridge over the river
Usk, at the town of Usk, in Monmouthshire; one, of three
arches, over the river Tame, near Swansea ; «another, of
one arch of 95 feet span, over the same river near Mor-
riston; a third, with an arch of 80 feet, at Pont-cer-Tame,
several 1ules higher up; and DBettws and Llandovery
Bridges, in the county of Caermarthen, the latter of 84
feot spun, Ile also built Aberavon Bridge, in Glamorgan-
shire, with an arch of 70 feet span; and Glasbury Bridge,
of four arches, over tho Wye, near Hay, in Brecknockshire,
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which was afterwards carricd away by one of tke fluods
80 common in the district.

" Bdwards’s strong judgment and keen observant facul-
ties, ripened by expericnce, enabled him, as he grew older,
to introduce many improvements in his bridges.  1le flat-
tened his arches, so as to render the passage of wvehicles
uver them more casy than in the case of Pont-y-I'rydd, - the
stecpness on cither side of whicl was found to be so great
an obstacle, that it was afterwards found necessary to
supersede its use by a more level bridge ereeted on modern
principles. Hence his later works presented a considerablo
improvement in thiy respeet upom his carlier ones: and
while he contiuned to Le cqually carveful in providing
ample water-way under the arclhing, and to ercet his
bridges with a view to the greatost possible duralility,
he touk increasing pains to provide a more capacious and
level roadway over them, and {o render them in all way s
more casy and convenient for public use,

Besides his nminerons  bridges, Fidwanlds  continued,
during the remainder of Lis long Tife, to erect smelting-
houses, forges, and bnildings of varions kinds for pnrposes
of manufacture. Nor did his building husiness exelusively
ocenpy his time, for, in addition to his profession of bnilding
engineer, he carried on the business of a farmer until the
closo of his life.  Nol even on Sundays did he cease from
his labours. The Sabbath was no day of rest for him,
but bis labours then were all Tabours of love.

© In 1750 he became an ordained preacher amongst the

Independents.  bhortly after, he was chosen minister of
tho congregation to which Lie belonged, and he continued
to hold the oftice for ahout forty years, until his death.
1o occasionally preached in the neighbouring meeting-
houses : amongst others, in that of Mr. Rees, the father of
Abraham Rees, oditor of the well-known ¢ Encyclopedia.’
This meeting-house was one of the nwncrous builidings
erected by Edwards himself.

He alwwys preached in Welsh, and his disconrses are

. G
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said to have heen simple, sensible, and full of loving-kind-
ness.  His fellow-conntryman Malkin * says of him, that,
though a Calvinist, ho was one of a very liberal desaffp-
tion; indeed, lLie carried his charity so far that many
persons suspected he had changed his opinions, and for
that reason spoke very unhandsomely of him. Aa he
graw older he became increasingly charitable, and tolerant
of other men’s viows, avoiding points of doctrinal dif-
ference, Iut urging and enforcing that the love of God
and of our neighhour is the aim and end of all religion.
Holding it to be the duty of every religious society to con-
tribute liherally of their means to tho support of their
ministry, he 1egularly took the stipulated salary which his
congregation allowed to their preachers, hut distributed
the whole of it amongst the poorer members of his chureh,
often adding to it largely fiom his own means.

This worthy engincer died at the advanced age of
seventy. respeeted and beloved by men of all parties; and
Iie was bwied in the churchyard of his native parish of
Eglwysilan, amidst the graves of his children, Three of
}us sons were, like their father, eminent bridge-builders :
David having constructcd the fine five-arched bridge over
the Usk at Newport, as well as the bridges at Llandilo,
Edwinsford, Pontloyrig, Bedwas, and other places. In-
deed, William K dwards may be said to have fairly
inaugurated the revival of the art of bridge-building in
England.  After his time, it was taken up by Smeaton,
Rennie, and Tolford, and its progress will accordingly he
described in connection with the livgs and works of those
distinguished engincers. ¢ =

*!The “ccuery, Antiquities, Esq, MA F.AS, IQW, Trl
and Buwgraphy of South Walew!' i p. 144
By DBemuuun  Heath  Malkm,
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Lot xs1ovL JauuTuouse.  [By 1 ereival Skelton ]

Far in the bosom of the deep,

O«r these will sh Ives my watch [ keep,

A rully g m «f chwg ful light

Boun 1 m the dusky brow of 1 1nht ,

Lhes nw bils my lustic hul

And cons to strike us timorous sall.~ Sir Wilter Yooz



LIFE OF JOHN SMEATON.

CHAYPTER 1.
SvEATON’s Boynoop AND Enucarion.

TaE engincor of the Bddysione Lighthouse was Brindley’s
junior by only eight years. They frequently met in con-
sultation upon important engincering undertakings ; some-
times Smeaton advising that Brindley should be ealled in,
and Brindley, on his part, recommending Smeaton.  They
were, in fact, during their lifetime, the leading men in
their profession; and at Brindley’s death Smeaton suc-
ceeded to much of his business as consulting engineer in
connection with the construction of canals amd of public
works generally.

Smeaton had the great advantage over Brindley of a
good education and bringing up. Ie had not, like the
Maoclesfield millwright. to force his way up through the
obstructions of poverty, toil, and parental neglect; but
was led gently by ihe shand from his earliest ycars, aud
carefully trained and culturced after the best methods then
kuown. But Smeaton, not less than Brindley, was im-
pelled to the career on which he cntered, Ly a like innate
genius for construction, which displayed itself at a very
early age; and, beirg permitted to follow his own bent,
his force of character and strong natural ability, diligently
cultivated by study and cxperience, eventually carried him
to the very highest cminence as an engcer.
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John Smeaton was born at Austhorpe Lodge, near
Leeds, on tho 8th of June, 1724, his fathcr being a re-
spectablo attorney practising in that town. The houss in
which tho future engineer was born was built by his
grandfather John Smeaton, who is described on the tablst
to his memory erccted in the neighbouring parish chureh
of Whitkirk, as ¢ late of York.”

Smeaton’s Native Dstrict  [Ordnance Survey )

Lecds was then a place of small importance, compared
with what it is now, Tho principal strects were those
still known as Biiggate, leading to tho bridge; Kirkgate,
leading to the parish chuich, and Swinegate, leading to
the old castle. Boyond those stiects lay a wide extent of
open fields, Boar Lane, now ncarly the contre of the
town, was & kind of airy submb in which the principal
merchants resided ; and the back of the housesr in the
upper part of Briggate, now the main street, looked futo
the country,* or to “the Park,” on which Park Square,
Park Row, and Park Lane (now containing the new Town
Hall), have since been built. There were also green fields,
with nleasant footpaths, between the parish church and

Whitaker’s Thoresby, ¢ Loidis and Elmete,” p, 8% *
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the xiver Aire, throngh certain gardens. then, as now,
pamed * The Calls,” though the gardens exist no longer.

Mhe clothing trade of the town was then so small that
the cloth market was held in the open air upon the bridge,
where the cloth was exposed for sale on the parapets.
The homely entertainment of the clothieis at that Jday
wag a “ brigend shot,” consisting of & noggin of porridge
and a pet of ale, followed by a twopenny trencher of meat.
Down to tho year 1730, the bridge was so narrow that
only one cart conld pass over it at atime, Bat the numbr
of wheelod vehicles then in use was so small that the
inconvonience was scarcely felt.  The whole of the ¢loth
was brought to markct on men's and howses’ backs.'  (‘oaly
were in like manucr carried from the pits on hotsehack,
the. stated weight of a “ horse-pack ” being cighteen stone,
or equal to two hundredweight and a quartert lu the
rural districts of Yorkshire, manme was also carried a-fic ld
on horses’ Lacks, and sometimes on women’s hacks, while
the men sat at homo knitting.] The eloth-packs wae
carried by the “bell-horses,” or pack-horses; and this
mode of conveyance continued until fowards the end of
last century. Scatcherd says the pack-horses only coosed
to travel about the year 1794

The Leeds men, it scems, were not considored so
“quick ” as thoso of Bradfod, then a mmeh smallir place
and comparativcly of the dimensions of a village. 1t was

* This is clear from an allusion
made by Thoresby to an Act
passed _in 1714, rewulafn® the
wanufacture of broad-cloth, hy
which the lungth was increascd
fromy four or six-and-twenty to
sixty and even seventy yords,
“to the great oppressiuL” says

- Théresby, ¢ both of man and heast

¥igeaton’s ° Reports,” vol. iii
. Mr. Smoatonr says that

invention of rail or

wacwon 1oads ab Newcastle, =l
the coals that ware eancd down
to the <ships mast have boon eon-
veyul on horses’ bhacks"  What
was callod = a bowl of eodd4” was
rcchonad o horse-load; and
Yorkshure (whaae the fust wagzon-
way way Jad withm Smeaton’s
recolleetion) tho load of coals and
| the “horse-pack” were rcadily
substituted the one {or the other
$ Broekctt’s ¢ Glossary ot North
Country Words.” Ncwcastle, 1523,
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long before the Leeds pecple provided themselves with a
matket for their cloth, The first was on Mill Hill, after-
walds 10moved to the Calls; and finally, in 1757, they
c1ceted alarge hall for the market in the Park, now known
as the Colomed (loth Hall. But even then the place
remained comparatively rural as regards its extent and its
smronnding country.

—dua— Wi g m

frredi vy

View of Leads, carly part ot 1o th Century,®  (From Lhorwby » * Ducatus Leodenais.”

Smeaton was greatly favouied in his Lome and his
femily. TIe 1eceived his first education at his mother’s
kuees ; and when not occupied with lus Iessons he led the
hfe of a healthy, happy country boy. Austhorpe was
then quite in the country, the only houses in the neigh-
homhood being those of the hittle lld.lll](‘t of Whitkirk,
with the large old mansion of Tcmj)lo Newsam,surtounded
by its noble park and woods, close at hand. Young
Smeaton was not muen given to boyish spuits, and early
display o’ o thoughtfulness beyond his  years. Most children

* The prmapal butldmgs shown | by Thoresh as “ black, but come-
w the above view of 1§ eeds, about I 1y ), St. John’s Churob and Call
the timc when dmcaton was born ' Lane Chapel.
are the Prish Chwich (desertbed |
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are natarally fond of hui’ lng up miniature fabrics, and
perhaps still more so of pulling them down. Bat little
Stheaton scemed to have a more than ordinary love of
contrivance, and that mainly for its own sake. Ile
was never 80 happy as when put in possession of any
cutting-tool, by which he could make his little imitations
of houses, pumpm, and windmills. Even while & boy in
petticoats, ho was continually dividing cireles and squares,
and the only playthings in which he seemed to take any
real pleasure, were the models of things that would “ work.”
When any carpenters or masons were employad in the
neighbourhood of his father's house, the inquisitive boy
was sure to be amongst them, watching the men, and
obscrving how they handled their tools. 1le would also
buther the workpeople with questions, many of which
they could not answer, nor even understand.  IMis life-long
friend, -My. Holmes,* who knew him in his youth, has
related that having one day obsersed some millwrights
at work, he was secn shortly after, {0 the great alarm of
his family, fixing something like a windmill on the top of
his father’s barn. On another occasion, when watching,
some workmen fixing a pumyp in the village, he was su
lucky as to procure from them a picce of bored pipe,
which he succceded in fashioning into a working pump
that actually raised water. Iis odd clevorness, however,
does not seem to lave Leen appreciated; and it is told
of him that amongst the other boys he was known as
"« Fooely Smeaton;” for, though forward (nough in put-
ting questions to thy workpeople, among boys of his ovn
age hoavaseromarkabvly shy, and, as they thought, stupid.
At a proper age the hoy was sent to school at Leeds.
The town then possessed, as it still does, the great

* An eminent clock and watch-
maker in the Straud, a‘terwards
Smeaton’s partnor in the Dept-
ford Waterworks. His ‘Short
Narrative cf the Genius, Life, und
Worke of the late Mr. John

Smeaton, C.E, F.R.8. published
m 1793, coutains the gist of nemly
all the notiecs of Smeaton’s hie
which have since been published;
though it 15 but 0 mengre accovut
of only a few pages in length.
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advantage of an excellent ¥'ree Grammar School, fumded
by the henefuctions of Catholics 1n carly times, afterwards
greatly augmented by the cndowment of one J‘ah
Iarrison, a native of the town, about the period of the
Reformation. At this school Smeaton is supposed to h4ve
reecived the best part of his school instruction, ahd it is
said that his progress in geometry and arithmetic was
very decided ; but, as before, the chief part of his ednoa-
tion was conducted at heme, amongst his tools and his
model machines. There he was incessantly busy when-
ever ho had a spare moment.

Indeed, his mechanical ingenuity sometimes led him
to play tricks which involved him in trouble. Thus, it
happened that some mechaunies came into the neighbour-
hood to creet a “fire-engine,”-—as the steam-engine was
then called - for the purpose of pumping water from the
Garforth coal-mines; and Smeaton made daily visits to
them for 1he purpose of watching their operations.  Care.
fully observing their methods, he proceeded to mako a
miniature engine at home, provided with pumps and other
apparatus, and ho even succeeded in getting it set to
work before the colliery engine was ready. e first tried
its powers upon onc of the fi sh-pmlds in front of the house
at Austhorpe, which he succeeded in pumping completely
dry, and therohy killed all the fish in the pond, very miich
to the surprise as well as the annoyance of his father.

But his father seems to have been indulgent, if he wag
not p"oud of his boy, for he provided him with a work-
shop in an outhouse, where he hammered, filed, and
chiselled, very much 1o his heart’s contents Working
on in this way, young Smeaton contrived, by the-time, he
had reached his fifteenth year, to make a turning-lathe,
on which he turbed wood and ivory, and mado preeents of
little hoxes and other articles to his various fn,ends ‘He
also learned to work in metals, which he fusod and forged
himself; and Ly the age of eighteen, he could handle tools
with the oxpertness of any regular smith or joiner,
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’ ‘\tbe year 1742,” says his friend, Mr. Holmes, “ I
& month at his father’s house; and being intended

for a mechanical employment, and a few ycars

ger than he was, I could not but view his works with
ishment. He forged his iron and steel, and melted

his metal. He had tools of every sort for working in wood,
ivary, and metals. 1le had made a lathe, by which he
out a perpetual screw in brass,— o thing little known
at that day, and which, I believe, was the invintion of
Mr: Honry Hindley, of Yok, with whom T se1ved my
apprenticeship. Mr. Ilindley was a man of the most
eommunicative disposition, a great lover of mcchanies, and
of the most fertile genius, Mr. Smeaton soon becamo
uginted with him, and spent many a night at Mr.
Hindley’s house till daylight, conversing on these suhjects.”

Witkirk, near Leeds. (By & M. Wimperw, after a Sketch oy | Sutcliffe)
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CHAPTER I1.

BuEA1ON LEARNs 1.E TRADE oF MATHEMArICAL INSTRUMENT
MaKER.

Youxna Sunarox left school in his sixteenth ycar, and from
that time he was employed in his father’s office, copying
legal documents, and passing through the necessary pre-
liminary training to fit him to follow the profession of an
attorney. My, Smeaton, having a good connection in bhis
native town, naturally desired that his only son should
succeed him.  But the youth took no pleasure in Law:
his heart was in his workshop with his tools. Though
he mechanically travellod to the office daily, worked assi-
duously at his desk, and then travelled back again te
Austhorpe, he every day felt more and more the irksome-
ness of his employment.

dartly to wean him from hLis mechunical pursuits at
home, which often engrossed his attention half the night,
and partly to give him the best legal education which it
was in Lis power to bestow, Mr. Smeaton sent his son to
London towards the end of the year 1742; and for a short
time ho occupied hiwmself, in conformity with his parent’s
wishes, in attending the Courts in Westninster Hall.
But at length he could not repyess his strong desire tc
pursue some mechanical occupation, and in‘a firm but
respectful memorial to his father, he fully set forth his
views as to the particulur calling which he wished to
fullow, in preference to the profession of the law.

The father’s heart was touched, and probably also his
good senso was influenced, by the son’s earncst appeal;
and he wrote back, giving his assent, thongh not without
his strong expression of regret as to the course which
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his son desired to adopt. No doult he thought that in
giving up the position of a member of a learned and
luoi'atlve profession, and descending to the level of a
mechanical workman, his son was pcrimmmg an act of
great folly ; for there was no such thing then as the pro-
fession of a civil engincer. Almost the ouly mechanical
work of importance dono at that time was cxceuted by
millwrights and others, at laboureis’ wages, as we havo
already seen in the Lifo of Drindley. The educated
clagses eschewed wmechanical callings, which were neithor
regarded as honourable nor remunerative; and that
Smeaton should have felt so strongly impelled o depart
from the usual course aud enter upon such a line of occu-
pation, must bo attributed entirely to his innato Jove of
construction, or, as ho himsclf expressed it to his father,
the “ hent of his genius.”

When ho roccived his father’s letter, the young man
experienced the joy of a prisoncr on hearing of his repriove,
and he lost mno time in excreising his new-fimnd liberty.
Ho sought out for bimself a philosophical instrument
maker, who could give him instruction in the husiness ho
proposed to follow, and entered iuto his service,  his father
being at the expense of his maintenance.  In duo conrso
,of timo, he was cnabled to enin sufficient wages to main-
tain himsclf; Dbut his father continued to assist him
liberally on every occasion when moncy was required
either for purposcs of instruction or of business,

-~ Young Smeaton did not live a mere workman’s lifo. 1lo
frequented the society, of educatud men, and was o regular
attendant ofe the meetings of the Royal Socicly. In 1730,
he lodged in Great Turnstile, a passage leading from the
south side of Holborn to the cust sido of Lincolu’s Inn
Fields; and shortly after, when he commenced husiness as
mathematical instrument maker on his own account, he
lodged in Furnival's Inn Coutt, from which his earlier
papers read before the Royal Society were dated.

During the same year in which he began business, and
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when he was only twenty-six, ho read a communication
before the Royal Society, descriptive ¢f his own and Dr.
Gowin Knight’s improvements in the mariner’s comphas.
In the year fillowing (1751) we find him engaged in a
boat on tho Scrpentine river, performing experiments with
a machine of his invention, for the purpose of meaguring
the way of a ship at sea. With the samo object he fande
a voyage down the Thames, in a small sailing vessel, to
several leagues beyond the Nore; and he afterwards made
a short cruise in tho *Fortune’ sloop of war, testing his
instruments by the way.

Ilis atteution as yct scems to have been confined chiefly
to the improvement of mathematical instruments used for
purposcs of navigation or astronomical observation. In
the yecar 1752, howcever, he enlarged the range of his
experiments; for we find him, in April, reading a paper
before the Royal Socicty, descriptive of some improve-
ments which he had centrived in the air-pump.* On the
11th of June following. he read another paper, desoriptive
of an improvement which he had made in ship-tackle by
the construction of pulleys, by means of which one man
might casily raise a ton weight; and on the 9th of
November, he 1cad a third paper, descriptive of M. De
Moura’s experiments on Savary’s steam-cengine. o

In the course of the same year ho was busily occltpied
in performing a series of experiments, on which his
admirable paper was founded, read hefore the same Society,
and for which ho reccived their Gold Medal in 1759~
entitled “ An Eaperimental Inquiry goncerning the Natural
Powers of Water and Wind to turn Mills and other
Machines depending on a Circulsr Motion.,” This paper
was vay carcfully elaborated, and is justly regarded’ as

* Twenty years later, Le gave enabled him to rar air ore
this an-pump to Dr. Priestley, than 400 times ntt, “Life of
who found 1t s0 ¢xcellent that he Prestley,’ i. 78 and 223
brought it mto public notice It
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A
the most masterly report that has ever been published on
the oot

5 0 ap@®mplish all this, and at the same time to carry
ot hig husinoss, necessarily involved great application and
ind . Indeed, Smeaton was throughout his life an
indefatigable student,—bent, ahove all things, on self-im-

ement. Oneo of his maxims was, that “ the ahilities
of-the individual arc a debt due to the common stock of
public happiness;” and the steadfastness with which he
devoted himself to useful work, in which at the sume time
heTound his own happiness, shows that this maxim was
no mere lip-uttcranco on his part, but formed the very
mginspring of his life. From an early period ho carefully
1aid out his time with a view to getting the most good out
of it. So much was set apart for study, so much for
practical cxporiments, so much for business, and so much
for rest and relaxation.

We infer that Smeaton conld not bave done much
business a8 a philosophical instrument maker, from the
considerable portion of his time which ho devoted to study
and experiments. Probally he already felt that, in tho
course of the dovelopment of English industry, a ficld was
opening before him of a more important character than,
any that was likely to present itself in the mathematical
instrument line. IIe accordingly scems carly to havo
twrned his attention to engineering, and, amongst other
branches of study, ho devoted scveral honrs daily to

~the acquisition of ¥rench, in order that he might be
able to-read for Limself the works on that seience which
were thon euly ta b& found in that and the ltalian lan-
guage. He had, however, a fuithcr object in studying
French, which was to cnable him to make a journey
whigh e contemplated into the Low Countrics, for the
ptu:wbe of inspecting the great canal works of the foreign

ngly, in 1754, he sct out for ITolland, and traveised
thet *dauntry and Belgium, travelling mostly on foot and
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in freckschuyts, or canal boats, both fur the sake of
cconomy, and that he might more closely inspect the
enginecring works of the districts through Wwhich *he
rassed.  Ho there found himself in a country which had
heen, as it were, raked ont of the very sea,—for which
Nature had done so little, and skill and industry so much.

From Rotterdam he went by Delft and the ITague to
Amsterdam, and as far north as Helder, narrowly inspect-
ing the vast dykes raised round the land to securs it
against the clutches of the sea, from which it had been
originally won. At Amsterdam ho was astonished at the
amount of harbonr and dock accommaodation, existing at
a time when London as yet possessed no conveniences ot
the sort.— though indeed it always had its magnificent
Thames.  TPassing round the country by Utrecht, he
proceeded to the arcat sca-sluices at Drill and ITelvoet-
sluys, by means of which the inland waters discharged
themselves, at the same time that the sca-waters were
securely dammed out.

Seventeen years later, ho made use of the experience
which he had acquired in the eourse of his carcful inspec-
tion of these greal works, in illustrating and enforeing
the recommendations contained in his elaborate report
on the best means of improving Dover IMarbour. He
made careful memoranda during his journey, to which he
was often accustomed to refer, “and they proved of great
practical value to him in tho course of his subsequent
extensive employmemt as a canal and habour engineer.

Shortly after his return to England in 1755, an oppor-
tunity occurred for the exercise of thiat genius in censtrue-
tion which Smecaton had so carcfully dwnplmvd and culti-
vated; and it proved the turning puint in his fortunes, as
well os the great event of his professional lifo
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CHOATTER I11I.

Tar EopystoNE Rock—WINSTANLEY'S AND RUDYERL'S

s Liocuruousss.

THE Eddystone forms the crest of an eatensive roef of
vocks which rise up in deep water about fomteen milos
8.8.W. of Plymouth llarbour. Being well out at sca, the
rocks are nearly in a line with Lizard llead and Stat
Point; and besides being in the way of ships bound fin
Plymouth Sound, they lic in the very direction of vesscls
coasting up and down the English (hannel. At low

EDPDVSTINE
ENGeLISH
CH A NNRL

Coast of Devon and Cornwal .

.watg, several long low reefs of gneiss are visible, jagaed

and black; but at high water they are almost completely

submerged. Lying in a sloping manner tcwads the

south-weet quarter, from which the heavicst seas come,
. H
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the waves in stormy weather come tumbling up the elope
and break over their crest with tremendous violence. Tbe
water hoils and eddics amongst the reofs, and hencethe
name which they have borne from the earliest times of
the Eddystone Rock.

It may readily be imagined that this reef, whilst u’.n-
protected by any heacon, was a source of great danger to
tho mariner. Many a ship coming in from the Atlantio
was dashed to pieces there, almost within sight of land
and all that came ashore was only dead bodies and float-
ing wreek.  To avoid this terrible rock, the navigator was
accustomed to give it as wide a berth as possible, and
homeward-hound ships accordingly entered the Channel
on a much more southern parallel of Jatitude than theynow
do. In his solicitude to avuid the one danger, the sailor
too often rau foul of another; and hence the numerous
wrecks which formerly occurred along the French coast,
more particularly upon the dangerous rocks whioch sur-
round the Islands of Jersey, (Guernsey, and Alderney,

Wo have already described the rude expedients adopted
in early times to light up certain of the more dungerous
parts of tho coast, and referied to the privilege granted to
private persons who ereeted lighthouses, of levying tolls
on passing shipping.* It was long before any private
adventurer was found ready to undertake so daring an
enterprise as the ercetion of a lighthouse on the Eddy-
stone, whero only a little erest of rock was visible at high
water, scarcely capable of affording foothold for a structum
of the very narrowest basis.

At length, however, in 1696, Mr. Henry* Wiastanley
(a mercer and country gentleman), of thtlebury, in the

(S ¥
* The private lights first erect- the Trmlty Board,
ed—amongst wihich were those at very large pricos. The
on Dungeness, the Skerries (oft of the Skerries Eﬁl})& fres
the Tsle of Anglesey), the Fddy- vious to its the

stone, MMmwich, Wintertonness
and Orfordness, Hunstanton CHiff,
&c.—bave all been purchaserd by

Trinity House, amotmﬁ Qli 1s
20,0001 a year. e
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ty of Essex, obtained tho neccssary powers to ercet
wdighthouse on tho Eddystone, and to levy tolls from
o That gentleman seems to have possessed
{,m'rio'as mechanical genius, which first displayed itsclf
it; dovising sundry practical jokes for the entertainment
:J?' his guests. Smeaton tells us that in one room there
laydn old slipper, which, if a kick was given it, imme-
dinfely raised a ghost from the Hloor; in another, the visitor
sat down upon a chair, which suddenly threw out twe
artas and held him a fast prisoner; while, in the gardon,
if he sought the shelter of an axbomr and sat down npom
a‘particular seat, ho was stiaightway sct atloat into the
mijddle of the adjoining canal.* These tricks must have
rendered the house at Littlebury a somewhat exciting
renidence for the uninitiated guest. The amateur inventor
excroised the same genius to a certain extent for the enter
tdinment of the inhabitants of the metropolis, and at
Hyde Park Corner he ercetel a variety of jets d'ean,
known by the name 6f Winstanley's Waterworks, which
he exhibited at stated times at a shilling a-liead.}

This whinisicality of the man in some measnre accounts
for the oddity of the wooden huilding erceted by him on
the Eddystone rock; and it is matter of surprise that
it should have stood the sevore weather of the Eaglish
Chennel for several scasons.  Thoe building was beguu in
the year 1696, and finishcd in four years. It must noces-
sarily have becn & wark attendcd with gieat diftienlty as
well as danger, as operations could only be earried on
during fine weather,*when the sta was compuratively
smooth.” Tho first summer was wholly spent in making
twelve holes in the rock, and fastining twelve irons in

IR 4

¥ ¥
__izrative of tho Building  t They continued to be exhi-
anﬁﬂmcﬂ tion of the Construe- bited for some time after My
; Igld tone Lighthouse Winstanley's death. Seeo ¢ Tatlor
5 y John Smicaton, ' for Neptember, 1709.
ineer, F.R.8. Second
n, 1813.

rR2
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them by which 1o hold fast tue superstructure, * Even in
summer,” Winstanley says, “ the weather would at tlmqs
prove 5o bad, that for ten or fonteen days together the oa

Winstanl y’n Lighthouw

would he so raging about theso rocks, caused by outwinds
and the 1unning of the ground seas coming from the main
ocean, that although the weather should seom and be most
calm in other places, yet here it would mount and fly mora
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than twae hundred feet, as has heen so found since there
was lodgment on the place, and therefure all vur works
were constantly buried at those times, and exposed to the
meroy of the seas.”

The second smmmnier was spent in making a solid pillar,
twelve feet high and fourteen foet in diameter, on which
to build the lighthouse. In the third yoear, all the npper
work was erected to the vane, which was cighty feet above
the foundation. In the midsummer of that year Win-
stanley ventured to take up his lodging with the workmen
in the lighthouse; but a storm arose, and eleven days
pussed bofore any boats could come near them. During
that period tho sca washed in upon Winstanley and his
companions, wetting all their clothing and provisions, and
carrying off many of their materials. By the time the
boats could land, the party were reduced almost to their
last crust; but happily, the building stood, apparently
firm. TFinally, the light was exhibited on the summit of
the building on the 14th of November, 1698,

The fourth year way occupied in strengthening tho
building round the foundations, making all solid nearly to
a height of twenty feet, and also in raising the npper part
of the lightkouse forty fect, to keep it well out of the wash
of tho sea. This timber crection, when finished, somewhat
resembled a Chinese pagoda, with open galleries and
numerous fantastic projections. Tho main gallery under
the light was so whle and open, that an old gentleman
who remembered both Winstanley and his lighthonse,
aftorwards told Smergop, that it was © possible for a six-
oared Poat®to he lifted up on a wave, and driven clear
through the open gallery into the sca on the other side.”
In the perspective print of the lighthouse, published by
the architect after its crection, he complacently repre-
sented himself as fishing ont of the kitchen-window !

When Winstanley had bronght his work to completion,
he is said to have expressed himself so satisfied as to its
strength, that ho only wished Le might be there in the
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fiercest storm that ever blew. In this wish he wad not
disappointed, though the result was entirely the roversc
of the builder’s anticipations. In November, 1703, Win-
stanley went off to the lighthouse to superintend some
repaits which had become necessary, and he was stil}, in
the place with the lightkeepers, when, on the night’of the
26th, a storm of unparalleled fury burst along the coast.
As day broke on the morning of the 27th, people on shore
amviously looked in the direction of the rock to see if
Winstanley’s structure had withstood the fury of the gale;
but not a vestige of it remained. The lighthouse and ita
Puilder had been swept completely away.

Thoe building had, in fact, been deficient in every element
of stability, and its form was such as to render it pecu-
liarly liablo to damage from the violence hoth of wind and
water.  “ Nevertheless,” as Smeaton gencrously observes,
‘it was no small degree of heroic merit in Winstanley fo
undertake a piece of work which had before been deemed
impracticable, and, by tne success which attended his en~
deavours, to show mankind that the crection of such a
building was nos in itself a thing of that kind.” He may,
indeed, be snid to havo paved the way for the more sue-
cessful enterprise of Smeaton himself; and his failure was
not without its influence in inducing that great mechanic
to exerciso tho caro which he did, in devising a structure
that should withstand the most violent foree of the sea on
the sonth coast. Shortly after Winstanley’s lighthouse had
heen swept away, the ¢ Winchelsea,” a richly-laden home-
ward-bound Virginiaman, was wrealicd on the Eddystone
rock, and almost every soul on board perished ; so that the
erection of a lighthouse upon the dangerous reef remained
as much a necessity as ever.

A new architect was not long in making his appearance.
He did not, howover, como from the class of architeots, or
builders, or even of mechanics: and, as for the clage of
engineers, it had not yet sprung into existence. The yxo-
jector of the next lighthouse for the Eddystone wasg a@m
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Y on hercer, who kept a silk-shop on Ludgate Iill,
J; Rudyerd—for such was his name—was, howover,

4 hap of unquestionable geuius, and possessed of much
fores of character. 1le was the son of a Cornish lahourer
whom nobody would employ,— his character was so bad;
apd the rest of the family were no Dbetter, being looked
upon in their neighbourhvod as “ 4 worthless set of ragged
" John scems to have heen tho ono sound chick

o the wholo brood. He had a natmally cliar head and
hoart, and succceded in withstanding the Lad
.Qxatgple of his family. When his brothers went out a-
pifering, he rofused to accompany them, and hence they
. ed him as suller” and obstivate. They ill-used him,
afd he ran away. Fortunately he smeceeded in gotting
into the service of a gentleman at I'lymouth, who saw
something promising in his appearance. The boy con-
duoted himself so well in the capacity of a scrvant, that
he whs allowed to learn reading, writing, and accounts;
and he proved so quick and intelligent, that his kind master
evéntually placed him in a situation whaie his talents
could havo better scope for exercise than in his service,
and he succeeded in thus laying the foundation of the

young man’s futuro sucecess in life.

We are not informed of the steps by which Rudyerd
worked his way upward, until we find him called from his
silk-mercer’s shop to undertake the 1cbuilding of the Eddy-
atone Lighthouse. But it is probable that by this time he
bad bocome known for his mechanieal skill in design, if
naf in construction, as,w 1l as for his thoroughly practical
ax;d:rel-.‘-able character as a man of business; and that for

these reasons, amongst others, e was selected to conduct
this difficult and responsiblo undertaking.

After the lapse of about three years from the destruction |
of wihttanley‘s fabrie, the Brethren of the Trinity, in 1704,
clitaied an Act of Parliament enabling them to rebuild
the, lightHouse, with power to grant a lease to the under-
taltbgs!, It was taken by ono Captain Lovet for a period of
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ninety-nine years, and ho it was that fcund out and ém-

ployed Rudyerd.

His design of the new structure wps

simple but masterly. He sclected the form that offered

Laudyerd™s Lighthouse,

the least possible
resistance to the
force of the winds
and the waves,
avoiding the open
galleries and pro-
Jjections of his pre-
decessor. Instead
of a polygon he
chose a cone for
the outline of his
building, and he
carricd up tho ele-
vation in that
form. In the prac-
tical cxecuntion of
the work he was
assisted by two
shipwrights from
the King’s yard
at Woolwich, who
worked with him

B during tho whole
" timo that he was

occupied in the
erection.

The main defect of the lxghthouw consisted it the faulti-
ness of tho material of which it was built; for, like Win-

stanley’s, it was of wood.

The mecans emp] yed to fix the

work to 1ts foundation proved quite efficiont; dove-tailed
lnolcs wee cut out of the rock, into which strong iron bolta
¥ or branches were keyed,* and the interstices were aftor-

* Mr. Smeaton says that th- lnstrument now called the Lewis
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waxds filled with molten pewter. To theso branches were

¥ fixed a crown of syuared onk halks, and across these
a set of shorter balks, and so on, till a basement of solid
wood was raised, the whole heing firmly fitted and tied
together with tre-nailsand serew-holts. At the same time,
to increase tho weight and vertical pressure of the building,
and thereby present a greater resistance to any disturbing
external force, Rudyerd introduced numerens courses of
Cornish moorstone, as well jointed as possible, and cramped
with iron. It is not necessary to follow the details of the
construction further than to state, that vutside the solid
timber and stone courses strong upright timbers were
fixed, and carricd up as the work proceeded, binding the
whole firmly together.

Within these upright timbers the rooms of the light-
house were formed, the floor of the lowest, the storeroom,
being situated twenty-seven feet above tho highest side of
the rock. The upper part of the huilding eomprehended
four rooms, onc above another, chicfly formed by the upright
outside timbers, scarfed —that is, tho ends overlapping,
and firmly fastenced together. The whole building was,
indeed, an admirable picco of ship-carpentry, excepting
ouly the moorstone, which was merely introdueced, as it
were, by way of ballast. The outer timbers wero tightly
caulked with oakum, like a ship, and tho whole was payed
over with pitch. Upon the roof of the main column Rud-
yerd fixed his luntern, which was lit by candles, seventy
feet above the highest side of the foundation, which was
of a sloping form. I'yi its lowest side to the summit of

L]

though an invention of old date, ' method of fixing ring-holts and
was for the first time made use of eye-holt stanchions, &e., not onl{in
by Rudyerd in fixing bis iron | rocks of any known horducss, but
branches firmly to the rocl. “Mr. into piers, moles, &e., that have
Rudyerd’s method,” ho says, “of Dheen aheady eonstrueted, for the
keying and securing, nu-t he eon-  rafe mooring of ships, or fixing
lid?reﬁ as & material accession to additional works whether of stone
the practical part of enginecring, or wood.” (Smeaton’s ¢ Narrative,'
88 it furnishes us with a secure p. 22.)
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the ball fixed on the top cf the building was ninefy-two
feet, the timber-column resting on a base of twen
feet four inches, ¢ The whole building,” says Smeaton,
“ consisted of a simple figure, being an elegant frustunt of
a cone, unbroken by any projecting ornament, or anything
whereon the violence of the storms could lay hold. The
structure was completely finished in 1709, though the
light was exhibited in the lantern as early as the 28th of
Jllly, 1706.* gl

That the building erected by Rudyerd was on the whole
well adapted for the purpose for which it was intended,
was proved hy the fact that it sexved as a lighthouse for
ships navigating the English Channel, and withstood the
ficrce storms wliuch rage alung that part of the coast, for a
period of neaily fifty years. The lighthouse was at first
attended by only two meun, as their duty required no mere,
Duwing the night they kept wateh by turns for four honrs
alternately, suufing and renewing the candles. It ha':pv
pened, however, that ono of the keepers took ill and died,
and only one man remained to do the work. He hoisted
the flag as a signal to those on land to come off to his
assistanco; but the sca was running so high at the time,,
that no boat could live in the vicinity of the rock; and the
rough weather lasted for nearly a month. :

What was the surviving man to do with the dead body
of his comrado? The thought struck him that if he threw

* An ancedote is told of a cir- | that the {wisoners should be ye-
cumstance which oceurred durning | lensgdeend sent back to their work
1ts c1ection, so credatable to Lowms | with  piesents, de\-lari:f that,
X1V, then King of France, that | though he was at war th
we repeat it horo. There being | land, he was not at war with
war at the tine between Fiance | kind; and, moreqver, that the
and Englind, a French piivatcer ' Eddystone Lighthouse wesdso
took thc opportunity of one day | situated as to be of equal serviee
scizing the men employed upon | to all nations having cosasion g
the rock, and canying them off | navigate the channel that di
prisoners o France. But the I France from Englnnd. (Bmanton’s
capture conung to the ears of the ‘Narrative,’ p. 28.) PR
King, he immcdiately ordered | . h;’

[R5 AT
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it 'lao the sea, he might bo charged with murder. He
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dete ined, therofure, to keep the corpse in the lighthouse

'boat could come off fiom the shore One may
mgme the horrors endwred by thoe surviving lightkeeper
during that long, dismal month. At last tho boat came

off, but the weather was still so rough that a landing was
only offected with the greatest dnfhcultv By this tume the
offfuvia rising from the corpse was overpowering ; it filled
the apartments of the lighthousc, and it was all that the
men oonld do to get the body disposed of by throwing it
ipto the sea. The circumstance afterwards indnced tho
proprietors to employ a third man to supply the place of a
disabled or dead keeper.*

The chief defect of Rudyard’s building, as wo have
already observed, consisted not in its form, but in the
miterial of which it was composed. It was combustible,
and yet it could only be made uscful as a lighthouse by the
constant employment of fire in some shape. Though the
heat of the candles used in the lantern may not have been
very great, still it was suflicient fo produce great dryness
and. inflammability in tho timbers lining the roof, and
these being covered with a ciust of soot, must have proved
a sonree of constant danger. The immediate causo of the
aecident by which tho lighthouse was destroyed, was never
aseertained. All that is known is, that about two o’clock
in'the morning of the 2nd December, 1755, the lightkeeper

. or‘duty, going into the lantern to snuff the candles, found

itefnll of smoko.

1"'lf'he employmont of a hght-
hotiwe keoper was very healthy
m& was always o large numhcr
g tes for any vacant office,
of the same class to
pike-keepers belong. They
VB been naturally morose,
pps slightly misanthro-
Mr Bmeaton relntes that,
sikors having once landed |

at tho 10ck, ono of them observed
to the ll;.,ht-kc(pcr how comfort-
ably they might hve thete in a
state of rctirement —* Yes,” re-
plied the man, “ve comhntably
if we oould have the nse of our
tongues; but it 18 now a tuil
month simee my partner and Llinve
spoken a word to cach other!”
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The lighthouse was ou fire! In a few minutes the
wooden fabric was in a blaze. Water could not be brought
up the tower by the men in sufficient quantitics t0 be
thrown with any effcct upon the flames raging above
their heads: tho molten lead fell down upon the light-
keepers, into their very mouths,* and they fled from room
to room, the fire following them down towards the base-
ment on the rock. From Cawsand and Rame Head the
unusual glare of light proceeding from tho Eddystone was
seen in the early morning, and fishing-boats with men
went off to the rock, though a fresh east wind was blow-
ing. By the time they reached it, the lightkecpers had
not only been driven from all the rooms, but, to protect
themselves from the molien lead and red-hot bolts and
falling timbers, they had been compelled to take shelter
under a ledgo of the ruck on its eastern side. The surt
was too high to enable the loats to effect a landing ; but
the men themsclves, b coming conscious of their perilous
situation, adopted tho only means of cscape which now
remained. By great offorts, a small boat had beon got
near cnough to throw a coil of rope upon a projection of
the rock, and the men had sufficient energy to lay hold
of it, and one by one to fusten it round their bodics, and
jump into the sca. They wore thus towed on board the
boats, and were shortly after landed at Plymouth, more
dead than alive.

And thus also was Rudyerd’s timber lighthouse com-
pletely destroyed. As the necessity, however, for pro-
tecting tho navigation of the Channel by a light on
the Eddystone was now greater than ever, in conse-
quenco of the increasing forcign as well as coasting
trade of the kingdom, it was immediaicly determined

* It appears that o post-mortemn  currence, and a flat oval piece of
examination of ouc of the light- lead, some soven ounces in weight,
keepers (who died fiom mjuries was taken out of his stomach,
recerved during the fire) took place  having preved the cause of his
some thur:sen days atter its ve  death,
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by the proprietors to take the necessary steps for ro-
building it; and it was at this juncturo that Smeaton
was applied to. As on the two previous occasions, when a
mercer and country genileman, and then a London silk-
nercer had been called upou to undertake this difficult
vork, the person now applied to was not a builder, nor an
architect, nor an enginecer, but a mathematical instrument
maker, Mr. Sincatun had, however, by this time gained
for himself so general an estimation amoungst scientifio
men a8 a painstaking observer, an able mechanic, and one
who would patiently master, and, if possible, overcome
any amount of difficulties, that ho was at once pointed
out as the person of all othexs who was the most capablo
of satisfactorily rcbuilding this important beacon on the
south-western const.
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CIIAPTER 1V. <
Suearox’s Licutiouse oN THE Ei DYSTONE.

Oarraiy Lover, the lessee of the lighthouse, having died
in 1713, his property was sold, and Mr. Robert Weston, in
company with {wo others, became the purchasers of tho
lease. On the destruction of Rudyerd's timler bml(hns
Mr. Weston applied to the Harl of Macelesfield, President
of the Royal Socicty, for his advice under the circum-
staneds, and requested him to point out an architect capable
of undertaking the reconstruction of the lighthouse in an
efficient mauner.  Mr. Smeaton’s acconnt of the *reply
made by the Fal to Mr. Weston is so characteiistic of
him, that we quote lus own words.

Lord Macclesfield replicd “that there was one of their
own body whom he could veuture to recommend to
business; yet that the most material part of what he knew
of him was, his having within the compass of the last
soven years recommended himself to tho Society by the
zommunication of several mechanical inventiond and im-
provements; and that though he had at first made it his
husiness to execute things in the instrmment way (without
having ever heen bred to the trade), )(~t on account of the
merit of his performances he had . (n chosen 4 member of
the Society : and that for about three years pasf, Liaving
found the business «f a philosophical instrament make?
not likely to afford an adequate recompense, he Kad w!
applied himself to such branches of mechanice as he
Weston) had appeared to want; that he was then mme-
where in Seotland, or in the north of England, daing
business in that line; that what he had to say of him
further was, his never having known him undertakd sny-
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thmg,)mt what he completed it to the satisfaction of thoso
whg employed him, aud that Mr Weston might rely apun
xt,m)mn the busincss was stated to him, he wonld not
undertake it unless hi clearly saw himself capable of
performing it.”*

This description seems to have been enough for Mr.
Weston, who immediately addiessed Mr, Smeaton on the
luhieot. News then travelled so slowly, and the particulars
which had got abroad relating to the aceident at the,
E(ldyntono were 80 meagte, that Smeaton did not know
that the lighthouse had been totally destroyed.  Whoen he
8} tength reccived Mr. Weston's Ictter, more than » month
after the accident, he fancied that it was only the ropair
of somo of the uppa works that was required of him, and
he yeplied that he had engagemcnts on hand that he conld
not leave upon an uncertainty. The answar he 1eecivald
was, that the former building was totally destioyed  that
the lightbousc mast bo 1cbuilt and the letter concluded
with the words, * thon art the man to do it.”

Smeaton then rctmined to fown and proceeded to cone
dider the matter. The subjcet was wholly new to him;
but be determineld to investigato 1t thoroughly, and he
lost no time in doing so. One of the earliest conelusions
he arrived at was, that stone was the proper material with
whigh to rebuild the lignthous, thougl tho superimity of
timber was strouglv urged upon hin. The popular im-
mression, which also prevailcd amongst the Biethren of
~the Trinity House, was, that nutlung It wood conld
posaibly stand ou the Lddystoue;” and many weie the
predictibns dttered as to the inevitable fulie of a structnre
compoeed of any other matcrial.  The fiist thing which
our engineer did was to esamme carcfully the plans and
m@ﬂl of the two former lighthouses; hy which he songht

pin their deficts, with a view to avoiding thew iu
y qectmn. .

-k * Smeatou’s * Nurrative,’ &e.p 88
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In the course of this inquiry, he became more and more
convinced that the great defect of the late building
been its want of Weight, through which it had rocked
about in heavy storms, and would probably have been
washed away before long if it had not been burnt ; and he
camo to the conclusion, that if the lighthouse was to be
contrived so as not to give way to the sea, it must be
made 80 strong as that the sea must be compelled to give
way to the building. o also had regard to durability as
an important poirrt in its re-crection. To quote his own
words: “ In contemplating the use and benefit of such a
structure as this, my ideas of what its duration and
continued existence onght to hey were not confined within
the boundary of one Age or two, hut extended themselves
to look towards a possible Perpetuity.”

Thus, before Smeaton had procecded very far, he had
come to the firm convietion that the new lighthouse must
bo built of Stone.  Nevertheless, he resolved to preserve
the conical form of Rudyerd’s building, but to enlarge
considerably tho dinmeter of the foundation, and thus
increaso the stability of the whole superstructure. The
idea of tho hole of a large spreading oak-iree presented
itself to his mind as the natural model of a column, pre-
senting prolably the greatest possible strength.

Another point which he long and carefully studied, was
the best mode of bhonding the hlocks of stone to the rock
and to each other, in such a way as that not only every
individual picce, but the whole fabrie, should bo rendered
proof against external foree.  Binging the blocks together
by iron cramps was considered, but dismissed as insuffi-
cient, as well as impracticable.  Then the process of dove-
tailing oceurred to him—a practice then genorally applied
to carpentry, though scarcely as yet known in masonry,
Still more suitable for Lis purpose was the method which
he had observed adopted in fixing tho kerbs along the
London footpaths, by which the long picces or stretchers
wero retained between the two headers or bond-pieces,
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whose heads beiug cut dovetail-wiso, adapted thomselves
to@ud bound in the stretehers; aud the tye being as good
at the bottom as at tho top, this arangement, he con-
osiyed, was the very best thut could be devised for his

pﬂ;';m.

o these beginuings he was readily led to think
that if the Llocks themselves, buth inside and out. woere
all formed into large duvetails, they might be aranged
so as mutually to lock themselves together, bung fist
engraftel into the rock; and in tho round and entire
courses, along the top of the rock, they might all procedd
from and be locked into one large centre stone. By thus
roofing the foundations into the rock, and also binding
every atono by a similar dovetailing process 1o evary othe
stone in each course, upon which the sea could only act
edgeways, he conccived that he would he enabled to ¢reet
a building of a strength saflicient to resist the strongest
force of winds and waves that was likely to Le bronght
against it.

Having thus thonght out the subjeet, and deliberately
mntured bis views - carefnlly studying, amongst other
works, ‘Wren's Parentalia’ and Price’s account of the
building of Salisbury Cathcdial  he procealed to design
a lighthouse on the principles we have thus summaily
doseribed ; and, with a fow modifications 1ndored neees-
sary by the situation and the various eirenmstanccs which
presented themsclves in the course of the work, he pro

“ceeded to carry his disign into cffect in the building of
the third Eddystone Liclflonse.

All thin Bad bean done before Mr, Smeaton had even
paid a visit to tho site on which the lighthouse was to 1x
built. The difficulty of rcaching the place was great, and
time was precious. Besides, he thought it best to prepare

for his first visit by completing his thorough pa. -
i v investigation of the whole case. It was not nutl
theafid of March, 1756, that he set out from London to
l’lngiﬁth for the purpose of making his first inspection of

m -
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the rock. Ho was no less than six days in p&
journcy, of which beo says, “I had nothing to &
the loss of time that I suffered, which waa odis
chiefly hy the badness of the roads.” %
At Plymouth he met Josias Jessop, to whom he Hgst®
reﬁrrc-d for information as to the provious lighth T

mtoouty, as well as of singular ingenuity in methi
maties.*  Smeaton also found him to he a obm
dranghtsman and an excellent modeller, and ho ghet
acknowlodged the great assistance which he obtained s
him dwing the progress of the work. Smeaton, #\08
Jossop the plan of the stone building which he ;
made. T hn forcme mn expressed his frrmt surprise oxi‘ }

ndnuttq d the mqwnunt) of.m stoue htructuro, if it dotd-
only be made to stand in so very exposed and ¢ Janglsrdw ,
sitiation. NSRS

Mi. Smeaton was anxious to go off to the rock a& i
but the wind had been bLlowing h'm.h for soveral deys
there was so heavy a sea in the (Channel, that it wé
mtil the 2nd of April that he could act sail. On
the Eddystone, the sea was bicaking upon the law
place with snch violenco, that it was impossible fo' 1
All that Smeaton could do was to view the cone 0{' i
mck - tlm mero crest of the mnunhun whose base m f' :

oxpootod to ereet his building.
Threc days later he made a sccond voyagd, &
joieed on this occasion to bv able to sct his Yo

* Hi~ son, William Jessop, the | ton’s, and afterwardy nd
enginoer, bueame a pupil of Sinea- | eminonco 1n the préfs
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»
the Eddystone. Ifo slayed thero for more
3, and thoroughly examined the rock, being
¥oompellcd to leave 1t by the nughness of the s
an to rek ovit 1t as the tido 10s¢  The only
% he oould find of the two former highthonsus
p iron branches fixed by Rudyard, and namerous
thoso fixcd by Winstanley

y the wind, which compclled lum to re land with-
kaving got within siht of 1t
five morc days —dunmg which the (n meor w s
in looking out a poper mtc for a work varl?
ining the granite in the naghbomhood tfor the
of the bhuldimg- hoe mwle & tomth voya, ¢, and
gh the vesse ] r whed the rodk, the wind was hlowg
b and the ncahas ware so wild, that it was a_un
d Jmpossible to Iind  Tlc could only dnect the boat
pioff and on, for the pmipose of wdching the hicaking,
8 and 1ts action upon the e f
ERfth tnal, madc afta the Lyse of 4 week, proved no
i 'iméoesaful Afta 1owme lwut 21l dy with the

il mormng, but wind nd 100 commmg on they wae
ffeedl to rcturn 1o harbom without weomplishing then
. The sinth attampt wiy suceessiud, wd on the
of Apnl, aitar the lapse of scventaen days, Smcaton
to efiecct his «wond Twdim, it low waita
# furthor nspection the party Teticated to then
Wach®lay oft unfil the tide lmd falln when
’ landed, and the might bang perfeetly still
1 went on with my busm« w8 til nino m the
Baving workcd an hour by candle hight”

k- eventually
xz’:d field adjacent
tmated sbout mid-

way Wetween Plymouth and De
vonport, belund Drake s Ieland

12
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On the 23rd he agiin landed and pursued his‘niaém—
tions; but this time he was interrupted by the grgund
swell, which sent the waves high upon the reef; ahd'.,tho
wittd rising, the sloop was forced to put back to Plymaonth.
Mr. Smeaton had, however, during these visits, secured gome
fifteen hours’ occupation on the rock, and taken dimensighs
of all its parts, to enable him to construct an ageurate
modol of tho foundation of the proposed building., He
succeeded in obtaining such measurements as he thought
would enable him to carry out his intention ; but to corract
the drawing, which he made to a scale, he determined
upon attempting a seventh and final voyage of inspéotion
on the 28th of April. But again the sea was found ag
twibulent, that a landing was impossible.

Another fortnight passed, the weather still continuing
nnfavourable; but meanwhile the engineer had been ma~
turing his design, and making all requisite preliminary
arrangements to procced with the work. Among the
other facilities required for carrying on the operations,
was the provision of an improved landing-place, which he
regarded as of essential importance. Ilc also drew up a
carcful code of regulations for tho guidanco and govern-
ment of the artificers and others who were to be employed
in constructing the lighthouse. Iaving done all this, he
arranged to procecd to London, but not until he had paid
three more visits to the rock for the purpose of correcting
his measmements,—in one of which he got thoroughly
drenched by the spray.

On his return to town, Mr. §ggeaton made his report to
the proprietors, and was fully authorised by them to carry
out tho design which he had now matured. He aceopd-
ingly proceeded to make a complete modcl of the light-
house, as he intended it to be built. He thns stateg the
reasons which prevailed with him in undertaking theigon-
struction of this model with his own hands: “ Pivho
aro not in the practico cf handling mechanical tSoly thém-
selves, but are under the necessity of applying: thir the
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I dperations of others, will undoubtedly conclude
® T would have saved much timo by employing the
b4nd§ of others in this matter; and on the idea of the
being already fixed, and fully and accmately as
distinctly made out—that is, supposing the thing
dong that was wanted to be done—it certainly would have
beep+go; and had I wanted a duplicate of any part, or of
the whale, when done, I should certamly have had rccomse
to the hands of others. But such as a1e in tho use of
handling tools for the pmpose of contiivance and inven-
tiord, will cleaily sce that, provided I could work with as
muel faeility and despatch as those T might happen to
mect with and employ, I should save all the time and
difiylty, and often the vexation, mistakes, and disappoint-
ments that arise fiom a communication of one’s own ideas
to others; and that when steps of invention are to follow
one another in succession and dependence on what pre-
¢eded, nnder such circumstances it is not eligible to make
usa of the hands of others.”
'His expertness in handling tools now proved of the
test use to him. As every comse of stones in 1t in-
vblved fresh adaptations and the invention of new forms
to give the requisito firmness and stalnlity to the wholo, 1t
ia obvious that ho sccuied gicater accmacy by executing
the work with his own hands, than if he had entrusted it
to any model-maker to cany out aftcr given dimensions
and drawings, however accuratcly they might have been
laid down upon paper. Afta moro than two months’
close work, the model was_ready, when it was submitted
to & meeting Sf the propiietors and unanimously approved ;
a8 it also was by the Lords of the Admiralty, before whom
it was eftorwards laid. The engincer then set out for
T to enter upon the necessary ariangements for
pm: the foundations,—arnanging with Mr. Roper, a
, on. his way, for a supply of Portland stone, of

% wasp finally determined that the lighthouse should
be .
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Artificors and foremen were appomted
panics arranged, vessels provided for the
men and materials, work-yards hired and
Mr. Jessop was appomted the general ¢

it is now

afternoon of ;
August, 1756,
that time forwid
wmkprooeede&
with many indg
tions, caused By
weather and ' h¥
seas. At moe’h,f"
about six hours' §
could be dome
time; and
weather was
able, in order :
opportunity she
lost, the men prpg
by torch:
The paj
e : objeat |
A P - 7 Work
Section of Smeaton’s Lighthoua durmg

get the dovetail recesses cut out of the .oy
reception of the foundation-stones. To fagd
process, and avoid the delay and loss of timg
by fiequent voyages between the Eddystonse a
tho Nepfuno buss was employed as a store-ve
at anchor, at a convenient distance from the



TETEMPATON'S' LIGHTHOUSE. * m
"% water. But, as the season advanced, it
drd and more dfficult to carry on tho operations.
dsys togecher the men counld not land, and, even,
heen ablo to land, they must have been washed
ock unless lushed to 1t At such times the pro-
4 in tho ‘ Neptune’ occasionally :an short, no boat
.eble to como oft fiom Plymouth in consequence of
gaghnoss of the weather. Towaids tho end of
° the yawl 11ding at the stexn of tho buss broke
¥ stress of weatha, and was thus lost Mr Smecaton
joat anxious, howcvel, to fimsh tho boung ot the
ign-holes dming that scason, so as to commence
4n the lower comises at tho beginning of the neat.
inen, thercfore, still persevered when the weather
fiitted, though sometimes they weio only able to labom
wo hows out of the twenty-fom. About the end of
piber, tho wholo of the requsite cutting i the rock
I been accomplished without accident, and tho party

ed to 1eturn to the yard on shore, and proceed with
ng of the stones for the work of the cnswung

gdtous one, and the cugmoa and his men narzowly
d shipwreck. Not Lung able, m conscquence of tho
that was blowing, to make Plymouth Harbow, the
e’ was steered for Fow vy, on the coast of Clornwall,
sind 1080 highcr and lugher, until 1t blew quito
;s and 1n the migzht, Smcaton, hearing a sudden
.and clamour amongst the crew overhecad, ran upon
4 his shut to asXrtaum tho cause, It was raming
Fand quito a hunicane was 1aging. ¢TIt bung very
®ho says, “tho first thing I saw was the hormible
nge of breakers almost surrounding us, John
M, one of the scamen, crymg out, ‘For God’s sake,
d at that rope 1f you mean to save your hives!’
ately 1aid hold of tho rope, at which he himself
g a8 well as the other seamen, though he was
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also managing the helm. I not only hauled with all my
strengsth, but called to and encouraged the workmen to do
the same thing.”

The sea was now heard breaking with tremendous vio-
lence upon the rocks. In this sitwation, the jibsail was
blown to picees, and, to savo the mainsail, it was lowered,
when fortunately the vesscl obeyed the helm, and ghe
rounded off.  'The night was so dark that nothing of the
land conld be seen, and the sailors did not know at whas
part of the coust they were; and in this uncertainty the
vessel’s head was put round to sea again, the waves occa-
sionally hieaking quite over her. At daybreak they found
themselves ont of sight of land, and the vessel driving
towards the Day of Biseay. Wearing ship, they stood
onee more for the const, and before night they sighted the
Land’s End, hut could not then make the shore.  Another
night and day passed, and, a vessel coming within sight,
signals of distross were exhibited, and from her the ¢ Nep-
tune’ learned in what divection to steer for the Seilly
Islands. The wind coming round, however, they hore up
tor the Land’s End again, passed the Lizard, then Dead-
man's Point, then Rame Iead, and finally, after having
been blown ahboat at sea for four days, they came to an
anchor in Plymouth Sound, greatly to the joy of their
friends, who had begun *o despair of their reappearance,

The winter on shore was fully occupied in dressing
stones for the ueat summer’s wink.  Mr. Smeaton himself
laid out all the lines on the workroom floor,* in order to

lines wonld spoil the tioor. He
way also refused the use of the

* Nmenton had considerable dif-
ficulty in finding & room with a

tloor suflic wntly Inrge on which
to it all 1} ¢ moulds together in
the owder in which they wero to
be pormancutly fixed.  The engi-
neer appluad to the Mayor of P lv-
mouth for the use of the Guildhall
for the purpose, but he was refused
on the pretenco that the chalk-

Assembly-rooms for some si
reason.  But at length, by takin, ng
down a partition in the conpers'
work<hops, he was eventun]ly [
abled to effect his purpose, withe
out exposing himself to farther
refusals from the local magnates.
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ingure the greatest possible accuracy in size and fitting.
Ngarly four hundred and fifty tous of stone were thus
dressed by the time the weather was sufficiently favour-
able for tho commencement of the building. At the same
time he bestowed great pains upon experiments, which he
himself conducted, for the purpose of determining the best
kind of cement to be nscd in laying the courses of the
lighthouse, and cventually fixed upon cqual quantities of
the lime called blue lins and that called terra puzzolann, a
sufficient supply of which he was fortnmato enongh to
procure from a merchant at Plymonth, who had imported
it on adventure, and was willing to sell it cheap. It was
also sottled to usc the finest grout for the intervals hetween
the upright or side joints of the dovetailed part of the
work.

During the carly spring, Smeaton made several visits of
inspection to the quarries where the rongh stones were
being prepared, in order to satisfy himsclf as to the pro-

of the work. On one of such occasions a severe
storm of thnnder and lightning occrired at Lostwithicl,
by which the church spire was shattered ; and this tmned
his attention to the best mode of proteeting his lighthouse
against a similar accident. In the mean time he trans-
mitted an account of the storm and the effects of the
lightning on Lostwithicl Chureh to tho Royal Socicty,
amongst whose papers it stands recorded.*  Dr. Franklin
had shortly before published his mode of proteeting lofty
buildings by means of condnetors, and Smeaton eventually
determined, for the sccurity of his lighthouse, to adopt
his plan, ¢ ®

The building on tho rock was fairly begun in the
summer of 1757, sheers having been erceted and the first
stone, of two and a quarter tons weight, having been
landod and securcly sct in its place on the morning of
Sunday the 12th <f June. By the cvening of the fol-

* ¢ Philosophieal Transactions,’ 1. 198.



122 THE EDDYSTONE ROCK. “caanIv

lowing day the first comse of four stones was B
laid *
The work then procceded from time to time, as th
weather permitted; and the second course, of thirteett’
pitces, was completed by the 30th of the same month.
The workmen were occasionally interiupted by ground=
swells and heavy seas, which kept them off the rock for
days together. At length, on the sixth course being 1aid,
it was found that the building had been raised above the
aviarage wash of the sea, and the progress mado after that.
time was mucll more rapid.  From thence tho rest of the
structuac was raiscd in entire 1egular courses. ot

The mauner in which the stones were prepared in the
yard, antanged in courscs, and bionght off in the vessels,
8o that they could be landed in their proper order and
fixed in their proper places, was simple and effective,
When the scparate picees of which a course was to consist
were Lewn, they weae ail nought together in the work-*
yard, fitted npon the 1 latform in the eaact sites they were”
to occupy in the building, and so marked and numbored
that they could 1cadily be restored to their propes relative
positions.  So much preliminary care having been taken,
no difficulty or confusion occurred in the use of the ma~
t 1ials, wlilst the progress of the building was also
greatly accelerated.  For tho actual details of the manner
in which the masonry was proceuled with, we must refer
the profissional reader to Smeaton’s own ¢ Narrative,’
which is 1emarhably minute, and as a whole exceedingly
interesting.

The careful manner in which t1 details of the foyndation
work were carried on is related by Smeaton at great lengthe
Une of his expedients is worthy of notice— .ho methed by

%

;

* The sloping form of the rock, of the work increasing uptil %)‘
to wlneh the foundation of the reached the ltlgper level of the
buillding was adaptud, reqmired rock. Thus the second
only this small number of stoncs consisted of thirteen pi
for the lowcr cowse; the diamcter | third of twenty-five, and so.omy,, -
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Wi he gave additional fitraness to ihe stoncs dovetailed
the rock, by oak-widaes and cement 1insexted between
3B, To recerve the wed,en, two glouves wae cut m tho
Naist of each ston(, friom the top to the lLottom of the
Bhurse, an mch 1 depth and thace mches m width,  The
* garpenters dropped
into each gruove
fi;wo of tho caken
wedges, one upon
+ita beed, the othcr
with 1ts pomt
"Iﬁ‘mnwards, sothht
e two wodges m
tach groove lay
heads and pomts,
on which the on
was casily dirven
down wupon tho
other. A coupleof
wedges wae also
pltohed at the top Ilnotthe fothe us, ! wugtn meth dot
of each groove, dov taibn g
thedormant wed,zc,
or that with the pomt upward bang hedd m the hand, while
the duift-wedge, o1 that with its powt downward wisdiven
with & hammey  The obyect of this wadomg was to pre-
gerve tho wholc mass steuly to cther, i opposition to the
violent agitation of the v In wditien to thus, a couple
of holes bemy borcd thrcuh cvery jucc of stone, one
cdursoswad furtha bound 1o mctha by ok trenuls driven
Atifly through, and madc so fist thit they could more
*easily be torn asunda than pullcd out agun  “ Noassign-
dlle power,” says Smcon, “lcss thin would by mam
pull thuso tricnals mito two, could Iift onc of these
pes from thar beds when s0 fiacd, cxclusivo of thar
al weight, as all ajitation was preventud by the

gl wodge”
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Mr. Smeaton superintended the construction of nearly
the entive building. If there was any post of dange
from which the men shrank back, he immediately stood
forward and took tho front place. One morning in the
summer of 1757, when heaving up the moorings of the
huss proparatory to seiting sail for the rock, the links of
the buoy-chain came to a considerable strain upon the
davit-roll, which was of cast iron, and they began to bend
upon the convexity of tho roll. To remedy this, Smeaton
ordered tho carpenter to cut some trenails into short pieces,
and split euch length into two, with the view of applying
the portions betwixt the chain and the roll at the flexure
of cach link, and so relicve the strain. But some one .
said that if the chain should break anywhere between the
roll and the tackle, tho porson that applied the picees of
wood would be in danger of being cut in two by the chain
or carried overboard alomg with it. On this Smeaton,
making it a rmle never {o require another to undertake
what he was afraid to do himself, at once stepped forward
and took ¢ the post of honour,” as he called it, and
attended to the getting in of the remainder of the chain,
link hy link, until the operation was completed.

Whilst working at the rock, an accident oceurred tc
him which might have been attended with serious conse-
quences, but which mercly enabled him to display his usual
cheerful courage. The men were about to lay the centre
stone of tho seventh course on the evening of the 11th of
August, when Mr. Smeaton was enjoying the limited pro-
menade afforded by the level platform of stone which had
with so much difficulty becn raisdti; but, makihg e false
step into ono of the cavities mado for the joggles, and
being unable to recover his balance, he fell from the brink
of the work down among the rocks on the west side. .The’
tide being low at the time, he speedily got upon his feet
and at first supposed himself little hurt, but shortly after
he found that one of his thumbs had been put out of joint.
He reflected that he was fourtcon miles from land, far
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from a’surgeon, and that uncertain winds and waves lay
‘hetween. He therefore determined to reduce tho disloca-
tion at once; and laying fast hold of the thunb with his
“other hand, and giving it a violent pull, it snapped into
its place again, after which he proceeded to fix the contre
* gtone of the building.

The work now went steadily forward.  Occasional
damage was done by the heavy scas washing away the
stones, tools, and materials; but these losses were quickly
repaired, and by the end of the scason the ninth course of
stones had been laid complete.  The following winter was

very tempestuous. Tho floating light-vessel, stationed

Progress of the Works tu the 15th course

about two miles from the rock, was driven from its moor-
ings by the force of the sea, but cventually got safe into
harbowe. “It was the 12%h of May before another landing
could be effected Ly Smeaton and his workmen, when he was
no less delighted than surprised to find the entire work as
he had left it six months before. Not a bloek had been
moved. The cement was found to have sct as hard as the
stone itself, and the whole of the building which had been

“raised was one solid mass. ‘
“'The rock-tackle, with sheers and windlass, Lhaving been
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again fixed, the erection procecded as before. The fundn;’
mental Solid was completed by the 8th of August;
the fine weather continuing, the Sohd work, which, mi-‘
cluded the passage from the cntry-dom to the we]l-hole for
the stairs, made grcat progress; unmtil, on the 24th
September, 1758, the twenty-fourth course was ﬁnmhgd,
which completed the solid part of the pillar and formed:
the floor of the storervom.  The building had now heen’
»aiscd thirty-five foct four inches above its base, or con- '
sidcrably hoyond the heavy stroke of the waves. Above
this point ware to be foumad the requisite apartments fog -
the lighthouse-keepers. The walls of these were twenty-,
six inches thick, constineted in eircles of hewn blocks,
sixteeu preecs forming each eirele, all jogpled and crumped;
50 a8 to sceme pafeet solidity, The stones were further
grooved ab the «nds, and into the grooves tightly-fitting
picees (hombs) of Pmbcck marble ware fiaed solid with
well-tcmpadd morfar, 1ahing the whole perfectly firm,
and watcr-tizht.

While Inme at Plvmouth, Smeaton used to come oug ,

upon the Tloe with Jis teloscoy ¢, in the carly grey of the,
morning, and stand gasmg through it in the diwotionot
the Rock.  The 1loe is an elevate d promenade, occup,
a high 1idge of Jand extending hetween Mill Bay and ﬂlw
um.mco to the harhour, the citadel veeupying its eastern
end, It forms the sca-fiont of 1I'lymouth, und overlogks
the stiikingly beautiful seenery of the Sound. St. Nicho-
las’s Island, strongly fortificd, lIus immediately in frout of
it; beyond, 1ising green ﬁom thc water’s edge, is Mount
Edgeumbe Park, “with its masscs of noble woudse backed
by green hills. The land juts out in rocky points qm.
either side the bay, some of which ale capped with forts
and batterics; whilst in the distanco lies the magnifiv
cent barnicade of the Breakwater, midway between tbli’
bluffs of LRcdding and Staddon Puints, boldly mﬁerpos{ng
between the swill of the Sound and the long occan wavey
rolling iu from the Atlantic.
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#From the Hoo the Spaush Armida was first descried
ing for the Enghch cowt It was the look out of
ke, as it now was of Smcton, but with 1 far diffcrent

i After a rouxzh mzht 1t <y, he had no ¢ye for
picturesque hewutics of the dound his sole thought
wag of his highthouse, for though he hid done all that
htman care, forcthought and <kall could do, to root ns
golaman firmly upon that ponlous 1ok he was not yet

*m‘“ *

[ o

orutnonthe H @ ByP S 1t nantl Huari)

alfogether freo fiom amuty as to the sccuuty of the
foindation There ware still miny who persisted 1
asserting that no bwldmg etecicd of stone could posmbly
stand upon the Eddystone, ind, agun ind agun, the

ecr, 1 the dim n1¢y of the morminz, would come out
dnd poer thiongh s tclcscope at his dup sca lamp post.
Somatames he had to wart long, until he could seca tall whito

W
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pillar of spray shoot up into the air, and then a glimpse of
the column itsclf. Thank God! it was still safe. Thgn,
as the light grew. he could discern his huilding, temporary
house and all, standing firm amidst the waters; and, thus
far satisfied, he could proceed to his workshops, his mind
relieved for the day.

The work proceeded so satisfactorily during the season
of 1756, that Smeaton resolved to make a vigorous effort
to get the lower storeroom completed, and a light erected
above it for use during the ensuing winter. At the begin-
ning of October, the twenty-cighth and twenty-ninth
courses wero laid, and very strongly secured. A groeve
was cut round their upper surfaces, in which was placed
a cirenlar chain of great strength.  Upon each chain, when
placed within the grooves, melted Jead was poured until
the cavities were filled up.  They were thus hooped. as it
were, Tound the Inilding.  The reason of such excessive
strength at this part of the work was, that theso eourses
received the vaulted floor which formed the cciling of the
under storeroom and the floor of the upper one.

By the 10th of October, Smeaton had nearly completed
all the necessary arrangements for establishing a light and
lightkeepers at the Eddystone during the ensuing winter ;
when he received an unexpected and painful refusal from
the Corporation of the Trinity ITouse, to the effect that
“ on reading the Acts of Parliament, the application from
the merchants and owners of ships, and Winstanley’s nar-
rative of the first lighthouse ereeted there, they are of
opinion that a light cannot be exhibited on the Tddystone
Rock till the lighthouse is rebullt.”  Smeatot wes, there-
fore, under the nccessity of cerecting merelv a temporary
house over the work for its protection duriag tho winter;
when he speeded off to London to finish his further
drawings.

The third year's operations had now ended, and the
engineer proceeded with the designs for the iron rails of
the balcony, the cast and wrought iron and copper works,
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a8 well as with the glass for the lantern, all of which were,
like the rest of the work, manufactured under his own
eye. The year 1759 was 50 stormy that it was not before
the 5th of July that the workmen could land upon the
rock, and recommence their building opecations for the
year; but from this point they proceeded with preat
rapidity—-the whole of the stones being now in readiness
to be placed —su that in thirfcen days two entive rooms
with their proper coverings had been erceted; and by the
17th of August the last pieces of the corona were set, and
the forty-six courses of masonry were finished completo.

The column was now erccted to its specified height of
seventy feet. The last masou’s work done was the cutting
out of the words “ Laus Deo™ upon the last stone set over
the door of the lantern. Round the npper storeroom,
upon the course under the ceiling, had been cut, at an
carlier period, * Except the TLord buill the house, they
labour in vain that build it.”  The iron work of the baleony
and the lantern were next erected, and over all the gilt

_ ball, theserews of which Smeaton fixed with his own hands,

“that in case,” he says, “any of them had not held quite
tight and firm, the circumstance might not have lxen
slipped over without my knowledee.”  Morcover this piece
of work was dangerous as well as delicate, being per
formed at a height of some hundrad and twenty feet above
the sea. Smeaton fixed the serews while standing on foar
bourds nailed together, rosting on the cupola ; his assistant,
Roger Cornthwaite, plocing himnelf on the opposite side,
80 a8 to halance his weight wlubst he procecded with the
operatic o~

The engineer’s work was now so neatly ended, and his
anxiety had become so great, that he could not leave it,
but took up his abode in the lighthouse, putting his own
hands to the finishing of the window-fittings (for skilled
workmen were difficult to be had at the lighthouse) and
seeing to the minutest details in she completion of the
undertaking. At length the lantern was glased, the light-

W K
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ning-conductor fixed, the rvoms were fitted up, and the
builder looked npon the work of his hands as finished and
complete.  The light was first exhibited on the night of
the 16th of October, 1759, and the columm still stands as
firm as on the day on which it was crected.*  About three
years after its completion, one of the most terrible storms
ever known raged for days along the south-west coast;
and though incalewlable rnin was inflicted upon harbours
and shipping by the Inuricane, all the damage done to the
lighthouse was repaired by a little gallipot of putty.

The Eddystono Lighthouse has now withstood the
storms of more than a century.  Sometimes, when the sea
rolls in with more than ordinary fury from the Atlantie,
driven up the Channel by the foree of a south-west wind,
the hghthouse is enveloped in spray and its light is
womentarily obseured.  But again it is seen shining clear
like a star across the waters, a warning and a guide to the
homeward-hound.  Qceasionally, when struck by a strong
wave, the water shouts up the perpendicular shaft and
Teaps quite over the lautern. At other times, a tremendous

* Since tho issue of the first towards the North-cast side. This

edition of this work, a relative of
the late General the Tlon. Henry |
Murray, K.('.B., Licufenant-Go-
vernor of Plymouth, has went us
the following extraet from a letter
of his written in 1848, relative to
the stability of Smeaton’s light-
house: --4 I heard a cmrious thing
mentioned the other day, but it

he thought an alarming thing, as
it might be the symptom of o
settlement  taking place in the
foundation. 1 believe he made
w report upon the subject. But
happening to look into a ¢ Life of
Smeaton,” who coustrueted the
Lighthouse, he found & record in
his diary or journal to this effect:

was on good authority. Mr. *“T'his duy, fhe Kddysfone Light-
Walker, the Harbour Master of ' house has, thank God, been com-
Plymouth, has to make ar. annual  pleted. It is, T belicve, perfect ;
mspeetion of the Bddy stone Light- 1 except that it inelines a quaricr-
nouse.  Not long ago, it struck  of-an-inch frow the perpendicular
b us o thing to be aseertained, | towards the North-Kast;’ thus,
whethcr the building was exaetly ! in the long lapse of time sinco it
wrpendicular.  For this purposo | was built, it stunds preciscly as it
1e let fall o pluunnet, and found * stond at the moment of its com-
that the bulding was & quarter-  pleti w.”

of-an-inch aff the perpendicular, |
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wave hurls itself upon the Lighthouse, as if to forev it frem
it foundation. The report of the shock to one within 18
like that of a cannon: the windows 1attle, the doors slam,
and the building vibrates and trembles to its very base,
But the tremor folt thronghout the lighthouse in such o
case, instead of being a sign of weakness, is the strongest
proof of tho unity and eclose connection of the fubrie in all
its parts.*

Many a heart has leapt with gladness at the ery of
“The Eddystone in sight!” sung ont from the maintop,
Homeward-bound ships, from far-off ports, no longer avoid
the drended rock, Lut eagerly run for its light as the
harbinger of safety. It might even scem as if Providence
had placed thoe reef so far out at sea as tho foundation for
a beacon such as this, leaving it to man’s skill and labour
to finish His work.

On entering the English Channel from the west and
tho south, the cantivus navigator feels his way by carly
soundings on the great bank which extends from the
Channel into the Atlantie, and these are repeated at fixed
intervals wntil land is in sight.  Every fathom nearer
shore increases a ship’s visks, especially in nights when, ta
use the scaman’s phrase, it is *as dark as a pocket.”  The
men are on the lovk-out, peering anxiously into the dark,

* At first the men appointed as
light-keepers were mnch alormcd
by the fury of the waves dunug
stortus. The year after the livht
was ex'usited, the sca raged so
furiously that for twelve duys to-
gether it dushed over the light-
house, so that the men could not
open the door of the lantern.  In
a letter addressed to Mi. Jeenop
by the mon who visited the rock
l¥ter such a storm, he says:—
4 The house did shake as if a man
had been up in a great tree. The
old men were alnost frightenud

ontof their lives, wishing they had
never seen vhe place, and eursing
those that first persuaded thom
to go there.  Lhe fear <cized them
in the back, but rubbing them
with ml of turpentine gave them
rchet”  Smee then, custom has
altogether banished fear from the
minds of the lighthouse kecpers.
The men beeome so attached to
their home, that Swcaton men-
tions the case of one of than who
wias even aceustomed to give up
to his companious hia turn for
going on shora.
K 2
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straining tho cye to catch the glimmer of a light, and
when it is known that “the Eddystone is in sight!¥ &
thrill runs through the ship, which can only be appre-
ciated by those who have felt or witnessed it after Jong
months of weary voyaging.* Its gleam across the waters
has thus hecn a source of joy and given a senso of deep
relief to thousands; for the beaming of a clear light from
onc known and fixed spot is infallible in its truthfulness,
and a safer guide for the seaman than the bearings of
many hazy and ill-defined headlands.

By means of similar lights, of different arrangements
and of various colours, fixed and revolving, erected upon
rocks, islauds, and headlands, the British Channel is now
lit up along its whole extent, and is as safo to navigate in
the darkest night as in the brightest sunshine. Theo chief
danger is Trom fogs, which alike hido the lights by night
and the land by day. Some of the homeward-bound ships
entering the Chaunel from North Amcrican ports first
make the St. Agnes Light, on the Seilly Isles, revolving
once in a minute, at a height of 138 feet above high water. *
But most Atlantic ships keep further sonth, in consequence
of the nature of the soundings about the Scilly Isles; and
hence they oftener make the Lizard Lights first, which are
visible about twenty miles off.  These aroe two in number,
standing on the bold headland forming the most southerly
point of the English coast, against which the sea beats
with tremendous fury in south-westerly gules.} ‘

* A scaman of great experienco ' and, without its star gleamin
who furnished us with the state- | tlirough the darknéss, aXl on bom'g
ment of the lights seen in going ' must inevitably have ished.

* up Channel” in 1862 (fo1 several
alterations may havo oecurred
since thcn), mokes the following
obeervations :—* I ought to say,
with fechings of deep gratitude,

that, notwithstanding every pre- |
caution of soundings, &e, I have, , Lave been a wate:

on two occasions, saved my ship
by means of the Eddystone light

This ocourred at a time when I felt
thoroughly master of my %rofeh
sion, had first-rate officers y ::5
side, and a splendid orew
ship, yet, had Smeaton failed, to
erect his lighthouse, our l,c')t ust
ve.

t Since the first edition of this
work appeared, the Wolf Rock



Srap. IV, THE CHANNEL LIGHTS. 133

From this point the coast retires, and in the bend lie
Fadmouth (with a revolving light on St. Anthony's Peint),
Fowey, the Looes, and Iymouth Sound and Harbour; the
coast-line again trending southward wutil it juts out into
the sea, in the bold craggy bluffs of Bolt Tlead and Start
Point, on the last of which is another house with two
lights,—one revolving, for tho Channel, and another, fixed,
to direct vessels inshore clear of the Skerries shoal. Rat
botween the Lizard and Start Dvint, which form the two
extremities of this bend in the land of Crowall and
Devonshire, thero lies the Fddystone Rock and Light-
house, standing fourteen miles out from the shore, almost
directly in front of Plymouth Sound and in the line of
coasting vessels steaming or beating up Channel. ¥From
this point the Channel gradually contracts, and the way
becomes lighted on both sides up to the Downs.

On the south are seen the three Casquet Lights on the
Jersey side: anl on the north the two fixed lights on
Portland Bill. The next is St. Catherine’s, a brilliant
fixed light on the extreme sonth point of the Isle of Wight.
Next are the lizhts exhibited at different heights on the
Nab, and then the single fixed light cahibited on the
Owers vessel. Beachy Ilead, on the sume line, exhibits a
powerful rovolving light 285 foct above high water, its
interval of greatest brillianey ocenrring every two minnfes,
Thert* comes Dungeness, eahibiting a fixed red light of
great power, situated at the extremity of the low point
of Dungeness Beach. Next are scon Folkestone, and then
Dover, harbour lights; whilst on the south are the flash
light, n’cmnfly stationed on the Varne Bank; and, faxther

YLighthouse has been erceted en | height of the maconry of the tower
a gerous rock, sisuated seven yis 116 feet 6 ches, the lantein
miles sputh-west of Land’s End, | bang 19 feet hueh, and 11 feet
and abvut 22 miles from the Sedly | diameter. The hghthonse was
Islands on one side, and tho Lizaid | crceted after the plaus of the luto
Point on the other. 'Lhe csticinn #Jamcs Walker, C.E.
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up Channel, on the French coast, 18 seen the bﬁl.lm}t
revolving ight on Cape Giisnez

The Chanuel 18 passed with the two South Forelsnd
Laghts, one lughc than the other, on the left; and:the
Dowus a10 entered with the South Sandhead ﬂoatmg ikt
on the 11¢ht  and when the Gull and the North San
floating i hts have buen passed on the one hand, and j;}w
Nuith Foroland on the otha, then the Tongue, the
(‘hwnnd], and the Gudla, are passed  The, Nore
comcs neat m sight, and from thenee 1t 15 as easy for the
mwvigator to plot lus shup up the Thames as for & fovﬁ-
piesen et to thiead Ins wuy along the streets of
puch m o fow words 19 the uhnn.mblc manner in whick
owr oty a1¢ hightcd up tor the guidance ot the mariner,
and sah aro amony the benclits to navigation whash
have followed close upon Smeaton’s great cnteiprsew—the
buldmg of the Tiddystone Inghthouse

Tl Tight at the \or Iyl [ Teth
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CHAYTER V.
Mg. SurareN’s BEvrroyvent s 1 Covin ENGINEER.

THE completion of the Eddystone Lighthouse was regarded
as a matier of much interest, and cxvited so cager a
curiosity on the part of the publie, that for some timo
Mr. Smeaton’s rooms at Gray's Inm were the rosmt of
numervus visitors, who called there for the purpose of in-
spocting the mudel of his extraordinary building. This
at length so broke in upon his time, that be found it
nocessary to deputo his wife to attend to these curions
persons, and cxplain to them the details of the model.
It does mot, however, appear that his suceess led to hin
oxtensive employment on engineeving works for several
years, otherwise we should not have found him, in 1764,
offering himsclf a candidate for the receivership of the
Derwentwuter Estates, to which oftice he was appointed
the end of that year.

There was as yer, indeed, but small demand for eon-
structive skill. The roads were still in a vary bad state,
bridges were much wanted in most districts, and little had
been done to provide harbour accommodation hevond what
nature had effected.  The country was too poor or too
spiritless to undertake the improvemant of the means of
cour sl ®intercourse i any comprehensive seale, The
industrial enterprise of Fngland had not yet begun; and
the country was content to jog along in its old paths, dis-
playing its encrgics principally in warfare by land and
sea. The victory of Wolfe om the heights of Abraham
occurred in the same year that Smeaton completed his
lighthouse on the Eddystone, and doubtless excited a far
more general interest.
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It is truo the trade and commerce of the country weré
making some progress,* though both had to labour undgt
serivus imposts and heavy restrictions. The publi¢ ‘ez«
penditure was great, provisions were dear in proporhon to
wagcs, and food-riots were froquent.  Under these circum- -
stances internal improvements, involving any considerablé
outlay, woro of a very limited character. When Smeaton
was called upon to examine an undrained district, or. &
dangerous and inaccessiblo harbour, or a decaying bridge,
he had little difficulty in advising what was best 4o be
done; for his reports were scarching, explicit, and almost”
cxhaustive. But then arose the invariable impediment, .
The requisite improvements could not be executed without-
money ; but moncy was scarce, and could not be raised.
Ilenco the greater number of his roports, though oon-,
taining much excollent and carefully-considered advice,
fell dead upon the minds of those to whom they were.
addressed; and no aclion was taken to carry them into
effeet until the conntry had become richer, and a new race
of capitalists, engineers, and contractors had sprung inte
existence.

One of the carlicst subjects on which Mr, Smeaton was"
consulted, was the opening up of river navigations. In
1760 ho reported to the magistrates of Dumfries as to the
improvement of the Nith; but his advice—to form a navi-
gable canal rathcr than deepen and straighten the rfver at
a much greater cost—was not carried out for want of-
funds. Tle was also consulted as to the lockage of the
Wear, the opening up of the navigation of the Clelmer to
Chelmsford, of the Don ahove Boncaster, of the Deven in
(lackmannanshire from Melloch Foot to the Forth, of the,

* It may, however, bo ques- creased about o million sterling
tioned whether the trade of Eng- during that period, the quantity
land did make progress during exportcd was less b 000
the twelve years ending 1762; tons, (See ¢ Chalmers’s
for we find that, although the p- 131.) .
value of the cargoes exported in-
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’f&,noy Haven navwatlon near Louth, and the improve-
m,‘ént of the river Lea, which has been a fertilo source of
oaiitention amongst engineers down even to our own day;
b\ft it does not appear that any woiks of importance ful-
lowed the elaborate advice which Smeaton gave on those
suhjects.

The' first enginecring undertaking on which he was
employed was in lis own nativo county, wheie he was
required to make extensive repairs in the dams and locks
on the river Calder in Yorkshire. o carried out several
esgential improvemecats in that navigation, for the purpose
of resisting the damage caused to the works by the rapid
floods which swept down from Blackstone Edge. At the
same timo he was consulted as to tho Airo nzwlg-m(m from
Locds to its junction with the Ousc, which ho alsu suc

. ceeded in improving.

»  Another subject on which he was early and often con-
sulted was the recovery of the fluoded ground in the Lincoln
Fens, and in the low-lying lands near Doncaster and 1ull,
in Yorkshire. The river Witham, between Iincoln and
Boston, was still a source of constant grief and loss to the
farmers glong its banks. It had become choked up by
neglect, 80 that not only had the navigation of the river
becomo alinost lost, but a large extent of otherwise valu-
able land was constantly laid under water. In reporting
on this suhject in 1761, Mr. Smeaton was associated with
Mr. John Grundy and Mr. Langley Edwards; and the
result of their joint cxamination was an elalorate report,
aceompanied by plans, in which they clcarly pointed out
the causes Of the existify ciils and the best modo of
remedying them. For the purpose of improving the out-
fall, they recommended the cutting of an cntirely new
river, about twelve and a half miles in length, from a
plage called Chapel 1lill to a little above Boston. They
also at the same tirue recommended a plan for the drainage
of "Wildmore and West Fens by a new cut and slnice in
ph%ax of the old Anthony’s Gout, with sundry other im-
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provements which they sct forth in detail. But the total
estimated cost being npwards of 40,0001, which was then
considered a “mint of money” for a comparatively poor
county to raiso, the recommendation of the consulting
engineers produced no result; and the greater part of the
lands remained drowned until they were effectually cleared
of their surplus water by Mr. Rennie, about half a century
later.

Mr. Smeaton was also consulled, in 1762, about the
improvement of the Fossdyke, an old cut joining the Trent
and the Witham, which had been allowed to fall into
deeay ; but only a fow pottering improvements were made,
in lien of the thorough measure of gencral drainage which
he so strongly recommended.  After the lapse of twenty
years Mr. Smeaton was again called in, and further ad-
vised the proprietors on the subject; but although he then
submitted a much more mited schomo it was stlll beyoml
the capability of the county to undertake it.

At a »till later period he was consulted as to the
drainage of tho North Tevel of the Fens, and the improved
outfall of the river Neno at Wisbeach. In his report on
this subject, he went at great length into the probable
causes of the flooding of the fens, and from these he
reasoned out the improvements necessary for their effec-
tual cure. 'The principal mcasure which he proposed was,
to build a powerful outfall sluice upon the mouth of the
Nene.  In this report he hrought the obscrvations which
he had made while on his journcy throngh the Low
Countries to bear upon the case; and he argued that, as
the outfall channels at Middl&burgh and ©stend were
kept wholly open by sluices, the same method would
equally apply at Wisheach. DBut, like his predecessor
Vermuyden, Smeaton did not seemn sufficiently to take
into account the different circumstances of the two traots
of country; and it is porhaps fortunate that his plans
were not carried out, as subsequent experience has showp
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ving the drumage of the Isle of Axholme,
executcd by Vermuydin, The lower lying
district had fallen iuto a wictched condition,
th, woglect of the nver outdalls, and when Smeaton
bEylted as to o 1umudy, he advised the diversion
d rivor Toine, which was cartud out, and, whae
prted, 1t was widened and deepencd. The result
patisfactory, though, many yeas after, we find Mr
iig desenbing the dramage as still very ampeatect, and
tly demanding an coffcctual 10medy.
3k Would occupy too much spaco to dctail tho works
& A smilar Jind on which Mr Smeaton was consulted
Whimay content oursclves with macly mentiomng the
important, which were thso the diamage of the
adjacent to the mvar Went, 1n Yorkshne, the Iul
Kmnoul s lands lying along the Almond aud tho T vy
e, the Adhing I'leet Lovel, at the junction of
Ouse and the Trnt, Iothun Carze, new Muket
@ghton, the Lowes Laughton Levdd, m Susscx, th
fterick Carr Fen, neu Doncwta, the Torksey Diidy,
y-poar Gamsborough, wmd the Holdaness Lovdl, noa
: These works, thouh of 4 Inghly usciul char wtar
Wsﬂ but small intcrest m a narative, and we thador
to describe the undathan, s of o dafferent cha wto
otk whuch our cngineer was about thu sumnc time amployed
+Having fully proved hugmastery of the art of constine-
foaf und his skill mn overcommy the difhcultics ansing
insecure foundations, by Ius wcction of the Eddy-
ighthouse, ho was frequently cilled upon for advice
he' repairs of old bridgcs, as well as the ciection of
} Mhus, 1n 1762, wo fiind him consulted as to the

,

¥

Hed upon by the Corporation of London to advise
0, the best mecans of improving, wadening, and
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enlarging Old London Bridge Although cousiderable
alterations and unprovements had buw made in 3f, £he
structuie was 1n a very 11ckety state, and was a source of
constantly 1ccurtng alaim to the public

When Labelycd's New Westnunster Biidge was opened
for t1ifhe m 1749, the defects of London Buidge became
moze pparent than ever  The Corporation even went so
ta1 as to cntertan a project for rcbwmlding 1t The aty

CI1Itd Bride V0 t1 It ri nof 1768 [ \fter the [ anting |y damuel Seott !

sutveyor, however, after cauaming the foundations of the
pras i 1754, dedwed them still to be good, and capable
of lastig for wges!  Ihis acport 1chicved the public anxiety
for 4 tume, and the old patchmg process went on as before.
11¢ hmdge was still overthung with houscs on erfher side,
wd the 1rdway between them was vay narow and
dul

Tahelvd’s opinion was then taken as to the improves
munt of the structure, and he 1ccommended the removal
of the stulmzs which 50 blocked up the waterway g to
canse 1 full of ncarly five fuet between the prers, duning
tho greater part of every tide He also adviead the
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rempval of some of the piers, as Lad been recommended by
§ie Obristopher Wreu, and throwing scveral of tho arches
uioget'her. The discussions of the Commun Council, how-
ovear, ended in the proposal to exect a new bridge at Black-
friars, and the removal at the same timo of tho houses from
thé old bridge, both of which measures were oventually
carried out. The great middle pivr was also removed,
‘and the two adjoining locks wero thrown mto vno by
turning & new axch, which ocenpied the whole space.

v o7

S

0ld London Bridge aftcr the removal of the Houses  [By ko M Wimpiris)

It was now found, however, that the increased scour
of the water passing under the now archway placed tho
ad;ommg pias in great peiil, by washing away the bed
of the river under their figpndations. The apprehensions
of danglr were such that but fow persons would pass
either over or under tho bridge, and the Corporation,
becoming alarmed, sent in all hasto for Mr. Smeaton. Il
wag then living at s houso at Austhorpe, near Leods,
fraip whenoe he was summoned by express to town. On
his ival, he proceeded to survey tho bridge and examne
ﬂ‘iﬁ%:gations which were giving way. His advice to
the Qorporation was, to buy back immediately the stunes
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of the City gates, which had recently bLeen {aken down
and the materials sold, and throw themn into the riwer
ovutside the starlings. for the purpose of protecting them
against the sconr of the river. Auother object of this
medsure, as explained in Smeaton’s reports, was to restore
the vld dam by again raising a barrier of stones across the
waterway, and thus increase the head of the current
under the other arches, so as to drive the wheels, by means
of which a considerable part of the water required for the
supply of the City, was still raiscd.

Smenton’s recommendations were adopled as the most
advisable course to be pursued under the circumstances;
and horses, carts, and barges were at onee set to work, aud
the stones were tumbded into the stream at the base of the
tottering picrs. By thase means the destruction of the
foundations was temporarily stayed, and the process ot
patehing up the old bridge went on from time to time
for sinty years more; nntil it was at length effectually
remedied by the ereetion of New London Bridge.

In conuneetion with the bridge works;, Smeaton also
furnished a design for a new pumping-engine, which was
placed in the fifth areh, and worked by the rise and fall
of the tide.  Before the invention of the steam-engine,
this was an cconomical though an irregnlar method of
obtaining motive power.  The same {ides that litted great
ships up the river and let them down again twico in cach
day, then drove pumping-engines and even tlour-mills—
the driving-wheels turning one way as the tide rose, and
another way as it fell.*  This power was, however, shortly
superseded by tho still more Conomical power »t steam :
for the steam-engine, though imvolving a considerable
expenditnre of coal, proved cheaper in the end, hecause it
was so mmeh taore cerfain, regular, and expeditions than
the natural power of the tides.

The bridges crected after Smeaton’s original designs,

* ¢ Encyclopedia Metropolitana,” vii. 139,
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were those of Perth. Coldstream, and Banft: the only cune
which le ecrected in Englinl being at Ueahawm, in
Northumberland, whLich proved a failare.  He was con-
sulted about the new hridge at Perth as early as the year
1763, when ho visited the place, fixed upon the Lest sito
for the structure, and afterwards furnished the design,
which was earried into effeet. The river ‘tay Iwing
subject to sundden floods  in one of which a former Diridwe
had been swept away it was necessary o tahe every pre-
caution with the foundations, which were got in by means
of coffer-lams.  That iy, & row of piles was driven iuto
the bed of the river, on which a quantity of *pgravel and
even mould carth mixed together™ was thrown in all
round the piles, with a view to render the enclosed spaee
imporvious to water.  Pumping power was then applied,
and the bed of the river was laid dvy within the coffer-
dam thny formed, after which the gravel or elay was dng
out to a proper Jdepth, until a solid fonndation was seenred
for the piers. Piles were driven into the carth under the
intended foundadion-frame, and the buoilding  proceedcd
npward in the usual way.*  The bridge is o handsome
structure, consisting of seven principal arclies and is ahont.
900 feet in length, including the approacles, Tt was
completerd and opened for traflic in 1772, and has proved
of great sevvice to the locality.

Sweaton’s cnployment at Perth on 1his occasion in
troduved him to a considerable amount of engincering
business in the North,  He was consulted at Edinlburgh
respecting the improved .:upply of water for that city,
and at, (Masgow about the sceurity of its old bridge.  But
the most important work on which he was employed in
Scotland, about this time. was the desiguing and coustrue-

* It may be worthy «f remarh | rienced men from England to eon-
that John Gwin, the percon reconi- | duet the works, stipulating that
mended by Smeaton to eonduet | they shoulld cach receive wages at
the trial borings for the founda- l the rate of 11« a weck.

tions, took with him two expe-
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tion of the Forth and Clyde Canal for connecting the
navigation of the eastern and Western seas. The sucéess
of the Duko of Bridgewater’s Canal had directed public
attention in all parts of the kmgdom to the formation of
similar lines of internal communication; and the move-
ment had also extended to Scotland.

James Watt, then carrying on a small business as a
mathunatical instrument maker in Glasgow, had been-
cmployed to survoy a “ditch canal,” of a very limited
capacity, by a round-ahbout route, through the Perthshire’
lochs; but his genius heing as yet unrecognised, the
projectors thought it desirable to call in an engineer of
higher standing, and Smeaton was accordingly consulted
by them in 176f. TIle had before been employed to
examine the Grand Tiunk line, as surveyed by Brindley,
and his report on tho subject was regardcd as a very able
one, Brindley was also consulted respecting the Forth
and (lyde scheme, Imt his time was so much oceupied
with the projects which ho was engaged in carrying out
in the westein counties of England, that he could not
undertake the working survey; and it was accordingly
placed in tho hands of Smeaton. ITe reported upon the
soveral schemes which had been proposed for connecting
the Forth with tho (lyde, and advocated the plan which
in his judgment was the best caleulated to carry out the
intentions of the projectors. ITe declared himself in favour
of forming the most direet line across the country between
‘the two Friths, of such a capacily as to accommodate
vessels of large burden.

Lord .l)undas, the leading pr omoter of the stjxmfe, adopt-
ing the view put forward by the engineer, took the
lt‘qllihifl" steps to obfain an Act authorising the construc-
tion of the Forth and Clyde Canal, which passed accord-,
ingly, and the works were commenced in 1768. The canal
runs almost parallel with the line of the wall of Antoninus,
built by the Romans to restrain the incursions of the
Caledonian tribes, many vestiges of which are still tracenble
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along the canal, and at Bowling,* the point at which the
main canal juins the Clyde, a few miles below Glasgow.,

The canal is about 38 miles in length, and includes 319
locks with a rise of 156 feet from tho sea to the smmmit
level. It was one of the most diflicult works of the kind
which had, up to that time, been constructed in thu
kingdom. The engincer had to encounter numerous rocks
and quicksands. The canal in some places passed over
deep rivers, and at others along embankments more than
20 foet high. It crossed many roads and rivulets, and two
rivers, the Luggio and the Kelvin, -the bridge over the
latter being 275 feet long and 68 feet high. 'The depth
of the canal was 8 feet, and vessels of 19 feet beam and
68 feet keel were capable of cusily passing throwgh it,
between the cast and woest coasts.

Although the total cost of the undertaking was estimated
at only about 150,000l, and the important uses of the
navigation were unquestionable, the greatest difficulty was
experienced in raising the 1cquisite funds; and long
before the canal could be opened to the Clyde, the works
came to a complete stand-still.  T'wenty yvears passcd hefore
the money could be raised to finish them, and this was
only offected by the ail of a public grant. At length the
canal was opened in 1790, having been finished by Mr.
Whitwor th (one of Brindley’s pupils), and the opening of
tho communication hetween the castern and western oceans
was colecbrated with great rejoicings, —the C‘hairnmn of

“the Cunal C'ommittee performing the feat by Jaunching a
hogshead of water brought from the Forth into the ('lyde,

Mr. Smsatoh was next embloyed to build a bridge across
the Tweed at Coldstream. He furnished several designs.
and that cventually sclected by the trustees was executed
under his superintendence. It consisted of five principal
arches of the segment of a circle, the centre one wing 60

* The traces of the wall and hetween Boroughstoness and (ilas-
ditch of Antoninus, are still ex- gow—more {mrticulurly at Kitk.
tremely distinct at many places 1miillock and Custlecary.

. L
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fut 8 mmches fiom pier to pier, the two next, 60 faét 5
imches, and the two land or side aiches, 58 fuet. The
design presents no features avorthy of special notice, nor
wis any unusual difficulty expericnced 1n getting 1n the
fhundations  The pras were founded on piles driven deby
mto the bottom of the nver, and the bwlding, w:
bencatls the Jevdd of the strcam, was carried on, as at Perth,
within coffer duns  To give additional protection to«he
pras during winter time, when beavy floods sweop down

——

e -~ ]

CHU amBilge [Byl M Wanjans durs Dawh g by J. 3 Smilss)

the valley of the Tweed, they were surrom ded by strong
shut prang* as well as by rubble slopes poin#ing up-

* Sheet piliny eansists of 2 row  walls or prers from the effses of
of timbas dimven firily sido by water  Cast 1ron 18 now
ade mto th cuth wd 1~ used 1m many cases for the safae YPure
for the 1r teetion of frundation-  pose, mstead of timber,
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~The bridge was Huished at a total cost of about
Wl:bnd was opened for carivge traffic in October 1766,
having been rather more than thiee years in building.
*. Whilst engaged ¢ his engineerig business in Seotland,
‘]ﬁrjﬁmeaton formed the acquaintance of Dr. Rocluck, the
entprprising but unfortunate projector of theCarron Iron
orks, near Falkirk. That gentleman was one of the
firft who attempted to develope the iron trade of Seot-
land, which has since become so important.  fle was then
engaged in the double task of cuirying on iron works at
ayron’and working coal-mnines at Bortowstonmess. Dr.
-Roebuck was a man full of expedients, and possesscd an
pneommon knowledge of miechanics. Smeaton was
Jkindred spirit, whom hoe very early sought out and invited
‘4o hia house at Kinneil, near Borrowstonness, for the
purpose of consulting him as to the pumping machinery
of hjs mines, and the various arrangements of his i1on
* manufactory at Canon.

Dr. Roebuck was one of the firet to employ coal in irom-
smelting on a large scale, and for that purpose he 1equired
the aid of the most powerful blowing apparatus that conld

procured. Mr. Smeaton succeeded in econtriving and
fixing for him, about the year 1768, a highly effeetive
raachine of this kind, diiven by a water-wheel.¥  1le also
supplied tho same Compuny with a design for a double-
boring mill for (ylinders and guns—the manufacture of
carronades, or ** smashers,” having heen an caily branch of
the business at Carron Works., At the same time Smcaton

. .
, *The -althor endeavoured to wards wiote the followmg lmen
ubtain an inspection of this long- “on & Window of the Inn at
disused apparatus, for the purposes  €arron ”—
of this work, in the antumn of | W¢ (am na bere to vie v your warke

g of the mana- In hopes to be man wise,
- b"t the reply b ! But unl;,( Iest we gang to h——,
1 1t may be nae surprise.

¢ Na, na, hil: c;;ﬂnﬁ ln:
h~we canna he lashcd wr’ |
g ) But whan we tirled at your door, -
' here.” Burns, the poc tt’ | Your porter dought na hear us;
pipted, in vain, to vis Sa¢ may, should we 10 h—'8 yctts come,
ks in 1787 ; and after- Your billy Satan sair os!

Wor
m.;‘&‘ . L2
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pointed out how the water power of the little river Carron
might be so concentrated and increased by damming, as te
work the apparatus he contrived with the greatest possible
cffect. He was afterwards repeatedly consulted by the
(‘arron Cowpany as to the manufactures carried on at the
works —such as the making of shot-moulds, the best form of
slide-carriages for guns, the construction of furnaces, and
such like matters, of which the plans and descriptive
details are to he found in his published reports.*

Another fine bridge, of which Smeaton furnished the
design in the year 1772, was that subseguently erected
over the river Deveron, near the town of Banft, in Scotland.
It ix of seven arches, segments of circles, and is of the
total length of 410 feet hotween the abutments, with a
roadway 20 feet wide over all. The design is similar in
most 1espects to those of the bridges previously erceted by
the same engineer at Perth and Coldstreamn ; and the beauty
of its situation, in the immediate vicinity of Duff House,
the mansion of the Farl of Fife, and its noble surrounding
grounds, render it an object of even greater pictorial
intferest.

The only peculiarity to be noted in the designs of
Smeaton’s bridges, is the circular perforations left in the
spandrels of the arches, somewhat after the method adopted
by Edwards at Pont-y-Pridd, and in scveral Continental
bridges. This had the effect of lightening the weight
which pressed upon the piers and on their foundations,
and was doubtless an advantage. Ile also invariably
adopted segmental or elliptical in preference to semi-cir-
cular arches, probably beeansé of the less cost of bridges
after the former design. Much ability was displayed by
our engineer in the designing of his cent.cs, which have
been much admired for their strength as well as economy
of material.

* ' Reports of tao late John [ London 1812, Vol. i, pp. 359.
Smeaton, F R.8. 1 3 vols. | 412,
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Baaff Bridge  [By R. P. Leitch.]
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Smeaton was much less successful in the construction of
hiseonly English biidge, than he was with his Ncoteh ones,
He was called upon to furnish the design for a structure
across the Tyne at Hexhm, in 1777, and a very hand-
sme hridge of pine arehes was ereeted, under the super?
intendenee of 2o Pickernell, the resident engineer. 1t
had scaeddy boon finished ere asabsidence in the fonmda-
tivns of one of the piers took place, which was attempted
to he ramadicd by shoct-piling and filling up the cavities
inthe tnas bod with vonghrubhle-stones,. Buat it appeared
that the Toundations had been impafeetly Taid from the
beginnmg.  In the spring of 1752w violent spate swopt
down the Tyue, and 1o the comse of a few hours Smeaton’™s
beantiful Hoxham Brudge Ty a wieek in the hottom of the
river,
¢ Writing to Pickernell, he sqid, AL onr honours are
o in the dost! Tt cannot now be said that iu the conse
of thitty years” practive, and aneaged in some of 1he most
difficult entorprises, not one of Smcaton’s works has failed !
Hexham Bridye is vncdaneholv instince to the contrary.”
Thus the rame anzineor who bl fonnded a lighthouse far
oul af ~c o vy as o dad defin e to the utmost fny
of the wave -, was bafiled by oon o d sticam, “The news
came o e, hesus, bk cthnedobolt as 10 was a stroke
Thactospeetc Land evanver T oan scareely forma practieal
e ol as to s realitve Thare is, however, one consolation
toad atten Is this oreat misfoctunc and that s, that T eaunot
oo Cod uyvbody is vally v blame, or that anyhady s
Bl 1y aswe alldd ome bestyacconding 1o what appeand |
aned all 180 oS perienee 1 haee ¢ nnal is, pot to attempt to
bsld a bridge upon a grovdd hottom in a river sabjoct
10 <ach viowont vapidity.”

The fanlt eopamitted scews to hinve been, that Smcaton
wap satisficd with ~ctting his procupon a erust of graved
slightly beneath the hotfom lovel ol the aiver, and that
the in 1casced scour of the <treom undor the ar hes, caosed
by the contraction of the wat v wan Lul washod away the
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bottom, and thus undermined the work.* But the founding
of piers in deep rivers was as yct very imperfectly under-
stood ; and the art was not brought to its perfection until
the time of Rennie, who went down through the bed of the
river, far beneath all possiblo scour, until he had reached &
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solid foundation, whir b he al<o piled, and on that sccure
basis he planted the strong masonry of his piers.

Among his various works,

* Not only iz the surface of a
fluid mass which passcs between
twu pices, and within any nanow-
ing of the bed in general, raised
on the up-sticam ride, a3 we have
just veen, but it is also lowered in
the narrow spoce, and even & little
beyond.  In consequence of the
totnl tall, the water a little below
the narrow space possesses a ve-
loeity sensibly greater than hefore,
With this meater velocity, a
frmter inclination andaless depth,

t will moro easily reach the

Smeaton was also employed

bottom, and will thee exert a
mote powerful action. It will,
tharetore, be helow the eontracted
vay that the ewdeent, will tend
mere particularly to hollow ou
the bed, and to undermine the
ma~oury which eonfines it. The
contraction which oceurs at the
entrance of each of the archeg of
a bridge, occasions there not only
one, or, more often, two superficial
comverging currents, hut also, it
eauses inferior eurrents, thought
to be more rapid and injurious
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in the designing of haiboms. With thy exception, how-
over, of Ramsgate, these were for the most part confined
to the improvement of the eaisting accommodation. At
St. Ives, in Cornwall, where he formed his first harbour,
in 1766, naturo hal provided a convenient haven, enclosed
in a bay between two headlands, ono of which was formed
by * the Ialand.” and the other by Penvlver Point, as shown

St. Ives [labour By ke M Wunpiris ]
L) o
in the preceding plan. Tt was wdl protectad from the
north, west, and south, and from the prevalent stonns along
the coast, which mostly blow fiom a south-westaly dince-
tion. All that w s wanted to give sheliaa for shipping
from the remainirg quaitcs, the east and north-cast, was
the provision of a pier running nearly sonth fiom Castle
Point. The works wete carricd ont aftcr Smeaton’s design ;
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and as the port is tho seat of considerable trads, wg
from the pilchard fishery and tho mining operatlons of the’
cquntry inlaud, the facilities thereby provided for ehlppm&
and the protection to navigation along the coast, pumgl
of grcat advantage to the district. Y

Our engincer was also consulted respecting numefx‘iﬁl'
other haibours: Whitehaven, Workington, and Bri
on the west coast; Christchurch, Rye, and Dover, on
south; and Yarmouth, Lynn, Scarborough, and Sunder-
land, un the cast; but in nea1ly every case, want of money
prevented the improvements suggested by him from being
fully carried ont. This was pre-cminently the case at
Bustol, whao the merchants gave him an unanimous
“voto of thanks” for his report and plan for keeping the
ships at the guay constantly afloat by dockhing the river,
and als for cnlarging the hmbour by a new canal through
Cannon’s Marsh.  But nothing was done.  The Bristol
visstls continuad to lie upon the mud and get « hogged ;”
and a considerablo time elapsed hcfore the eommercial
intcrests hecame alive to the necessity of improving the
¢ mvenicnees of the harhour.  This was eventually accom-
plished by Wilham Jessop, a pupil of Smeaton’s, but nat-
mntil Livapool had taken tho lead of Dristol among the ¢
western ports, because of the convenient accommodation
which it had provided for shipping, as well as on account .
of its more rendy conneetion with the best markets. -

The principal hartbour works actual'y exccuted by Mr.
Smeaton were those of Ramsgate. The proximity of this
harbour to the Downs and the mouth of the Thames ren~
dered it of consideralle importarce; and its intprovement
for purposes of t1ade, as woll as for thoe shelter of distressed -
vesscls 1 stormy weathor, was long regarded as a matter of
almost nati mal importance. The neighbourhood of Sand~
wich was fiast proposed for a harbour of refuge as early as, *
the reign of Qucen Elizabeth, and the subject was
in succecding reigns. In 1737, Labelyo, the architett of
Westmiuster Bridge, was called upon to investigate
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m; and ten years later, a Committee of tho ITounso of
- Commens, after teking full cvidence and obtaining overy
wiufqmation, reported that “a safe and commodious har-
“idur ay be mado into the Downs near Sandown Castle,
<8 B the reception and secutity of uge merchantmen
, &t dhips of war, which would also be of great advantage
19 the naval power of Great Butam.” .
The estimated cost of the propesed harbour was, how-
ever, considered too formidable, although 1t was under half
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Map of Lamsuate ind Harbour  [Or lnance Survey )

s million; and the project lay dormant until a violent
storm weedrred in the Ddwns in 1748, hy which a great
nimber of ships were forced from their anchors and diiven
on, shore. Scveral vessels, howevar, found safty in the
little haven at Ramsgato, which was then used only hy
. fishermen, the whole oxtent ot 1ts harbour accommodation
Y ing merely Jf a rough rabble pier.
Ty, Apir circumstance seems to have had the effect of direct-
~4§ atimtion to Ramsgate as the proper place for a harbour
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of refuge for vessels in distress from bad weather mtl;a
Downs. The Legislature was petitioned on the subjest,
and an Act was passed in 1749, enabling a harbour to e

Ramsgate Harbour, [By Percival Skelton, after nis original Drawing.)

Jeonstructed at Ramsgate. A large nnmber_of plans Wﬂs
“gent in, from which the Trustees made seloctions, adopting

H
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the east stone pier of one amateur, and the west wooden
one of another. The plan of the eust pier was made by
one of the Trustees, and that of the west pier by u captain
resident at Margate.  Whilst the works were in progress,
the Harbour Tiustecs proposed to reduce its area, and con-
sequently the extent of accommodation for shipping.

On this decision bocoming known, the shipping interest
momorfalised Parliament on the subjeet, in 1755, and an
inspection of the works was ordercd, during which they
were entirely suspended, and remained in that state dwing,
the next six yeas.  Differences arose between the ofticers
appointed by the Government and the Harbour Trustees
as to the plan most proper to be carried out. At length
the Trustecs gave way, and that part of the works which

ad been cxecuted with a view to the contraction of tho
rbour was taken up, and the piers proceeded in the
direction originally intended. It was, however, a matter
of great vexation to observe that even while the construc-
tion of the piets was in progress, and especially when they
were carried out so far as to bend towards each other, with
the object of affording the requisite protection to the ship-
ping within them, large quantities of sand and silt began
to collect in the harbour, threatening to choke it up alto-
gether.  And this accumulation of silt wnt on, notwith-
standing every effort made to remove it.

At this juncture Mr. Smcaton was, in 1774, called upon
to advise the Harbour Board as to the steps most proper
to be taken in the matter. After a careful examination,
he ascertained that no less than 268,700 cubic yards of
sand and mud had alrcad$ silted up, every tide bringing
in a fresh quantity and dcpositing it in the still water of
the harbour, which wus without any natural sconr to carry
it away. He accordingly recommended a plan for accom-
plishing this object by means of sluices, supplied by an
artificial backwate:r. 1le pointed out that Ramsgato ITa1-
bour, having a sound bottom of chalk, was well adapted
for the execution of this scheme, and that provided the silt
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sould be thus scoured out, the tide, running cross* ?‘
upon the haibour’s mouth, would easily carry it & é
Mr. Smeaton accordingly accompanied his report Wiﬂh
plan showing the details of his design. He proposed
encloso two spaces of four acres cach, and to providethei
with nine diaw-gates : four upon the westernmost, and #v,
upon the casternmost basin, the whole being pointed in
thiee different directions: two towards the curve of ‘thé
western pier, four towards the harbour’s mnouth, and thres
towaids the curve in the castern pier. To give the sluices
all possible effect, he proposed to construct a vaisson, 8
somothing like the pier of a bridge, which, being floa
to its place, and then sunk, might be used to direct the
curient to the 1ight hand or the left according to cireums«
stances.  Sevaral experiments having been made with o
lighter filled with water and scuttled when the tide was
out, the efticacy of the scouring process was thus ascer-
tained. 1 was finally recolved to adopt the general features
of Smeaton’s plan, though it was not carried out in they
eaact manne dcmgned by him. DBut it was shortly fonn,&
that thoe procoss of sluicing endangored the foundations of,
the pics.

Our engineer was accordingly again called in, when hd
lm'ummbndod further improvements, including a new dock,
tho fiist stone of which was laid in July 1784. In the’
course of the excavations numcrous springs were tapped,
whicli broke through the pavement with which the dook
Lad been laid, and Portland blocks were then substituted 3
but this not proving effectual, the engineer was again sefi¥
for, and from that time forward ¢he execution of the furthex
works in connection with the harbour was placed entirely
in his hands. The dock was rebuilt, a timl er floor laid in
the mos: complete manner throughout, and an additionxd
thickness given to the walls. The east pier was rebuilt
l;:tone and carried out into doep water to a farther exﬁ&t

f 350 foot. K

In carrying out the clongated pier, Smeaton first w

[EEN,

4
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 ployel the diving-bell in building tho foundations, making
9f & square wooden chest, partly of iron, weighing
half a ton. It was 4 foet 6 inches in height and
ietngth, and 3 feet wide. affording room for two men to
mk in it; and they were provided with a consiant supply
ol ‘fresh air by means of a forcing pump placed in a boat
which floated abovo them.
The works, when finished, were found to answer re-
mrkably well. The harbour included an area of forty-two
the piers extending 1310 fect into the sea, the opening
mn the pier-heads b( ing 200 feet in width. Tho inner
hmm is usdd as a wet dock, and also contains a dry dock
"'for the repair of ships. With its many ddfeets, and its
Jimited deptlh, the harbour is novertheless the best apon
that coast, and in stormy weather aftords a refuge to vessels
of pousiderable dranght of water that run fm protection
there at high tide.
Besides the harhours constructed or improved by him at
*dlﬂ’emnt puints of tho English coast, Smeaton was fre-
“fpuently employed during his Scotch journeys in inspecting
the nprthern harbours und advising the local authorities as
Jo the gdhns of increasing their sccurity and accommodu-
‘tion, Thus the harhour at Aberdeen was altercd after his
plans in 1770, a.ncl a greater depth of water was secured
over the bar and in tho channel of the iiver Dee, hy the
eroction of tho old Noith Pier, and other additions which
gerved their purpose, until tho enlargcd t1ade of the town
required the more ample accommodation hereafter {o be
described in the Lifo of Telford. He also inspeted and
reporteds on *tho harhours ef Dundee and Dunbar, then of
very limited capacity, and several improvements of 4 minor-
¢laracter wero carrivd out by his advice. The small har-
bows of Portpatrick on the west, and Eyemouth on the
padt coast, were constructed after his plans; and in his
on. Scarborcugh Pier, dated A'ugust 1781, ho states
JHiabthey had « given entiro satisfucticn.”
’,‘”W of these harbours were in a great measure formed
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by natnre, and the improvement of them demanded com-
paratively small skill on the part of the engineer. He had
merely to follow the direction of the rocks, which provided
a natural foundation for his piers at both places. Of his
little harbour at Eyemouth he was somewhat proud, as it
was one of the first he constructed, and it very effectually
answored its purpose at a comparatively small outlay of
money. It lies at the corner of a bay, opposite St. Abb's
Tlead on the coast of Berwickshire, and is almost land-

L )
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Plan of Lycmouth Haibour

locked, cacepting from the notth.  Smeaton accordingly
carnicd his north pier into dec’p water for the pnirpose of
protecting the harbour’s mouth from that quarter, as well
as enlarging the accommodation of the havin. The har-
boar was thus remdered perfoctly safe in all winds, and
proved of great convenicnee and safety to the fishing-craft
that chiefly frequent it.

It would ocenpy too much space to refer in detail to the
various other public works on which Mr. Smeaton was '

1
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employed in the course of lus pofessonal cater. There
wag searcely & c1asy old hudc m the kinedom ca which
he was not callcd upon to 1wt Ilo was consultad
respecting can il projects almost until the Jdose of Ins hic
amongst othus «n the mprovonent of the Bnuum hum
Canal, the Ure Cwl, the Dublin Giand il wid vanous

e it AN morin, ¢~

FymuthHel ur [Iyl P11 ¢t}

other raicnles of the sine st He was the puncpnl
authonty on hghthouses, ind amongst othay he aeted
twoon Spuin Point 1t the entrmce to the Humba Tdween
the years 1771-0, wluch hud betore hun hghted by coul
fires. The Govanmunt consultc 1 bm wspecting thor
dockyards at Plymouth and Portsmouth W wter comy ey
consulted him as to water supply, and lindcwnas mid
coalownas as to the heet method of dramng then Tinds
. M
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or working their mines. He was called upon to deagq
many weirs, sluices, and dams, and his dam on the Coqngt,
north of Newcastle, was considered one of the most 0O~y
plete works of its kind.

He was ready to supply a design of any new maohmﬂ.
from a ship’s pump or a fire-bucket to a turning-lathe br &
stcam-engine. Ilis machinery was neatly designed, agd
he was very particular as to its carcful execution and
finish. The watcr-pumping engine which he erected for
Lord Irwin, at Temple Newsam, near his own house af
Aubthorpe, to pump the water for the supply of the man.
pion, is an admirable piece of workmanship, and continues -
at this day in guod working condition.

His advico was especially sought on suh]ccts connected -
with mill-work, water-pumping, and engiucering of every
description— ﬂour—mi]lb and powder-mills, wind-mills and
water-nills, fulling-mills and flint-mills, blade-mills and
forge hammer mills. From a list left by him in his own
handwriting, it appears that he designed and crected forty-
three water-mills of various kinds, besides numerous wind-
mills. Water-power was then used for nearly all purposes
for which steam is now applied—sucM as grinding fiour,
sawing wood, boring and hammering iron, fulling clotK,
10lling copper, and driving all kinds of machinery.

Smeaton also bestowed “nuch patient study on the de-
velopment of the infant powers of the steam-engine. In
order to investigate the subjoct by cxperiment, he expressly
erccted a modol engine, after Newcomen’s principle, at
his house at Austhorpe; and by improving it in all s
arrangements, he succeeded in .rendering it as gomplete
as it was possible to make it —Lis Chacowater engine of
150-horse power being regarded as the fincst and most
powerful of its kind which had until then been ercoted.

My, Faroy says of his lahours in this respect —“.Although
Mr Smeaton did not add anything to the invention of
Néwcomen, he cstablished just proportions for engmen
o all sizes; and the performance of the engines he oosi-

"
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“#imoted” greatly excceded tho common sort, s they lmd
Jbben usually made beforo his time.” *
.o In this ficld of mventlun, however, ho found hlmsclf
‘ by Watt, the superior merit of whose condensmg-
bngme—-—noththstandmg the timo and labour Smeaton had
hedtowed on the improvement of Newcomen's—he geue-
rously acknowledged; frankly admitting, after he had
in!pected Watt’s invention, that “the old engine, c¢ven
‘when made to do its best, was now driven from «very placy
where fuel could be considered of anv valuo.”
The fame of Smeaton, therefore, does not rest upon his
*lmprovements in this machine, though what Le accom-
pluhed in bringing out the full powas of Newcomen's
engine cannot fail to clicit the admiration of the practical

. methanic.

* Farcy's ‘ Treatise on the Steam-engine,’ p 131

M 2



N —r

Smeaton’s House at Austhorpe
[By Percival Skelton, aftcr an onginal Drawing by 1 Sutchiffe, Leeds.]

CHAPTER VI.
Svcaton's Privath Lic—Drearn AN ('HARACTER.

Wurst Mr. Smeaton was thus eMensm,l_) employed a» an
engineer throughout the thre¢ kingdoms, his Home ccn-
tinued to be at Austhorpe, near Leeds, where he had been
born.  Tho mechanical experiments of lus boyhood had
been conducted there, as well as those of his maturer
years. Iis father had allowed him the privilege of a work-
shop in an outhouse, which he long continued to ocoupy ;

after which, when the house had become his settled home,
he erected a shop, study, and obscrvatory, all in one, for
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his own special use. The building was in the form of a
sqlare fower, four storeys high, standing apart from his
dwelling, on the opposite side of the yard, as represented
on the annexed enaraving. The ground-floor contained his
forge; the first flour Lis lathe; the second his models; the
third was his drawing-room and study; and the fourth was
the attic, which was ured as o lumber-room. From the
little turreted staircase at the top, a deor opened on to the
leads. A vane was fixed on the summit, which worked
tho hands of a dial on tho ceiling of Smeaton'’s drawing-
yoom, 8o that by raising his head he could at any moment
ascortain procisely which way the wind Llew.

When he entered his sanctum, strict orders were given
that ho was not to he disturbed on any account.  No one
was permitted to ascend tho circular staircase which led to
his study. When he heard o footstep below, he wonld
call out and inquire what was wanted. His blacksmith,
Waddington, was not allowed even to announce himself,
but was ordered on all occasions to wait in the lower
apartment nntil Mr, Smeaton came down ; and as the smith
was equally paid for his time, whether he was sitting there
or blowing his forge, it was much the sameo to him.

When not engaged in drawing plans or writing reports,
the engincer’s time was principally ocenpied with astro-
nomical studies and observations.  EKven in the height of
his professional carcer, and when fully employed, he con-
tinued to indulge in this solitary pleasure, aud for many
years ho was a vegular contributor of papers on astronomical
subjects to the Royal Socicty.*  The instruments with

* The following are the papers | observing it;” read before the
read by him before the Royal So- | Royal socicty May 12th, 1765, —
ciety, in addition to those pre- ¢ Deseription of a new method of

viously mentioned : —* Dircourse  ohserving the heavenly bodies out
conperning the Menstrual Parallax,
arising from the mutual gravita-
tion 0% the earth and moon, its in-
fluence on the ohservution of the
sutt and plan e, with a method of

of the meridian;’ read May [6th,
1768,— Obrervation of a Rolar
Eclipne, mado at tho Observatory
at Austhorpe;’ read June #h,
1769.—~* A description of a new
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which he was accustomed 'to illustrate his papers,” were
of the most beautiful workmanship, all made by his own
hands, which had by no means lost their cunning. ,
he was nowhere so happy as in his workshop amongst his-
tools, except it might be at his own fireside, where he was,
all but worshipped. N
His contrivances of tools were endless, and he was per-
ictually inventing and making new oncs. There aro large
(quantities of these intercsting relics still in existence in
the possession of the son of the blacksmith, who lives in
the neighbourhood.  'When the author lately made inquity
after them, they were found laid ina heap in an open shed,
covered with dirt and rust.  Ono article, after having been
well scrubhed with a broom, at length displayed the form
of a jack-plune, the tool with which Smeaton himself had
worked. Picked out from the heap were also found his
drill, the bow furmed of a thick picce of cane; his trace,
his 'T' square, his augws, his gouges, and his engraving
tools, There was no end of curiously arranged dividers;
pulleys in large numbers, and of various sizes; cog-wheels;
brass hemispheres; and all manner of measured, drﬂled,'
framed, and jointed brass-work. .
Ilis lathe is still in the possession of Mr, Mathers, '

.

his greatest elongation,Segtamber,

h} grometer, by Mr. J. Smeaton,
K. 1766, made by Mr. John Smeaton;

R.S.;’ read March 21st, 1771.—

¢ An experimental examination of
the quuntity and proportion of
mechanie power nocessary to be
employed 1 giving different de-
grees of velocity to heavy bodies
from a state of rest;’ read April
25th, 1776.—‘ Now fundamcental
expermments on the collision of
bodies :* read April 18th, 1762.—
¢ Observations ou the graduation
ot astronomical instruments;’
1ecad  November 17th, 1785.—
¢ Account of wn observation of the
right ascension and declination of

ereury out of the meridian, near | Society.

with an cquatorial micrometer of
his own invention and workman-,
ship, accompanied with an inves.
tigation of a method of Bllowvjng
fer refraction in such kind of ob-
servations;’ read June
1787.—¢ Description of an improve~
ment in the upplication of thé
guadrant of altitude to a eeleiﬂs
globe, for the resolution of pros,
blems dependont on azimuth_and
altitude;’ read November 20th,

1788.—* Description of a ney hy-
meter ;’ roag before the wnx“
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é:gr,.ﬂunslet;* but many of the other interesting
gt of the great engineer are equally worthy of pre
fion, To mechanics, there is a meaning in every ono
jera. They do not resemble existing tools, but you can
afjea.observe that cach was
“méde. for a certain reason;
anfl 'one can almost detect
“What' the contriver was
“thinking about, when he
“ miade.them so difforent from
., HhoBg-we are now accustomed
R
#-HEven in the most trifling
fafters,—such as the kind
of wood or motal used, the
*“divpotion of the fibro of the
fiwood, and such like,—cach
/@ptail has been carefully
t«.studied. Much even of the
~*Hougehold furniture scems to
“Hawe been employed in their
“ifabrication, possibly to the
% docasional amazement of the Suncaton's Lathe,
-‘ladics: in Smeaton’s house
gver the way. We are infurmed that so much * rubbish,”
* a8 it was termed, was found in that square tower at his
death, that a fire was kindled in the yard, and a vast
“quantity of papers, letters, books, plans, tools, and scraps
“of all kinds, were remorsclessly burnt.

PR T -
<+ #The lathe stands on three dicular, by -which the driving-
,figq}'which are fastened together cord is allowed to bo crossed and
n;anck s way that they, us well | to play with a greater amount of
a4 the rest of tho framework, are ! friction on the other wheels. The
gfiil o firm as if they nad been | metal-work is of brass, iron, and
only jist made, and vet the ma- steel, all nicely finished; and
ehitie has been in use ever since the whole is very compact, curi-
on made it. The fly-whecl ous, and thoroughly ~Sweaton-
"idark  walnut-wood, and like.
%, inclines from the perpen-
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We have said that Smedaton was a born mechanic; and
a mechanic he remained to the last.  Tle contrived and eon-
structed from pure love of invention. Among the traditions
which survive about him at Whitkirk, is this, that when
new gates were erccted at the entrances to Temple Newsam
Park, near his house at Austhorpe, he volunteered to supply
the designs, and they were made and hung after his plans.
e also contrived a threshing-machine; the grain being
mhbed out of the ear by means of a number of nails fixed
in a continuous wooden belt. The people of the neigh-
bourhood, however, think that his most wonderful work is
the ingenious hydraulie ram, contrived by himself, hy means
ol which the water is still raised in the grounds of Temple
Newsam.,

Ilis pursuits in his workshop, and at his desk, were
varied by visits to his blacksmith’s shop.  Ono of his prin-
cipal objects, on such occasions, was to experiment upon a
hoiler  the lower pait eopper and the upper part lead—
which he had fitted up in an adjoining building, for the
purpose of ascertaining the evaporative power of different
kinds of fuel, and other points connectid with the then
little understood question of steam power. e was on very
familiar terms with the smith, and if he thought him not
very handy ahont a piece of work he was engaged upon,
e would take the tools himself and point out how it should
be done, Oue of the maxims which he frequently quoted
to his mnith was, “ Never let a file come where a hammer
cun go.”

When getting work done in other parts of the country,
il & workman appeared to hift unhandy, or ‘at asloss how
to proceed, he would take up the tools and finish the piece
of work himself. “You know, Sir,” obs.rved the son of
Smeaton’s blacksmith, still living, * workmen didn’t know
much about drawings at that time a-day, and so when Mr.
Smeaton wanted any queer-fangled thing making, he'd out
oue picce out o wood, and say to my father, ‘ Now, lad, go
make mee this.” And so on for ever so many pieces; and
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then he'd stick all those pieces 0 wood together, and say,
¢ Now, lad, thou knows how thou made each part, go mak
it now allin a picce” And T've heard my father say, ‘at
he’s often been cap't to know how he could tell 8o soom
when owt ailed it, fur before ever he set his foot at t
bottom of his twisting steps, or before my father conld get
sight of his face, if t" iron had been wrong, thear'd heen an
angry word o’ some sort, bt € varry next words were,
* Why, my lad, thou s'ud o’ made it so and s0: now go mak
agother.” ”

Mr. Smeaton’s professional engagements ealled him fre-
quently to London, where he spent part of every year,
occupying chambers in Gray's Inn.  ITe had juined his
friend Mr. Holmes, in 1771, in the proprictorship of the

aworks for supplying Deptford and Greenwich with water,
and he dovoted considerable attention to the requisite me-
chanical arrangements. On the oceasion of his visits to
London, it was a sonrce of great plensnre to him to attend
the meetings of the Royal Society. as well as to cultivate a
friendship with the distingmished members of the Royal
Society Club.

He was a frequent witness before Committees of both
Houses of Parlinment { in support of Bills for authorising

* James Watt writen:- “ When
I was in Louden mn 1783, [ way
received very hindly by Mr.
Cavendish and Dr. Blagden, and
my old fiiend Smeaton, who has
recovered his health, and ~oms
hoarty ¥ diued at o ttle fcant
with them, and the Selcet Clab of
the Royal Socicty; and uever
wag turtle eaten with greater »o-
briety and tempeinnee, or more
good fellowship.” ¢* Risc und Pro-
grogs of tho Royal Society Club.’
1860.)

+ It 1 stated in a recent work,
edited by the leained Recorder of
Birmingham, M. T Iill, Esy.,

entitled  ¢Our FEacmplars,” that
“smaaton war for several years
an active member of Parlment,
and many us~cful halls are the re-
sult of iy exertions, . .., His
speeches were always heard with
attention, and earned eonvietion
to the nunds of hiy anditors.”
This must, however, e a mistake,
as Smeaton was neser i Parba-
ment, except for the purposo of
giving enginecering evwlenco hee
fore committees; and, instead of
being eloquent, Mr. Playfair says
he was very embarrassed cven m
ordinary conversation.
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the construction of bridges, canals, and water-works; and
was accustomed on such occasions to give his evidende i
o modest, simple, and straightforward manner, such as is
calculated to win confidenco and respect, far more than that
glib and unscrupulous style which has since become the
fashion. Moreover, he was known to be a most ¢one
scientious man, and that he would not express an opinion
on any subject until he had thoroughly mastered it.

During the time spent by Mr. Smeaton in town, he was
accustomed to meet once a weck, on Friday evenings, in a
sort of club, a fow friends of the same calling,—canal-
makers, bridge-builders, and others of the class then
beginning to be known by the gencric term of Engineers,
The place of meeting was the Queen's Head Tavern in
Holborn; and after they had come together a fow times,
the members declarcd themselves a Socicty, and kept
a registcr of membership,—free social conversation on
watters relating to their business being the object of
their mectings. Some personal disagreement, howbver,
occurring, through the offensive behaviour of one of the
mombers, Mr. Sincaton withdrew from the club, which. came
to an end in 1792, Mr. Holmes says of him, that though -
of a very kindly and genial nature, he was occasionally
abrupt, and, to those who did not know him, apparently
harsh in his manner; and that he would sometimes break
out hastily when anything was said that did not tally
with his 1deas; not being disposed to yield upon any point
on which he argued, wutil his mind was convinced by
sound reasoning.*

Mr. Smeaton carned a fair “incomo by the practice of
his profession; but ho was no worshipper of monsy.'
Though ho had an insatiable appetite for work, and was
occupied in usoful pursuits from youth to old age, his
pecuniary wants were very moderate. Those were not
the days when great fortunes were made by engmeemqg.

* Mr. Holmes'’s ¢ Short Narrative,’ p. 15.
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and Mr. Smeaton was satisfied to be paid two guineas for

8 full day’s work. Morcover, ho refused new engagoments,
. than imperfectly perform what he bad already

He also limited his professional employment, that ho
sight be enabled to dovote a cortain portion of his time
to &df-improvmnont and scientific investigation. The
maxim which goveined his life was, that * the abilitice
of the individual were a debt due to the common stock of
public well-being.” This high-minded principle, on which
he faithfully acted, kept him freo from sordid self-aggian-
disement, and he had no difficulty in resisting tho most
tempting offers which wore mado to attract him from Ins
settled course.

‘When pressed on one occasion to undertake some new

" business, and when the prospe ct of a lucrative recompense
was held out to him, he called in the old woman who took
charge of his chambers at Gray’s Inn, and pointing to her,
said, “ Her attendanco sufficcs for all my wants.” When
urgently called by duty, ho was ready with his help; but

. he would not bo bought.

The Princess Dashkoff onco urged him to go to Russia
in order to cnter the service of tho Empress; hold-
ing out to him very tewpting promises of reward. 1le
politely refused: no moncy would induce him to leave
his home, his fiicnds, and his pursuits in England, and,
though not rich, he had enough and to spare.  “ Sir,”
exclaimed the Princess, unable to withhold her admiration,
“ I honour you! You may have your equal in ubilities
perhaps;*hut in character ybu stand alone. The English
ménister, Sir Roberit Walpole was mistaken, and my
Sovereign has the misfortunce to find one Man who has

ot his price.”

# Letter written by Mrs Dixon,
daughter of the engmeer, to the
ttee of Civil Engineers.

8Qth October, 1797 relative

to the life and character of her
deccased father. (omeaton’s * Re-
ports,’ 1. 28)
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Influenced by the sameo spirit, Mr. Smeaton, towards
the close of his life, belicving that he should be rendering
a servico to his country by publishing an account of the
various works in which he had beea engaged as an engineer,
avoided as much business as he consistently could, iu
order to devote himself to that work; and he eventually
deterimned to retire altogether from the profession.*

Thoe only portion of his works that he lived to describe
in words, was his ¢ Narrative of the Construction of the
Yddystone Lighthouse” Indecd, he states that ho found
the task of deseribing this work even more difficult than
that of ecrecting it; and he seoms to have beecome inordi-
nately impressed with a sense of the importunce of literary
composition.  ITe very narvely observes in the Preface:
“ I am convineed that to write a book tolerably well is not
a light o1 an casy matter ; for, ag I have procewded in this
work, [ have heen less and less satisfied with the execu-
tion. In trath, I have fonnd much more difficulty in
writing than L did in huilding, as well as a greater length
of time and application of mind to Le emploved. Iam
indecd now older by thirty-five years than I was when I
first entered on that enterprise, and therefore my faculties
are less active and vigorous; but when 1 consider that I
havo been employed full seven years, at every opportunity,

* A year before his death, Mr.
Smeaton {omully took leave of
the profession in tho following
r'm-u}ur: —“Mr.Smeatom begsleave
to inform his friends and the
public in general, that having ap-
plied himselt” for & great number
of years to the business of & Civil
Enemeer, his wishes are now to
dettieate the clief part of his
remaining T'ime to the Descrip-
tion of the several Works per-
formedd under s Direetion.  The
Aceount he lately published of
the Bulding of Eddystone Light-
house of Stone has been so fuvour-

ably reeeived, that he is porsuaded
he ecannot be of more servico to
the Publie, or show a greater
Sense of his Gratitude, than to
continne to employ himself in the
eway now specified.  We therefore
flatters himsclt, that in not yield-
ing to the ‘nany applications
made to him lately for further
Undertakings, but confining him-
self in future to the Objects above
mentioned, and {o such oscasional
Consultations as will not take up
much Time, he shall not incur
the Disapprobation of his Friends.
% Gray’s Inn, 6th October, 1791.”
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in forwarding this book, haviny all the original dranghts
anfl materials to go upon, and that the production of these
original materials as well as {ho huilding itself wers
despatched in half that time, I am almost tempted to
subscribe to the sentiment adopted hy Mr. Pope, that
‘Nature’s chicf masterpicce is writing well? 1t is true
that I have not been bred to literature, but it is cqually
true that T was no more bred to mechanics: we must
therefore concludo that the same mind has in reality o
much greator facility in some subjects than in others.”

Smeaton's story of the Eddystone Lighthouso is, how-
ever, told in a very cifcctive manner. It possesses an
interest almost dramatie, ¢ xhibiting a contest etween the
strong, skilled, and determined man, and the tremendons
forces of mature. It is truly observed by the late Lond
JEllesmere, in his ¢ Essays on Fngineering, that hloudy
battles have been won, amd campaigns condueted to a
successful issue, with less of personal exposure to physieal
danger on the part of the commander in chief, than was
constantly encountered hy Smeaton during the greater

* part of those years in which the lighthouse was in courso
of crection. In all works of danger he himself led the
way—was the first to spring upon the rock and the lust to
leave it; and by his own example he inspired with conrago
the humble workmen engaged in careying out his plans,
and who, like himself, were unaceustomed to the speeial
terrors of tho scene.

"The portrait prefixed to this volume gives o good repre -
pentation of Mr. Smeaton’s countenance, the exprossion of
which ves Zentle, yet shiswd., In person he was of a
middle stature, broad and strong made, and possessed
originally of a vigorous constitution. In bis manncrs he
wag simple, plain, and unassuming. Ie had the blunt-
néss and straightforwardness of speech which usnally
mark the north-countryman, and never acquired that
suavity and polish which arc more common amongst
edviceted men in our southern districts. Ile spoke in the
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dialect of his native courty, and was not ashamed to
admit it.* Yet he mixed in good society when in tovwn;
though his diffidence, as well as his reluctance to bestow
too much time on social enjoyment, caused him to contract
his circle as his professional engagements increased. R

IIis daughtor has related the ancedote of his meeting; on'
one occasion, with the Duke and Duchess of Queenybarry;
which led to a pleasant intercourse with that &hﬂly‘
Mr. Smeaton was walking with his wife in R
Gardcns--the fashionable placo of resort at that tmm—-—-
when ho observed an elderly lady and gentleman fix their’
marked attention upon him. At length they cames up,
and the lady, who proved to be the cccentric Duchess of
Qucensberry, said to Mr. Smeaton, “Sir, I do not know
who you are or what you are; but so strongly do you
resemble my poor dear Gay (tho poet) that we must be:
acquainted.  You shall go home and sup with us; and ift-
the minds of the two mun accord, as do the countenancés,’
you will find two cheerful old folks, who can love you
well; and I think (or you are a hypocrite) you can as
well desorve it.”

Mr. Smcaton and his wife accepted the invitation, and
it proved the commencement of one of his most pleasantt
Tondon friendships. It happened that the Duke and
Duchess had a great love of card-playing, which Smeaton®
detested. But his good nature would not permit him té
hold aloof when asked to take a hand. He played, how-
ever, liko a 'boy, his attention never fullowing the
On one occasion, when it was Pope Joan, and the m
“Pope ” had accumulated to asronsiderahlo sdm: ¥ becane
Mr. Smeaton'’s turn by the deal to double it.
of his cards, ho took up a scrap of paper, 1
calculations on it, and laid it on the table. The D

¢ A v‘u
*
* In the Preface to his Eddy- I am greatly obliged $o my S
stone Nariativo he says —* AsI 1 the country for
speak nnd write a provinaal lan- l abundantly co: ™y man

guage, av 1 was not bied to lettexs, ! seript ”
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eagerly askod what it was.* He replied, “ Your Graco will
reoolject that the field in which my house at Austhorpe
stands may be about five acres, thrce ronds, and seven
pexthes, which, at thirty years’ purchase, will bo just my
stake; and if your Giace will make a Duke of me, I
ume the winner will not dislike my mortgage.” The
hing thus given in a joke was kindly taken, and from that
time‘they never played but for the merest trifle.
his own home he was beloved and revered. 1lis wife
died in 1784, after which his two daughters kept houso
for him until his death. The cldest has loft on record
a charming picture of his dumestic character, which we
cannot do better than transcribo:—*Though communicative
on most subjects,” sho says, “and stored with ample and
liberal observations on others, of himself he never spoke.
nothing does ho scem to have stood more single than in
‘Beimg devoid of that cgotism which moro or less affects tho
world. It required some address, even in his family, to
draw him into conversation dircctly relating to himsdlf,
his pursuits, or his success. Self-opinion, self-interest,
and self-indulgence, sccmed alike tempered in him by a
modesty inseparable from merit— a moderation in pecuniary
ambition, a habit of intense application, and a temperanco
strict beyond the common standard. . . . . Devoted to his
family with an affection so lively, a manner at onco so
cheerful and sercne, that it is impossible to say whether
the charm of conversation, the simplicity of instiuction,
or the gentlencss with which it was conveyed, most
endeared his home—a home in which from infancy wa
cannot recellect to have seen s trace of dissatisfaction or a
wogd of aspérity to any one. Yet with all this ho was
sbeolute! And it is for casuistry, or cducation, or rule, to
explaini his- authority; it was an authority as impossilile
to digpute as to definc.”
Mys, Dixon illustrates the henevolence of her father’s
charadter by referring to a painful and trying cvent in his
life, "% Smeaton had befriended a young nap whom he



176 SMEATON’S PRIV.LTE LIFZ,

Ciar . VL
had employed as a clerk, and he had successfully exerted
himself to procure for him a situation of trust and regpon-
sibility, at the same time becoming bound for him, juintly
with another gentleman, in a considerable sum. The young
man fell into bad habits : his cxpenses outran his income;
he committed a forgery to meet the deficiency, and he was
detected, apprehended, and given up to justice.

The same post brought Mr. Smeaton the intelligence of
the young man’s ruin, the claim for the amount of the
forfeited bond, and the refusal of tho other person to pay
ilie moiety.  Mrs. Smeaton’s health being delicate at the
time, hor hushand suppressed all appearance of emotion ;
nor, until all was put in train for scttlement, did o word
or Jook betray the exquisite distress which theso painful
circumstanees had eansed him. e even exerted himself
to seve the prisonet’s life, in which Le eventually sneeecded,
and ho did all that he afterwards could to svothe the
romorse of {he wretehad youth who had hetrayed him.*

Of Mr. Smeaton’s intellectnal powers it wonld be difticult
to speak too highly., James Watt always mentioned him
in terms of sincere admiration, speaking of him as * father
Smeaton.”  Writing to Sir Joseph Danks, he said: “In
justice to him we should observe that he lived hefore
Rennie, aud before thero were one-tenth of the artists
there are now.  Swum cudque ; his example and precepts

have made us all engincers.”

* The engincer’s denghter, who
has related these beautitul fea-
tures in his character, became the

Even after tho great works

"years, aud during her lifctime

built and endowed a free-sehoul
for girls at Ntayeley, abont o mile

wife of Jereminh Dixon, Ksq., af® from her renidence, ¥hich is now,
one timo mayor of leeds, after- | and has been ever since its estab-

wards of Fell Foot, Windermere,
al an sctive county magistrato.
She possessed much of the foreo
of character and beneovolence of
disposition  which  distinguishad
her futher; and was regarded us
a woman cf great practical ability.
She survived her husband many

lisliment, of v« ry great beneflt to
tho population of the nbighbour-
hood. Mrs. Dixon was also an
artist of sume merit, and painted
in oils; the altar-piece and deco-
rated Ten Comuandments now iu
Staveley church being of her exe-
cution.
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of the railway era, and the variety of practical ability
whith they called forth and fustered, Robert Stephenson
pronounced Smeaton to he the engineer of the highest
intellectual cminence that had yet appeared in Eugland.
Speaking of him to the aunthor in 1838, ho observed,
“Smeaton is the greatest philosopher in our profession,
that this country has yet produced. e was indeed n
groat man, possessing a truly Baconian mind, for he was
an incessant experimenter.®  The principles of mechanies
were never 8o clearly exhibited as in his writings, mera
especially with respeet to resistance, gravity, and the
power of water and wind fo turn mills.  His mind was as
clear as cerystul, and his demonstrations will he found
mathematically conclusive.  To this day there are no
writings so valnable as his in tho highest walks of
scientific engineering; and when young men ask me, as
they frequently do, what they should read, I invariably
say, ‘Go to Swmeaton’s philosophical papers; read them,
master them thoroughlv, and nothing will be of greater
service to you.' Smeaton was indeed a very great man.”
From what we have said, it will Dbe obvious 1hat
Smoeaton was, thronghout his whole career, a nost in-
dusirious man, indeed, industry was the necessity and
habit of his life. [hs daugbter desetibes him as having
been incossantly ocenpied from sis years old 1o siaty.  He
was a great cconomist of time, and laid it amt in such a
way a8 to obtain from ifts use the greatest amonut of
valuable resulf.  When at home, his forenoous  were
devoted to wyiting repotts, and to the various husiness
arising ofit. of his professidnal engagements; and  his

guircd an independent theory of
its own.  Tn my mtercomse with
mankind 1 have always found
those who wounld thust theory
mto practical matiers to be, ot

* One of Smeatm’s rules was,
naver to trust todeductions drawn
fiom theory in any case where
there was an  opporiumty for
actual experiment. “In my own

practice,” he said, ¢ almoat every
succensive case would havo re-
1.

Lottom, men of no judgment, and
pure gracks.”



178 SMEATON’S PRIVATE LIFE, Crar, ¥1

afternoons were occupied by the pursnits in which he took
most pleasure,—working at his forge or in his workshop,
making mechanical experiments, or preparing his papers
on scientific subjects for the Royal Society, | -
Though naturally posscssed of an cxcellent constifution,
and capable of enduring much fatigue, it is most probable
that he taxed his brain too much, and “ o’er informed his
tenement of clay,” by his continuous and intense applica~
tion to study during the long periods of his seclusion at
Austhorpe. Iis robust frume became fragilo, and his
strength was further impaired by the absiinence which
he was subsequently compelled to adopt.*  Moreover, it
appears that brain disease was hereditary in his family,
anid he long apprehonded tho stroke which eventuvally
terminated his life. This only made him the more eager
to employ to the most advantago the time which it might
vet he permitted him to live; and he dreaded above all
things the blight of his mental powers—to use his own
words, *lingering over the dregs after the spirit had
evaporated ” - chiefly as depriving him of the means ot
doing further goud. )
The last public measure on which he was professiohally
engaged in Tondon, was the passing of the Bill througk
‘arlimnent for the construction of the Birmingham ané
Worcester Canal. It was very strongly opposed, and its -

* Rinee tho first edition of this 1 believe my mental fooulties wil,
workappeared, acorrespondent has  be of little further use. The length
sent us o copy of a lotter written of time I was kqpt in tow by the
by Mr. Smeaton, on the 4th of ¢ Ram~gute Dill lasts epring, sc
August, 1792, alluding to the ex- | thoroushly confirmed the disorder,
traordinary disease undor which | that all the velief I have ever
he labored at that time. Mr. | since found, by riding on horte-
Smeaton says:—*I am obliged | back in my native air, seems to
by your wuiries after my health, | make but very slow to-
but unlees the dreadful disorder wardsacure. . . . P.8S.~—You will
in my stomach can bo cffectunlly scarccly bo able to conceive what
removed, which consists in an  a task it has been to get this letter
over quick digestion, and is medi- written.”
cally called tho Fames Canina,
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Inpp&t in Committes codt him much application, thought,
end’ M His friends saw him visibly breaking down,
and & ded that the powers of his vigorous mind
weore b ing to fsil. The Bill passed by a small

jorify, and Mr. Bmoaton went down to his home at
Ansthorpe for repuso.

Shorily after, when walking in his garden, he was struck
by paralysis. Iuppily his facultics returned to him, and
he expressed his thankfulness to tho Almighty that his
intelleot had been spared. He was very resigned and
cheerful, and took plcasuro in sceing the nsual social oceu-
pation of the family going on about him. 1le wonld, how
ever, complain of his growing slowncss of npprchomsmn
and excuso it with a smile, saying, “ It could not bo other
wise: the shadow must lengthen as tho sun goes down.”

*Some phenomena relating to the moon formed the subjeet
of conversation one ovening, when its fulness shono very
bright into his 100m. Fiaing his eyes upon it, ho said,
“How often have I looked up to it with inquiry and
wonder, and thought of the period when T shall have the
vast and privileged views of an hereafter, and all will be
comprehension and pleasuie!”

He even continued to dictate lotters to his friends; and
in one of these, addressed to Mr. Holmes, after deseribing
his health and feelings, he said: “ In conscquence of the
foregoing, I conclude m)self nine-tenths dead, and the
greatest favour the Almighty can do me (as I think) will
be to complete the other pait; but as it is likely to bo o
lingering illness, it is ouly in His power {o suy when that
is likely-te-happen.” ITis suffering, however, did not last
long; and after the lapse of about a month from the
writing of- this letter, the engincor’s spirit found repose.

He died on tho 28th of Octuber, 1792, in the 68th ycar
of his age; and was buried with his forefathers in the old
parish church of Whitkirk, whero a tablet with the follow-
ing inscription wae orected to his memory :— )

N
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SACRED TO' THE MEMORY
OF JOHN SMEATON, F.RS. .~ *

A Man whom God had endowed with the most extraordin 'billtres.

which he 1ndefat1~ably excerted for the benefit of Mutﬁd

works of Science and Philosophical reseuroh ke “’

More especially as an Engineer and Moc{;ame pﬂnm”lg- ork,
the Eddystone Lighthouse, crected on a roek in the open, g’h
one had been washed away by the violence of a storm, aﬁﬂmer
had been consumed by the rage of fire,) secure in its own stabil ﬁnd
tho wise preenutions for its safety, scems not unlikely 3
distant ages, as it does to every Nation of the Globe, the N’qnf’é ‘.)f itl
ronstruetor. ,,

He was born at Austlmrpe, June 8, 172¢. l
And departed this Life October 28, 1792.

Also Sacredd to the Memory of
ANN, the wife of the said Joun Smrarox, F.R.S,
‘Who died January 17th, 17384,
T'heir two surviving Daughters,
Duly imprest with sentimeonts of Love and Respecet
For the hindest and tenderest of Parents,
Pay this tribute to their Mewory.

N TN
’ng




Smeaton’s Bunal place n Wintkirk Church
By O. Cattermole, after an original Skctch by T Sutcliffe, Leeds












f§. OF JOHN RENNIE:

—— T— - -

CHAPTER L

Rexnie's Boyioon Axp Epuciliow.

NtE, tho architect of the throo great London
the engincer of the Plymouth Bronkwater, of the
i London Docks, and other works of great national
o, was born at the faim-steading of Thantassic,
s fatha,

fije, was the owner of the patiimonial estate,
it midway between Haddington and Dunbar,
the gently-slojpang hills which rise from it
puth,—the village of East Linton lying c} we
farther bank of the hittle river Tyne.
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The only post road from London to Seotland passed
olose in front of the house at Phantassie’ in-whieh John
Rennie was born. It passed westward over }’emxake, and
followed the ridge of the Garleton Ilills tovmrdl Edin-
burgh. The old travellers had no aversion 4, lﬁﬂ tops,
rather preferring them because tho ground was' “ﬁrmer to
tread on, and they could better see about them. -Fhis line
of high road avoided the county town, which, lying in a
hollow, was unapproachable across the low grounds in wet
weather ; and, of all things, swamps and quagmires were
most to bo dreaded. A portion of the old post-road was
visible until within the last few years, upon the high
ground about a mile to the north of MHaddington. In
some places it was very naxrow and deep, not unlike an
old broad ditch, much waterworn, and strewn with loose
stones. Along this line of way Sir John Cope passed
with his army, in 1745, to protect Idinburgh against the
Ilighland rebels; and it is related that, on marching
northward to intercept them, he was compelled to halt for
several days, waiting for a hundred horse-loads of bread
required for the Vlbtllll.“llll' of his army.

In 1750, a project was set on foot for improving tho
Ligh road through Kast Lothian, and a Tnrnpike Act wag
obtained for the purpose—the first Act of the kind obtained
north of the Tweed.* The inhabitants of the town of
Haddington complained loudly of the oppression practised
on them, by making them pay toll for every bit of coal
they burned ; though before the road was made, it was a
good day’s work for a man and horse to fetch a load of
“divot” or Twrf from Gladsiuir, or of coat «the
nearest colliery, only some four miles distant. %; the
year 1763 this post-road must have been made practidable
for wheeled vehicles ; for in that year the ono stagé—ooach
which for a time formed the sole communication of the

* G. Buchan Hopburn’s ‘Ge- Economy of Eost Lothian, 1704,
neral View of the Agricultureand p. 151.
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kind between London and all Scotland, begau to run; and
John Rennje when a boy, was familiar with the saght of
the uncmatb vehicle lumbering along the road past his
door, ;T§ * 8ot out” from 1~.dmbur;h only onco a month,
the jotrney to Londun oceupying from twelve to cightean
days, aooording to the stato of' the roads.

Dr. Carlyle, in his * Autobiography,’ says, that in 1757,
he made an cxcusion into England, with Sir David
Kinloch and some other gentlemen.  The baronet and
himself rode in a postchaiso, “ a vehicle which had bug
recently been brought into Scotland, us our tuimpike rowds
were then in their infancy.™* A short time bLefore, when
Home, the poet, accompanied by some six or seven Merse
ministers, were proceeding to London to get the play of
Douglas put upon the stage, the cntire party rode on horse-
back. But Home, like an oblivious poet, forgot to provide
himself with a pair of leathern bags to put his manuseript
in; and ho consequently had to bhalance himself on his
horse by putting his tiagedy in one pocket of his great
coat and his clean shirt and uight-cap in the other. * By
good luck,” says the minister, “the Tweed was not come
down, and we crossed it safely at the ford necar Norham
Castle.”}

When Rennic was born, Scotland was a very poor
country. Perhaps Tast Lothian, being, a horder county,
was one of the poorest. It had been constantly overrun
and despoiled during the wars with England. Haddington
was thrice burmt to the ground. For four centuries,
from Edward I. to Oliver Ciomwell, the Lorder countics
were corstantly liable to jpvasion. The last time East
Lothian was spoiled was hefore the batile of Dunbar.
Agriculture had not yet rccovered from these frequent
attaoks. It had becomo a lost art. But about tho
middle of last century, agiicultmze began to show signs of
revival. The country as yet consisted mortly of moorland,

* Dr. Carlyle, ¢ Autobiography,’ p. 326 1 ILid. 308
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peat, and bogs. Very little corn was raised; and when
the first wheat was grown in a field near Edinbuigh,
all tho country flocked to see it.* James Rennie, the
engincer'’s father, was one of the first to introduce
turnips as a regular farmer’s crop; for, before his time,
neither clover, turnips, nor potatocs were gréwn in
Scotland. Cattle could with diffienlty be kept alive; and
tho people themselves wero often on the brink of starva-
tion. They were hopcless, miserable, and without spirit.
Some thought that The Union had utterly destroyed
Scottish prosperity. There were even Repealers in those
days ;t but they could not successfully combine. There
was vory little communication hetween country and town,
or between one town and another 5 for during the greatest
part of the year, the roads were simply impassable.
The Darien lxpedition had ruined those who had put
their money in it; and the people scemed to have no
spirit to make any fuither attempt to prosper. It would
appear as if neither skill, moncey, nor enterprise, remained
in the land.

Engineering and architecture, like agriculture, scem
also to have become lost arts.  The few small bridges built
at the beginning of the cighteenth century-were of a
frightful character. They were of a circular form; so

* There is overy rcason to be- | the neighbourhood.  The rents

lievo that at a remote perind, Scot- | were paid in kind for the main-
land had been well eultivated,  tenance of the nuns, and consisted,
The anuy of Edward L subsisted amongst other things, of four bolls
on tho beans and pease which they  of wheat and three bolls of oat-
found in the ficld, when besieging  meal yewrly.  Ang yet, at the be-
Dirleton, Kast Lothian, in 1208; ]-,;inning of the eighieenth cen-
and from the old chartularics of | tury, the production®of wheat in
tho Monastio establishments, it is * 8cotland had been entirely dis-
clear that wheat was cultivated to  continued. .
a congiderable extent, at the same  { Among these were Fletcher
time. Adda, mother of William of Saltoun, the Eerl of Wigton,
theLion having foundcdanunnery and others. For further remarks
at the Abbey, near Haddington, as to the decayed state of Seot.
about the ycar 1178, endowed it Jand at this time, see vol. iii
with the rents of certain lands in ¢ History of Roads,’ pp. 48-59.
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that, when "erected across a stream of say twenty feot in
bréadth, they rose ten feet in height from the spring of
the atch, and descended ten feet on the other side.  Cross-
ing a bridge of thix sort was like climbing over the roof of
& housie. : - The bridge builders of thoso dm 8 had uo notion
that the segment of a circle, well supported at its springing,
was a8 strong as the full bow. But bridge-building had
not always been in this backward state in Seotland. Tt is
probable that the whole country-—or at least the Lowland
part of it—was in & much more flonrishing condition pre-
vious to the commencement of the fourteenth ceutury,
than’ it'was for some four hundred and fifty years after
that timo.

The highly improved stato of architecture in carly times
—as is still exhibited in the ruins of the ancient abbeys
of Melrose, Elgin, Kilwinning, Aberborthwick, and other
religious institutions—lead us to conclude that the other
arts and sciences were in a much more forward state than
they have been at a more recent period. Thesame * Brothers
of the Bridge ” who crected so many iine old bridges across
the rivers of England, were cqually busy beyond  tho

* Twoed, providing those essential means of intercourse for
the community. "T'hns we find Old Bridges carly erceted
across most of the rapid rivers in the Lowlands. espe-
cially in those places where the ceclesiastical foundations
were the richest; and to this day the maguificent old
abbey er cathedral of the neighbonrhood-- -in some corner
of which the Presbyterian Church continmes to hold its
worshxp—-—sorvcs to remiud one of the contemporancous
origir ofSoth classes of strw:tures.

Thus, as early as the thirtcenth century, there was a
bridge over the Tay at Perth; bridges over the Esk at
Brechin and Marykirk; one over tho Dee at Kincardine
O’Neil; one at Aberdeen; and one at the mouth of Glene

muick. -'Che fine 21d br'dgu over the Dee, at Aberdecn, is
still standing: it comsists of seven arches, and, as usnal,
the name of a bishop—Gawin Dunbar—is connected with
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its erection. There is another old lLridge over the Don
near the same city, said to have been built by Bishop
Choyne in the time of Robert the Bruce--the famous
“ Brig of Bualgonie,” celebrated in Lord Byron’s stanzas as
“ Balgownic Brig’s Dlack wa'.” It cousists of a spacious
Gothic arch, resting upon the rock on cither side. There
wasg even an old bridge over the rapid Spey at Orkhill.

Then at Glasgow there was a fino bridge over the Clyde,
which used, in old times, to be called “the Great Bridge
of Glasgow,” said to have heen built by Bishop Rae in
1345, Thongh the bridge was only twelve feet wide, it
consisted of cight arches ; somewhat similar to the ancient
fabric which still spans the Forth under the gnus of Stir-
ling Castle. This last-mentioned bridge was, until recent
times, a structure of great importance, affording almost
the only uccess into the northern parts of Scotlaud for
wheeledld carriages.

Jut the art of bridge-building in Scotland, as in Eng-
land, scems for a long time to have been alimost entirely
lost; and uutil Smeaton was employed to ereet the bridges
of Coldstream, Perth, and Banft, next to nothing had been
done to improve this essential part of the communications
of the country. Where attempts were made by local
builders to erect such structures, they very rarely stood
the force of a winter’s, or ¢ven a summer'’s, flood. “1
remember,” says John Maxwell, *“ the falling of the Bridge
of Buittle, which was built by John Frew in 1722, and
fell in the succeceding smmmer, while T was in Buittle
garden sceing my father’s servants gathering nettles [for
food].” * A similar fate befel® the few attempts, thai*were
made about the same time to maintain the lines of com-
munication by replacing the old bridges where they had
gone to ruin, or substituting new ones in place of fords.

The mechanical arts had also fallen to the very lowest

* Appendix to ‘Picture of Dumfries” By Job: MacDiarmid
Edinburgh, 1832,
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state. All kinds of tools were of the most hmperfeet
description.  The implements used in agriculture wer
extremely rude.  They were mostly made by the farmer
himself, in the ronghest possible style, withont the assist-
ance of any mechanie.  But a plongh, which was regarded
as a complicated machine, was veserved for the blacksmith.
It was made of young birch trees, and, if the tradesman
was expert, it was completed in the course of a winfer'’s
evening.*  This rade implement seratched, without Jifhi-
)cult.y. the snrface of old crofts, but made sorry work in
out-ficlds, where the sward was tough and stones were
large and numerous.  Lord Kaimes said of the harrows
used in his tine, that they were more fitted to raiso
langhter than to raise moukd, Machinery of wu improved
kind had not yet been introdueed into any deportinent of
labour. Its first application, as might be expeeted, wak in
agriculture,-- then the leading, and indeed almost the only,
branch of industry in Scotland ; and the introduetion of
machinery will he fownd both carions and inferesting. in
its bearing on the subject ol our prosent memair.

There was one fruitful art, however, remaining in Scot-
land, which was caleulated, more than any thing lse, to
restore the prosperity of the conntiy and that was, theart
of tcaching. The number of sehools throng hout the conntry
was considerable, in which the vising  generafion were
well and wisely taught.  The “CGrammar-schools ™ in e
principal horonghs existod hefore the Reformation; the
parish schools were one of the principal vesults of the Re-
formation. The Grammar-schools were fomuded by hene-
volar® #idividuals, who vixted u the cloneh, or iu the
Tmrgh corporations, cerfuin property or sums of money, for
the purpose of educating the youth of the towns in which
they wero ostablished.  That they existed in the towns
when Scotlund was a Catholic country, is clear from the
fact that John Kuox himself was cidueated at the Grammar

* ¢ Farmer's Magazine,” Noo agxiv., p. 194,



190 EARLY LIFE OF RENNIE. - £LHAR L

School of Haddington, of which town he was a native;
and ho relates that he there learnt the elements of the
Latin language.

But theso burgh schools were insufficient for the general
cducation of the people,—who, for the most part, lived in
the country, and could scarcely approach the towns during
the greater part of the year, by reason of tho badness of
the roads. Accordingly, one of the first measures which
John Knox proposed to tho Lords of the AsSembly after
the Reformation, was the cstablishment of a school, sup-
ported by the heritors, or proprictors of lund, in every
parish thronghout the country. In his first ¢ Book of Dis-
cipline’ ho explicitly set forth, “That cvery several Kirke
have ano schoolmaister appointed, able to teach grammar
and the Latin tongue, if the town he of any reputation ; ”
and, if an upland town, then a reader was to be appointed,
or tho minister himself must attend to the instruction of
the children and youlh Hf the parish. It was also enjoined
that “ provision be made for the attendance of those that’
be poore, and not able by themselves or their friends to be
sustained at letters;” “for this,” it was added, “must be
carcfully provided, that no father, of what estato or con-
dition that ever he may be, duth use his children at hia
own fantasie, especially in their )oulh]md but all must
be wmpc]lul to bring up their children in learning und
virtue.”

This was admirable advice, but it could not be carried
into cffecet for moro than a lndred years. The civil wars,
the attempts made to impose I.]uhv.,opa(,y uppn Scotland,
and the troubles of tho natién down to the Révolution
of 1688, prevented the people uniting for the purpuse of
establisking a school in every parish; but at length, in
1696, the Scottish Parliament was enabled, with the con-
currence of William 1IL, to put in force the Act of that
year, which is regarded as tho charter of the parish-school
system of Scotland. It is thero ordained, “that there
be a school settled and established and & schoolmaster
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appointed in every parish not already provided, by adviec
of the heritors and minisicer of the parish.”

In consequence of the operation of this Act. which was
gradually carried into effeet, the parish schools of Seotland,*
—working steadily upon the rising generation, all of whom
passed under the hands of the parish teachers, —wero
training up a population whose cducation aud intelligence
were greatly in advanco of their material comdition ; and
it is to this circumstance, we apprebeud. that the trme
explanation is to be found of that rapid leap forward
which the country now took, dating more particularly
from the yecar 1745. Agriculture was naturally the first
branch of industry affccted; new crops wero introduced,
new methods of furming, "new machinery for plough-
ing, harrowing, and reaping the produce of the land.
These improvements wero followed by liko advances in
manufactures, cammerce, and shipping-—by discoveries in

* Besides the abundanee of men for the umversity, teaching
schools, and the excellence of  them, besides the more common
tho education given, the mo- branches of edueation, Algebra,

- deration of the tees charged i Enelid, Freneh, Latin, Greck, and
worthy of notico. Dr. Guthrie, in  all for five shillings a quarter!
his ‘Autobiography,” mentions the  That may astonish people now-a-
schools at Drechin, whete he way days. But »o b wan; and the
educated some rixty yeurs ago. bursaiies which o large propor-
First. he way taught at a privato  tion of these pupils won by open
sclvol, of which the late Dr. eompatition at the universitios of
McCric was the teacher. “ Be- 8t Audrews and Alerdeen, whilo
sides this school,” ho says, *“there  the means of their support there,
were two othors in Brechin whae | proved the goodnessof the teaehing
Latin and Ggeck, French and | they got for this siadl sum, The
Mathesdtes, were tanght.  Ons | resnlt of this cheap and efficient
of these wiy cndowed from pro- | education was that the sons of
perty belonging in Roman Catho- 5 many  poor and hmmblo  people
lie times to the Knights Templars, | pulled their way up to honour-
who had a precoptory there. 'The | able posttions in life; while the
other was the purish scheol. Both | pmients had not their self-respect
were cenducted by ¢ preachers,” or | and  feelings  of  independenco
licentintes of the Church of Seot-  lowered by owing the snperior
land--vniversity men who had  edneation of their children to
spent at least eight years at others than themselves” (F Avtes
oolloge. Both preparcd young biography,’ pp. 33-31.)
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invention, of which the Condensing Steam-Engine, dis-
eovercd by James Watt, was by far the most important.*
Indeed, from that period, Seotland has never looked back ;
but her progress has gone on at a constantly increasing rate
—and has issned in results as marvellous as they have
probably been unequalled. A century of Work has raised
Scotland from the position of one of the poorest and most
miscrable of countries, to that of one of the best cultivated,
most prosperous, and intelligent in Britain.

Farmer Rennie died in the old house at Thantassie in
the year 1766, leaving a family of nine children,- - four
sons and five danghters.  George, the cldest, was then
seventeen years old.  ITe was discereet, intelligent, and
shrewd beyond his years, and from that time forward he
managed the farm and acted as head of the family.
The year belore his father’s death he had made a tour
tlrough Berwickshire, for the prvpose of observing the
improved methods of farming introduced by some uf the
leading gentry of that coundy, and he returned to Phan-
tassic full of valuable pre actical information. "The agri-
culfural improvements which he was shortly afterwards
iustrumental in introducing into Kast Lothian were of a
highly important (h.lrlclcr IHis tarm came to be re-

.
ing, consisting of reading, writing,
and aceounts, though seemingly
superticialattuinments, luuune\ cr-

theless, heen of ingnense value to
They hate enabled

* A writer,inthe8eoteh Furner's
Muaguzine lnr 1810, makes the (ol-
Inwnur observations : — * During
the lant fifty years & Scnl].uul h.H
made papid progress in agrieul- . ehe people.

ture, architeeture, lm\lg’.lhnll and !
cowmeree; and it in some she |
has exeelled her neighbours, it
may perhaps be aseribed o that
wholesome and wselul svsteme of
parochial - edueation, whielh was
hequeathed to her ehildren by the

last Parhament which she ever .
i eapacity which it bestows, of ob
“taining still more.”

s an  independent
The elements of learn-

assembled
kingdom.

them Lo comprehend, adopt, and
improve to the vtmest, every new
brauch of scicoce, as soon as it
sprung  up in any corner of
Furope ; and there is no cirenm-
stance »o peenlinr in the possession
of a little knowledge, as the desire
which it commumicates, and the
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garded as a model, and lis reputation as a skilled agrioul-
tunist extended far beyond the bounds of his own country,
insomuch that ho was afterwards resorted to for advico as
to farming matters, by distingnished visitors from all parts
of Europe.*

. M
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Renle’s Birthiplace, Phantassie.
(By K. M Winp i, atter a Prawing by J. S, Sinfles.)

Of the other sons, Willian, the second. went to sea: lie
was talken Prisoner durinzethe first American war, and
was sent 1o Boston, where e died. The thind, James.,
studied medicine at Edinlurgh, aned entered tho army as
an assistant-surgeon.  The regiment to which ho belonged

* Amongst George Rennie's il- who stayed several nights at
lustrinus visitors in hi» later years | Phuntassie, and during the time
was the Grand Duke Nichelas | was present ot the cclebration
(afterwards Emperor) of Russia, | of & “hind’s wedding.”

Im - (1]
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was shortly after sent to India: he served in the celobrated
campaign of General Harris against Tippoo Saib, and was
killed while dressing the wound of his commanding officer
when under fire at the siege of Scringapatam.

John, the future engineer, way the youngest son, and
only five years old at the death of his father. He was
aceordingly brought up mainly under the direction of his
mother,—a woman possessed of many excellent practical
gualitics, amongst which her strong common sense was not
the least valuable.

The boy carly displayed his strong inclination for me-
chanical pursuits. When about six years old, his principal
tovs weie his knife, haummer, chisel, and saw, hy means of
which he indulged his dunato love of construction.  Tle
P lerred this kind of work to all other aanusements, taking
but rmall pleasare in the ordinary sports of hoys of his
own age. s greatest delight was in frequenting the
smith’s and carpenter’s shops in the neighbouring villago
of Linton, watching the men nse their tools, and rrying his
own hamd when they would let him.

But his fovourite resort was Andvew Meikle's will-
wright’s shop, down by the river Fyne, only a foew fields
off. - When he began to go to the 1lnish school, then at,
Prestoukirk, he ll.ul to pass Meikle's ;slmp daily, guing and
cotming; and he cither erossed the river by the planks
fixed a little helow the will, or by the miller's boat when
the waters were high.  But the temptations of the mill-
wrights workshop while passing to school in the mornivgs
uot unfrequently proved too great for him to resist, and he
plaved 4ruant.  Ie then trled to *make things” and
worked at the beneh and the forge.  The appearance
of his fingers and clothes on his return honme, revealed
the seerct of his employment; when a severe interdiet
was laid against his © idling” away his time at Andrew
Meikle's shop.

The millwright. on his part, had taken a strong liking
for the boy, whose tastes were so congenial to his own.
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Besides, he was somewhat prowd of his landlady’s sou fre-
quenting his house, and wus not disposed to discourage
his vigits. On the contrary, he let him have the run ot
his workshop. and allowed him to make his miniature
water-mills and windmills with tools of his own,  I'he
river which flowed in front of Houston Mill was often
swollen by spates or floods, which descended from the
Lammermoors with great foree; and on such occasions
young Rennie took pleasure in watching the flow of the
waters, and following the floating stacks. fieldgates, and
other farm wreek along the stream, down to where the
Tyne joined the sea at Tyningham, about fonr miles
below.

Amongst his carliest picees of workmauship was a fleot
of miniature ships. Bt not finding, tools to suit his pur.
poses, he contrived, by warking at the forge, to make them
for himseclf; thien he construceted his fleet, and launelied
his ships, to the admiration and astonishment of his play-
follows.  "This wie when he was aboul ten years old.
Shortly after, by the adviee anmd assistance of his fiicnd
Mcikle, who took as mneh pride in his performances as
if they Lhad heen his own, Rennie made a maodel of «
windiiil, another of a4 fire engine cor stcam-engine), and
another of Vellore's pile-engine, displaying o considerahie
amount of wanual desterity @ some of these carly eflorts of
the boy’s genins being ~1il] proserval.

Though yovng Rennie thus cmployed so much of his
tinse on amateur work in the millwright’s shop, he was
uot permitted to neglect Lis ordinary cducation at the
parisls wfhool.  That of Ppetonkitk was kept by a Mr.
Richardson, who tanght his pupil well in the ordinary
branches of education : but by the time Rennie had reached
twelve years of age, he seems almost to have exhansted
his master’s store of knowledae, and his mother then
thought the time had arrived 4o remove him to @ seminary
of & higher order.

He was accordiugly taken from the yarish seliool, though

02
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his friends had not yet made up their minds as to the
steps they were to adopt with reference to his further
edncation. The Loy, however, found abundant employ-
ment for himself with his tools, and went on model-
making ; but feeling that he was only playing at work, he
becamo restless and impatient, and entreated his mother
that he might bo allowed to go to Andrew Meikle’s to".
learn to be a millwright.

He was accordingly sent to Meikle's, where he worked
for two “ycars, and learnt one of the most valuable parts of
education -the use of his hands. 1le scemned to overflow
with encrgy, and was ready to work at anything—at
smith’s work, carpenter’s work, or millwork ; taking most
pleasure in the latter, in which he shortly acquired con-
siderable expertness.  Ilaving the advantage of books—
limited though the literature of mechanism was in those
days - he studied the theory as well as the practice of me-
chanies, and the powes of his mind heeame strengthened
and doveloped by means of steady application and self-
culture.

At the end of two years, his friends determined to send
him to the burgh school of Dunbar, one of that valuable
c¢lass of seminaries directed and maintained by the magis-
tracy, which have been established for the last hundred
years and more in nearly every town of any importance
in Scotland. Duunbar High School was then a school of
considerable celebvitv.  Mr. Gibson, the mathematical
master, was au cxeellent teacher, full of love and enthu-
siasm for his profession; and it was principally for the
enefit of his discipline and instruction that young' Rennie
was placed under his chargo.  On entering this school, he
possesscd tho advantage of being fully impressed with .a
sense of the practical value of intollectual culture. His
two years' service in Mceikle’s workshop, while it trained
his physical powers had also sharpened his appetite for
knowledgo, and he entered upon his second course of in-
struction at Dunbar with the disciplined powers of a
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grown man, Ile had also this advantage, that he prose-
“tuted his studies there with a definite aim and purpose,
and with a determinate dexive to master certain speeial
branches of education required for the successful pursuit of
“his intended busiuess.

Accordingly, we are not surprised to find that in the
course of a few months he outstripped all his schoolfellows,
and took the first place in the school. A curivus record of
his ‘proficiency as u scholar is to he found in a work by
Mr. David Locl, Inspector-General of Fisheries, published

"in 1779.* 1t was his duty to hold a court of the herring
skippers of Dunbar, then the principal fishing-station on
the past coast; and it appears that at one of his visits to
the town he attended an examination of the mrgh schools,
and was so much pleased with the profivieney of the pupils
that he makes special mention of it in his hook.

After speaking of the teachers of Latin, Fnglish, and
arithmetic, ho goes on to say: “ But Mr, Gibsom, teacher
of mathematics, afforded a more conspicuous pfoot of hix
abilities, by tho precision and clearness of his manner in
stating tho questions which he put to the seholars; and
their correct amd spirited answers to his propositions, and
their clear demonstrations of his problems, afforded the
highest satisfaction to a numerons audicnee.  And here )
must notice in a particular manner the singular proficieney
of a young man of the name of Rennio.  He was intended
for o millwright, and was breeding to that husiness under
the famous Mr. Mcikle, at Linton, East Lothian, 1o had
not then attended Mr. Gibson for the mathematios much
more $han’ six months, lat on his exawination he dis-
eovered such amazing power of genjus, that one would
have imagined him a second Newton.  No problem was

“too hard for him to demonstrate. With a clear head, a
"décent address, and a distinct delivery, he gave ready

" ¢Egsays on the Trade, Commeroe, Manufactures, and Fisherier
‘of Beotland.’
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solutions to questions in natural and cxperimental phi-
losophy, and also the reasons of the eomnection between
canses and cffects, the power of gravitation, &e., in s0
masterly and convineing a manner, that cvery person pre-
sent admired such an uncommon stock of knowledge
amassed at his time of life. Tf this young man is spared,
and continnes tv prosceute hig studics, he will do great
honour to his eountry.”

Kennie remained with Mr. Gibson for abont two yeafs.
During that period he went as far in mathematics and
)ld,tlllﬂ,l p]ulom)phy as his teacher could carry him; after
which he again proposed to return to Meikle's workshop.
But about this time the mathematical master was pro-
moted to a higher charge - the rectorship of the 1igh
School of Perth —and a question avose as to the appuint-
ment of his successor. The loss to the town was felt to
be great, and Mr. Gibson was pressed by the magistrates
to point ont some person whom he {hought snitable for
the office.  The only one he could think of was his
favourite pupil; and themgh not quite seventeen years
old, he strongly recommended John Rennie to aceept the
appvintment.

"I'he young man, however, already beginning to be con-
scious of his powers, had formed more extensive views of
life, and could not entertain the idea of sctiling down as
the ** dominio™ of a burgh school, respectablo und Tespon-
sible though that offico might be. Ile accordingly declined
the hononr which the magistrates proposed to confer upon
Lim, but agreed to tuke clmrnc of tho mathematical classes
until Mr. Gibson’s successor cuald be appomted * fo con-
tinued to carry on the classes fur about six weeks, and
conducted them so satistactorily that it was matter of
much regret when he left the school and returned to his
family at Thantassiv for the purposo of proseeuting his
intendesd profession.



CITIAPTER 11
ReNNIE'S MaAsTER—- ANDREW MLEIKLE.

Axprew Frercuer, of Saltoun, fled into Holland dunfug
the political troubles in the reign of Charles I, aud
during his residence there, e was particularly struck by
the expert methods employed by the Duteh in winmowing
corn and shealing barley.  Tho chafl’ was then ordinarily
separated from the corn by means of wind upon a knoll,
or a draught of air blowing through the barn-door; and
barley was shealed by pounding the grains with water iv
the hollow of a stone, until by that means the husks werc
rubbed off.

Fletcher saw that there was a great waste of Tnbonr and
food in these processes-—for oat- and barley-meal formed
the principal foud of Scotland--and during his residence
abroad he determined to introduce the Dutch mecthods
into his own country. Writing home to his brother, ho
desired him to sewd out to Holland one James Meikle, an
ingenious  country wright of Wester Keith,* for the
purpose of learning the above arts and importing the
requisito machinery into Scotland.

After a stay of about two months in that country,
Mcikle retyrned home, bLringing with him a winnowing
marhite; commonly called & pair of fanners, and the iron-
work requisite for a barley-mnill.  These were safely trans-
ported to Leith, and afterwards conveyul to Saltoun,

* It wonld seem that the ances-
tors nf Meikle werc held in cstecrn
as ingenious workmen for gene-
rations; the Secots Parliament
having, in 1686, passed a special

Act for the cncouragement of
John  Meikle, founder, who, it
appears was the first person to
introduee tho art of iron-founding
into Seotland.
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where the barley-mill was ercoted and set to work; a‘nﬂ
for many years it was the only machine of the kind in

British dominions—so slow were people in those days

copy the improvements of their neighbours, ¢ Saltoun
barley” was the name by which dressed pot-barley then
becane known, and it continued to preserve the mme'
long after barloy-mills had come into general uwse, 7

James Mcikle was cqmlly successful in constructing
his fanners for winnowing corn; but they had much
superstitious 1)1‘0_]“(1](!0 to encounter,—the country peop
looking upon the grain clcaned by them with suspicion;
as procured by “artificially-created wind.” JThe clergy’
even argued that “ winds were raised by God alone, and
it was irreligious in man to .l.ttmnpt to raise wind for him:
solf, and by offorts of his own;” und one clergyman oven
refused the holy communion ’ro such of his paushloners A
as irreverenily raised * Devil's wind.,”  The readers of
“Old Mortality ' will remember Manse Teadrigg’s indigs, :
nation when it was pl‘()pObt}‘l that her “son Cuddic should”
work in the barn wi’ a m,w-fan;.,lo«l machine {for (hghtm
the corn frae the chaft, thus impiously thwarting the will ¢
of Divine Providence by raising wind for your leddyshlp G
ain particular use by hnman art, instead of soliciting it ;
by prayer, or waiting patiently for whatever dlspensa.-.:
tion of wind Providenco was pleascd to send upon the
shealing-hill.”  Scott, however, was obkusly guilty of an-
.maclmmmn in this passage, fm the first pair of fanners
was not sct up at Saltoun until the year 17’90—-10ng'
after the period of Cuddie Headrige's supposed trial—and
it was not until seventeen years later that anotlrey win-
nowing-machine was set up in the neighbouring shire
of Roxburg,h and employed as an ordinary ageney in
farming operations.

Andrew Meiklo was the only surviving son of Fletoher‘B
millwright, and like him was a clever mechanic. He had
married and settled at Houston Mill, on James Rennie's
Phantassio estate, where he combined the occupaticns of
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-gmall former, miller, and millwright. Ho had himself
-fitted. up the machinery of the mill, of which ho was the
“tnant; and adjoining it was his millwright's shop, where
he orried on his small business in_connection with will-
wotk—the demunds of the district being us yot of an
‘extremely limited character.

Houston Mill. [By E. M. Wimpens, after a Drawing by J. S Swfles.]
-, ® [ ]

-But the march of agricultural improvement had hy this
ime fairly begun in East Lothian* The public spirit

2#The Marquis of Tweeddale fallowing land and sowing broad
ngrodueed the turnip into the eloverandrye-grass, Lord Elibank
sounty in 1740; the Earl of ITad- and 8Sir Hew Dalrymple divided
dington and Mr. Walker of Bean-  hetween them the merit of invent.
ston, first adopted the system of ing or introducing the practice of
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displayed by Fletcher of Saltoun was imitated by his
neighhours.  But probably the gentliman who gave the
greatest impulse 1o agricultural progress in the county,
which shortly after extended itself over Seotland, was
Mr. Cockburn of Ormiston, to whom belongs the honour
of adopting the system of long leases. 1Ie carly became
convineed that the surest way of stimulating the industry
of the furmer was to give him a substantial interest in the
improvement of the land which he farmed. One of his
tenants having enclosed his ficlds with hedges and ditches
at his own cost - the first farmer in Scotland who adopted
the practice’—his landlord, to cnconrage his spirit of
improvement, granted him a lease of ]us farm for nine-
teen years, renowable at the expiry of that term for a like
perind,

The results were found so satisfactory, that Mr. Cock-
brn was indueed to extend the practice, and before
Img it beecame generadly adopted throughout the county.
IFrom that point agricnlture advanced with oxtravrdinary
rapidity. The more thriving tarners sent their sons into
England ~a practice long sinco reversed —to learn the
best wethods of farming : they employed better imple-
ments and improved methods of culture ; theiv landlords,
further to encourage them, built more commodious stead-
ings and farmhouses; and they were greatly helped in
this course by the unusual facilitics for obtaining credit
which persons of standing and property possessed, on the
general extension, from about the middle ot lust century,
of what is called the Scotch system of banking.}

These measures soon put ¢in entirely new face-on the
country. The distinction of “in-field” and * out-field ”
altogether ceased.  Farms heeame complesely enclosed, and
sheep and black cattle were no longer allowed to roam

under-denining; and Sir Georze  * Brown on ¢ Rural Affairs.’
Suttie first employed the Norfolk  + See Adam Smith’s * Wea th
aystem of rotation of 3rops. | of Nations,” Book 11., Chap. 2.
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at large. Ficlds wero thrown together, and small holdings
vonsolidated into large ones,  The movland and the bog
were reclaimed and converted into fruitful farms, A\
single instance, of sone historical interest, may bo given
When the Royal army lay upon the field of Prestonpans
in 1745, their front was * proteeted by a deep hog™ across
which Robert Anderson, a yonng gentleman of the eonuty,
who'knew every foot of the ground, contrived to lead the
Pretender’s army by a path known only to himsell,  "Uhat
hog, like so many others, hax long sinee been reelaimed by
drainage and cultivation, and now forms part, of one of
the most fertile firms in the Lothinne,

Such was the improving state of affairs in Fast Tothian
when Andrew Meikle began business at Houston Mill,
His reputation as a mechanie and hix skill in millwork
were such, that he was nsually employed in repaiving and
erecting mills in his own and the adjoining connties,
Being an ingenious aud thoughtful mean, he eagerly turned
his attention to the improvement of agricultural machinery,
more especially of that conneeted with the thrashing,
winnowing, dressing, and grinding of grain.  Thus, as
carly as the year 1768, we find him taking out a patent -
one of the very first tuken ont by any Seotel meehanie -
for & new machine contrived by him for dressing and
cleansing corn* It was a combination of the riddle
and fanners; and, though of no great novelty, it showed
the direction in which his inventive faculties were at
work.

Nothing eaused so much loxs and vexation to the farmer
in formur fimes as the operation of separating the eorn
from the straw. In some countries it was trodden out
by cattle; hence the Biblicad proverh, “ Thou shalt not

. . :

* Patent No. 836. The numne | asscocinted with that of Meikle in
of Robert Mackell (e ployed with | this  patent;  Mackell  probuwhly
James Watt in the survey of the | finding the moucy, and Mcikle

“ditch caual” through Perth- | the brains,
shire—see Life of Smeaton) was
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muzzle the ox that treadcth out the corn.” Slé&gu or
trail-carts were also used for the same purpose; but’ thB
most common instrament employed was tho flail, . "By-
cither of these methods, however, the process of thrashmg
was slowly performed, whilst a considerable portion of the
grain was damaged or lost.

Many attempts had been made heforo Meikle's tlme to
invent o machine which should satisfactorily perform this
operation ; but withont offeet.  An East Lothian gentle-
win, named  Michael Menzies, coutrived one uponr the
principle of the thil, arvanging & number of flails so as
to be workudl by a water-wheel; but they wore soon
broken to picees by the force with which they fell
Another experiment was made in 17568 by a Stirlingshire
farmer, nmined Leckie, who invented a4 machine on the
priveiple of the horizonfal flax-mill. It consisted of a
vertical shaft, with four cross-arms fixed in a box, and
when set in motion fhe arms heat oft the grain from the
straw when let down upon them by hand. Though this
machine snecealed very well in (ln.u\lunu' oats, it cut off
the heads of every other kind of corn bubmxtmd to its
operation.

Similar attempts were made about tho samo time by
farmers in the south, more espeeiadly by Mr. Ilderton at
Alnwick, Mr. Smart, at Wark, and Mr. Oxley at Flodden,
abont 1772-3.  The machine employed by these gentle-
men was composed of a large drum. abont six feet in
diameter, resembling a sugar hogshewd, round which were
placed a number of fluted rollers, which pressed inwards
upon the drum by means of springs. The corn; in passing
thoe eylinder and rollers, was no doubt rnbbed out; but a
large proportion of it being lruised and damaged by the
operation, this plan too was eventually abandoned. - Mr.
Oxley is said to have afterwards tried the plan of stripping
the corn from the straw by means of a scutcher; but the
machine eonstructed with this object did not answer, and
it was also laid aside.
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Mr. Rinloch,* of Gilmerton in Fast Lothian, had how-
ever seen the last-menticned machine at work, and he
conceived the iden of improving it. e accordingly had a
modsl made, in which he eontrived that the dram, mounted
Wl.th four pieces of tluted wood, shonld work upon springs,
presaing with less force upon the corn in the procoss of
rubbing it ont. This model was shown o Meikle, with
whom Mr. Kinloch had many conversations on the snbject ;
Pnd at the millwright's suggestion several improvements
were made in it, one of which was the substitution of
smooth feeding rvollers fur fluted ones. When the model
had been cmup]c ted, Mr. Kinloch sent it to Houston Mill
to be triod by the power of Meikle's water-wheel, On
being set to work, however, it was driven to picees in a
fow minutes; and the same fate befedl a larger machine
after the samo wodel, which Mr. Kinloch got mado for one
of his tenants a few years Jater.

.. The hest result of Mr. Kinloch's experiments was, that
they had the cffeet of directing the inventive mind of
Andrew Mcikle to tho subject. After several  yoars'
thinking and planning, he construeted a thr: |».lnng—nru-lnm-
about tho y#ar 1776, It consisted of o number of fails
fixed in a strong beam moved by a erank, which leat out
the corn on two platforms, one on cael side of the heam.
The performance of this machine, in the presence of some
East Lothian furmers who went {o se it at work, was on
the-whole satisfui;u;ry,']‘ yet it did not come up to Meikle's

. Aﬂetwards GJNir Franeis Kin-

och.

f The follo\vmf' is a Biteral copy
of the memorandum which woy
drawn up and signed on the occa-
siop :—

“Know Mill, 14th Fib,

whose names are subjoinel. dusired by
Andrew Meikle to Wit S8 an ¢xpu e it

of bis threshing machine, mrtt thus dav, :

atid after one bour's prrformance ol sanl
m with the assistance of s man t
foed in avd carry of the straw, dight. ane

1779 —Wae |

menud ap one boll, and tee forpets
harl v b of meen qualine, We are of
opatsian that o Man, 1 the andinary way
of threslimye, conld not the klod abuye Give,
or 6 firlots at most, inoone day,  The
macline beng «imple, we suppese one
¢ horse v worke it witheut an aditional
“man e waving mest be comsiderable,
" Sugned;)
John Ditzeon, Fenent fn'Fyninghan,
Bobert Iu X, Jenent in 1 dderwik,
Gearge uﬂlm’l‘!. Tenent in kantase
Willlhum W Maon, Forent in Poastown,
Willism Crarg, Fyninghata,”
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expectations.  On one of the gentlemen observing that
the flails and platforms probably would not bear the force
of the stroke, the inventor replied, that in case the
machine did not answer, he intended to try a method of
biating out the corn by mecans of fixed scutchers or
heaters.®

Acordingly he proceeded to work out this idea in
practice, and after a fow ycars ho succeeded in perfecting
his invention on this principle, which was entirely new.
These seutehers, shod with iron, were fixed upon a strony
hewm or eylinder, which revolved with great velocity, and
in the proeess of so revolving, heat off the corn instcad of
mbbing it off by pressure, as had Dbeen attempted by
former contrivers. By diut of stidy and perseverance he
stieceedad at Tength in perfecting his machine; to which
he addad solid fluted feeding rollers, and afterwards a
machine for shaking the straw, fanners for winnowing the
corn, and other improvements.

Meikle is said to have been superintending a mill job at,
Leith, at the fime when he was engaged in working out,
this contrivance in his mind.  He was aceustomed o walk
there and back within the same day while his job was in
hand, or a distanee of abont forty miles.  He studied the
subject durmg his journey, and would oceasionally stop
while travelling to deaw a rapid diagram upon the road
with his walking-stick. 1t is velated of him that on one
oceasion, whilst very mueluengrossed with the subject of his
thrashing-mill, he had, absorbed by his  ealeulations,
wandered considerably from the vight path, He stopped
short snddenly, and hastily sletching his plan ot dhe road.
exclaimed, “ 1 have got it! I have got it!™ Archimedes
himsclf, when he eried © Eurcka,” could not have been

*A Reply toan Address to the | jeet of the Threshing Machine.
Public, but e particularly ¢ 1By John Sheritt  Edinbargh
the  Lamded  Iaterest of Great 1811,

Buiein and liclaud, en the sub-
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more delighted than onr millwright was at the happy
upshot of his deliberatiuns,

The first machine ereeted on Meikle's new prineiple
wag put up in 1787 for Mr. dtein of Kilbheggie, in Clack-
mannanshire, who had great dificalty in procuring a sufii-
cient number of barnsmen for thrashing straw to litter
the large stock of cattle he had on hand; but the novelty

Andiew Miothie By 1By Seotd, after Euddock. |

of the experiment, and the doult entertained by Mr. Stein
a8 to the cfficacy of the proposed machine, induced him te
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require, a8 a condition, that if it did not anawor tlle
intended purpuse, Meikle was not to receive any- pa,yment
for it. The result, however, proved quite satisfactory,
and the thrashing-machine at Kilbeggio, which was driven
by water power, long continued in good working order.
The next he crected was for Mr. George Rennie, at
Phantassio, in the same year; and by this time he had so
perfeeted his machine as to emable it to be driven by
water, wind, or horses. That at Phantassie was worked
by horse-power. In 1788 Meikle took out a patent for
his invention, describing himself in tho speciﬁca.tion a8

“engineer and machinist.”*

The thr ashing-machine proved to be'one of -the greatest
boons ever conferred upon the husbaundman, and effected
an immense saving of labour as well as of corn. By ite
means from seventy to eighty bushels of vats, and-from,
thirty to fifty bushels of wheat, might be thrashed and
cleanced in an hour; wnd it is caleulated to have effected
a saving, as compared with the flail, of onc-hundredth,
part of the whole corn thrashed, or equal to a valuo of not
less than two millions sterling in Great Britain alone”
Iu the ecourse of twenty years from the date of the patent
about three mndred and fifty thrashing-nills were erected
in Fast Lothian alone, at an estimated outlay of nearly
forty thousand pounds; and, shortly after, it became
generally adopted in England, and indeed all over the
civilised world.

We regret, however, to add, that Meikle did not reap
those pecuniary advantages from his invention, which a
less modest and more pushing man would have done.
Pirates fell upon him on all sides and deprived'him of the
fruits of his ingennity, and oven denied him any originality
whatever.  When growing old and infirm, Sir .John
Sinclair hestirred himself to raise a subscription in his
Lehalf; and o sum of 1500 was collected, which was

* Patent No 1645: * Machine for suparating Corn from Straw.”
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invested for his beuefit.  Mr. Detupater, LI, wrote to Siy
Jokn, when on his charitable mission in 1808 < Shonld
your tour in East Lothiag proenre a suitable reward to
the inventor of the thrashing-machine, it will redomml
much to your and the country’s honour; wur heathen
ancestors wouldl have assigned a place in heaven to
Meikle,”"™

Smeaton knew Meikle intimately, and frequently met
him in consultation respecting the avrangements of the
PDaley Mills, near Edinburgh, and othier works; and he
was accustomed to ray of him, that if he had ponsessed
but one-half the awldress of other people, he wonbil have
rivalled all his contemporavies, and stood forth as one ol
the first mechunieal engineers in the kingdom,

Anong the varions improvements which this ingenious
mechanic introduced in willwork, were those in the sails
of windmills. Before hix time, these machines were Hable
to sorions accidents on the ocenrrence of a sudden gale,
a shift in the dircetion of the wind. By Meikle's con-
trivance, the machinery was so arranged that the whale
sails might be taken in or let ot in half @ minute, aecond
ing as the wind roquived, hy a person merely palling, o
rope within the will. The machinery was ot the same
time kept iu more aniform motion, and all danger from
sudden sqnalls completely avoidid.

THs additions to the power of water-wheels were also
importaut, and on one oceasion proved effectoal iy carry-
ing ont an improvement of wromarkable character iy the
county of LPerth. This was neither wore nor Jess 1han
washing, owfhy ioto the rivgr Forth some two thousand
acres ) phat moss, and thus Laying bave an eyquivalent
surface of arable land, now amongst the most valuable in
the Carse of Stirling.

Tho Kincardiue Moss was sitnated hetween the rivers
Teith and Forih. Tt was seven feet in dopth, Tnid upon «

* ¢ Memoirs of Sir Johu Sinelair,” yol. 1 . 99,
1L e
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bottom of rich clay. In 1766 Lord Kaimes, who eutered
into pussession of the Blair Drummond estate, to which it
belonged, determined, if possible, to improve the tract ‘of
land; and it occurred to him that the casicst plan would
be to wash the moss entircly away. Bui how was this to
be done? The river Teith, which was the only available
siream at hund, was employed to drive a corn-mill. Bnt
Lord Kaimes saw that it wonld unswer his intended put.:
poso if he could get possession of it.  ITe accordingly made’.
an arrangement by which he hecame owner of the mxll,~
which he pulled down, and then turned the mill-stream i m
upon the moss.  Lahourers were set to work to cut away «
the stuff, which was thrown into the current, and muech-
of it thus washed away. But the process was slow, #idd
the clearing of the Lusd had not advanced very far by the
year 1783, when Lord Kaimes's son, Mr, Home Drummond,
entered into possession of the estate. A thousand agres
still remained, which he determined to got rid of, if-
possible, in a more summary manner than his predecessor
had done.

Mr. Drummond consulted several engineers—amongst
others Mr. Whitworth, a pupil of Brindloy’s-—who resom-*
meuded one plan; bat George Meikle, a millwright at
Alloa, the son of Andrew, proposed another, tho invention
of his father; and My, Whitworth, with manch candour anq
liherality, at once acknowledgaed its superiority to his own,
aud urged Mr. Drunmmond {o adopt it. The invention con-
sisted of o newly-contrived wheel, 28 feet in diameter ahd
10 feet broad, for raising water in a simple, economieal,
ud powerful manner, at the rate of from 40 w.60 hogs-
heads & minuto; and it was necessary to raise it abopt
17 foet, in order to reach the higher parts of the land.
The machinery, on being erected, was set to work, and with
such good results, that in the course of a very fow years,
four miles of barren moss was completely washed away,
aud the district was shortly after covered with thiiving
farmsteads, us it remains to this day.



Caap, 1L ANDREW MEIKLE. 211

Meikle was a thorough ricchanival inventor, and,
wherbver he could, he enduavoured to save lehour by
means of machinery, Stories are still told in the neigh-
sbouzhood in which ho lived, of the contrivanees he adoptod
with this ohjeet in his vwn houschuld, some of which were
of an amusing character.  One day a woman came to the
mill to get some barley wround, and was desired to sit
down in the cuttage hard by, until it was ready.  With the
first pgand of tho mill-wheels the cradle and churn at her

aide bgan to rock and {o churn, as if influen~d hy someo
supernatural agency. No ono was in the house besides
herself at the time, and she rushed from it, frightened

" glmost out of her wits. Such incidents as these Wonght
an il} name on Andrew, and the ncighbours declared of
him that he was “ no canny.”

s He was often sent for to great distances, for the purpose
of repaiting pumps or sctting mills to rights.  On one
oceasion, when ho undertook to supply a gentlanan's houso
with water, so many country mechanies had triod it eforo
and failed, that the butlcr would not believe Meikle when
ho told him Lo would send in the water next day,  Moikle,
however, told him to get everything 1eady. It will be
time onough 1o get ready,” said the inercdulous butler,
“when we see the water” Mdikle pocketed the afiront,
but sct his maclinery to work early nest morning; and
whou the butler got out of bed he fonud himself up to his
knees in water, so suceessfully bad the enginesr performed
his promisc.

Meikle lived to an catieme old age, and was cheerful to
the last °1fc was a capitaleplaycr on the Northumbrian
bagpipes.  The instrument he played on was made by
himself, the chanter heing formed out of a deer’s shank-
bame. Whoen nindty years old, at the family gatheringe
on * Auld Hansel Monday,” hissix sons and their numerous
families dunced about Lim to his musie. 1o died in 1811,
id his ninety-sccond yeur, avd was buried in Prestonkirk
chyrohyard, cluso by ouston Mill, whero a simple monu-

P rv2

®
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ment i8 crected to his memory, bearing the following
iuscription :(— .

“ Bencath this Stone aré deposited the remains of the late Andrew
Mcikle, civil engineer at Houston Mill, who died in th?acim 1811,
aged Y2 years. Desconded from a raco of ingenious mechanics, to
whom the country for ages had been greatly indebted, he itea('lily
followed the example of bis ancestors, and, by inventing and bring-
g to purfection a machine for separating corn from the straw
(eonstructed upon the prineiples of velocity, and furnished with fixed
beaters or skutchers), rondered to the agriculturists of Britain and
of other nations, a more beneficial servico than any hitherto Feeorded
i the annals of ancient or modern scicnee.”” *

Such was the master who first trained and disciplined
thie skill of John Rennie, and implanted in his mind an
enthusiasm for mechanical excellence.  Another of his
apprentices was a man who excreised almost as great an
intluenco on the progress of mechanices, through the number
of first-rnte workmnen whom he trained, as Reunie himself
didd in the art of engineering.  We allude to Peter Nichol-
son, an admirable moelianic and architect, author of nume-
rous works on carpentry and architecture, which to this
day ave amongst the best of their kind.  We now pursue
the carcer of Andrew Meikle's most distinguished pupil.

* 1t is remarkable that Scoteh | shape of a poem, the ¢Lausiad;’
inography  should bo altogether | but tho name of the inventor of
~tlent respeeting this  ingenious | the thrashing-machine is not even
and uxeful workman.  In the | mentioned; aftording a singular
most elaborate of tho Seotch bio- 1 illastration of the neglect which
asraphical  colleetions — that  of | thisx department of biography has
Lobert Chambers, in fonr large  heretolore experieneed, though it
volumes—not o word ocenrs re- | has been by men such as Meikle,
Lating 1o Meikle. An articlo is  and not by pocts, that, this country
devoted to Mickle, the translator ‘bas in o vreal measure Been made
of another man's invention in the . what it is.
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CIOAPTER II1.
RENNIE BEGINS RUSINESS As MILLWRIGHT AND EXGINEER.

WE have now scen how Rennie was educated —at schovs
*and workshop—and how the ingenions Andrew Meikle was
not the least uscful of his schovlmasters,

On Rennie's retarn to Phantassic, aftor amducting for o
time the burgh school at Dunbar, he continued to pursne
his studies, especially in mathematics, mechanics, and
natural philosophy. IIe also frequented the workshop of
his friend Mcikle, assisting him with his pluns, and taking
an especial interest in tho invention of the thrashing-
machino, which Meikle was at that time engaged in
bringing to completion.  Io was also entrusted to superin-
tend the repairs of corn-mills in cases where Meiklo conld
not attend to them himself; and hoe was sent, on several
occasions, to crcet machinery at a considerablo distance
from Prestonkirk. Renmie thus gained mmch valuable
expericnee, und acquired some confidonce in his own powers.

Henext began to undertake millwork on his own aceount.
His brother George was alrcady well known as a clever
farmer, and the conneetion helped him to eonsiderable ¢in-
ployment.  Meikle was also ready to recommend him in
cases whom lie could not accept ﬂu- work oflfered Lim in
distant "Juntn,s, and hencegas enrly an 1780, when Rennie
was only nineteen years of age, we find him employed in
fitting up the new mills at, Invirgowric, near nndee. He
demgned the machinery as wc.]l ag tho bLunildings for its
reception, and bupu*'ntmdccl them to their completion,

His next work was to prepare an estimate and design
for the repairs of Mr. Aiteheson’s flour-mills at Bonniugton,
near Edinburgh. Here he employed cast-iron pinions,
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instead of the wooden trundles formerly used—one of ﬁ\e
first attompts made to introduce iron into this portion ¢ o!
the machinery of mills.

These, his first cssays in design, were considered very
successful, and they brought him both money and fame.
Business flowed in upon him, and before the end of his
nineteenth year he had abundant employment. But he
had no intention of confining himsclf to the business of a
country millwright; for he aimed at a higher professiopal
position, and a still wider field of work. Desirous, there-
fore, of advancing himself in scientifie culture, and prose-
cuting thosoe studies in mechanical philosophy which he had
begun at Phantassic and pursued at Dunlbar, ho determined
to enter himself a stndent at the University of Edinburgh,
In taking this step he formed the resolution ~by no means
unusual amongst young men of even a humbler class—of
supporting himsdf at college entirely by his own labour,
He was persnaded that by diligence and assiduity he would
be onabled 10 carn enough during the smmmer months to
puy for his winter's instruction and maintenance; and his,
habits being frugal and his stylo of living very plain, he
was enabled to pmsct‘uto Lis design without difficulty.

He accordingly matriculated at Edinburgh in Noyember,
1780, and entered the classes of Dr. Robison, Professor
of Natural Philosophy, and of Dr. Black, Professor of
Chemistry— both men of the highest distinction in their
respectivo walks,  Robison was an eminently propossessing
poerson, frank and lively in manner, full of fancy and
humour, and, though versatilo in talent, a profound and
vigorous thinker. His variell experienco of lifo, and the
thorough knowledgo which ho had acquired of the prin-
ciples as well as the practico of the mechanucal arts, proved
of great use to bim as an instructor of youth. The state
of physical science was then at a very low ebb in this
country, and the labours of Continental philosophers wete
but Jittle known even to those who oceupied the chairs in
our Univorsitics; the results of their elaborate roscarches
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. s concealed in foreign lar guages, or heing known, ar
it, to & few inquirers more active and ardent than their
fellows; while the geoneral student, mechanie, and artisan,
wera loft to draw their privcipal juformation from daily
observation and exp rience.

Under Dr. Robison the study of natural philosophy
became invested with unusual signifivance and jmportanee,
The range of Lis knowledgo was most extensive: he was
familiar with the whole cireln of the aconrate sciconecs, and
in imparting information, his undastanding scemed towo k
with oxtraordinary energy and rapidity,  The labours of
others roso in value under his hands, and new vicws and
ingenious suggestions neves failud toanliven lis prelecticns
on mechanics, hydrodynamics, astronomy  optics, eleetricity,
-and magnetism, the principles of which he yinfolded to his
pupils in language at onee fluent, clegant, and precise,
Lord Cockburn, in his * Memorials,” remembers him as
someéwhat remarkable for the humounr in which he indulged
in tho articlo of dress.  “ A pigtail so long and thin that
it curled far down his back, and a pair of huge blue worstad
hose, without soles, and covering the limbs from the heel
to the top of the thigh, in which he hoth walked ad lee-
tured, secmed rathor to improve his wise (dephantine head
and majestic pexson.”  Tle delighted in holding familiar
intercourse with his pupils, whom he charmedand elevated
by his brilliant conversation and his Targe and lofty viows
of life and philosophy. Rennie was admitted to his To-
Tightful socicty, and to the close of his carcer he was ae.
customerd to look back upon the paiod which he spent at

inburah 4s amongst the snost profitable and instructive
in bus life,

During his college carcer, Rennie carefully vead the works
of Emerson, Switzer, Maclamin, Bolidor, and Gravisande,
allowing neither plasuro nor socicty to divert him from
his studies. As a rdicf from graver topies, he rot himsel?
to Igarn the French and Gierman languages, and wasshortly
enibled to read both with case. iy recreation was mostly
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of a solitary kind, and, having a little taste for musio,
he cmpluy cd some of hxs leisure time in learning to play
npon various instruments. He acquired considerable pro-
ficiency on the flute and the violin, and he even went. so
far as to buy a pair of bagpipes and learn to play upon
them,—though the selection of such an instrument probably
docs not say much for his musical taste. When he left
Edinburgh and entered seriously upon the business of life,
the cxtensive nature of his engagements so completely
ocenpied his time, that in a few ycars flute, fiddle, and
bagpipes, were laid aside altogether.

During the three years that he attended college our
student was busily occupied in the smmmer vacation—ex-
tending from the beginning of May to the end of October
in each year— in excenting millwork in vavious parts ot
the conntry.  Amongst the nudertakings on which he was
thus cmployced, may be mentioned the vepair or construction
of the Kirkaldy and Bounington Flour Mills, Proctor’s Mill
at Glammis, and the Carron Foundry Mills. When not
engagad on distant works, his brother George’s house at

Phantassic was his e wlquarters, where he prepared his
designs and specifications. e had the use of the workshop
atl luuht(m Mill fur making such machinery as was intended
for erection in the ncnghlmurluxul, Lut when he was em-
ployed at somne distant point, the work was exccuted in
the most convenient places he could find for the purpose.
There were as yet no large manufactories in Seotland where
machinery of an important character conld be turned out
as a whole; the millwright being under the necessity of
sending one portion to the blackswmith, anothvr to the
founder, another to the brags-smith, and another to the
carpenter—a state of things involving « great deal of
trouble, and risk of failure,—but which wus eminently cal-
culated to familiarize our young engineer with the detaile
of every deseription of work required in the practice of lis
profession.

His college training having ended in 1783, and being
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desirous of acquiring some knowledge of English u
gineering practice, Reunic set out. on o tour through the
manufactering districts.  Brindley's reputation attracted

%him first towards Laneashire, for the purpose of inspect-
ing’ the works of the Bridgewater Canal.  There lwing
no stage coaches convenicnt for his purpose, he travelled
on horseback, and in this way he was enabled readily
to diverge from his ronte for the purpose of visiting
any structure more interesting than ordinary. At Lan-
ieaster he inspected the handsome bridge across the Lune,
then in coursu of construetion by Mr. Harrison, afterwarda
more celebrated for his fine work of Chester Gaol. At
Manchester he examined tho works of the Bridgewater
Canal; and at Liverpéol he visited the docks then in
progress.

Proceeding by easy stnges to Dirmingham, then the
centre of the mechanical industry of Kngland, and dis-
tinguished for the ingenuity of its workmen and the
importanco of its manufactures in metal, ho took the oppor-
tunity of visiting the illustrious Boulton and Watt at
Soho. His fricud, Dr. Robison, had furnished him with a
letter of introduction to James Watl, who received the
young engineer kindly and showed him «very attention;
and a friendship then began which lasted until the closo of
Watt'y life.

The condensing-engine had by this time been bronght
into an cfficient working state, and was found capable not
only of pumping water—almost the only purpose for which
it had originally been intended —but of driving machinery,
though vwhicther with advaatageons results was still a
matter of doubt. Thus, in November, 1782, Watt wroto to
his partner Buulton, * There is now no doulit but that fire-
engines will dgivemills, Imt I entertain some doubts whether
anything is to bo got by thew.”  About the beginning of
March, 1783, however, a company was formed in London
for the purpose of creeting a large corn-mill, to be driven
by one of Boulton and Watt's stecam-cngines, and the work
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was in progress at the time that Rennio visited Soho, Wait
had much conversation with his visitor on the subject, of
corn-mill machinery, and was gratified to learn the ox*m;
and acenracy of his information. Ile sccms to have beon
provoked beyond measure by the incompetency of his awn
workmen. *QOur millwrights,” he wroto to his partner,
“ have kept working, working, at the corn-mill ever since
you wentaway, and it is not yet finished ; but my patience
being exhausted, [ have told them that it must be at an
end to-morrow, done or undone. There is no end of mpill-
wrights once you give them leave 1o set about what they
call machinery; here they have multiplicd wheels upon
wheels until it has now almost as many as an ogrery.”

Watt himself had but little kndwledge of millwork, and
stood greatly inneed of somoe intelligent millwright to take
charge of the fitting up of the Allion Mills. Young Rennie
seemed to him to be a very likely person; but, with charae-
teristic caution, he sl nothing to him of his iutentions,
but determined to witte privately to his fiiend Hobison
upon the subject, 1equesting particularly to know his
opinion as to the young man’s qualifications for taking the
superintendence of such important works.  Dr. Robison’s
answer was decided ; his opinion of Rennie’s character and
ability was so favourable, and ¢xpressed in so confident
a tone, that Watt no longer hesitated; and ho wrote to
the young cugincer, after he had returned howe, inviting
him to undertake the supervision of the propused Albion
Mills, so far as concerned the planning and crection of the
requisite machinery. .

Watt's invitation found Rennio again in 1u)l employ-
ment. ITe was engaged in designing and erecting mills
and machinery of different kinds.  Among! is carlier worka,
wo alsu find him, in 178+, when only in Ligytwonty-third
year, occupied in superintending the building of his fizst
bridge --the forernuner of a series of structures which
have not bLeen surpassed in any age or country, His
carliest bridge was erveted for the trustees of the conpty
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of Mid-Lothian, across the Water of Leith, near Steven-
’3““3} Mill, about two miles west of Edinbargh. It is
<o - .. bridge on the Edinbmgh and Glasgow turnpike-

14

Reunme’s fist B g

Notwithstanding the extcnt of his engagemonts, and his
prospects of icmuneiative cmployment, Renmmuo luoked
upon the invitation of Watt as « favomable opportunity
for enlarging his expericnee, and, after due ddiberation,
he replied accepting the appomtinent. He procceded, how-
ever, to finish the works he Ind in hand. aftor which,
taking leave of huy fricnds at Phantissic, he st out for
Birmingham on the 19th of Scptember, 17800 e re-
mained there for two months, duning which he anjoyed
the clnsesf'_ucrmm.xl intcrourse with Watt and Boulton,
and was ficly adnntted to thor works at Solo, which had
already become tho most mpomtant of thar kind in the
kingdom.

Birmingham wis then the ecutre of the mechanical
industry of England  For many contmies, working in
mefals had been the staple frade of the place. Swords
wete made there in the tune of the ancient Biitons, In
the, reiyn of Honry VIIL, Leland found “many smythen
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in the town that use to make knives and all wanner of
cutting tools, and many loriners that make bittes, and a
great many nailers; so that a great part of the town is
maintained Ly smythes who } ive their iron and sca-coal
out of Staffordshire.”

The artisans of the place thus had the advantage of
the training of many gererations; aptitnde for handicraft,
like every other characteristic of a people, descending
{frum father to son like an irhweritance. There was then
no town in England where mechanies were to be found so
capable of satisfuctorily exeenting original and unaceus-
tomed work, nor hax he skill yet & pagied from them.
Thongh there are now many distriets in which far more
machinery iy manufacturedl than in Birmiugham, the
workmen of that place ave still saperior to most. otiers
in excenling machinery requiring manipalative skill and
dexterity out of the common teack, and especially in
carrying ont new designs. Tl conpation of the people
gave them an air of quickness and intelligence which wis
quite new to strangers aceustomed to the gnicter arpects
ol rural life, Wll(-u ITuttou entered Bivmingham, he wies
especially struck by the vivacity of the persons he met in
the streets.  “J had,” he says, “been amoug dremmers,
but now L was among men aw ake. Their very slep showed
alacrity.  Every man scemed to know and prosceute his
own affairs.”  ITe also adds, thar men whose firmer dis-
position was idleness no sooner hreathed the air of Bir-
mingham than diligenee became their characteristic,

Rvnmu did not stand in need of this inftion heiug
communicated to him, yet le was adl the be fter for his
contact with the population ol the town, e ‘made him-
self familiar with their processes of handicraft, and, being
able to work at the anvil himsclf, ho counld fully appre-
ciate the skill of the Birmingham artisans.  The manu-
facture of steam-engines at Soho chicfly attracted his
notice and his html.\;. e had already made himself
uequainted with the principles as well as the mochanieal



CHap, 111, RENNIL AND WATT. 221

details of the steum-engine, and was ready to suggust
improvements, in a very modest way, even to Watt him-
self, who was still cugageld in pertecting his wondertul
invention.

The partners thouehi that they saw in him a possible
future competitor in their fade: and in the agreement
which they entered into wi b him as to the ereetion of the
Atbion Mills, ther warght o hind him, in espress terms,
vot enly to abstain from interfering in any way with the
construetion and worl g ol the steam-engines requirad
tor the mills;, bt to prohibit him from exceuting such
work upen his own aceount at any future period. ''hough
ready to wive hiz werd of hovonr that he would nof in any
way duterfere with Watt's patents, he firmly refused to
hind Limsc S to sneh conditions; being resolved in Lis
own mind not to be debaried from making such improve-
wments in the steam-engine as experience might, prove fo
b destrable And on this hononrable understanding the
agreenent was coneluded ;s nor did Rennie ever in any
way violate ir, but retained to the last the friendship aud
wsteem of hoth Bonbten and Watt.

On the 24th of November following, alter making him
st (dly acquainted with the arranzemonts of the cngines
by means off which his machinery was to be driven, our
engieer geb aut Lor London to proceed with the designing,
of thenillwork. Tt was slso necossny that the plans of
the luilding - which hal becn prepeaed by Mo Sanacl
Wyalt, an architeet of peputation in his day  shonld
nudergo reviston; and, wftor e ful consideration, Reonic
mado an (fhorate 1eport oy the subject, yecommending
varions alterations, which were approved hy Boulton and
Watt, and forthwith ordered to be carried into cftect.
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CHATPTER IV.
THe ALBioN MiLis—Mgr. RENNIE AS ENGINEER.

.

Wiex Rennie arived in London in 17835, the countrjr.
in a stato of serious depression in consequence of the
unsuccessful termination of the American War., Par-
liament was engagad in defraying the heavy cost of the
recent stiuggle with the 1evolted colonies, The people
were ill at case, and grumbled at the increase of the debt
and taxes. The unruly population of the capital could
with difficulty ho kept in order. The police and logal
government were most indficient.  Ouly a fow years
before, London had, dwing the Gordon 1iots, been for
soveral days in the hands of the mob, and blackened ruins
in diffacent paits of the city still marked the track of ¢he
rioters. -

Though the laigest city in Burope, the population of
Tiondon was scarcely morc than a third of what it is now;
yet it was thought that it had become so vast as to be
unmanageablo.  Its northorn threshold was at Hicks's
IMal], in Clerkenwell.  Somers Town, Camden Town, and
Tybuinia were as yct green ficlds, and Kensington,
('helsea, Marylebone, and Bermondsey were outlying vil-
lages. Ficlds and hedgerows led to the hills of Highgate
and Hampstead. The West,End of London wus a tlllllﬁly -
inhabited submb. A wide tract of marshy ‘ground ‘ex-
tended opposite Lambeth. The westernmost buildi in
Westminster was Millbank. Executions were con
in Tyburn ficlds, now known as Tyburnia, down to L¥83.
Oxford Streot, from Princes Sticet eastward as far dl‘ ¥
Strect, St. Giles’s, had only a few houses on the north 1
* 1 remember it,” says Pennant, “a deep hollow mg?;ﬁd
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full ¢F gloughs, with here and there a ragged house, the !
king-place of cut-throats; insomuch that I was never
‘ﬁan t way by night, in my hackney-coach, to a
rthy uncle’s who gave me lodgings at his house in
Btreot, but T went in dicad tho whole way.”
- ington was * in the country,” and the communica-
‘*ﬁah with it was kept up by means of a daily stage -a
g vehicle, driven by its proprictor-- which wus
Yily dragged into the city in the morning, down Gray's
Tano, with a rest at the Blue Tosts, 1lolborn Bars, to
give passengors an opportunity of doing their shopping.
The taorning journcy was performed in two hours and a
. “quick time,” and thoe return journey in the evening
ahout three hous. .
Heavy coaches still lumboered along the country roads
at little more than four miles an hour. A new stato of
I bad, however, been recently inangurated by the
starting of the first mail-coach on Talmer’s plan, which
began running between London and Biistol on the 24th of
. August, 1784, and tho system was shortly extended to
fother places. Numcrous Acts were passed by Parlinment
authorising the formation of turnpike-rouds and tho croe-
tion of bridges.* The general commerce of the country
was also making progress. The application of 1ccent
inventions in manufacturing industry gave a stimulus to
the general impruvement, and this was further helpad by
a succession of favomable harvests. The India Bill had
just been renewed by Pitt, and trade with -Indin was
hrisk, A commercial ticaty with France was on foot,
from whichegreat things weie eapected, but the ontbreak
of-the Rovolution, which shortly after tuuk place, put an
% 7

o

o
% the interval hetwecn 178t
ad 1792, not fewer than 302 Acts
“Werd authoricang the con-

more numesous Acts for earrying
out measures of drawnige, enclo-
sure, paving, and other loenl 1m-
provanents—a suflicient  indica.
tion of the industrial activity of
the nation at that time.

of new roads sud bridges,
3 ing the sormation of

and barbours, and still
»
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end for a time to those hopes of fraternity and pemful
trade in which it had originated. The Government boldly
interposed to check smuggling, and Pitt sent a regiment
of soldicrs to burn the smugglers’ boats laid up on Deaa’
beach by the scverity of the winter, so that the honest
traders might have tho full benefit of the treaty with
Trance which Pitt had scocured. Increased trade’ flowed
into the Thames, and ministers and monarch indulged in

drawing glowing pictures of prosperity.

When Pennant visited London in 1790, he found the
river covered with shipping, presenting a double forest of
masts, with a narrow avenue in mid-channel. The smaller
vessols discharged direetly into the warchouses along the
banks of the river, whilst the India ships of large burden
mostly Iay down tho river as far as Blackwall, and dis-
charged into lighters, which floated up their cargoes to the
c¢ity wharves. London as yet possessed no public docks—
only a fow private ones. open to tho river, of very limited
extent,-- althongh Pennant speaks of Mr. Perry’s dock and
ship-yard at Blackwall, on the castern side of the Isle of
Dogs, as “the greatest private dock in all Europe!”
Another was St. Saviour’s, denominated by Pennant ¢ the
port of Southwark,” though it was only thirty feot wide,
and used for discharging barges of coal, corn, and othor
ommodities.  There was also the Xxeention Dock at Wap-
ping, which witnessed the occasional despatch of seagoing
criminals, who were hanged on a gallows at low-water
mark, and left there uutil the tide {low ed over their dead
buodies.

Among the commereial cnterprises to whish the in-
creasing speculation of the times gave birth, was the
ercction of tho Albion Mills. For tho moro convenient
transit of corn and flour, as well as to sccare a plentiful
supply of water for engine purposes, it was determined to
crect the new mills on tho banks of the Thames, near the
south-east end of Blackfriars Bridge. Tland-mills, whioh
bad in the first place heen used for pounding wheat into
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flour, had long since been displaced by water-mills and
windmills ; and now a now agency was about to be
employed, of greater power than either —the ageuey of
ateain.

’ Fire-engines. or steam-engines, had herotofore hoen em-
ployed almost exclumvely to pump water out of mines;
but the possibility of adapting them to the driving of
machinery having heen suggasted to the inventive mind
of James Wait, lic sct himsclf at onee v the solution of
he problem, and the result was the engines for the

Ibion Mills-- the most complete and powerful which had
boen produeed by the Soho manufactory.  They consisted
“of two donble-acting engines, of the power of 50 hoises
each, with a pressure of steam of five pounds to the
superficial inch -the two engines, when acting together,
working with the power of 150 horses.  They drove
twenty pairs of millstones, each four feet six inches in
diameter, twelve of which were nsnally wortked together,
each pair grinding ten bushels of wheat per hour, by
day and night il necessay. Tho two engines working
together were capable of grinding, diessing, &c., complete,
150 bushels an hour by far the greatest performance
achioved by any mill at that time, and probably not since
surpasscid.

« But the engino power was also applied to a diversity of
other purposes, then altogether novel  such as hoisting
and lowering the comn and flour, loading and wloading
the barges. and in the processes of fanming, sifting, and
dressing - so that the Albion Mills came to be regarded
as amoeng e greatest mochgmical wondos of the day.
The de tarls "of Lhese varions ingenions arrangements weie
entircly worked out hy Mr. Rennie himsf, and they
vecupied him nearly fomr years in all, having been com
menced in 1784, aud finishul in 1788, Mr. Watt was
g0 muech satisfied with the 1esult of his cmplovment o
Rennic. that he w.ote to Di. Rolnson, thanking him for
his recommendation of bis young friend, and speaking in

i Q
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ho highest terms of the ahility with which*he "R,
lgned and excouted the millwork and set the. wholé:
peration. B

Amongst those who visited tho new mills and carety
inspected them was Mr. Smeaton, the engineer, wlﬁiﬁ‘ o)
nomnced them to be the most complete, in -their arraﬁﬁ&
ment and oxecution, which had yet beon erceted in, any
country ; and though na turally an undemonstrative pers@n.
he cordially congratulated Mr. Rennic on his success, .- .-
~ "T'he completion of the Albion Mills, indecd, marketljan
important stage in the history of mechaunteal ini {
monts; and they may be said to have effected an..
revolution in millwork generally. Until then, milg! 1
had been comstructed almost entirely of wood £ TN
clumsy, and involved great friction and waste of Pd e,
Smeaton had introduced an iron wheol at Caxron if
and afterwards in a mill at Belper, in Derbyshité--nis

rough castings, imperfectly executed, and neitlifé}: e&%ﬂ

:
o
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M to any particular form; and Murdak (James

hat wlso cnployed cast-non

il 10 8 limited (atent 1. a il crected by im m Ay
i3 but these wero ver)y mionr speennens of iron
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much gieiter mportance, and was soon adopted in
AL 18 The whole of the whodls ind shatts
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tted and adjusted, so that tho power cploved worked to
test advantige and at the lcist possible lose by

fﬁ‘icﬁon. The machinary of

the Allnon Mills, as a wholg,

'was regardcd as the finest that had bun oxcented up to

t date, and formcd the moddd fm futmic (nqmears to
work by. Although M1, Reunic oxeeuted namy splondid
specimens of michinay m his aftar Care,* he hunsedt

4
* hortly after the complction
of these nulls, M Rl« nnml was
largely consultod on the subject
of mn{hmery of all kiils Il
Oogporations of London, Fdin
bargh, Glasgow, Perth and « ther
took L3 advier as ¢ flow
mily,* Agnienltunsts consulted
haris gbout thrashin s mulls mulers
$ grindmg-mnills, aud manu-
and distillors rospectin g
arrangement ot thar
In July, 1798 he wis
2l spon to examunc the m-
B} d arrangcrients at the
on Tower Ihll  The
i Wua, the construct on of 2n

ntire ncw mint workad hy stcam-
power, with nwproved  rolling
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of the hite Maothew Boulton
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the a bt presses turned oot fer
nme months net loss than 247 649
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was accustomed to say that 1he Albion Mill machmary wu
the father of them all. .

As a commercial enterprise, the mills promised to bﬁ
successful : they were kept constantly employed, and wepe.
likely to realise a handsome profit to their propnetom,
when unhappily they were destroyed by fire on the. 3rd
of March, 1791, only three ycars after their completion.
Their crection had been viewed with great hostility hy
¢ the trade,” and the projectors were grossly calumniated
on the ground that they were establishing a monopoly
injurions to the public; which was sufficiently disproved
hy the fact that the mills were the meany of oonmdera.b}y
reducing the price of flour while they continued in operas
tion. The eirenmstances conneeted with the origin of the
fire were never cleared np, and it was generally believed
at the time that it was the work of an incendiary.

During the night when the buildings wore destroyed,
Mr. Rennie, who lived near at haud, felt unaccountably
anxions. A presentiment as of some great calawity hung
over him, which he conlil not explain to himself or to
others. e went to bed at an o.n]_) hour, but could not
sleep.  Scveral times he went off in a (10/0, .’md suddenly
woke up, having dreamt that the mills were on fire! He
rose, looked out, a,ml all was quict. Mo went to hed again,
and at last fell into o profound sleep, from which he was
roused by the ery of * Fire!” under his windows, and the
rumblo of the fire-engines on their way to the mills! He
dressed hastily, rushed out, and to his dismay found his
chef-d’cenvre wrapt in flames which brightened the mid-
night sky. The engineer was nmongst the fofemost in his
offorts to cxtinguish the conflagration; Imt in'vain. The
fire had made too g.,roat 1\"()""1(.‘&’5, and tlie Albion Mills,

en day and m«c,ht, aud the stamp- | that crceted at the former place
ing fou tifteen howurs out of every ' being capable of turning out
twenty-four.  Mr. Rennie also 200,000 picees of silver in évery
supplied the machinery for the eight hours. .

mints at caleutta and Bombay;
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Rennie's pride, were burnt completely to the ground, and
wére never rebuilt.

The Albion Miils, however, ostablished Mr. Rennie's
reputation as a mechanical engineer, and introduced him
to extomsive employment. ths practical knowledge of
masonry and carpuntry wleo served to point him ont as a
capable man in works of civil engincering, which were in
thoso days usuully entrusted to men bred to practical
mechanics.

v There was not as yet any special class trainad to the
profession of engincering, and the number of persons wha
followed it was very small.  Engincers were the product of
circumstances, and of their instinet for construction; and
this was often the instinet of genins. Ilence thoy were
mainly self-clucated: Smeaton and Watt being mathe-
matical instrument makers, Telford a stonemason, and
Brindley and Rennio millwrights ; forcs of character and
bent of genius enabling cach to carve out his carcer in his
own way. *

There was very little previous practico fo serve for their
guide. When they were called upon to undertake works
of an entircly original character, and could not find an old
roady, they had to make o new one. This threw them upon
their resourees, and compelled them to bo inventive: it
practised their powers and disciplined their skill, and in
course of time the habitual cncounter with difficultios
brought fully out their character a8 men, as well as their
genius as engincers.

When the ruins of the Albion Mills Lad heen cleared
away, Mr..Rennie obtained fave flom the owners to crect
a workshop on alanding-wharf in Holland Street, a littlo
below the site of the mills, where he afterwards carried on
the business of a mechanical engineer.*  But from an carly
peried the civil branch of the profession ocenpied a con-
giderable sharo of his attention, and eventnally it became

* Iis Brst place of busincss was at Old Jamaira Whatf, Upper
Ground Stroet, Lambeth.
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his principal pursuit; though down to the year 1768
was chiefly occupied in designing and constru

chinery for dye-works, water-works (at London
amongst others), flour-mills, and rolling-mills, in

.-mp]oyc.d A

Among the friends whom Mr. Rennie’s practical abilfs
tice attracted about this time, was tho eccontric but i
genious Barl btmhopo, who frequently visited his work&.
to sec what was going on in the mechanical line. W
Lordship was himsolf one of the busicst mechanical pm-lgg
jects ot his day, and England owes him a debt of gragi~ -
tude for his valuable imentious, one of tho most useful -
of which was the printing_, press which bears his namey;.
e also made nnpmtant improvements in the process of
stercotypc printing; in the construction of locks and’;
canals; and among lus h;.,ht(.l cfforts may be montlongﬂ.
the contiivance ()f an ingenious machine for perfonning-
arithmetical operations.

Lord Stanhope ¢specially delightcd in fllc society (!f
cleva mechanics, in whose art ]u- took great pleasure ; bee,
cause he eould thoroughly understand it. He was, mﬂeed,«
a fitst-1ate workman himself.  IIis father-in-law, thaMf‘
of Chatham, said of him, that < Chailes btunhopo, as & oax«,
penter, a blacksmith, or millwright, could in any country,
or in any times preserve his nulepcndcneo and bring up his’
family in honest and indusizious courses, without soheﬁmg
the bounty of friends or the charity of strangers.” Lord
Stanhope coven insisted that his children should devote
themselves to acquire an indwstrious calling, as he h:mnlf
had done,—believing that a time of public calamity was
approaching (arising from the extousion of' French m“%
tionary principles), which would render it ncoessary, for
every person to depend for their livelihood upon thmw
porsonal labour and skill.  Tndeed a serious difficulty oe-
curred between him and his wife on this very poiat,
ended in a separation ; and the story went abroad thatthe
Earl was crazed.
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pplication of the power of the stcam-engine to the
m of navigation was one of the subjects in which
Stavhope took a more than oidinary interost. As
be the ycar 1700 - before Fulton had applied his

that year he took out his patent for the propulsion
', ﬂﬁps by steam; but his plan, though ingenious, was
Yor anrried into practical effect.*  On the 26th of April,

790, we find Mr. Rennie, in a letter to the Fail, com-
mundeating the information which ho had 1equired as to
the' cost of applying Doulton and Watt's improved steam-
engine to his newly-invented method of propelling ships
Without sails.

* Lord Stanhope had alsu, it appeared, taken objection to
€8¢ space occupicd by the condensing apparatus, and wished
9 know whother it could not be dispensed with, so that
room might Le cconomized. To this Mr, Rennie rveplied
that it could, and that high-pressure steam might be ¢m-

ed if necessary ; also that the ¢y lindars might be used
inclined or vertically, as hest suited the space available for
their aocommodation. 1lis Lordship proceeded to perfeet
hid fpvention, and made a trial of its powers in (ireenland
Dock with a flat-bottomed bhoat constructed for the pur-
pose; but the vessel not moving with a velocity greater
than three miles an hour, the plan was ceventually
phandoned.

Bhortly after tho retirement of Mr. Smeaton from the
profossion, about the «nd of the year 1791, Mr. Rennie was
congultod Tespecting muuesous important canal under-
takings projected in diffrent parts of the country.
Amongst them were a proposcd mnavigation to connect

bridge with Bury St. Edmunds - auother between
Andover and Salisbury—and a third between Reading and

,;5.,

é}fﬂ adopted paddles, placedl\\hich were mado to open and
Y the quarters of the vessel, | shut like the feet of a duck.

2]
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Bath, which was afterwards carried out by him | aﬂ t‘hﬁ
Kennet and Avon Canal.  On this, his first work of cWﬂ"
engincering in England, he hestowed great pains,--on. thh
survey, tho designs for the viaduets and bridges, as Wqﬁl
a8 on the exccution of the works themselves. -

The Kennet and Avon Canal commences at hewbury,
at the head of the River Kennet Navigation, passes up the
vale of the Kennet for 16} miles by Hungerford to
Crofton, where the summit level begins, which is reached
by 31 locks, rising in all 210 feet. It then proceeds, by

Jurnslade, Wootton Rivers, and the valley of the Pewsey,
to Devizes ; and from Devizes by Fn\h.mfrcr, Somlngton,
Bradford, and the vale of the Avon to Bath, joining that
river just above the Old Bath Dridge, where the Bristol
navigation ferminates.  The total length of the canal
is 57 miles, the total descent on the west side of the
summit heing 404 feet 6 inches, divided into 48 locks.
The Kennet is erossed several {imes,— at Hnngerford by a
brick aquednet of three arches. At tho simwit a tunnel
500 yards in extent was necessary, approached by deep .
cuttings.

The strata hetween Wootton Rivers and Devizes being
mostly open chalk and sand, great difficulty was, ex-
perienced in forming a water-tight bed for the canal, as
well as in preventing slips of the adjucent ground. At
that part of tho line which lies hetween the river Biss and
Trowbridge, the works were carried along the face of a
steep slippery hill.  Then necar Bradford the cutting is
mostly through open rock, and beyond that through beds
of tough clay mterspersed with strata of fufler's earth.
The water at these points worked scrious mischief, for
after a heavy fall of rain it would filter through the earth,
and the weight of tho mass pressing down from above,
tonded 1o forco out the soft clay, causing extensive shpu.
On one oceasion not less than seven acres of land slid into
tho canal, forcing the whole down into the river in the
valley belosw, 'To remedy this source of mischicf, soughs
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nwall tunnels were carried into the hillside for 3 cun-
aidmhlo distance, at 2 level much helow that of the canal,
Thidse again were crossed by other intereepting drains, so
"thﬁt ‘numerous distinct outlets were provided for the water
to:_prevent its rcaching the canal works, —which were
'ﬂma made to stand firm, after great difficultics had heen
overcome, and much expense incurred.

Besides these works there were thoe naual bridges, aque-
duets, culverts, &«., all of which were exeentad in a sub-
,stantial manner. Amuong the finest architectural structures
forming part of the eanal, is the agneduct over the rviver
Avon, about a mile from Limpley Stoke and six miles
from Bath, which is greatly admired for the heanty of its

“elevation ; and indeed, wherever there is an aqueduct or a
bridge upon the line of this canal, it will he found ex-
cellent” in workmanship and tasteful in design. As o
whole, the navigation was pronounced to be one of the
best executed in the kingdom; and the works have stood
admirably down to the present time.  In a commercial and
national point of view the undertaking was of considerable
importance, connecting as it did the mwigntiun ot the
metropolis with that of Bristol and St. George’s Chaunnel,
as well a8 opening up an extensive intermediate distriet;
although it did not prove very remmnerative to its pro-
prietors.

Another important line of navigation, on which Mr.
Rennie was shortly after engaged, was the Rochdalo
Canal, projected for the purpose of opening up a dircet
water communication between the mannfacturing districts
of West YoOrkshire and Sowth Laucashire, to avoid the
cirquitous ronte of the Leeds and Liverpool Canal.  The
main line extended from the Duke of Bridgewater's (fanal
at Manchester, by Rochdale and Todmorden, to the river
Calder at Sowerhy Bridge, a disfance of 31} miles, with a
branch to join the Lecds and vaorpool Canal at Wanless,
and other branches to Bury and Bolton, ¥rom the rugged
nature of the country over which the canal had to be
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carricd—having to be lifted from lock to lock ov;
great mountain-ridgo known as “the backbone@

[By Percival Skelton, after his orlginal Dﬁwihg:] )

Locks on the Rachdale Canal.

A little beforo the traveller by railway enterg the tumwb
near Littleborough, on his way between Manchester’ a
Lecds, he can discern the canal mountmg up the raaky
sides of the hills until it is lost in the distance; ga Al
he emergoes from tho tunnel at its other end, it is agé‘in
obsorved ¢ descending from ¢he hill-tops by a ﬂlght of Jogks
-down to tho level of the railway. In crossing the mw
at one place, a stupendous cutting, fifty fee$ deep,hﬁ%’lq
bo blasted through hard rock. In other pla%;@m
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pioga,
Yorkshiro side, at Todmorden, the valley grows
wer and-narrower, overliung by steep, often almost

$ flver Calder in the bottom of the ravine. At some
te, where space allowed, there were mills and manu-
establishments jealous of their water-supply,
the engineer had carefully to avoid. It was also
“hecehsary to provide against the canal being wwept away
ltbytbnwintor's floods of the Calder, which rushed down
‘With immenso violence from Blackstone Kdge. Large
,JFesorvoirs had to be carefully contrived to store up water
ingt summer droughts, for the purposes of the naviga-
, a8 well a8 to compemato the numerous mills along the
vauay below. One¢ of these, fourteen feet deep, was dug
.?n 8 bog on Blackstoue Kdge, and othes, of l.z_rg + dimen-
-gions, were formed at vaiious points along the hill-ronte.
"But as these expedients were of themselves insuflicient,
powerful stecam-engines were also crected to pump hack
gpe lockage water into the canal above. as well as into
p near the locks to serve for rescrvoirs, and thus
omise the supply to the gieatest extent,
» No more formidable difficultien, indeed, were encountered
‘.hyGeorgo Stephenson, in constineting the railway passing
by $unnel under the same range of hills, than ware over-
gome by Mr. Rennie in carrying ont the works of this
great canal undertaking. The skill and judgment with
which be ]ﬂamwd ithem refhetcd the greatest credit on
their designer; and whoever cxamines the works at this
—even after all that has becn accomplished in canal
railway enginceering —will adwir that the mark of o
mgster’s hand is numistakably gramped upon them, The
jvigation was completed and opened on the 21st of
ber, 1804 ; and we need scarcely add that it proved
service to the trade of Yurkshire and Ianca-

i
A
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shire,—bringing important manufacturing distriets ingy,
casy and economical connection with cach othey,-en&mingm
cheap fuel to be brought to the doors of the populatign” of
the valleys along which it passed, placing them in diregt’
communication with the markets of Manchester and Eiver~
pool, and, through the latter port, opening up a water road
to the world at largo. :
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Lune Aqueduct, near Lancaster. By Vercival Skelton, after his original Drawing.}

Tho Lancaster Canal was another enterprise conducted
by Mr. Rennie in the same mcighbourhood. ‘A navigable
communication between the coal-fields near Wigan and the
lime districts about Lancastcr, Burton, and Kendal,” con-
neeting these towns also with the intervening country as
well as with Liverpool, Manchester, and the towns of
Sonth Lancashire, had long heen regarded as an object
of importance. A survey had been mado by Mr. Brindley
as early as 1772, but nothing further was dono until sore
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el
m&é_ﬁty years later, when w company was formed, with
M2 Beunie as engineer. The line surveyed by him com.--
apgnogs ear Wigan, and proceeds northward by Chorley,
“Preston, and Garstang, to Lancaster. where, skirting the
e%xitudo of the town, and crossing the Lune hy a noble
agueduct, it then pusses by Haughbridge to its northern
terminus at Kendal; the total length of the main line
being 754 miles, and the branclies two miles more.  The
aqueduct over the Lune is the principal architectural work
}ea: the canal, consisting of five scmicircular arches of 75
feet gpan each ; the softits being 50 fect, and the surface of
_the tanal 62 foct above the average level of the river, The
‘total length of the aqueduct--which forms a prominent
feature in the landscapo—is 60V fect. 'I'he whole is it
" of hard sandstone, the masoury being in imitation of rock-
work, the top surmonnted by a handsome Dorie cornice and
balustrade. It exhibits, in fine combinativn, the important
-quelities of strength, durability, and clegance in design;
. and even at this duy it will bear a favourablo comparison
*with the best works of its kind in the kingdom,
. Mr., Rennie continued throughont his life to be ex-
tensively counsulied as a canal engineer.*  Though naviga-

Thames and Medway (1500); aud

* The following canul works of
Mr. Renpic may be mentioned :—
The Aberdeen and Inverure, 12
miles long, laidout and constructed
b him in 1796-7; the Calder
Heservoirs and improvement of
the Trent and Mcersey Canal at
Rudyard Volley, near Lk,
1797-8; a bmnch of the Grand

Truuk Canad to Henley, with o®

railway conmnecting it with the
manufactories. Ho also made
ehbgnbe reporks on the Leomin-
ster Canal (1798); on the Chelmer
and Blackwater Navigation; So-
mersetshireand Dorsetshire Canal:
Hornecastle Navigation; River
Wois Navigation ; Polbrook Caual
(4799); Rotherhithe and Croydon;

* River

Lea  Nuvigation  (1801).
Among the works surveyed by
hiw, but which were not earried
out, were these: a eanal through
the Weald of Kent (1802-3) o

, shup-canal between the Thames

tand Portsmonth (I803): u ship-

iennal between the Medway and

Portsmouth (1810); a ship-canal

+ frons Chichester Huthour 1o Chi-
chester (1801); and o ship-canal
from  Dristol to  the English
Channel (1811).  He was also em-
plgyed by the éxloucester and
Berkeley  Canal  Company, the

Birmingham Canal Company. and

,the Leeds and  Liverpool Cunal

Cowmpuny, @ their consulting en
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tions were then mostly valued for purposes of ints
muuication, he seems carly to have appreciated the G
the railway, if not as a substitute for them, at least, g4
adjunct. Thus, when laying out a new branch -of#
Grand Trunk Canal at Henley, in the Potteries, ho 58078
mended the addition of a short descending milway,wéi
necting the navigation dircctly with the manufactoriey -4
Burslom. Referring to this method of cummunicitiof,,
obrerved that the railroad “would forn a quick and
mode of carrying goods, Indeed,” he added, “I do'}
know a cheaper or better, and, in my opinion, it mlght
substituted with great advantage for the branch oamﬁ
question. I have therefore to submit whethur, as a g}htﬂi‘
worthy of the consideration of the proprictors, this b
might not be saved, and a 1ailioad substituted in itd
p]m-c.” This report was writtcn, he it observed, carly in
1797, long, beture railoads had been introduced ; and the
suggestion  affords shiking cvidence of Mr. Ronngg’s
sagacity in so carly dcfceting and appreciating the atlw;%-
tages of this new method of communication. N
In 1802 Mr. Raunie was 1oquested to examine the worlsg
of the Royal Canal of Itcland. The origin of this pl%

was curious. The Grand (anal had mlrcady been fo:
to connect the navigation of the Liffey with that of
Shannon near Banagher; and though enormous blunders
had marred its constinction, and its cost had conboquentﬁ'
been cxeessive, the traffic upon it was so great as n
theless to render it exceedingly profitable to its propnem
Tho managing committee consisted for the most part’of
persons of high rank. hut gmongst them whs a retited
shoomaker, who had invested a very large sum i the
undertaking, and made himself exceedinaly busy in™its
concerns.  Oftence scems {0 have heen taken 4t this person ;
and his meddling in various matters, without aunthority,
cawsed a rupture between him and the other memberﬁ Qf

» ~

ineer; and vaiuious important | were carned out by liis,
pro\ements 1n these navigations | and under his su, i
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wmmitﬂee They thwarted him at every turn, out '
R4 "hup, snublied him, and “ sent him to Coventry.”
Ty, Tevenge, the shoemaker llm-w up hm scat at the

% vaay think me o \'ory nmgmﬂmnt person, but I will
pshow you the contiary. I will sell out forthwith, start
¥i¥al canal, and carry all the traffe,” Tho threat was, of

treated with contempt, and tho shoemaker was
h &l ont of the Loard-room.

But the indignant man sct to work with energy, got up
Y4 company, laid down a hne of navigation from Dublin to
the Bhannon near Longford, passing by Mullingur; he

deptired the support of the landed gentry through whose
rty the line passed, and cventually suceceded in
giafm.nlng an Act of Parliamient authorising the comstruce-
tion of the Royal Canal of Ircland. 'l‘ho works were
with great cclat; but, before they had proceeded
it was found that tho levels were entirely wiong, and
tliere were numerous difficulties to bo overcome, for which
o provision had been made.

Then it was that Mr. Rennio was called in, and found
the whole concern in confusion ; the works at a staudstill
in many places, in bogs, in outfmu;e, in unb.mknmntb, and
in limestone rocks, and the propnictors involved in almost
endless claims for compensation.  He fonnd it necessary ta
resyrvey the whole line and to alter the plavs in many
edsential respects; atter which the works proceeded. Tt
proved to be a work of an extianndinary character as re-
garded tho dlﬂmulhcﬂ, mostly unnceessary, which had
been enconmtered in its vonbtuwtmn, as 1ospected  the
henefivial rosults to the proprictors, it proved an almost
fotal failure.

The shoemaker, no doubt, had Tus revenge upon his

associates, inflicling gieat injury upon the Grand
Camal by the diversion of mnc® of 1ty traffic; but ho ac-
Hshed this at a toryible sacrifice to many, and at the

t total loss of his own fortune.
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CHAPTER V.

M. ReEXNIE'S DRAINAGE OF THE LINCOLN AND CAMBRIDGE, - .
Fexs.
Norwirusraxning all that Lad been done for the drainage
of the Fens, as described in the carly part of this work,
large distriets of reclaimable lands in Lincoln still lay
waste and unprofitable. Ay early as 1789, Mr. Rennie's
attention was drawn to the drowned state of the rich low-
I)illf" lands to the south of Ely, Ile then recommended
the application of Watt’s steam-engine to pump the water

out of the Botteshaw and Svham I'Lns which contained
about five thousand acres of what was commonly called
“rotten land.”  But the Fen men would not have the
steam-cngine.  They were too mneh prejudiced in favour
of drainage by wi indmills, as practised in Holland. It
wus not uutx] many ycurs afler, that his recommendation
wax adopted and the stczun-engino was employed to pump
the water from the low-lying swamps which could not
otherwise be cleared. The results were so successful,
that the same agency beeame gencrally employed for
the purpose, not only in Tngland but in Holland itself,
where the forty-five thousand acres of Ilaarlemer Meer
have since been effectually drained by the application of
the steam-engine. .

Ono of the most important’ works of thorough drainage
carried out by Mr. Rennie, was in that extensive distriot of
South Lineolnshire which extends along the south verge
of the Wolds, from near the city of Lincoln eastward to
tho sea. It included Witdmore Fen, West Fen, and ‘East
Foen, and comprised about seventy-five thousand acres of
land which lay under water for the greater part of each
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yact, md was thus comparatively useless either for grazing
or tillage. The only crop grown in the fens was tall
recds, ‘which were used as thatch for houses and barun, and
even for churches.

The riv v Witham, which flows by Lincoln, had been
grievously neglected and allowed to become silted up,—its
bottom being in many places considerably above the level
of the land on cither side. Hence, bumsting of the banks

ently occurred during flovds, causing extensive
yinundation of the lower levels,—only a small proportion
of the flood-waters being able to furce their way to the
808,

The wretched state of the land may be inferred frow
the fact that, about seventy ycars since, a thousand acres
in Blankney Fen, constituting part of * the Dales ”"—now
one of the most fertile parts of the district between Lin-
coln'and Tattershall —were let annually by public auction
at Horncastle, and the reserved bid was only 107 for the
entire area | * It is stated that, about the middle of lust
ventury, there were not two houses in the whole parish of
Dogdyke communicable with each other during the winter,
except by boat; this being also the only means by which
the Fen-slodgers could get to church. Hall, the Fen Poet,

.speaks of South Kyme, where he was horn, as a district in
which, during the winter scason, nothing was to be scen-—

“ But naked flood for miles and miles.”

The entire breadth of Lincoulushire north of Boston oftir
lay nnder water for months together :—

[ ]
# "Twixt Frith bank and the wold side bound,
I question one dry inch of ground.
From Lincoln all tho way to Bourne,
Had all tho tops of banks been one,
I rea'ly think they all would not
Have made a twenty acre spot.”

* ‘Jonmal of Royal Agrioultural Society,’ 1847, vol. viii. p. 124.
m. -3
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Until as reccht a date as forty ycars back, the n‘, ol B
fertile district of Waldersea, about eight thousand adtek
in extent, was, as its name imports, a sea in w
Well might Roger Wildrake describe his patcrnal estafe
of “ Squattlesca Mete™ as being in the “ moist county of
Lincoln!” ‘_
Arthur Young visited this district in 1793, and foungd
the ficeholders of the high lands adjoining W ildmore angd
West Fens depasturing their sheep on the drier patrfs
dming tho snmmer months; but large numbers of them
weie dying of the 10t.  “ Nor is this,” he adds, « the 51:15
evil; 101 the number stolen is incredible,  They are taken
off by whole flocks, as so wild a countiy (whole acres bei
covered with thistles and nettles four feet high and more
uwses up a 1aco of people as wild as the fen.” The fow
wictched inhabatants who contiived to live in the neighs’
hourhood for the most part sheltered themselves in hats of
1ushes or Iived in boats. They were constantly liable 0
be diiven ont of their cabins by the waters in winter, it
they contiived to smvive tho attacks of the ague to which
they were paennially subject.* .o
The East Fen was the worst of all. It was formerly
most desolate region, though it now presents probably the
richest grazmg land in the kingdom. DBeing on a lower
lcvel than the West and Wildmoie Fens, and the natural
coutse of the waters to the sea being thiough it to Wains
~

* A nriter inan oldnunmberofthe | to seck their wives in the upland
¢ Umversal Magnsme? (published ' country, selecting those who had
m 1773) desertbes o conversation o little mouey; and as lving in
with & cadaverons-looking man  the Fens was certain death. to
whom he encountered m the Fens, | strangers duiing the favex sep-
and condoled with on his fnlomn | o1, many of the Fen men thus
and meagie appeaance. The contrived to aceuwnlate o
man oo, that he had never dcal of mency. But the Fen dis-
been better smce he had buned  tuicts have long since to
the first of his mne wives. “Nine | possess this peculiar advy! &ﬁ
wives/” +¢Ycs.nme wives 1” was | for they are now as healthy as
the 1eply. The man explamed | upland districts themselves: “he
that the Feu men were accustomed :
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ol 40 the westward. Abont two thowyand avies were
MStAtly under water, sumumer and winter. One portion
y waa oalled Mossberry or Cranbuny Fen, from the
quantities of clanberrivs®it produced. A great
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pott of the remainder of the East Fen consisted of shaking
hog, 8o treacherous and so deep in many pluces that only a

esperate huntsman wonld ventyro to follow the fox when
?& to it, and then he mmst needs bo well acquainted

ground.
were in this state when Sir Joseph Banks, then
R 2
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President of the Royal Society, endeavoured to stir up the
landowners to undertake the drainage of the district; He
was the proprietor of a good estate at Revesby, near Tat-
tershall ; and his mansion of Abbot’s Lodge, stand!ug on
an elevated spot, overfooked the East and West Fens, ot
which it commanded an extensive view.  Sir Joseph spent
a portion of every year at Reveshy, as he did at his.other
mansions, leaving each at special times appointed beforo
hand, almost with the regularity of clockwork. He was a
popular and well-known man, jolly and good-humoured,
full of public spirit, and, though a philosopher, not above
taking part in the sports aud festivities of the neighbour-
hood in which he resided. While Sir Joseph lived at
Reveshy he used to keep almost open house, and a constant
succession of visitors came and went—some on pleasure,
some on friendship, and some on business.

The profuse hospitality of the place was enjoyed not
less by the postilions and grooms who drove thither the
buronet’s guests, than Ly the visitors themselves; and i
was cstecmed by the hotel postboys a great privilege to
drive a eustomer to Revesby. On one occasion, when Mr.,
Rennie went to dine and sleep at the Lodge, he took an
opportunity of saying to the principal butler that he hoped
he would sec to his posthoy being kept sober, as he wished
to leave before breakfast on the following morning. The
butler replied, with great gravity, that he was sorry he
could not oblige Mr. Rennie, as the same man had left
Revesby sober the last time he was there, but only on con-
dition that he might be allowed to get drunk the next
time he came. © Therefore,” said the butler, “for the
honour of the house, I must keep my word; but I will
take care that you are not delayed for the want ‘of
horses avd a postboy.” The butler was as good as his
word: the man got drupk, the honour of Revesby was
saved, and Mr. Rennie was cnabled to set off in due time
next morning.

From an carly period Sir Joseph Banks entertained the
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deaign of carrying out the drainage of the extensive fen
lands - lying spread out beneath his hall window, and
maling them, if possible, a source of profit to the owners,
agwbll as of greator comfort and better subsistence for the
population. Indeed, the reclamation of theso unhealthy
wastes became quite o hobby with him; and when he conld
luy hold of any agricultural improver, he would not let
him go until he had dragged him through the Fens, ex-
hibited what they were, and demonstrated what fertile
lands they might be made. When Arthur Young visited
Revesby about 1799, Sir Joseph immediately started his
favourite topic. “Ile had the guodness,” says Young, in
his Report on Lincolnshire, “ to order a boat, and accom-
. ponied me into the heart of East Fen, which had the
appearance of a chain of lakes, bordered by great crops of
reed.”

Sir Joseph was a man of great public spirit and deter-
mination : he did not allow the matter to sleep, but pro-
ceeded to organize the ways and means of carrying his
design into cffect. His county neighhours wore very slow
to act, but they gradually becamo infected by his example,
and his irresistible encrgy carried them along with him.
The first step taken was to call meetings of the proprietors
in the several districts adjoining the drowned and “rotten
lands.” Thoso of Wildmore Fen met at Horncastle on the
27th of August, 1799, and resolutions were advpted autho-
rizing the employment of Mr. Rennic to investigato the
subject and report to a future meeting.

One reason, amongst others, which weighed with Sir
Joseph Banlks in pressing on #he measure wus the scarcity
of corn, which about that time had risen almost to a fainine
prico. There wasalso great difficulty in obtaining supplies
from ebroad, in conscquence of the war which was then
raging. Sir Joscph entertained the patriotic opinion that
the best way of providing for the exigency was to extend
the grea of our English food-ground by the reclamation
of the ‘waste lands; and Lence his determination to place
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under tillage, if possible, the thousands of n.eres
soil, equal to tho area of some English count1es, lying sy
water almost at hisown door. A few years’ zealons ofitn i
aided by the skill of the enginedr, produced such resul$i's
amply to Justhv his anticipations, and proved his jud .,.%‘*
to be as wise as his patriotism was beneficent. Y,
The manner in which Mr. Rennie proceeded to work ot
the problem prescnted to him, was thoroughly charagtexist
of the man, Most of tho drainage attempted before }
time was of a very partial and incfficient character. :[t
was enough if the drainers got 1id of the surplus watet
anyhow, either by turning it iuto the nearest river, or
sonding it in upon a neighbour. What was done in one
scason was usually undono in the next. The o
drainer did not care to look beyond the land immediate
under his own eyes. Mr. Rennie’s practice, on the thn-
trary, was founded on a largo and comprehensive vie ,Qﬂ
the subject. 1o was not bounded by the range of
vision, but tovk into account ihe whole contour of,
country. Ilo had to consider the rainfall of the dis
through which lis drains were to 1un, as well as thatrgf
the central counties of England, whose waters flowed doyyii
upon the Fens; tho requirements of the lands themselves
as regarded ﬂl(‘ll‘ nirigation and nav1gat10n and m,
the most effectnal method not only of removing the waters
from particular parts, but of providing for their effectual
discharge by proper outfalls into the sca. .
W hat was tho problem now to be solved by our engmeer’
It was how best to carry out to sea the surplus waters of a
district cxtending from tht castern coast to almost
centre of England. Varions streams descending from
Lincolnshire wolds flowed through the le vel, whilst the
Withawm brought down the rainfall not on] yof the distiats
to tho north and cast of Lincoln, but of a large part of the
central counties of Rutland and Leicester. It was,
fore, necessary to provide for the clear passage of these
watcls, and also to get 1id of the drainage of the Fens
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pde ves, & considerable extent of which Jay heneath inhe
+Javel of the sca at high water.
i‘ eaxly ocowrred to Mr. Rennie that, as tho waters of
' intetior for the most part came fiom a higher level,
fbigtr discharge might be provided for by means of distinet
, »\fﬁ .and preventod from at all mingling with thoso of
-gHeJower lying lands. But would it be possible to * catch ”
heso high land waters before their descent upon the Fens,
.*and then to carry them ovut to sea hy means of independent
bhpnnels? He thought it would; and with this leading
+idba in his mind he proceeded to design his plan of a great
-+ datch-water drain,” cxtending along the southein edgo of
the Lincolnshire wolds.
- But thero were also the waters of the Fens themselves
;o be got rid of, and how was this to be accomplished ®
JTo ascertain the actual levels of the diowned lands, and
_the depth to which it would bo necessary to carry the out-
fill of his draius into the sca, ho made two surveys of the
distriot—the fast in October 1799, and the sccond in March
1800-—thus obscrving theactual condition of the lands buth
before and after the winters 1ains. At the same time he
took levels down to the sca outfulls of the oxisting drains
and ‘rivers. Ilo olscrved that the Wash, into which the
Ten waters ran, was shallow and full of shifting sands and
gilt. Jlo saw that, dming winter, the tivers were loaded
with alluvial mattaa hidd in suspension, and that, at a
¢ertain distanco from their mouths, the force of the inland
fresh and the tidal sca waters nentralized each other; and
that there a so1t of stagnaut point was formed, at which
the alluvitim was uo longcy, beld in suspenso by the fuice
of the current. Ience it bocame predipitated in the chan-
nels of the 1ivers, and formed banks or bars in the Wash
qhﬁide their mouths, which proved alike obstiuctive to
ge and navigation.
t required but little cxambuation to detect the utter
uacy of the cxisting outfalls to adwit of the discharge
af, the surplus waters of so extensive a distiiet. The fow
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/sin/noes which had been provided had been badly designea
and imperfectly constructed. The levels of the outfalls
were too high, and tho gowts and sluices too nawrow, to.
accommodate the drainage in flood-times. These outfalls”
wero also liable, in dry summers, to becomo choked up by
the silt settling in the Washes; and when a heavy raix. fell, *
down camo the waters from the high lands of the interior,
and, unable to find an outlet, they burst the defensive
banks of tho rivers, and an amount of mischief was thus.
done which the drainage of all the succeeding summor
failed to repair.

Accordingly, the next ecssential part of Mr. Re.nme g
scheme was the provision of more effectual outfalls; with
which ohject ho designed that they should he cut down to
the lowest possible lovel of low water, whilst he arranged
that at the points of ontlet they should be mounted with
strong sluices, opening ontwards; so that, whilst the fresh
waters shonld ho allowed frecly to escape, the sea should
be valved back and prevented flowing in npon the land.
The third and last point was to provide for the drainage
of the Fen districts thomselves by means of proper cuts
and conduits for the voidance of tho Fen waters.

Such were the general conclusions formed by Mr. Rehnio
aftor a careful consideration of the circumstances of the case,
which he embodied in his report to the Wildmoro Fen pro-
prictors * as the result of hix investigations. The two great
features of his plan, it will bo obsurved, were: (1) his infer-
cepting or catchwater drains, and (2) his eutting down the
outfalls to lower levels than had ever hefore been proposed.
Simple though his system appcars, now that its ¢fficacy has
heon so amply proved by expericnee, it was regarded at.the
timo as a valuable discovery in the practice of ren-draining,
and indeed it was nothing less.

Thero were, however, plenty of detractors, who alleged
that it was nothing of the Kind. Any boy they said, who

* Report, dated the 7th of Apnl 1800.
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has played at dirt-pies in a gutter, knows that if you make
an opening sufficiently low to let the whole contained water
esoape, it will flow away. It was the story of Columbus
and the egg overagain, It wasquite true; and yet noone
had ever proposed or attompto«l Rennie's plan; and it cost
him many years of arguing. illustration, and enforcement,

before he could induce the Fen-drainers of other districts
to adopt tho same simple but thoroughly scientific method
by which he had cfivetnally drained the Lincolushire Fens.
And even to this duy there ave whole distriets in which the
stubborn obstnmc} of ignorant obstructives still continues
to stand in' the way of its introduction. The Wildmore
Fen proprietors, however, had the advantage of being led
by a sagacious, cleur-secing man in Sir Juseph Banks, who
cordially supported the adoption of the plan with all the
weight of his influcnce, and Mr. Rennie was cventually
empowered to carry it into exceution.

In laying out the works, he divided them according to
their levels, placing Wildmore and West Fen in one plan,
and East Fen in another.  In draining the former, the
outlet was mado by Auton’s Gowt, about two miles and
a half abovo Boston, and by Maud Foster, a little below
that town. Dut Loth of these, being found too narrow and
shallow, were considerably cularged and decpenced, and
provided with double sluices and lifting gates: one set
pointing towards the Witham, in order 1o keep out the
tides and river-floods; the other to the land, in order to
prevent tho water in summer from draining too low, and
thereby hmdermg navigation as well as lhe due irrigation
of the Tnds. * An extensive muin drain was also cut through
the Wildwore and West Fens to the river Witham, about
twonty-one miles long and from cighteen to thirty feet
wide, the bottom being an inclined plane fulling six inches
in the mile.

The level of the East Fen bein p; considerably lower than
that of the Fens to the westward, it was necessary to pro-
vide for its separate drainage, but on precisely the same
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that the bottom of “ the Deeps,” which formed )
East Fen, was only two feet six inches above the @
Maud Foster Sluice, thirteen miles distant; whera@g}
highest parts were but eight feet above the same P
giving a fall of ouly an inch and eight-tonths per
low water of ncap tiles. From some of the more digta
parts of the saine Fen, sixteen miles from the outfall, ‘ﬂi?o
would only have been a fall of five-tenths of an inch'
mile at low water. It was clear, therefore, that even
higher levels of tho East Fen could not be effec
drained by the outfall at Anton’s Gowt or Mfad Fostes;
and henee arose the necessity for cutting an entirely sopa-
rate main drain, with an outfall at a point in the Wash
outside the mouth of the river Witham.* .
This cast main cut, called the IToblile Drain, is about
eighteen miles long and forty feot wide, diminishing in
breadth according to its distanco fiom the outfall; the
bottom being an inelined plane falling four inches in the
mile towards the sluico at Hobhole in the Wash. This
d1ain is an immense work, defended Dy broad and lofty
embankments extending inland fiom its mouth, to prevent
the contained waters flooding the surrounding lands, It
is protected at its sca outlet by a strong sluice, eonsisting
of three openings of fifteen feet each.  'When the tide rises,
the gates, acting like a valve, are forced back and her-
metically closed; and when it falls, the drainage waters,
which have in the mean time accumulared, force open the
gates again, and tho waters flow into the sca down 10 the
levelof low water. A connegtion was also forined H8fween
the main drains emptying thomselves at Maud Foster (thtee
miles higher up the Witham) and the Iobhole Draiif'the
flow being regulated by a gauge; so that, during heavy
floods, not only the low land waters of the East. Feri djs-
tricts wero cffectually discharged at Hobhole, but'algésa

* See the Map in vol. i, of the “Fens as Draiued in 1830;” p.‘;ﬁ,
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water diains, which were carried quite round the base
4 high lands skis ting the Fens; beginning with a six-
tom, and widening out towards their embouchures
gxteen feet. The principal work of this kind commenced
fr Stickney, and was carnied eastward towards W ainfleot,
day the Steepings river. It was connected at Cowbridge
Hith .the main Iobhwle Diain, into which the high land
athrs brought down by the catchwater drain wero thus
without having been allowed, until 1caching that

¥ to mix with the Fen diainago at all.
J would be tedious to deseribie the works more in detail ;
perhaps the outline we have given, aided by the maps
the district, will enable the reader to understand the
ing featurcs of Mr. Rennie’s comprehensive design.
works were necessarily of a very formidablo character,
.$he sxtent of the main and arterial drains cut dwing the
W or eight ycars thcy were under exccution being
“wpwards of a hundied miles. They often dragged for want
. f fitnds, and encountered considerable opposition in their
gress; though the wisdom of tho projeet was in all

rrekpocts amply justified by the 1esult.*

|

*The following Ictter, written | closuics into the aéa beforo; and,
& Lincolnshne goutliman, 1 ! notwithstanding the exeellency of
, 1807, appcars i the Mr. Renmc's plan, we have a

“Fuxmer's Magnzine’ of Felnuary | puity of unmtonued people, headed
£ § ear i;— Our fine dininnge *n a httle parson and mn.;;lstmte.
wir) gin now o show thume who ke p publishing letters m the
4plves, oud in the end will do newspupers to stop the work, and

eredit to Mr. Renune, the
pineer, a8 being tho most com- |
it d.runaﬁe that ever was made
ire, and perhaps mn |
g I havo been o commis-
Sondr 14 many dramages, but the
pofitistors never would suffer us
mise money sufficent to dig
HeRoug ‘ngh the old en-,

hay e actually petationed Sir Joceph
Banks, tho lord of the manor,
agamst 1t; but ho answered them
with a 1efusal, n & most eacellent
wuy. . .. 1thik Mr. Rennie’s
great work will promote another
general improvenient here, which
is, to dcepen and enlarge the nver
Witham from the sem, through



252 BENNIE AS FEN-DRAINER. “!up. V.

When the dmnage of Wildmore and West Feus. wu
finished, forty thousand acres of valuable land were Jddm §
pletely reclaimed, and in a few years yielded heavy’ et\fijs
of grain. East Fen was attacked the last, the difficulties’
presented by its formidablo chain of lakes being by much
the greatest; but the prize also was by far the richest,
When the East Fen waters were drained off, the loose black
mud settled down into fertile soil. Boats, fish, and wild-
fowl disappeared, and the plough took their place. After
being pared and burnt, the land in the Bast Fen yielded
two and even three crops of vats in succession, of not less
than ten quarters to the acre. .

The cost of executing the drainage had no doubt been
very great, amounting to about 580,0001 in all, inclusive
of expenditure on roads; &e.; against which had to be set
the value of the lunds reclaimed: In 1814 Mr. Anthony
Bower, surveyor and valuer, estimated their improved
rental at 110,561 ; and allowing five per cent. on the
capital expended on the works, we thus find the increased
net value of the drained lands to be not less than 81,0000
per annum, which, at thirty years’ purchase, gives a total
increased value of neurly two millions and a half sterling!*

It wus a matter of great regret to Mr. Rennie that his .

Boston and Lincoln to the Trent, the engincs. We have got in es-
#0 a8 to admit of a communimtinn tnmto, and find the cost may be
for largo vessels, as well as laying  about 100,0001.”

the water so much below the sur- * Mr. Bow cr's cstimate was as
faco of the land as to doaway with follows :—

Laud reclsimed in the East Fen .. 12,664 acres worth 403 peg ann. £35,328
610

” ”» West Fen .. jLX 144 ”» 50s. » 43 61
Wildmore . 10,773 " 423, " 22,623
Adjoinmg low Lmds improved .. 20,000 ”» 208, » 20,060
Total acreage of improved and Annu. 1 value £110
drained lunds, . ..p i ee e 60,481 110361
Less capital expended on drainage .
» ”» roads,

£580,705 at § per cent. .

Which at 30 years' purchase gives £2,145,180,
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was not carried out as resnected the improved outfall
_of the Witham. It was an important part of his original
plan that & new and dircct channel should be cut for this
river from Boston down to deep water at Clayhole, whero
the tide ebbed out to the main sea level, and there was
little probability of the depth being materially interfered
with by silting for many years to come. This new channel
would have enabled all tho waters—low land as well as
high land—to be discharged into the ses with the greatost
pase and certainty. It wenld also have completely restored
the navigation of the river, which hud beeomo almost
entirely lost through the silting up of its old winding
channol.

Baut the river Witham was under the jurisdiction of the
corporation of Buston, who were staggered by the esti-
mated cost of cxecuting the proposed works, though it
amounted to only 50,000/. Accordingly, nothing was done
‘to carry out this part of the design, and the channel con-
tinued to get gradually worse, until at length it waa
scarcdly possible even for small coasters to reach Boston
Quay. As late as thu year 1826 the water was so low that
little boys were accustomed to amuse themsclves by wading
across the river below the town even at high water of
neap tides. Tho corporation were at last compelled to
bestir themselves to remedy this deplorable state of affairs,
and they called in Sir John Rennie to advise them in their
emergency. The result was, that as much of the ori-
ginal plan of 1800* was carried out as the state of their

® In his adthirable Report dated g same time greatly increare the
the 6th October, 1800, h{:’ﬁenme depth, and enable a large aren of
pointed out that the lines of di- ' valuable land to be reclaimed for
reetion in which the rivers Wel-  agricultural ?uqumﬂ. This sug-

land and Witham entered tho
Wash tended to the silting-up of
the channels of Loth, and he rug-
gested that the two river outlds
should be umited in one, and di-
verted ntothe centre of the Wash,
st Clayhole, which would ot the

gestion has since been elaborated
by Sir John Rennie, whose plan
of 81837, when fully carried out,
will have the effect of greatly im-
proving the outfalls of all the
rivers entering the great Wash—-
the Ouse, the Nene, the Wellund,



254

funds would permit: the lower part of the ollann@

straightened, and tho 1csult was precisely that whidh S

The tide retuined to the town, the shoals were

and vessels drawing from twelve to fourteen feet wafs ;

could again come up to Boston Quay at spnng txdes.
Mr. Rennie was equally successful in ca.rrymg

drainage works in other parts of the Fens, o, 1

same simple but compiehensive principles.*

He

dramed the low lands of Gicat Steeping, Thorpe, Wﬁgﬂ
flect All Saints, Foisby, and tho districts thereabout,

verting the Steepings 11ver into a catchwater drain,
eflectually reclaiming a large acreage of highly vq.l
Ilo was also consultcd as to the better

of the North Level, the Middle Level, South Holland,
tho Great Bedford lievel; and his valuable reports
thesoe subjeets, though not caruod out at the time, for
of means, or of public spirit on the part of the landown
Laid the foundations of a4 cowise of improvement whwh
gone on until the present day. 1t is much to be rogret
that his plan of 1810, for the drainage of the

land.

‘aln%

R

¢

Level, by mecans of mo1e effectual outfalls and a SM 4

and the Witham—and thedramago
ot the low level lands depending
upon them, comprsing above a
million of acies, and ultimately

gamng from the Wash between
150,000 and 200,000 aciey of 11ch
aow land, or oqual to tke aren of

good-sucd county. Inthe Wash
of the Nene, called Sutton Wash,
4000 acres have already been re-
claymed after this glnn—the land,
founerly washed by the sea at
evary tide, | emng now eovered with
rich” cmn-fields and éomfortable
formstcads Tt was at this pant
that Kiug John’s aimy was nearly
dest10y ed when cr0ss1ng the sands
before the advancing tide.

* Among other impoitant works

i

Rennte, but which 1t would” b
tediony to deseribe in detadl, Wi
thorcelamation (in 180
acres of tertile land in is
of Ioldernees, ncar Hull

was extensively employed fo ey
bunk lands exposed to the yea, i
suecceded (in 1812) in effeptuall
protecting the thirty miles
coast extending from Wainflegt ¥¢
Boston, and then«o to the m. .
of the rivers Wclland and

Two yems later (in 1814)
hke manner, famis|

which was carried ou M .
tecting the Earl of &
valuable marsh land on the' 03

shore of the Solway Frith,, 2
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v g catchwater drains, was not carried out; for
tigre is every reason to believe that it would have proved
AR 'gpmpletely successful as his drainage of the Fens of
€7 oolnshire. Tho only part of his scheme that was
fduted was the Ean Brink Cut, for the purpose of se-
& moro effectual outfall of the river Quse into the
ash near King’s Lynn.
. Whe necessity for this work will be moie clearly under-
stood when we caplain the circumstances under wlach its
ction was 1ecommended. It will be observed from
the map of the Fen district (vol. i. p. 82), that the river
Qyss fows into tho shallows of the Wash near the town
aglkmg‘s Lynn, where it is charged with the waters
. Great Bedford Level as well as of Iluntingdon,
Bedford, and Cambridge, and of the high lauds of the
vmbern parts of Norfolk and Suffolk. Immediately above
L the old river made an extcnsivo bend of about five
miles in extent, to a point called German’s Bridge. This
ohannel was of very incgular breadth, and full of great
: gand beds which were constantly shifiing. In some places
it was as much as a milo in widtl, and divided into small
«pfxgaqus, which varied according as the tidal or the fresh
‘watars were, for the time being, most poweiful. During
flogds, the flow of the river was so much obstructed that
the waters could not possibly get away out to sca during
the ebb, so that at the neat rise of the tido they were
forced back into the interior, and thus caused scrioas
inyndations in the surrounding country.
« Much good land which Lad formerly been productive,
ho.d become’ greatly deteriorated, or was apparently lost
qgnoultuml purposes. Some distiicts were so con-
sﬁ&nﬂy flooded, and others wero »o wet, that thoy wore
mludly returning to their original stato of reeds and scdge.
In Qa neighbouthood of Downham Eau, the harvest-men
in certain seasons, obliged to stand upon a platforin
w thon‘ corn, which was carried to and from the drier
‘:n boats; and some of the farmers, in like manner
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rowed through their orchards in order to gather the frujt
from the trees. A large portion of Littleport Fen, in the
South Level, was let at a shilling an acre, and, in the
summer-time, cattle were turned in amongst the reed and
“ turf-hass,” and were not seen again for weeks, In
Marshland Fen, the soil was so soft that wooden shoes, or
flat Loards, were nailed on the horses’ feet over the iron
ones, to prevent them from sinking into the soil.

The fresh waters were in this way penned up within
the land to the extent of ahout seven fect; and over an
extensive pluin, such as the Bedford Level, where a few
inches of fall makes all the difference between land drained
and land drowned, it is clear how seriously this obstrue-
tion of the Ouse ontfall must have perilled the agricul-
tural operations of the district.” Until, therefore, this
great impediment to the drainage of the Level could beo
removed, it was clear that no inlaud works could he of
any permanent advantage.  The remedy which Mr. Rennie
proposed was, to cut o't the great bend in the Ouse by
making a direet new channel from Fau Drink, near the
mounth of Marshland Drain, to a point in the river a little
above the town of Lynn, as shown in the plan on the
opposite page. The cut was to be ahout three miles in
length, and of sufticiently capacions dimensions to contain
the whole body of the river. By thus shortening the line
of the stream, Mr. Rennie ealeulated that the chaunel would
be kept clear of silt by the greater velocity of the current,
and that the fresh waters would at the same time be able
1o force their way out to sea withoul dificulty.

An Act was accordingly obtained, enabling the Eaun
Brink to be cut; but several ycars passed before any stops
were taken to carry oui the works. They were not actually
begun uutil the year 1817, when Mr. Rennie was formally
appointed the chief engincer. After about four years’
labour the cut was finished and opened, and its immediate
effect was to give great relief to the whole of the district
watered by the Ouse.  An extra fall of not less than five
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foot and-a half was obtained at St. Grerman’s, by which
the strfaco of the waters thicughout the whole of the
Middle and South Levels was reduced in proportion, Thus
the pressure on all tho lauks along the rivers of the Leve]
was greatly relieved, whilst nnuul.\tmm were prevented,
and the sluices provided for the evaenation of the injand
waters were enabluld effectually to discharge themselves,
By labours as theso an imense value has been

of the
EAU BRINK CUT
Ma 0D BID orine

[ETI o ARV

reane

given to otherwise worthless swamps and wastes,  The
gkill of the engineer has enabled the Fen farmers to lalour
with ever-inereasing profit, ol to «njoy the fraits of their
industry in*comparative heagth aud comfort.  No wonder
that they love the land which has been wou by il ro
protracted and so brave. Unpicturesquo thongh the Fens
may boe to eyes accustomed to the umdulating and Lill
country of the western districts of Fngland, tlmy never-
theless possess a bumble heauty B their own, especially to
eyes familiar to them from ehildhood.  The long rows of
pollands, with an occasivnal windmill, stretching along
L. 8
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the horizon as in a Dutch landscape—the wide extended
flats of dark peaty soil, intersccted by dykes and drains,
with here and there a green tract covered with sleek
cattle—have an air of vastness, and even grandeur, which
is sometimes very striking.  To this we may add, that the
churches of the district, built on sites which were formerly
s0 many oases in the watery desert, loom up in the dis-
tance like landmarks, and are often of remarkable beauty
of vutline.

1t has been said of Mr. Rennie that he was the greatest
“slayer of dragons” that cver lived,—this title being
eiven in the Fens to persons who, by skill and industry,
have perfected works of drainage, and thercby removed
the canses of sickness and disease, typified in ancient times
as dragons or destroyers.*  In this scnse, cortainly, Mr.
Reunie is entitled, perhaps more than any other man, to
this remarkable appellation.

* Thompson’s * Liistory of Bostom,” 1836, p. G39.
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CHAPTER VI

Mr. Rexsie’s Brabars,

JLHE bridges erccted by our engincer are amingst the
finest of his works, and suflicient of themselves o stamp
him as one of the greatest masters of his profess'on. We
have alrcady given a representation of his firsd hridge,
erected over the Water of Leith, near Edinburgh, the fore-
runner of a series of similar structures unrivalled for
solidity and strength, contrived with an clegance sonie-
times ornate, hut for the most part of severe and massive
simplicity.

Unlike some of his contemporarics, Mr. Rennie did not
profess a disregard for theory; for e held that trme prac-
tice could only be based on true theory. MTaken in the
scnse of mere specnlative guessing, however ingenious, he
would have nothing 1o do with it; but as matter of infer-
ence and demonstration from fixed principles, he held hy
theory as his sheet-anchor, s teacher, Professor Robison,
had not failed to impress upon him its trae uses in the
pursuit of scienee and art; and he never found reason to
regret tho fidelity with which he carried out his instroce-
tions in practice.

In the yeur 1793, Mr. Repmic had the advantage of
much close personal intercourse with his old friend the
Professor, who paid him a visit at his house in London,
for tho express purpuse of conferring with him wpon
mechanical subjects. Tn the letter announcing the object
of his visit, Dr. Rohison eandidl¥ avowed that it was in
order *that he might cextract as much information from
him as possible.” The Doctor had undertaken to prepare

8 2



260 RENNIE'S BRIDGES .. Cmar VI

the articles on Mechanics for the third edition .of the
¢ Bueyclopedia Britannica,” and he believed he shqnldbe
cnabled to impart an additional value to his writings by
throwing upon them the light of Rennie’s strong practical
judgment. Ilo proposed to tuke a lodging in the'imme-
diate neighbourhood of Rennic’s house, then in Greéat
Surrey Road, and to board with him during the day; bat
Rennie would not listen to this proposal, and insisted on
being the Professor’s entertainer during the periol® of his
visit. .

One of the points which he particularly desired to dis-
cuss with Mr. Rennic was the theory of the equilibrium of
arches—a subjeet at that time very imperfectly under-
stoad, but which the young engincer had studied with his
wsual energy and snueeess. e had clearly proved that the
proper proportion and depth ot the key-stone to that of
the extrados (or exterior enrve) shoulid be in proportion to
the size and form of the arch and the materials of which it
was composed ; and N had also established the ratio in
which the arch-stones should increase from the key-stone
to the piers or abutments. '

Uip to this time there had been no rules laid down for
the guidance of the engineer or architect,~who worked
very much in the dark as to principles; and it was often a
matter entively of chance whether a bridgoe stood or fell
when the centres were removed.  According to the views
of Hutton and Attwood, the weight upon the haunches
and abutments, to put the arch in a state of equilibrium
so that it should stand, was unlimited ; whercas Mr.
Rennie established the limit to which the countervailing
force or weight on the extrados should be confined. Heneo
he adopted the practice of introducing n flat inverted
arch between the extrados of cach two adjoining arches,
(at the same time increasing the width of the abutment,)
- -the radii of 1he voussoirs or arch-stones being continned
completely through them.  And in order to diminigh the
masonry, the lower or foundation course was inclined also, -
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—+thus combmmg the work more completely together, and
enabling it better o vesist the Jateral thimst.

- Dr. Robison had much disenssion with Mr. Rennic on

th:ase and many other points, and the information he
sbtained was t-lxulﬂ\' afier worked up into numerous ori-
- ginal contributions of great value: anongst which may
be mentioned his articles in the * Fa. cu]npn\lm on the
Arch, Carpentry. Roof, Waterworks, Resistance of Fluids,
and Rummlg of Rivers *—on all of whick subjects Mr.
VRénme hid communicated to him wueh original informa-
tion. It may readily be imagined that the CVenings
devoted Ly Dir. Robison to conversation amd disewsion on
such topics at Rennie’s house were of interest and advau-
tage to Loth; and when the Doctor returmed to his Edin-
burgh labours, he carvicd with him the covdial affoction
and respeet of the engineer, who continied to keep up a
correspondence with lnm untl] the close of his life,

In the carly part of his earcer Mr. Rennio was called
upon to furnish desigus of many bridges, principally in
Seotland, which, however, were not carried ont, in most
cases because the 1 wluisih\ funids conld not he raised to
build them.  Thus, in 1798, he designed one of cight. east-
iron arches to span the viver ])nll at Alnulu'n. Four
years later hie was called upon to furnish farther designs,
when he supplicd three several plans, two of granite
bridges; but the stractures were of too costly a cliracter,
and the people of Aberdeen did not cury them out.

The first important bridge which Mr. Renuie was au-
thorised to execute was that across the Tweed at Kelso,
and it affortled a very favougable specimen of his skill as
an- architect. It was designed in 1799 and opened in

! ters—searchcd the works of foreign

# Dr. Robison was the first cou-
writers, and consulted men of

tributor to the ¢ Eneyelopedia’

who wits really & man of sewnee,
and whase articles were ubuve thc
ronk- of mere compilations. Mo
sought information from all quar- ,

practicaleminenee, sueh as Reunie,
to whom he eould ulrt:un aecesy —
and henee an extraordinary val 1o
wos impuzted to bis articles.
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1803. Tt consists of five semi-elliptical arches of 72 feet
span, cach rising 28 feet, and fonr piers each 12 feet thick,
with a level roadway 23 feet 6 inches wide between the
parapets, and 29 feet above the ordinary surface of the
river. The foundations were sccurely laid upon the solid
rock in the bed of the Tweed, hy means of coffer-dams,
and hencath the deepest part of the river. The piers and
almtments were ornamented with three-quarter columnar

\:f;v “

Pk

e

helwo Bradge,  [by Porenval Skedon,)

pilasters of the Roman Doric order, surménrted by a plain
bock cornice and balustrade of the same character, The
whole of the masonry was plain rustic coursed work, and
i style and exeeution it vas rewarded as one of the most
bandsome and effective structures of its kind.

The Kelso Bridge may almost be said to have formed
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the commencement of a new era of bridge-building in this
country. The semi-elliptical arches, the columnar pilasters
on the piers, the balustrade, and the level roadway, are
the sameo as in Waterloo Bridge, except as regards size and
character; so that Kelso DBridge may be regarded as the
model of the greater work.  Wo believe it was one of
the first bridges in this country constructed with a level
roadwav.

- & N
AN

Musselburgh Rrudge. Ry k. M. Wamperis, after a Jnawing by 1.8 Smiles 1
.

°
Some of the ald-fashioned bridges were excessively steep,
and to get across them was Tike elimbing over the roof of
s honge. There was a Leavy pull on one side and a cor-
responding descent on the other. The old bridge across
o .
the Fsk at Mussclburgh, forming part of the high road
between Edinburgh and London, was of this precipitous
character. It was superseded by a handsome and sub-
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stantial bridge, with an almost level roadway, after .a
design by Rennic. When the engineer wag taking the
work off the hands of the cuntractor, one of the i
trates of the town, who was present, asked a countryman
‘who was passing at the time with his cart how he'liked
the new brig? “Brig!” said the man, “it’s nae brig
ava! ye ncither ken whan ycre on’t, nor whan ye’
off’t!” )

Mr. Rennie’s holdness in design grew with experience,
and when consulted as to a bridge near Paxton, over the
Whitadder (a rapid stream in Berwickshire), he proposed,
in lieu of the old structure, which had been carried away
by a flood, a new Hue of a singlo arch of 150 feet span; but
unhappily the road trustees could not find the requisito
means for carrying it into effect.

Another abortive but grand design was proposed by him
i 1801, Flc had been requested hy the Scerctary of State
for Ireland to examine the road through North Wales to
Iolyhead, with the object of improving the couananica-
tion with Ireland, which was then in a wretched state.
The conneetion of the opposito shores of the Meual Strait
by means of a bridge was considered an indispensable part
of any improvement of that route; and Mr. Rennio pro-
posed to accomplish this object by a single great arch of
cast iron 450 feet in span,—ihe height of its soffit or crown
to be 150 feet above high waler at spring tides.* A similar

* The great arch of 450 feet was ' approaches was 268,500/,  The
to bo supported on two stonc ‘ point at which the bridge was
piers, each 75 fect thick, the recommended to Ve thrown across
springing to be 100 feet above : s, cither opposito Inys-y-Moch
high water There werc to be , idund, on which one of the main
arches of stone on the Caernarvon ' piers would rest, or at the Swilly
sido to the distance of about 136 , roeks, ubout 80t yards to. the
yards, and on the Anglescn side | eastward; but, cu the whole, he
to the distance of abont 284 yards; ; preferred the Intter site.  He also
making the total length of tha st in a subsequent design,
bridge, exclusive of tho wing , showing an iron arch on each side
walls, about 610 yards. Thoesti-  of the main one of 350 feet span,
mated cost of the whole work and | in lien of masonry, with other



CHag ™, . . BOSTON BRIDGE. ' 248"

¥

wid of 850 feot span, having its crown 100 feet abovo the
same lovel, was also proposed by him for the crossing of
Copway Ferry. .

_w#peso bridges were to be manufactured after a plan
igvented by Mr. Rennic in 1791, and communicated by
Liim to Dr. Hutton in 17945 - ud he wan strongly satisfiod
of its’ superiority to all otu. » that had been proposed.
The designs were alike bold and skilful, and it is to be
regretted that they were not carried out; for their solidity
would not only have proved sufticient for the purposes of a
roadway, but probably also of a locomotive railway, In
that case. however, wo should have heen deprived of tho
after-display of engineering ability in biidging the straits
at Menai and the ferry at Conway.  Rennie's plans were,
however, thonght far teo daring, and the cxpenso of
exccuting thern far too great. The whole subject was
therefore allowed to sleep for many years, nntil eventually
Telford spanmed hoth these straits with suspension road
bridges, and Robert Stephenson afterwards with tubular
railway bridges, at o total cost of about a million sterling,.

The first Lridge construeted by Mr. Rennio in England,
and the carliest of his cast-iron bridges, was that erected
by him over the Witham, in the town of Boston, Lincoln-
shire, in 1803. It consists of a single arch of iron ribs,
forming the segment of a circle, the c¢hord of which is
80 feet. It is simple yvet elegunt in design; its flatness
and width coutributing to render it most convenient for
the purpose for which it was intended - that of accommo-

modifications, by which the di- erown of which was to be 150
mensions of the wain picrs were  feet above the s at high water,
reduced, and the estimate some- " The plos and evidenee on the
what lessencd.  Other plans weres | subject are to be found get forth
repared and submitted, embody- | in the ¢ Reports from Committecs
ing somewhat similar views, they of €he Houso of Commons on
rominent idea in all of them | Holyhend Rowds’ (1810 22), or-
Being' the spanning of the strail | dered to bo printed 25th July,
by & great cast-iron arch, the | 1522,
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dating the street-traffic of ong of the most prosperommu}

busy towns in the Fens,

e El e

Boston Bridge. [By Percival Skelton )

Mr. Rennie’s reputation as an engineer having becomo
well established by works of this class, he was, during the
remainder of his professional carcer, extensively consulted
on this branch of construction ;* and many solid memeo-

.
* Among his minor works may

be mentioned the bridge over the

Spolding  (1810); the granite
bridge of thrco arches at New

stream which issucs out of Vir- | Gulluwny, on the line of the
winin Water and crosses the Great | Dumfries and Portpatrick Read

Westorn Road (crected in 1805); |

Darlaston Bridge across the Trent,
in Staffordshire (1805); tho tim-
ber and iron bridge over the es-
tuary of the Welland at Fossdyke
Wash, about nine miles below

(1811); a bridge of five arches
across the Cree at Newion Stewart
(1812); the cast-iron bridge over
tho Goomtee at Lucknow, erected
after his designs in 1814, and
frequently referred to in the mili-
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rials of his skill in bridge-work are to be found in different
8 of the kingdom. But the finest of the buildings of
this .character which wero erected by him are unquestion-
ably those which adorn the metropolis itsclf.
- The project of erccting a new bridge to connect the
Strand, near Somersct 1louse, with the Surrey side of the
Thames at Lambeth, was started by a Bridge Cempany
in’1809-—a year distinguished for the vrevalence of one
of those joint-stock fevers which perie ‘eally scize tho
mapeyed classes of this country. The first plan considered
was the production of Mr. George Dodds, a woll-known
engineer of the time. Tho managing committeo were not
satisfied with the design, and referred it to Mr. Rennio and
M. Jessop for their opinion. It was found to be for the
most part a copy of M. Poyronnet’s celebrated bridge of

operations for tho rclief of | though obscured by the clouds
that city & fow ycars ago; Well- | which drifted across her face.

ington Bridge, over the Aire, at
Leeds (1817); Isleworth Bridge
(1819); a bridge of three elliptical
arches of 75 fect span each, at

Bridge of Earn, Ierthshire (1819);

Cramond Bridge, of cight scmi-

cireular arches of 50 fect span, !

with the roadwny 42 feet abmo
the river (1819); and Ken Bridge,
New Galloway, of tive stono

i Mr. Rennio went ont at that lato
“hour to look at the bridge works,
, ond ¢ven to try whether ho might
. not reach the ather side by cruss-
ing tho timber platform by means
of which the works wero being
carried on. Thero was a gang-
wuy of only two planks from pier
¢ tor pier on tho eastern sido, and
“this  he gafely crossed.  The

arches, the centre 90 feet span ! torrent was still raging furiously
(1820). An adventure of somo ; hencath, shaking the frail timbers
peril attended Mr. Rennie’s cree- | of the seaflolding. As Mr. Rennie

tion of the bridge at Newton
Stewart. IIe happened to vinit
the works on ¢t oceasion during
a heavy flood, which swept down
the valley with great fury; and

“was about to place his foot on the
plank which led to the third pier,
his son observed tho fruncwork

*tremble, and pulled his father
buck, just in time to sce the whole

swept into the streom with a tre-

the passago of the ferry was thus
completely  interrupted.  Mr. | mendous crash.  Fortunately the
Rennie and his son (the present | planking still stood across which
Sir Johm) were consequently 1 they had passed, and "thoy sue-
unable to cross over to Newton | ceclad in retracing their steps
Stewagt, About 11 p.m. tho vio- . in  safety. The bridge was
lenee of the storm had somewhat . finished and opened during the
absted, and the moon came out, ' summer of 1814.
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Neuilly, with modifications rendered necessary by thgrihe-
ference of situation and the greater width of the rivéFto
Le spanned. It showed a bridge of nine arches of 18§_
span : cach being a compound curve, the interior an

and the face or exterior a segment of a circle, a8 fxt &
bridge at Neuilly.* The reporting engincers pointedSgh:
various objections to tho design, as well as to the’
proposed for founding the piers. The result was, that no

* In their report on this design, It is complicated in its fi gd,
wr. Renme and his colleague ob-  we think, wanting in eﬁ;ot.m K %’
served :—* We should, not have equilibrium of the arches has not
thonght it necessary to quote the buen sufficiently attended to: for
production ot a foreign country when the centres of the bridge
tor the snho of showing the prac- ot Nouilly wero struck, the top
ticanlity of constructing arches of the arches sank to a degree
130 feet span, had wo not been beyond anything that has come
led to 1t by the eaaet similarity of our knewledge, whilst the haun:
the designs, and by the principle  ches retired or rose up, so that the
which 15 thercin adopted of tho bridge as it now stands is very
compound curve; beeause our own - different in form from what it was
country aflords cxamples of gienter  origimally designed.  No  atoh
bolduess m the coustruction of change of shape took place in the
arches than  that of Neuilly., bridge over the Ta% (na
There 19 o budgo over the river  I’rydd); thesinking after oen»
T'afl, in the eounty of Glamorgan, tres were struck did not a t
of upwards of 135 fvet span, with  to one-half of that at Ne

a rise not cxceeding 32 fect, and  although the one was

what is moie remarkable is, that | and built under the direction of
the depth of the arch-stones 18 the first engineer of France, twith~
only 30 inches; so that in fact | out regard to expense, whilst the
that bridge far execods in boldness | other was designed and built by &
of deugn that of Neuilly.,” [See I country mason with monjous
tho Memorr of Wallinm Edwards  ceonomy. Our opinion therefore
atp. 73.] Aftersome observations is, that the aiches of ther byid
as to the importance and necessity.  over the ‘I'hamos should ejthesr

of making o bridge in such a*| plain ellipses, without the slanting
situation at the bend of the river, off in the haunches so as $d de-
with a8 large arches as pessible, ceive the eye by an apparent fint-
to accommodate tho navigation ness which does npt 3

gEs

and present as little obstruction exist, or they should be
ud possible to the 11-e and fall of segment of a circle d
the water, they proccaded :—“"We a manner as to give the
confess wo do not wholly approve room for the passage of tiie
of M. P’eyronnet’s construction as and barges under it.” - ‘¥-7%
adapted for the intended nituation.




; S
fuftlier ‘stops were taken to carry out Mr. Dodd’s plan;
e 'ﬁ'hon the Act authorising the construction of the
s had beon obtained, the committee again applied to
eheunie; and on this occasion they requested him to
fiirtiih ‘them with the design for a suitable structure.*
#47ks first stop whicl he took was to prepare an entirely
'&ﬁ chart of tho river and the adjacent shores, aftor a
oarefyl and accurate survey made by Mr. Fraucis Giles,
I proparing, his plan, he kept in view the architectural
dggance of the structure as well as its utility; and while
ha ed it so as to enhance tho beauty of the fine river
front of Somerset 1louse, by contriving that the fuce of the
northern abutment should be on a line with its nolle ter-
réice, he laid vut the roadway so that it should be ay nearly
upbn a level with the great thowoughfare of the Strand as
passible—the rire from that strect to the snmmit on the
hridge being only 1 in 250, ur about two fect in all. Two
designs were prepared--ono of seven equal arches, the other
of nine; and the latter heing finally approved by tho com-
miftes as the less costly, it was ordered {o Lo camied into
" offect,

Tho structure, as excented, is an olegant and substantial
bridge of nine arches of 120 feot span, with piers 20 feot
thick; thearches heing plain semi-cllipses, with their soffits
or erowns 30 feet above high-water of ordinary sping tides.
Over the points of each picr are placed two three-quarter
Doric column pilasters, after the design of the templo of
Segesta in Sicily. These pilasters are 5 feet 83 inches
diametor at the hase, and 4 fcet 4 inches at the under side
of the capital, forming recessgs in the roadway 17 feet wide
and 5Toct deep. The depth of the arch-stonesat the crown
is 4 feet 6 inches, and they increase regularly to 10 feet at

3‘1 ——

-
-ﬁ.ﬂi‘ June, 1810, we find him | expenses; but on no account were

the direction of tnenew | any of his people to have to do
¢ 10001 a-ycar for lumself | with the payment or receipt of
s, ot 7l 7s. a-day aund | moneys.
Hewh
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the haunches.
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Between each,pair of arches, at the level.of

19 feet above the springing, there is an inverted arch, the
gtones of which are 4 feet six inches deep at the ergwn,

Section of
Waterloo Bridge.

and decrease regularly on each side as:they
unite and abut against the extrados or.backs
of the voussoirs of the main haunches. The
abutments are 40 feet in thickness at the
base, and decrease to 30 feet at the spring-
ing. The cope of the arches.and piers is
surmounted by a Grecian Dorie block-cornice
and entablature, upon which is placed a balus-
trade parapet 5 feet high. 'I'he total width
cof the bridge from outside to outside of-'the
parapets is 45 fect. The footpaths on each
side are 7 feet wide, and the roadway for
carriages 28 fcet. There were originally four
sots of landing stairs—two to cach abutment ;
and the arrangement of this part of the work
has been much admired, on account of its
convenience, as-well as because of its archi-
tectural elegance.

In the construction of this bridge there
are four features of distinctive importance
to be noted :—1st. The employment of coffer-
dams in founding picrs in a great tidal river
—an altogether now use of that engineering
cxpedient, though now become customary.
2nd. The ingenious method employed for
constructing, floating, and fixing the centres ;
since followed, by other engineérs in works
of like magnitude. 38rd. The introduction
and working of granite stonc to an extent
before unknown, and in much larger-and
more substantial pieces of masonry than

had proviously been practised. 4th? The adoption of
elliptical stone arches of an unusual width, thongh after-
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waxds greatly surpassed by the same engineer in his New
London Bridge.
: -Mx, Bennie invariably took the greatest pains iu securing
tlid most: solid foundations possible for all his structures,
. and. egpecially of his river works, laying them far helow
thie scour of the river, at a depth beyond all probable reach
of injury from that canse. The practice adopted in founding
the piers of the carly bridges across the Thames was to
dredge the hottom to a level surface, and build the founda-
ions on the bed of tho river, protecting them outside by
rubble, by starlings, or by sheet-piling. Mr. Dodds had
proposed to follow the method employed by Labelye at
Westminster Bridge, of founding the picers by means of
caissons; but Mr. Rennie insisted on the total insufficiency
of this plan, and that the most effectual method was by
means of coffer-dams. This would, no doubt, be more costly
in the first instance, but vastly more secure; and he forcsaw
that tho inevitable removal of the piers of Old London
Bridge, by increasing the current of tho river, would
severely test the foundations of all the bridges higher up
the stream—which proved to be the case. Ilaving already
extensively employed coffer-dams in getting in the founda-
tions of the London and East India Dock walls, he had no
doubt as to their suceess in this case; and they were adopted

accordingly.*

* The coffer-dams in which the ground, well caulked, so as to be
foundations of the abutments were . water-tight, and all connceted
built, were formed by driving two firmly together by strong wrought

rows of piles 13 by 64 inches cach,
with a counter,or abutting pile at
every 12 feet 12 by 12, driven in
the form of an ellipsis, and

strongly cemented together, at

low-water and high-water lovels,
by double horizontal walings or
bracks, having a space of about &
inches olear between them for the
intermediate or half piles. The
whole were driven ecloso togethor
from 15 to 20 feet deep into the

' Bpace s0

iron bars and bolts, besides shores
and intermediate braces  The
aspaces between the two rows of
piles were then rammed close with
well-tempered clay, so that they
formed us it were, a solid vat or
tub impermecable to water; and
within these, when pumped clear
of water, the excavation was made
to the meer depth, and in the

ug out the building
operations proceeded. The coffor-
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Mr. Rennie also introduved  practice of some T
and importance in the centering upon which the s

—y—

I
5
»

—

Lentering ot Arch, Waterloo Bridgé [After k. Blore )

the bridge wero built. Ile udopted the braced principle.
The centres spannng tho whole width of the arch were

” L3
proper depth, and the foundations
& sumlar mnet, with modifiea- | wore commenced froxt a level nine
tions acemdmg to encumstauces | feet at least below low-water
Bvihis meansthe bed of thoiner, | mark  The foundations thefe
whero the piais weie to be erceted, | rosted upon timber piles feom 20
was exposed and dug ou. to the , 10 22 feet long, driven gﬂtc ths

dams for the piers were formed
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compobéd of eight ribs each, formed in one pioeo, resting
upon, the same numbor of solid wedges, supported by
inolined tressels placed upon longitudinal bearcrs, firmly
fixed to the offset of the piers and abutments. At the
" intemseoting paint of «he bearers or braces in each 1ib thore
was a cast-iron box, with two holes or openings in it,so
that'the butt-erids rested firmly against the metal ; and 1o
prevent them frum acting like so many wedges to tear the
rib to pieces when the vertival weight of the arch bogan to
uponsthem, pioccus of hard wood were drivon firmly intn

the holes abave described, to check the effect of the bearers
or struls of the ribs; and this airangement proved com-
pletely successful. The eight ribs wero firmly connected
together by bracos and ties, so as to form one compact
frame, and the curve or form of the arch was ucturately
adjnsted by means of transverse timbers, 12 inches wide
#nd 6 inches thick, laid across the. whole of the ribs, set
out to the exact form of the curve by ordinates fiom the
main or longitudinal axis of the ellipsis; and in proportionu
as the voussoirs or arch-stones wore carried up fiom the
adjuining piers, the weight which bhad been Lud upon the
top of tho centre to keep it in equilibrium according ro
the form of the aich during construction, was gradually
removed as it advanced towards complotion. When the
arch was about two-thirds completed, a small portion of 1t
was closed with tho centro, and the remaining part of cach
side was brought forward regulaily by offsets to the crown
until the wholo was finished. Kach key-stone was accu-
-rately fitted to its respective place, and the last portion of
eagh, for the space of about gighteen inches, was driven

LY
solid bed of the river. Upon the | and .sion. The whole work
headls of these mles half-timber | was done with such solidity that,
. planking was spiked, and on this | afic® the lapse of fifty years, the
the was bwilt— | foundations have not yielded bya
* every stone boi!:‘gﬁl tted, mortared, | straw’s ?readth at any point.
and’lgid with studious acouracy

L)
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home by a heavy wooden ram or pile-engine, 80 ag almost
to raise the crown of the arch from the centre. .

About ten daysafter the main arches had been completed,
and the inverts and spandrel walls between them carried
up to the proper height, the arches were gently slackened,
to' the extent of about two inches, so as to bring each to its
bearing to a certain extent. This was effected by driving
back the wedges upon which the ribs of the centres rested,
by means of heavy wooden rams attached to them, so that
they could swing backwards and forwards with great
facility when any external force was applied to them; and
this was done by ropes worked by hand-labour. After the
first striking or slackening, the arches were allowed tu
stand for ton days, when the wedges were driven back six
inches farther. After ten days more tho wedges were
driven back sufficiently to render the arch altogether clear
of the centering. Dy this means the mortar was firmly
imbedded into all the joints, and the arch came gradually
to its ultimate bearing without any undue crushing. In
order to ascertain:whether any chango of form took place,
three straight lines were drawn in black chalk on the
extromeo face of the arch previous to commencing the opera-
tion of striking the centre—one horizontally in thefcentro
of the voussoirs forming the crown, and two from the
haunches of the arch, cach intersecting the first line at
about 25 foet on each side of the keystone; so that'if thero
had been any derangement of the curve or irregular sinking,
it would at once have been clearly apparent. After the
centres had been removed, it was found that the sinking of
the arches varied from 2§ to 3} inches, which was as nearly
as possible the allowance made by the engineer in designing
the work ; the whole plan being worked out with admirable
precision and accuracy.

The method of fixing and removing the centres was
cntirély new; being precisely the same as was afterwards
followed by Mr. Robert Stophenson in fixing the wrought-
iron ribs of the Conway and Britannia bridges —that is, by
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constructing them complete upon a platform adjucent to
the river, and floating them between the piers on barges
expressly contrived for the purpuse. "They were then
raised into their proper places by four strong screws,
8 inches in diameter and 4 feet long, fixed in a strong cast-
iron box firmly bedded in tho solid Hoor of the barge. The
apparatus worked so well and smoothly, that the whole
centre, consisting of eight ribs, cach weighing about fifty
. tons, was usually placed within the week.
y Tho means cmployed by Mr. Rennie for forming his road
upon the bridge, were identical with those adopted by Mr.
Macadam at Bristol somo six years later. But the arrange-
ment constituted so small a part of our engineer’s contri-
vances, that, as in many other cases, he made no merit of it.
When the clay-puddle placed along the intended roadway
- was sufficiently hard, he spread a stratum of fine screened
gravel or hoggins, which was carefully lovelled and pressed
down upon the clay. This was then covered over with a
layer of equally broken flints, about the size of an egy;
after which the whole was rolled close together, and in a
short time formed an admirable “macadamized™ road. Mr.
Rennie had practised the same method of making roads
over his bridges long before 1809; and he continued to
adopt it in all his subsequent structures.

The whole of the stone required for the bridge (excepting
the balustrades, which were brought ready worked from
Aberdeen) was hewn in some ficlds adjacent to the erce-
tion on the Surrey side. 1t was transported to the work
upon trucks drawn aleng railways, in the first instanco
over temporary bridges: of ywood; and it is a singular
circumstance that necarly the whole of the material was
drawn by one horse, called “Old Jack ”—a most sensible
animal, and a great favourite. His driver was, generally
speaking, a steady and trustworthy man, though rather too
fond -of his dram before breakfast. As the railway along
which the stone was drawn, passed in front of the publié
house door, the horse and truck were usually pulled up

a T2
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while Tom entered for his “morning” On one cocasion
the dniver stayed so long that «Old Jack,” becoming 1me

w

-
-

‘Watetloo Bridge  [By Percyval Skelton, after his onginal Drawing }

patient, poked his head into the open door, and iaking his
master’s ooat collar between s teeth, though 1n a gentle

&
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sort of mauner, pulled him out from the midst of his com-
penions, and thus forced him to resume the day's work,
.The bridge was opencd with grest coromony by His
Royal Highness the Princo Regent, attended by the Duke
of Wellington and many other distinguished persouagos,
an the 18th of June 1817. It was uriginally named tho
,8trand Bridge; but after that date tho name was alterod
‘ta that of “ Waterloo,” in honour of the Duke. At the
opening, tho Princo Regent offered to confer the honour of*
d thood on tho engineor, who respectfully doclined it.
Writjng to his friend Whidboy, ho said, “I had a hard
buginess to escapo knighthood at the opening.” He was
‘ pontented with the simple, unadorned name of John Rennie,
engineer and architect of the magnificont structure which
he had so successfully brought to completion.

Watorloo Bridge is indeed a noble work, and probably
has not its equal for size, beauty, and solidity. Dupin
charactorised it as a colossal monument, worthy of Sesustris
or tho Casars. Canova, during his visit to England, was
partiou!arly struck by the fact, that the trumpery Chinese

_bridge, in St. James's Park, should o the production of
,the Government, whilst Waterloo Btidge was the enter-
,prise of a private company. Like all Ronnié’s works, it
was built for posterity, That it should not have spttled
more than a few inches -not five in any part—afler the
centres were struck, is an illustration of solidity und
strength probably without a parallel.  We believe that not
a crack is visible in the entire work.

The nceessity for further bridges across tho Thamey
increased with the growth gf population on both sides of
the river. In the year 1813, a Company was formed to
provide a bridge at some puint intermediato betwoen
Blackfriars and London Bridge, of which Mr. Rehnio was
appointed the engincer. The schemo was at first strongly
opposed by the Corporation, on the ground of the narrow-
ness of the'river at the point at which it was proposed to
ereot the mew structure; but the vublic demands being
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urgent, tho necessary Act was at length allowed to pass,
but the Corporation insisted on the provision of a very
lurge waterway, so that the least possible obstruction
should be offered to the navigation. Mr. Rennie prepared
a design to mect the nccessities of the case, and in order to
secure the largest waterway, he projected his well-known
Southwark Bridge-—extending from Queen Street, Cannon
Street, to Bridge Street, Southwark. It consists of three
cast-iron arches, with two stone piers and abutments. The
arches are flat scgments of circles, the centre ono being not
less than 240 feet span (or 4 feet larger than Sunderland
Bridge, tho largest cast-iron arch that had until then been
erected), rising 24 feet, and springing 6 feet above high
water of spring tides. Tho two sido arches aro of 210 feet
span, cach rising 18 feet 10 inches, and springing from the
same level. The two piers were 24 feet wide each at tho
springing, and 30 fect at the basc.

The works commeneed with the eoffer-dam of the south
pier on the Sonthwark side, and the first stone wag laid by
Admiral Lord Keith about the beginning of 1815. Al the
eentering for the three arches was fixed by the antumn of
1817, and the main ribs were set by tho end of April
1818. The centres were struck by tho end of. the month
of June following, and completely removed by the middle
of October; and the bridge was opened for traffic in March
1819,

In the course of this work great precautions weére used in
securing tho foundations of the piers. The river was hero
at ity narrowest and deepest point, the bed being 14 feet
below low water of ordinary spring tides. 9he coffer-
dams were, therefore, necessarily of great depth and strength
to resist the pressure of .the strong body of water, as well
us the coneussion of the barges passing up and down the
river, which frequently drove against them. Hence the
dams were constructed in tfie form most capable of resisting
external pressure, and yet suitable to the dimensions of the
foundations. The masonry and iron work of the bridge
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were erectea with great caro and eompleteness. Tho blocks
of stone in the piers were accurately fitted to their places
by moulds, aud driven down by a heavy wooden ram.

Southwark Bridge. [By Percival Skelton, after bis original Drawing.)
°

The least possible quantity of fincly-tempered. mortar was
used, so that every part should have a perfectly true per-
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manent bearing. Great care was also takeq in the !ﬁlectl

of the blocks. The exterior of the piers was donstrnotad
hard silicious stone brought from-Craigleith an'ry"hawg
Edinburgh, and Dundee; the interior, from the Thottdm of
the foundations to the springing of the arches, of hard
Yorkshire grit; while that partof the piersand abutmbnﬁa
from which the arches spring consisted of the hardest und
closest*blocks of Cornish and Aberdeen granite: in fine; it~
may be’ affirmed that a' more solid pieco of masonry does
net cxist than Southwark Bridge.

«The iron work consists of eight arched ribs, the main
strength of the arches being embodied in their lower
parts, which are solid. The lower or main arch is divided
into thirteen pieces, with a rib 5} inches fhick at the top
and bottom, and 2} inches in the centre. The joints
radiate vutwards from the lower edge, and form so many
cast-iron instead of stone voussoirs, from 6 to 8 feet deep
and 13 feet long. At the junction of cach of these main
rib picees there are transverse plates of the same depth,
having flanges cast upon them on both sides in a wedge '
form, so that the ends of the main rib piors fit into them
on one side, whilst on the other there is a cast-iron wedge,
driven in between the rib and flange piece, and enabling
the whole to be aceurately adjusted and connceted together. .
In addition to this, each rib picce had a flange, cast at .
cach end with a certain number of holes thme-qaa,rtcrs of
an inch in diameter, into which wrought-iron screw bolts
wore introduced to connect the whale firmly together in
the dircction of the arch. These rib picces were also of
great importance during construction, the chicf dependence -
being placed upon their latbml tluust in holding the -
arches together

At each, pier and abutment there was a similar cast‘mon
bed or abutting plate, let accurately 1% inch into the
stone; but between the end of each main rib which spnng
from“this plate there was a groove out out of the’ solid

stone behind the springing plates and main n'on nl;a oi
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the arches, 18 inches wide, 3 inches thick at the top, and
2 incheg ut bottom. Tho groove was accurately drossed and
polished. Three cast-iron wedges, 9 feet long, 6 inches
wide, and 8} inches thick at top and 2 inches at bottom,
were thon made and most acourately chipped and filed,
80 a8 to fit exactly the groove abuve mentioned to within
12 inches of its bottom. When the whole of thesc wedgus
at both ends of the arch had been put into their places,
they were darcfully driven home to the hottum of tho
gyooves at the same time by heavy wooden rams, by which
meang the ribs of the arches were relioved from tho
ocntres and took their own bearing.  Tn other words, the
arches were koyed from the abutments only, instcad of
from the centre, a8 is usual in bridges of stone.

This was an extremely dolicato and nice process, as it
required that the variations of the thermometer should be
carefully observed, in order that each operation should be
carried on at as nearly as possible tho samo degreo of
temperature, otherwise the form of the arch would havo
heen distorted, the vertical and lateral pressure of the
different parts would have been affected, and an undue
strain thrown upon the abutincnts as well as the different
parts of tho arch. But sv nicely was the whole operation
arranged and adjusted, that nothing of the kind occurred
the parts remained in perfect equilibrium; not a bolt was
broken, and not the smallest derangement was found in
the structure afier the process had been completed.

The spandrel pieces attached to the top of the main rihs
wero cast in the form of opon diamonds or loszengcs, con-
nected togethor in the tiansverse direction by two tiers of
solid crusees laid nearly borizontally—all closely wedged
and firmly bolted together. In addition to the transverse
conuecting ,plates cast in open squares, thero wero also
diagonal braces of cast iron, commencing at the extremity
of the outer rib of cach arch aifl intersecting each other
go @8 to form a diamound-shaped space in the centre
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These were also secured at their ends by wedges and bolts
like the main rib pieces.

After the main ribs of the arches were relieved from
the centres, and had taken their bearing, before the centres
were removed from heneath them, oxperiments were made
how far they might he affected by expansion and contrac-
tion, in proportion to the different degrees of temperature
to which the bridge might be exposed; and for this
purpose different gauges were made of brass, iron, and
wood. These gauges were firmly attached to the middle
or crown of the wooden centres, and divided into sixteenths
of an inch, and at each a Fahrenheit thermometer was
placed; so that the ends of the arch being fixed, tho
variation in the temperature wonld be indicated by the
rise and fall in tho centre. Tho observations were mado
dauily—in the morning, at midday, and at sunset—for
several months during snmmer and winter, when it was
ascertained that the arches rose and fell about one-tenth of
an inch for every 10 degrees of temperature, more or less.

The wholo iron work is covered with solid plates,
having flanges cast on their upper side. These plates
are laid in the transverse direction and on the top of the
spandrel walls, so that they form a solid and. compact
cast-iron floor to sapport the roadway. The cornice,
which is east hollow, is of the plain Roman-Doric order,
and is seceured to the roadway-plates by strong stays and
boltsat proper intervals. The parapet consists of a plinth,
also cast hollow, with a groove at the top to reccive tho
railing, which is cast in the form of open diamonds corre-
sponding with the spandrels. The roadway is 42 feet wido
from outside to outside, and formed in the same manner
as that over Waterloo Bridge, which has been already
described.

The total quantity of cast iron in the bridge is 3620
tons, and of wrought iron®112 tons. Tt has been said that
an unnccessarily large quantity of material has been
employed ; and no doubt a lighter structure would have
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stood. ‘But lonking at the imporfections of Workmanship
and, possible flaws in the castings, Mr. Rennie was probably
justified in making the strengths such as he did, in order
to ensure tho greatest possible solidity and durability—
qualities which eminently characterizo his works, and
perhaps most of all, his majestic metropolitan bridges.
Althongh the Southwark Bridge was built before the
Railway era, which has given such an impetus to the con-
struction of iron bridges, it still stands pre-eminent in its
clgss, and is a model of what a lridge should be. Its
design wab as bold as its excention was masterly.  Mr.
Rbbert Stephenson has well said of it that, “ as an example
of arch construction, it stands confesseldly unrivalled as
regards- its colossal proportions, ifs architectural effoct,
and the general simplicity and massivo character of its
details."*

* Articla on Iron Bridges in ¢ Eneyclopedia Britannica.

3
Waterioo Bridge. By K P. Lelwh,)
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CHAPTER VI
Tue BeLy Rock LiGHTHOUSE. |

ABouT eleven miles east of the mainland of Scotland, near
the entrances to the Friths of Forth and Tay, lics an
extensive ledgo of rocks, which for a long time was the
terror of the seamen navigating that coast. It is nearly
two miles in length, boing the crest of a mountain rising
frona the nea hottoms, only a small part of which is visible
at high water.

This sunken reef was a source of such peril, that, as
carly as tho fourteonth century, the Abbot of Arbroath
caused a bhell to be placed upon the principal rock, the
swinging of which by the motion of the waves warned
scamen of its dangers ; and from this circamstance it came
to bo called the Bell Rock. It is affirmed that a notorious
pirate, in order to plague the Ahbot, cut the bell from the
rock, but was himself afterwards wrecked on the verysp &;
aud on this tradition Southey founded his beautiful ballad
of * Ralph the Rover.’*

Nothing was done to replace the bell, or {o set a beacon
upon the recf; and it remained in its dangerous state—

* The following is the tradition | rang continually, being moved by
as gven by an old writer :— By« tho sea, giving notice to the say-
the cust of the Isle of May, twelve lors of the danger. This bell or
miles from all land 10 the German  clocke was put there by the Abbot
Sen, lyes a great hidden rock of Abetbrothoch, and, being taken
called Incheapo, very dangerous down byasemmte,ayearethere-
to the navigators, because 1t is after he peris upon the game
overfloned every tide. It iswre- ' rock, with ship and goodes, by the
ported that, 1 old times, there righteous judgment of dod"
was upon the smd rock a bell. (Stoddart’s  *Remarks on Scot.
fixed upon a tres or tunber, whick land.") ¢ :
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the Eddystone of the nprthern seas—ugtil the beginning
of the present century, when the increasing commerce of
Sootlmd, and the large nuuber of vessols wreckod there,
had the effect of directing public attention to the subject,
As in the case of the Eddystonc reef, the sailors’ fear of it
was such, that in order to avoid its dangers, they hugged
the land so cldse as very frequently to run ashore.

Captain Basil 1fall relates that when a Loy, ho was
constantly hearzag of vosscls getting wrecked throngh
fepr of the terriblo Bell Rock, which lay aboat ten loagues
due north of tho house at Dunglass in which he was born.
Tt is situated on the borders of East Lothian, not far from
the bold promontory on which Fast Castlo stands, over-
lodking the German Ocean. He states that “ ships bound
for the Forth, in their coustant terror of the dangerous
reef, were not content with giving it ten or cven twenty
miles of elbow-room, but must neods edge off a little more

" to the south, so as to hug tho shore, in such a way that,
when the wind chopped round to the northward, as it
often did, these over-cautious navigators wero apt o got
embayed in a deep bight to the westward of Fast Castle,
If the breoze freshened before they could work ont, fhey
poid dearly for their apprehensious of the Bell Rock, by
‘driving upon ledges full J s sharp, and far more extennive
and inevitable. Thus,” bo says, “at that tiwme, from
t};roe to four, and sometimes half-a-dozen, vessels nsed to
be wrecked every winter, within a milo or two of our very
door.”* *

A Board of Commissioners had been appointed, under
the powers of an Act passed, in 1786, for the purpose of
erecting lighthouses at the most dangerous parts of the
ooast of Scotlahd; and by the end of the century several
had been bnilf,-—-—one on the Isle of May at the entrance of
the Frith of Forth, another on tho Cumbraes at the mouth
of the Frith of Clyde, and othdrs on rocky promontories

» — . — — - = — e ———

* ¢ 'yagments of Voyages and Trovels, i. 15-16. Edinbusgh, 1681,
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on the eastern and western coasts, including' the Orkneys.
The lights exhibited were of a rude kind, and consisted
of coal fires in chauffers. All that was needed ‘being a
bnght light, they probably answered their purpose, though
in a clumsy way. The most dangerous reef of all, how-
over, was still left without any protection; and douhtless
the delay in providing a light upon the Bell Rock arose
from the great difficulty and expenso of erecting a suitable
structure on such a site. .

In the winter of 1799, a tempoest memorable for its
violence and fatal effccts, ravaged the coasts, and drove
from their anchors ull the ships lying in Yarmouth Roads.
Thoe greater number were wrecked on the northern_ coast ;
and it was belioved that many of them might have been
saved, had a light been fixed on the Bell Rock to poiut out
the entrances to the Friths of Forth and Tay. Among
the other lamentable shipwrecks which took place on the .
Incheape about the same time, was that of the ¢ York, o
soventy-four-gun ship. which went down with all her
crow. The reef was alsu a constant source of danger to
tho shipping of Dundce, then rising in importance, as it
lay right in the main track of vessols making for the
mouth of the Tay from the Germau Ocean.

Many were the plans suggested for a lighthouse on the
Bell Rock. In 1799 Captain Brodie submitted to the
Commissioners of Northern Lights his design of a cagt-
iron tower to be supported on four pillars; but it was not
adopted. In the mean time temporary beacons of timber
were employed ; but theso rarely stood the storms of a
single winter; and three sucgessive structures‘of this kind
were completely swept away. Mr. Robert Stevenson and
Mr. Downie also proposed plans for the consideration of
tho .Board between 1800 and 1804 ; but nexther of them
was adopted.

Cousiderable diversity*of opinion contmumg to exist,
the Commissioners determined to employ Mr. Rennie. to
exawine. the site and report as to the best course to be



Cnar, VII, RENNIE'S REP'ORT. 27

pursued. He accordingly procceded to Scotland, and
visited the Inchcape Rock on the 17th of August, 1805,
in company with Mr. Hamilton, one of. the Commissioncrs,
and Mr. Stevenson, their surveyor.

After mature deliberation, Mr. Rennic sent in his report
on the 30th of December following. Io recommended
the erection of a substantial lighthouse of stone, similar
to that on the Eddystone, us being, in his opinion, the
only structure culculated to meet the necessities of tho
case.* He regarded a wooden building as ubjectionable,
because of the perishable nature of tho material, and its
liability to be destroyed by fire. Although it would bo
possible to crect a lighthouse of cast iron, its cost at that
time would have been equal to one of stone, with which,
in point of ‘durability, it was not to be compared. 1
have therefore,” he coneluded, “no hesitation in giving a
decided opinion in favour -of a stono lighthouse.” With
sach examples as the Tour de Cordouan necar the entrance
‘of the Garonne, and the Eddystone off the const of
Cornwall, he held that there could be no doubt as to the
superijority of this plan to any other that could be proposed.
Although the Inchcape was not so long uncovered by the
tide as the Eddystone rock, and there might be greater
delay in -getting in the first four .or five courses of the
foundation, this was only a question of time; and ho had
no doubt that this difficnlty would be overcome, and the
whole structurc completed in the space of about four
years.

In his report he further said : “ Mr. Stevenson, to whose
merit T am happy to bear testimony, has been indefatigable
in obtaining information respecting this rock, and he has
made a model of a stone lighthouse nearly resembling that

* Baron Dupin in his ‘Com- mensiousof the Eddystoen Light-
mercial Power of Great Britain,’ howso were adopted with the jm-
says :—%Several engineers sub- provements in lighting, which the
nitted plans; but, by the advice rceent progress in opties allowel
of Mr. nie, the model and di- 1im to make.” (ii. 159.)
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of the Eddystone, in which he has proposed varions
ingenious mothods of constructing the work By way of
facilitating the operations. I own, however, after* fully
considering them, and comparing them with the oon-
struction of Mr. Smeaton—I mean in the prooccss of build-
ing—and also reflocting that there are undoubted prpofs
of the stability of the Eddystone, that I am inclined 10
give the latter tho preference; ils general construction,
in my opinion, rendering it as strong as can well be
conceived.” . .
Taking, however, into account, that the foundation of the
proposed building lay so much lower in the sea, Mr. Rennie
suggestod that the colmnn should bo somewhat higher, so
that the eave of the cupola should be about 100 feet above
the surface of the rock, the Eddystone being only 84 feet
6 inches,—-though this alteration would involve a some-
what greater diameter of the hase. e further pointed
" out that the pillar shonld be surronnded by such an extent
of rock as to diminish the force of the waves breaking at
its foot. 1Te also propused that the floor of the lower room
of tho lighthouse should be 50 feet above the level of the
rock, and from thence to the top of tho platform 85 feet ;
making a total height of 85 feet to the platform or gallery.
Ile recommended that argand lights should he émployed,
with parabolic refloctors ; and he suggested {or considera-
tion the employment of carburctted hydrogen gas, then
coming into extensive uso for lighting purposes. The
cost of tho lighthouse, sv consiructed, he estimated at
ahout 42,0001
The Commissioners advpted Mr. Rennic's- report, . and
proceeded to Parliament for the requisito powers, which
were obtained in the session of 1806 ; after which (on the
3rd of December following) they unanimously appointed
him the chief engineer for conducting the work, At Mr.
Rennic’s recommendationy Mr. Stevenson was appointed the
assistant-enginecr tosuperintend the operations on.the sput,
and he placod under him two ablo foremen superintendents,:
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Mr Peter Logan over the musons, and Mr. Francis Watt
over the joiners employed upon the lighthouse, Mr.
Rennie was then requested to report further, with plans
and specifications of the varivus works in detail; which
he prepared and duly submitted to the Board.

In this second rcport of the 26th December fullowing.
Mr. Rennie entered at great lIength into the deseription of
stone to be used in the building, bused upun a personal
inspoction of the quarries at Mylneficld ncar Dundee, at
Arbroath, and at Aherdeen; and on his reconnmendation if
was determined to use blocks from the Rubieslaw quarry at
Aberdeen for the outer, and Ihwmdee stome for the inner
masonry. He also repeated his advice, that in earvving
out the work, the plan of constrncetion adopted by Smeaton
in building the lighthouse on the Eddystone should he
mainly followed: one of the few deviations consisting in
tho substitution of dovetailed picees of stone for chain bars
in the joints Loth of the walls and the floors.  These
recommendations having heen adopted, Mr. Rennio was
authorised to proceed with the requisite preparations for
the building: and, after making all due arrangements,
and giving his representatives suitable iostructions, he
left the practical operations 1o be cuoried ont by them
accordingly.*

The whole of the year 1807 was occupiod in construet-
ing the necessary vessels, and in erecting the reqgnisite
machinery and building-shops at the working yard at
Arhroath, which was fixed upon as the most. convenient
point on the coast for carrsing on the land operations.
Some progress had heen madiy at the rock itself, where «
smitl’s forge was fixed and M temporary heacon erected,
while a floating light, fitted up in an ohl fishing doggoer,
was anchored near the reel until the lighthouse conld e

* A detailed account of the |« A® Account of the Bell Roek
operations was afterwards ]-ub-{ Lighthouse' By Robert Steven-
lished by the assistant-cugineer, { ron. Cinil Engincer.  tdinburgh,
in his intercsting work -ntutled | 1824,

1. u
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erccted, Preparations had also been made for progesding
with the foundations, the nccessary excavations beifig
vonducted at considerable peril, in conscquence pf Q‘e
violence of the waves and the short period during
tho xeef was uncovered during each day. - .
Tho dangerous nature of the employment may be illus-
trated by the following brief account of an accident which
happened to the workmen on the 2nd of September, before
the excavation for the first course had been completed.
An additional number of masons had that morning eome
off from Arbroath in the tender of forty tons, named ¢ The
Smeaton,” and having landed themn on the rock, the
rode at salvagee, with a crosshead made fast to tho float-
ing huoy. The wind rising, the men began to boe uncasy
as t¢' the security of the “Smeaton’s’ riding-ropes, and a
party went off in a boat to (xamine whether she was all
secure; but before they conld reach the vessol’s side they
found she had already gono adiift, leaving the greater
part of the men upon the reef, in the faco of a rising tide,
By the time the ‘Smeaton’s’ crew had got her mainsail spt
and mado a tack towards their companions, sho had drifted
about three miles to leeward, with both wind and tide
against her, and it was clear that she could not possibly
make the rock until long after it had heen completely
covered. There were thirty-two men in all upon the Inch-
capo, provided with but two boats, capable of carrying
only twenty-four persons in fine weather. Mr. Stevenson
seems to have behaved with great coolness and presence
of mind on the occasion, though he confessed that of the
two feelings of hopo and despair, the latter largely pre-
dominated. Fully persuaded of the peril of the situation,
ho kept his fears to himsclf, and allowed tho men to
continue engrossed with their occupations of horing and
excavating, '
After working for about three hours, the water began te
rise along the lower parts of the foundations, and the wan
were compelled to desist. The forge fire becamp ez-
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the smith ceased from hammering at his
‘Mﬂﬁ& tha masons from howing aud bering ; and when
W up their touls to depart, and looked around, their
gﬁf}wﬂs not to bo seen, and the third of their boats
‘hiag, gone after the ‘ Smeaton,” which was drifting away
inthe'distance! Not a word was uttered ; but the danger of
theit posmon was instantly wmpmhmdod by all.  They
’lqoked towards their master in silenco; but the auxiety
wlm}h,had beén growing in his mind for some timo had
now‘bauome 80 intense, that ho was speechless. When ho
ntﬁempted to speak, his month was so parched that his
tﬁagmo refused utterance. Turning to one of thoe pools on
thal‘ook, he lapped a littlo water, which gave him relicf,
it.was salt ; Lut what was his happiness when, on
rdémg ‘his head, svmo oue called ont A Loat! a hoat!”
and sure enough, a largo boat was scen through the haze
making for them. She proved to be the Bell Rock pilot-
boat, which had come off from Arbroath with letters, and
her timely arrival doubtless saved the lives of the greater
purt. of the workmen. They were all taken off and landed
o sa,fety, though completely drenched and exhausted.

Mr. Rennie, ncovmpanied by his son George, visited tho
rook.on the 5th of Cetober, 1807, the day before the works
were puspended for tlie wintvr. They came off from
Arbroath, and stayed on hoard the lighthonse yacht all
night, where Mr. Stevenson states that he “enjoyed mnch
of Mr. Rennie’s interesting couversation, hoth on general
topics and professionally npon the progress of the Bell
Rock works, on which he was consulted as chief engineer.”
On, the. following morning Nr. Rennie landed to inspeet
the p¥ogress made in the exeavation, being received with a
display of colours frum the beacon and three cheers fromi
the workmen. They continucd at work fo. only about
thm "hours that day, after which the whole working
pax wooompamed by the chief engincer and his son, the
. residy engineer, and the forcman of the works, returned
to the wintor.

1% for U 2
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The preparation of the stone blocks for next summer’s
operations thon proceeded on shore; anfl by the spring
large numbers wero dressed, and ready to be floated. off.
In May, 1808, the excavations on the rock were proceeded
with, and on the 10th of July thc first stone was laid with
considerable ceremony. Mr. Rennie paid his next visit on
the 25th of November following, for the purpose of in-
specting the work done, and reporting progress to the
(‘ommissioners.  From his report it appears that three
comrses of masonry had by that time been laid in a very
complete manner. At his suggestion, a modification was
adopted in the cement used for the huilding, and also in
the use of the granite blocks delivered from the Aberdeen
quarry, some of which had been found defective. -~

By the end of 1809, at our engincer’s next visit of in-
spection, the tower had been built to a height of 30 feet,
and was comparatively seenre against the effects of the
most violeut seas.  In his veport to the Commissioners he
stated that he found that the form of slope which he
had adopted for the base of the tower, as well as the curve
of the Imilding, fully answered his expectations—that
they presented comparatively small obstruction to the roll
of the waves, which played round the column with case—
and he expressed the opinion that the lighthouse, when
finished, “ would he found to be the most perfect work of
its kind.” In his report he recommended a modification in
the details of the upper part of the building. In dove-
tailing the stones together, the method employed at the
Eddystone had up to this point heen followed ; but from
the top of the stairease hg proposed that a somewhat
.liﬁi rent, plan should be adopted.

“The stone floors in the Kddystone,” he said, “ were
formed by an arch in the shape of a dome springing-from
the smrrounding walls, to strengthen which chain bars
were Taid in the walls. ¢ jropose that these should be
done with large stones radiating from a circular block in
the middle, to which their interior ends are to be dove-
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tailed as well as the radiated joints, and these connecterd
to the sirrounding walls by means of a civenlar dowel,
Dy this means the luteral pressure on the walls will be

Bection of Bell Rock Lighthouse,

removed, the whole connccted fogether as one mass, and
no ‘chain-bars will be wanted except under the cornice
Thus: the whole will be like a solid block of stone ex
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cavated for the residence of the lightkeepers, £
He concluded with somo practical advice as to the.pghs
struction of the lantern after an improved method,

<he proposed, in order that it might be in readiness i
course of the ensuing summer, by which time he amtisi-
pated that the building would be ready for use if the
weather proved favourable. These recommendationp #reie
adopted, and the work having proceeded satisfactorily,4he
wholo was completed by the end of 1810, and the light
was regularly coxhibited after the 1st of Fe'b':naqr
1811.

When finished, the tower was 10 feet higher than ‘the
original design, being 954 fect to the top of the cornice,
and 127 fect to the top of the lantern. The additional
height to which Mr. Rennie thonght it necessary to earry
the lighthouse during its construction, had the effect of
raising the total cost to 61,3514 ; hut he helieved that the
increased outlay would be fully justified by the greater
sceurity of the lighthouse and its increased efficiency for
tho purpuso for which it was intended. “ves

Notwithstanding the facts which we have stated, show-
ing that Mr. Rennio acted thioughout as the chief
enginecr of the lighthouse — that ho furnished the design,
arranged the details of the bLuilding, settled the kind of
materials to ho used, down even to the modo of mixing the
mortar, and from time to timo made various alterations
and modifications in tho plans of the work during its pro-
gress, with the sanction of the (‘ommissionets—his name
has not msually been identified with the erection of the
structure ; the credit having been almost exclusively given
to Mr. Robert Stevenson, tho resident ongmoor,——-ansing,
no doubt, from the circumstanco of Mr. Rennie being in a
greal measure ignored in the ¢ Account of the Bell Rock
Lighthouse,’ published by Mr. Stevenson several ysers
after the death of Mr. Rennie.

The following account was given by Mr. Rexrnie
himsclf, in a letter to Matthew Boulton of Birmieg
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"%twa to his own and Mr. Stevensou’s ennnection
“4he plans and ercetion of the lighthouse : - -
M" RBobert'Stevenson was bred o tinswith and lamp.
, in which line he was employed by a Mr. Thomas
thy 8 considerable manufactwer in ldmburgh. who
hﬁﬂ’&hﬂ care of the reflectors and lamps lwlmlgmg to the
onners of Northern Lights. While in Smith's
emplqyment Stevenson married his danghter, and Swith,
adxapeing in years, employed Svenson {o lok after {he
gm ern Lights. This he did for several years.  When
'kh declined the situation, Stevenson was clected in his

s \Vhen the Bell Rock Lighthouse was ereetad, Stevenson
was émployed to superintend the whole. A regunlar head
mason and carpenter were employed under, him.  The
original plans were made by me, and the work was vinited
by me from time to time during its pogiess. When the
work was cowpleted, Stevensen eomsidered that he had
acquired sufficicnt knowledge to start as a civil enginea,
and in that line he has heen most indefatigable in looking
after employment, by wiiting and applying wherever he
thought there was a chanee of sucecss.

* He has assumed the merit of applying coloured glass
ta lighthouses, of which THuddart was the actual inventor,
and I have no doubt that he will also assume the whole
morit of planning and creeting the Bell Rock Lighthouse,

*if he has not alrcady done so. T am told that few woeeks
pass without a puft or two in his favour in the Edinbuigh
"o ok

Mr, Stevenson was un stionably cufitled to great
merit for the able manncr in which he performed  his
duties as a gupcrintendent in conncetion with the bnilding
of ‘the Lighthouse. Mr. Rcunic was always ready to
acknowledge this. But had auy fulure oceurred in con-
soqiemos of a defect in the plans, Mr. Romic, and not Mr.

w —_—— -

' #1etter dated the 12t Mareh, 1811 Boulton MSS.
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Stevenson, wonld have been held responsible. A8, how-
ever, the Lighthouse prov ud a success, it is but faif that
the chief engineer should not be deprived cf the merit
which unquestionably belonged to him. It is a matter: of

The Bell Rock ngu't' house. By Percival Skelton.}

impossibility that engineers in extensive practice should
personally superintend the various structures designed
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ythem,' and which are proceeding at the same time in
different parts of the country. Hence the appuintment,
at thelr recommendation, of xsulwlmfemlonts or resident
ngi whose husiness it is to sce that the details of the
desxgn are faithfully carried out, and that tho work is
expouted in all respects according to the chief engincer'’s
designs and instructions.
To take two instances—Telford’s Menai Bridge and
Stephenson’s Britannia Bridge—in the former of which
Mr. Provis was appointed resident engincer, and in
he latter Mr. Edwin (larke.  Both of these gentlemeu
afterwards published detailed histories of these works ; but
neither of them ignored the chief engineer, nor did ﬂu-y
claim the exclusive merit of having been the successful
erectors of theso magnificent structures.
. During Mr. Rennic’s lifetime various notices were puh-
lished, claiming for Mr. Stevenson the sole eredit of having
designed and erccted the lighthouse. At this Mr. Rennic
was mnaturally annoyed; aud the more so when he learnt
that Mr. Stevenson was about to * writo a book” without
communicating with him on the subject. I have no
wish,” he says, in a letter to a friend, “to prevent
his writing a book. 1f ho details the truth fairly and
impartially, I am satisficd. I do not wish to arrogate
to mysclf any more than is justly my due, and I do not
want to degrade him. 1f he writes what is not true, he
will only expose himsclf. T bethink me of what Job said,
¢« Oh that mine enemy would write a hook 1" The volume,
however, was not published until three yeavs after Rennice's
death ; and it was not until the publication of Sir John's
work on Breakwaters, that Ais father's claims as chief and
responsible engincer of the lighthouse were fuixly asserted
and afterwdrds fully and clearly established.*

*The ocorrespondence which géncer and Architect’s dournal,’
took_place on the sukject will bo vol. xii., 1819,
fotuid recorded in the * Civil En-



CHAPTER VIIL .
Mr. Rosyie™s Docks AND [TArBQURS.

Tue growth of the shipping business, and the increuso in
our home and foreign commerco, led to numerous improve-
monts in the harbours of Brituin about the heginning of the
present century.  The natwmal facilities of even the most
favoually situated ports, though to some extent improved
by at, no longer sufficed for the accommodation of 4heir
trade. Comparatively littlo had as yet been done to iwm-
prove the port of London itsclf, the great focus of the
maritime and commercial industry of Britain.* It is trus,
that ity noble 11ver the Thames provided o great amount of
shipping 100m between Millwall and London Bridge ; but
the 1ire and fall of the tide twice in overy day, and the
great exposwic of the vessels lying in the river to risks of
collisions, and other drawbacks, were felt to be evils which
the shipping interest found it nccessary to remedy.

Besides the crowding of the river by ships and lighters
—the laiger vessels having to anchor in the middle of the

the port at different periods sinde
the begmning of last century:—

* Tho merease in the tiado of
London 13 (xhibited by the follow-
mg abstract of vessels entered at

5 4

: Brrrisit ForricN CoLLiERS AND Coasrihs,

YFiRs —_ B
|Vesuls  Tonnage |Vesuls | Tonnage Vesscly W
oz | 4 30,040 196 | 76,995 | Noreturn. | N6 Yyt
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1798 | 1u19 87,008 | 177% 229 991 10,133 1,380,440
1960 | 6320 1,828,811 | 457 " 1152,4 | 18,348 3,189 865
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¢ low as B]nckwall from which their cargoea
ifered to the warehouscs luglmr up the 'l‘htﬁnes—-

' ; while a coasting slnp of 3! )0 tons rcqmred eight
i _=s(lmmer and fourteen in winter. The qmmhty of
det “also, stolen from ships lying in the river was

ing exgraordinary. Mr. Colquhoun, the police ma-
gigtre ", estimated the unnual depredations on the foreign
and "¢ mtmg trado to amount to mnot less than half-a-
miliu‘m sterling !

%hghtermon, watermen, labourers, sailors, mates and
mﬁmes captains, and often the officers of the revenue,
ﬁﬁ%’ Jéagued together in o systom of pl]lornw \.ﬂuablcs
ﬁ'am the ships while lying at anchor in the river, or from
the barges into which the goods had been transferred. Mr.
dol'éiuhoun stated the nuwber of pilferers and thieves to
anidunt to 10,850; and the number of receivers to 550.

"I‘he lunderers were divided iuto varions gangs. There
weko the Ricer Pirates, a sct of desperate and depraved
characters, who attacked the ships while lying at anchor
at’ mght They would weigh the ship’s anchor, hoist it
into. their boat, set tho ship adrift, and then make clear
oﬂf or, they would mount the ship’s sido while the crow
were asleep, cut away bags of cotton, cordage, spars, vars,

, throw them into their boats, and make away. They were
usually armed, and defended themselves by force when
attacked. Thoy carricd im their operations by day as well
as night, and they were usually permitted to escape by the
other labourers on the river, who were for the most part as
bad as themselves.

T}bre were also the Nvgl:l Plundcrrrs—moatly watermen,
who'worked together in gangs of four or five int number,
and Blnfidered the lighters and other craft into which

hud. been stored. They were usnally in league with
thsﬂtehmen of the lighters, with whom they shared the
plugdér; -, But Sometimes the watchmen did not allow
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their gwn lighters to be plundered, but would pomf ont
others which were without any guard; and in this way,
while appearing honest theinsclves, they shared. m ‘the
general system of thievery.

The Light Horsemen were the nightly plunderers of
West India ships. There was an arrangement betwéen
them, the mates of the ships, and the criminal receivers,
by which an incredible quantity of sugar and other articles
wus abstracted from the shlps in the rives The mates
claimed tho sweepings, that is, the drainings of sugars
which remained in the hold after the cargo had been dis-
charged. The connivance of the revenne officers was
necessary in order to get these sweepings landod. A pay-
ment of from 30 to 50 guineas was sufficient to allow the
Light Iorsemen--who consisted of coopers, watermen,
Tumpers, and reccivers-—to get on board at night for the
sweepings.  They then opened as many hogsheads of
sugar and bags of coffee as possible, and plundered the
sln p without control.  T'he ships subject to this species of
depredation were known as Game Ships, and they froguently
suffered the loss of as much as from fiftecen to twenty
hogshcads of sugar, with corresponding guantities of
coffee and rum.

The Heary Horsemen, or lumpers—who often worked, or
desived to work, on board of West Tndia ships without
wages, —generally connived with the mates or revenue.
officers to carry away large quantities of stuft in their dress.
They had an under-waistcoat, containing pockets all round,
called a Jemie; and long bags, pouches, and socks, tied to
their legs and thighs under their trouscrs, in which they
concealed sugar, coﬂ‘eo, pimento, ginger, rum, and other
articles. When employed upon a game ship, these thieves
used to divide from three to four guincas every night from
the produce of their plunder, independent of the hush-
money paid to the mates 4nd rovenue officers.

Then there were the Game Watermen, who would wait

“upon West India ships in course of discharge, and take on
their backs bags of sugar, coffee, and such like, handed to
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thein by the lumpers and others in the delivery of the cargo.
The game watermen divided with the lumpers and others
the money obtained from the receivers of the stolen goods.
' Beaides these river thieves and pirates, there were also
the Game Lightermen, who conccaled in the lockers of their
lighters considerable yuantitics of valuable goods, for the
purpose of selling them; the Mud Larks, who prowlud about
in the mud at low water, under the quarters of West India
ships,.pretending to pick up old ropes, iron, and such liko,
bpt really waiting to have bags of sugar, cofive, rum, and
pimento, lowered down to them from the thieves on hoard
the ship; the Rercnue Officers, who were puid a very small
sum for their services, and cked it out with plunder; the
Scuffle-Hunters, who stole promiscuonsly from tho erowded
quays and wharves where the goods were discharging ; and
the Copemen, or receivers of stolen property, who were them-
selves often parties to tho robbing of ships in company of
the light horsemen,

These criminals not only plundered in gangs, tmt
they had the audacity to form a club for the purpose of
resisting the attacks made upon them, under the powers
of an Act passed in 1792.% commonly called the Bumboat
Act; and by this means many of the scoundrels appre-
hended, eseaped the punishment dne to their erimes,  Asa
proof, amengst others, of the enormous extent of the river
plunder, the convictions for misdemeanors hetween Angust
1792, and August 1799, exceeded 22005 of which mnnber
about 2000 culprits paid the penalties - partly from their

.own resources, but chicfly, it is helicved, lrom the funds of
the club—amounting in all to abunt 4000L, in the course
of seven yeurs.t

The Thames Police was established, in 1798, for the
purpose of checking chis system of wholesale depredation
but, so long as the goods were conveyed from the ship's
gide in open lighters, and the oj4n quays formed the priu-

* 2 George 111, cap 28, tire on the Police of the Metropo
t P. Colquboun, LL.D., ‘Trea- lis’ (Gth Ed., 237.)
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cipal shore accommodation—sugar hogsheadl,
baskets, boxes, bales, and other packages, bemg Pt
in confusion on every available fuot of space—it wag:
that mcre police regulations would be unequal to meﬁﬁﬁe
difficulty. 1t was also found that the confused manher+in
which the imports were brought ashore led to a vast amoynt
of smuggling, hy which the honest merchant was placed
at a considerable disadvantage, at the same tine thq:t the
revenue was cheated.  Thoe Government, therefore, for the
sake of ils income, and the traders for the sccurity of their
merchandise, alike desired to provide an effectual remedy
for these evils,

Mr. Rennie was consulted on the subject in 1798, and
requested to devise a plan, Before that time, varicus
methods had heen suggested, such as quays and warehouses,
with jotties, along the river on both sides; but all these
oventually gave placo to that of floating docks or bagins
communicating with the river, surrounded with quays and
warchouses, shut in by a ]utt) enclosuve-wall, so that the
whole of the contained vessels and their merchandise should
be placed, as it were, under lock and key. By such a method
it was believed the gouds could bo loaded and unloaded
with the greatest ceconomy and despatch, whilst the: Cus-
toms duties would be levicd with fucility, at the same timo
that the property of the merchants was cffectnally protected
against depre dation. e

About the middle of last century a small dock had ex-
isted on the Thames, called the Greeuland Dock’; but it
was of very limited capacity, and was only used by whal,in'g'
vossels.  Docks had existed at Liverpool for a considergble
period ; so that there was no novelty in the idea of: pro-
viding accommodation of a similar kind on the Thames,
though it is certainly remarkable that, with the éxtraor-
dinary trade of the metropolis, the expedient shotild not
have been adopted at a mhch emlier period.

The first docks constructed on the Thames mre “the
West India Docks, and the London Docks. The former
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,  the isthmus that formerly connected the Iste of
with Poplar, and were desgned and constructed
William Jessop.* At the sime timo that tho West

were 1 course of construction, a company was
ad by tho London machants, m 1500, for the purpuse
of ‘eomatructing duchs, at o pomt as ncar the Exchinge as
posgible, for the accommodation of general madhindise;
and of thisgcheme Mi Roume was appomnted the engimeer.
Sevaral designs waae proposcd for consudoration, on a neale
moreor less extcusive and altcrmative plans ware submittcd

® Mr.Jessop wasamong thenuost  the Anc and € dder, the Calda
t engincersof lusrday  His  and Hebble and the Taont Nwa-

a8 engaged unda dmeaton gations Ho adeo (vaouted the

id Oz\nldmg ot the Eddystone | Cromford and  the Nottigham
Lighthouse, and, dymg m 1761, | Comils  the Toughbotough awd
ha left the guudianshup of Iny  Tcwester, and the Horncastlo
to Mr Smenton, who | Naviritions buat the most ovton-
Williom as hus puml,and  s1ve anl mportant of s woiks
earefully brought lum up to the  of this kind was the Goand Jun
sdme  profession Jessop con tion € anal, by whi b the whole of
the north wostorn mlind nave
tion of {he kimgdom was brought
mto ducct « mnoction with the
mctrop he Howwalsocmpl ved
woengmerr 11 the llullmnun
Canal wm which he wos snccceded
by tettord, who cuned out the
work  Mr Joseop was the ongi
neer ol the West Indin D ks
(1500 2) and fthe Burtol Docks
(1503 S), both w ks of prcat im
pratmee Mo was the firdd onpne
necr amployed to Lo cut and cons
st ruheal s alomch of s
jrefessun the Crovden and
Mostham Rubcad, waked by
denkeyvs and mudes g bean
¢ uetracted Ty him ns culy as
IS0 He do lad down shmt
rulw iys moccnmects nowith e

w:num.xm; CF cwtls m Dardsshine Yorkshare,
md N ttmghaelne Dunng
t with Rmeaton for abont  the Tdar vounr of lus Itk e ww

texX :+ oud,after laaving ham,  much allcted by padysis, and
ho engaged succussively on j died m 1bli,

b A
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to the directors. Suggestions were also ﬂmv'x,fnad, ‘which
were afterwards worked up into raore complete designs.
As the future trade of London was an unknown qistifity,
My. Rennie wisely provided for the extension of the dogks,
as circuwmstances might afterwards require, e
In carrying out the London Docks it was deemed-ad-
visablo, in the first instance, to Limit the access 1o the

o B AT ) ¢
N Bl
s L
2 7 e

Plan of London Docks.

present Middle River Entrance at Bell Dock, 150 feet long
and 40 feet wide, with the cill laid five feet bolow low
water of spring tides. The entrance lock communicated
with a capacious entrance basin, called the Wapping Basin,
covering a space of threeacres, and this again with the great
hasin called the Western Dock, 1260 feet long and 960 feet
wide, covering a surface of 20 acres. The bottom of the
dock was laid 20 fect below the level of high water of an
18 feet tide. The quays next to the river were five feet
above high water, increasing to nine feet at the, Great
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e
Bog’k. ‘Hrom ﬂe east side of the latter it was ultimately
propdesd to make two or more docks, communicating with
each ‘other and with a larger and decper entrance lower
downl thé river at Shadwell ; all of which works have since
betn carried out.

Ad'thesite of the Docks was previously in a great measure
ocoitpied by houses, considerable time necessarily elapsed
before these could bo purchased and cleared away ; so that
the works wero not commenced until the spring of 1801,
when two steam-engines were erected, of 50-horse powoer
each, for pumping the water, and three minor engines for
other purposes, such as grinding mortar, woking the pile-
engine, and landing materials from the jetty — an applica-
tion of steam power as an cconomist of labour which Mr.
Renhie was among the first to introduce in the exeeution
of such works. The coffer-dams for the main entrance, and
the excavation of the Docks, were begun in the spring of
1802; * after which timo tho works were caurried forward
with great vigour until their completion on the 30th of
January, 1805, when they were opencd with considerable
ceremony.

At a suhsequent period Mr. Rennio designed the present
westernmost or Tlermitage entranco lock and Dbasin, the
former of which is 150 feet long and 38 feet wide, with the
cill luid two feet below Jow wator of spring lides; the husin
and main dock covering a surface of one acre and a quarter.
Another small dock of one acro was afterwards added on
the north-eust sido of the Great Basin, exclusively devoted
to the tobacdo trade; :ud it was ultimately extended to
the Thames at Shadwell, as gontemplated in the origiual
design.

After the docks had been opened for trade, Mr. Rennio
gave his careful attention to the working details, und he
was accustomed fromn time to time to make suggestions

* Yop. further particulars as to *Dritish aud Foreigy, Habouis
thess” doiks see Bir John Reunie’s  Art. ** London Docks.”

.
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with a view to increased despatch andv?&m .
oonduct of the business. Thus, in 1808, he recqif
that the wholo of the lifting-cranes in the Dockis thi
worked by the powcr of a steam engine, instead of h? i3]

(lespatch of work ; and if apphcd to the whole of thé obig
along the Docks and in the warchouses, a much grés
annual saving might be anticipated. It was,
regaaded as too bold an innovation for the tune :
wany years the cranes in the London Docks contd ‘to
be worked by hand labour, at a great waste of timQ"ﬁﬁd
money, a8 well as loss of business.

Another of Mr, Rennie's valuablo suggestions, Jﬂ: a
view 1o greater economy, was the adoption of
round tho quays, provided with trucks, by means of Whibh
tho transfer of goods from one purt of the Dock to mm
might be cffected with the grealest ease and in the
possiblo time. But this, too, was lung disregarded. Ls
saving processes were then less valued thun they amg;w
The application and uses of machines were as yot
feetly nunderstood, and there were in most quarters
prejudices to be overcome before they could be mtrot} .
The goods in the London Docks are still hauled in
waggons, or hand-barrows from ship to ship, or fmﬁ’g’
vessels to the 1espective bonded warchouses; and if atill
remains matter of surprise that a system so olumqjﬁ'so
wasteful of time, so obstructive 1o rapid loadmg
unloading in dock, should be permitted to continug,  #

Shortly after these works were set on foot, and Mﬂm
great importance and cconomy of floating dodks begia
be recognised by commercial men, another prg
stmilar character was started, to provide aod
axclusively for vesscls of*the East India Compa




, o

) y to the west of the river Lea, near the
jt ;which it enters tho Thames; and where at that
gre wore two small floating basins or docks, provided
wouden, locks, and sunioundcd with wooden walls,
\ ﬁe Brunswick and Penny's Docks  These 1t was
fiiined to puichase and include in the proposed new
% of which, however, they furmed but a shuall part.
i Bennie and Mr. Ralph Walka were assaciated as
etigifiears in cairying the works mto cxecution, and thoy
wapafinished and openod for business on the 4th ot Angust,
1 They consisted of an entrance lock into the Thames
244 feet long and 47 foet wade, with the all lud 7 fect
below low water of spring tides. This lock 16 conmectcd
" s triangular entranco basin, covamg a space of
on tho west side of which it communicates by a
with & dock expressly provided for vessels ontward
beand, called the Expot Dock, 760 fuct long aud 463 fect
Wile, covering a suifaco of 81 ncres At the north cnd of
gatrance basin is the Import Dock, 1410 fect long and
et wide, covering a surtace of 187 acres.  The depth
of Ahese besins 18 22 fiet hdow Ingh watar of mdmary
sprigg tides. Tho totil swlace of dock r0om, mcluding
quays, sheds, and waxchonscs, 14 ahout 55 acies.

The original capity) of the Fast India Dock Company
wag 860,0007.; but Mr. Renmie constinctcd and completed
the Docks for a sum considciably withim that amount.
Evéntually thoy weie united to the Wist India Docks,
under the joint directorate ot the Fast and West India
Dotk Company.* Mr. Itenuie also introduccd wto these

L ]
ng the improvenints columns 74 mches m diameter at
Mr Rennie 1 these bottom and 54 at top  Another,
be mentioned the eni- | still more cpreions, of Hi fcet

it of dast aron, then an al-
wvel eapedient, o the
eds. One of these,
in 1813, was 1300
29 feet 6 mches
t¢d on east-uon

clear span betwen th supports,
was cuetul by him over the
mfhioguny warehouses m 1817
Ilo also mtroduced an entirely
ncw desenaption of 1ron erancs
inst employing wheelwork m coc

x 2
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Docks many improved methads of workmg Y Im i
invented by him for transporting immense blodks
hogany by a system of railways and looomqtg

having, in the first six months, effected a saving.

OF Dbocs -
Plan of East and West India Docks, . '.3: Ao

[ 18LE

wages more than sufficient to dofray their entire onguml
cost, besides the increased expedition in the conduct of the

3

whole Dock business. 3

Some of Mr. Rennie's harbour works at other plaoeswm'e
of considerable magnitude and importance; the g'idmng
trade of the country leading to his frequent employmén’b in
constructing now harbours, or extending and improying

ncetion with them, by which they servation enablod him .45
worked much more easily and at out new and improved

a great increase of power. Ho despatching work;-éven- 40"
entirely re-nrranged the worléng  who were daily, oecupin&' ‘
of the mahogany sheds, greatly to  docks, bup whose eyes b
the despatch of business and the ably become familiar
cconomy of labour.  His quick ob- scurry and confugiys,. 7
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old ‘onss. In almost every instanco he had the greatest
difficulty in inducing the persons lucally interested
de harbour space sufficiently extensive as well as

! When asked to give his advice on such questions,
he began with making numerons practical inquiries on the
spot; he surveyed the adjacont coast, tovk soundiugs all
round the proposed harbourage, noted the set of the cur-
rents, the direction of the prevailing winds, the foree and
action of the land streams, and the operations of the scour
of the tides upon the shore.

He also inquired into the trade to bo nccommodated, the
probhability of its expansion or otherwise, and prepared bis
plans gocordingly. Writing to Mr. Foster, of Liverpool,
in 1810, he said, ** It seems to me that your merchanis are
much less liberal in their ideas than is gencrally supposed,
The account you give me furnishes another strong proof of
the necessity of enlarging your scale of docks.” Adverting
to another scheme on which Lo had been consulted, he
added, “ It is my intention to impress upon the minds ot
the promoters the necossity for a much larger sealo of docks
than is proposed; and though they may blamo me now,
they yvill thank me afterwards; as larger accominodation
will not only afford great and immediate relief to the
shipping now, but will save the expenditure of much money

HARBOUR WORKS.

.

hereafter.” *

* The Prince’s Dock at Liver-

1l was constructed after Mr.
Rennie’s plans; but tho greator
part of the dock accommodation
at that port was provided under
the direetiou of the late Mr. Jesse
Hartley. Mr. Hattley was o
native of the Northk Riding of
Yorkshire, where his father held
the position of Bridgemaster; and
his son, after receiving an ordinary
education, served his ap{)ren'.icc-
ship a8 & stonemason, Bad worked
t building of Borough-

& g
bri Muenﬂ he suc-
father Z; Bridge-

master, which he continued to re-
tain, until his 1emoval to laver-
pool, when he reecived the ap-
pointment of (ngineer to the Dock
Committeo. Jhuing the period
in which he hdld the oftice of dock
engmeer, Mr. Hattley altered or
entnely constructed every dock
bclonging to the town., e was
also engineer to the Bolton und
Manchester Raillway and Canal,
and consulting engineer for the
Dee Bridge at Chester, the cen-
termg for which was considersd u
triumph of engineering skill and
ability.

a
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As early as 1793 Mr Rennie was employﬂ&
missioners of British Fisheres to report as
means of unproving the haibour of Wick,—the
(capable of affurding shelter for ships in cef
of the wind) which was to be found along an
120 miles of rock-bound coast In his masterly repus
boldly proposed to abandon the old system of jettj€

once getting rd of this great and dangerous obs}
1mprovement, sccuring at the same timo greater g
water, better sheltca, and the means of easier a(
departure for vosscls of all budens
In order to accommmodate the tiade of Wick, he
mended thit v canal should be made fiom the new hay!
having a basin af 1ts tcamination 1 the town, where
would be enibled to float, and to load and unload af all
times e 1lso proposcd wn effcetive plan of slummg. v*ﬁ:
the view of scouning the outaa harbhour when n 3
It 15 mmuch to be regicttul that this plan was nat
out and thit so impurtant a national work has been
poncd almost until omr own day, nor docs the plan,
adopted, though cxucdingly costly, seum caleu
secu1o tho objccts which would havo becn obtained by
exccnting M Renme’s more compreheusivo yet much mpore
cconomical desin X,
Ho was consultod about the samo tune respecting
impovement of the harbom of Abeideen, but though #ant
of means then provented his rocommcmhtlons fm a0
acted on, his recport * produced a salutary effect 1n. poind
out tho true modo of dealing, with a diffioult subject A
most of his suggostions have since beon carrieds gl
other enginecrs W
Of still greater 1mportance was his report on A~
provemcnt of the navigation of the niver Olydn, the
——— —_———— :.

* Sce Su- John Renme’s ¢ British and Foreign Krt
“ Aberdeen ’
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81 "of the rapidly increasing trade of Glasgow.
$'h6 river have tho alterations, exceuted after
friged plans, been ore eatraordinary than in this

8 century ago, the Clyde at Glasgow was aceess
¢ to herring-loats, whereas now it floats down
avery tide vessels of thousands of tons buvden,

of wrestling with the storms of the Atlantie, Watt

bon. and Golborno had been cousulted at different
,'and various improrements were suggested by them.
b Jaid out a ship-canal from Glasgow to the sca.

rd, 80 a8 to allow vessels iawing only four feet of wata
.. .48 up to the quay at the Broomiclaw.
:?, elearing out of the chanucl by mtificial means was,
Edtever, found the most effcctinal method of opening up
W,mwigntion of the river, and at length all other plans
hik¥o given way to this. Golborne had run out jettics at
388 points, by which the scom of tho tide had becn so
#fréoted that considerably greatcr depth had been secmed.
¢ Rennie cxamined the entire 1iver Llow (Hasgow in
B, and the result was his claboraie 1¢port of that ycar.
‘recommended numerous additions to the jcttics, as well
ad thany improvements in their dncction. e also advised
that a system of dredging should be commenced, which
Was attended with the best possible results; and the same
oonrse having been followed by succecding engineers,
thw. Clyde has now become one of the husicst navigable
Ghorougb.fares in the wald. The plan which Rennis
shortly after prepared and submitted, of a range of commo-
{lotbks along both hanks of theriver at the Broomiclaw, '
0 his sagacity and fusesight in an eminent degree;
blgi anhappily it was considereld too bold, and pcrhaps too
and it was not then canied ont.*

——

a2
el .
iy, Repnio proposed to form [ afd 160 fcct Wide, with two en-
Boeka gh the Broomiclaw sido | tranees, and another 900 fcet lon
ne 1850 feet long | and 200 fect wide, with a ths
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At the opposite end of the island he was coppalféd (in
1796) as to the best methud of improving the harbonr of
Torquay, and he submitted a serics of able plans, only a
small part of which wore carricd into effect. Shortly after
(in 1797) wefind him inspecting the sluicing arrangements
of the harbour then under construction at Grimsby, when
he furnished a plan of the great lock which it was fonnd
necessary to placo at the entranco of the canal leading to
tho dock, and which was in his opinion indispensabls for
seouring the harhour entrance and keeping it clear of silt.
This lock was executed according to his plans by the local
engineer; but it appeared that sufficiont precantions had
not been taken in founding and proportioning the dimen-
sions of the retaining wally, on which Mr. Rennie had not
been requested to give an opinion, the work appearing to
be of ko simple aud ordinary a character.

Shortly aftcr the building had been begun, a consider-
able portion of the lock walls gave way, and Rennie was
again sent for to inquire and roport as to tho cause of the
failure, e found that the defeel lay in the nailure of
the ground on which the foundation was built, which was
50 s0ft that it would not bear the weight of solid wulls of
the ordinary constimetion.  Always ready with an ex-
pedient to mceet a dificulty, he directed that, without
diminishing the quantity of material employed, it should

dock upon the Windmill Croft, on | accommniodation, at an es

tho south side of the river, 300 | eapitul cost (at the time the plans
feet long and 200 fect wide; the | were made) of ouly 130,000¢
wholo presenting o total length of | What would not Glaskow give
quayage of G120 lect, hesudes a | now to have the benefit of Rennie’s
river quay wall 1130 fect long. ""docks? Indecd it is remarkable
This magnificent plan, proposed that, to this duy, so little has heen
moro than half o ecentwmy sineo, doneto renlize hi- idea, and to pro-
viewed by the expetience of this  vide dock accommodation for tho
day, shows how clemly Rennie trade of the Clyde, whi:ll‘k'now
anticipated the eommercial growth  quito as much needed as this same
and manufacturing prosperity of | kind of accommodation was ip the
Glasgow, for which these projected * Thames at the beginning of the
docks would have affrded ample  present century.
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be distributed over a greater base, for the purpose of
ing & larger bearing surface. With this object e
prepared his plan of the requisite structure, adopting the
expedient of hollow walls, which hc afterwards employed so
extengively in his pier and harbour works. They not only
bore wpon a larger base, but were found even stronger
than golid walls containing an equal quantity of mate-
vial. Those at Grimsby havoe stood firm until the present
day. The contrivance was thought so valuable, thot
some years after Mr. Rennie had invented it, Sir Sumuel
Bentham (in 1811) took out a patent for the plan; but of
this Mr. Rennie took no notice, having himself, as we have
seen, been the original inventor of tho process. Imdeed,
his attention had long before this time been direeted tu
the best form of walls for resisting the pressure of water;
and, as early as tho ycar 1793, we find him recommending
the adoption of curved walls, in place of the inelined
straight-faced walls with perpendicular back, as formerly
adopted.*
Another important harbour on which Mr. Rennie was
early employed was that of Holyhead, sitnated at the point

* The occasion on which this' cuted according to contraet.  Tho
plan_was first recommended wus  report stated :—*"The above walls
in Mr. Rennie’s report (1793) on  shonld be enlarged in their di-
the Hutchison Bridge across the mensionsand altered in their con-
Clyde. That bridge, crected by  struction; they ought to be earried
anotlsr cnginoer, fell downonthe  at least to the level of the river
removal ofg the centres, on which | bed, and made five (et thick ot
Mr. Rennio was sent for, post the base nest to the bridge, and
haste, by the Tord Provost and | four fect thick at the top, battering
magistrales of Glasgow, to confor ¢ one-fifth of their height in a cur-
with them on the subject; and his , vilincar form, tho beds of the
advice as to the rebuilding of the | stones being radiatid 1o the rentre
bridge on another site was subse- | of the curre; as the height lessens,

uently adopted. It appeared, ' the dimensions of the walls may
?romahimpection of the ruined he diminished in the same pro-
jers, that o breast or quay wall | postion, and, if built as above
Bad built on the south side | described, I have no doubt of the
of the viver, and to the west of the | works being permanont.”
which had not been exe- |
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of the island of Anglesea, nearest to the 1M ,';,g%. ;
Although so conveniently placed for purposes oG

tion, everything had as yet been left to natuve,j
only provided plenty of deep water and many ks
But Holyhcad had necither pier nor jetty, nor~3p¥.a
venienco whatever adapting it for harbour uses, , i
the place was almost inaccessiblo from inland by Fedied *
narrow, rugged, and in many places almost preg
roads. The dangorous feiries at Conway and Me
presented scrious ohstacles to travelling by that ‘kotite
and hence the port of Liverpool, and Park Gate on't'he
Deo ncar Chester, continued to be tho principal*p of
emburkation for pasons proceeding to Ircland, until
beginning of the present century.

When tho Act of Union was passed, tho Govemtn&xt
dotermined to Liing the two countries into closer” pom-
munication with cach other; first by means of com t
roads through North W.J,]os and neat by oapa.cxoui
hours at Ilolyhcad ¢n tho one coast and at I\mgstovh;&
tho other. In the ycar 1802, Mr. Rennio was requosteg4o
report upon the h'll])JCCt and ho proceeded to Wales for the
purpose of examining the Conway and Menai fi i
the capabilitics of llolyhead as a port. 1t wag,om”
occasion that he 1ccommunded the construction of the, pnr-
manent fixed bridges acioss both Straits efter the, plans
a.heady referred to Nothing was, however, done by

py
carry ing out his suggcstlons, and tho whole questio

first step towairds tho desired improvewment ; and hig U,
having been approved, the works were begun in-thes
lowing year. ik
The form of the harbour of FlolyHcad hasg .baggl
mined, in a great measure, by the cliffs whichid
the sca, and on the vaye of which stand #
church and cemetery of the town. The
by Mr. Rcnnie consisted of a pier 1150
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§ix§dtion nearly duc cast from the inner side
spd, which 18 separated by a narrow channel
Snain island of Holvhead Tho pier texmmated
i of abowt 14 fect at low water of sprung tidos
ot distant from the oxtiemty of the mamn per
B Wes o jetty 60 foot long, carried out at nght angles
$% inper face, to check any swell which might come

"y . 2
A
4 \‘ (
Y
E o
HOLYRKAD HARBOUR § 5 e BT
A‘"

rousill” the pier-head fiom e;xf(-rmg the habour, and to

e, ard 8 fuct above the level of high water of
spuig tidtel, the parapet bemg 7 fcet hugher. The outer

k. Rde. of the pir was forfied by a flat paved slope
i ptone, laxd at an imclmation of 5 to 1 The
o) was curved on the fice ono-fitth of the height,
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the thickness of the masonry being 10 foi4 ujjon’ the
average, strengthened at the back by strong oovmn y
at the rogular distance of 15 feet apart. The foundation
of this wall was laid below low water by means of léng
stones, inclined to each other, in the same manner as at

Holyhead Harbour [By R P Letch)

Howth Harbour, where the plan had been found to answer
remarkably well. The centre of the pier was composed
of loose rubble, taken frome the adjacent shore, packed
solidly ; the outside being paved with large angular blocks
varying from one to ten tons in weight, well wedged
togother, The inside of the parapet wek built of. solid
masonty. The pier-head and jetty were founded belcw
low water by means of the diving-bell. The works were
begun 1n 1810 and finished in 1824, and during their pro-
gress a small pier was run out from the Pibeo rock on the
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iite shore, 650 feet long, leaving an opening between
it apd ¢he main pior of 420 fect. This pier was provided
wit¥ @, jetty on tRe inside, similar to that on the main
piery,composed of the same kind of materials, and finished
in Iike manner. Within il was a small dry dock for mor-
chant vessels. The total low-water space covered by theso
two, fiem was about six acres; but there was more than
douple that area at high water, besides a large shallow
spapd of about thirty acres for timber.

Mn conformity with his usual practice, Mr. Rennie sn
laid, ot this harbour as to be capable of extension on the
same principles, according as the trade of the port might
reguire. Part of his original design was to devote a largo
space in the inner portion of the bay, which is dry at low
water, to a wet dock of 23 acres. Ilad this boen carried
out, it would have proved of immense advantage to tho
unumerous land-bound vessels which have oceasion to put
Jinto the port. His original plau also contemplated a picr
oxtending from the outer end of Salt Island, parallel to
the one above described, 1500 feet long, terminating at a
depth of 25 feet at low water; and as it would have been
abowt 1400 feet distant from the other, and was to bo pro-
vided with a jetty at right aungles to its extremity, it
would have provided an additional low-water harbour of
40 acres. The estimated cost of this work was 2 10,0001 ;
and if to this be added the probable outlay on the addi-
tional wet dock above mentioned of 124,000L, it will bo
found that a total low-water space of 46 acres, and an
additional tidal spaco of 25 acres, together with a wet
dock of 23 acres, or a total flgating arca of about 94 acres,
with an amplo extent of quay accommodation, sufficient
for any amount of packet or gencral commercial husiness,
would have been provided at a comparatively moderate
expenditure.

Usthappily Mr. Rennic’s plafis were not carried out;
and $hough his original design admirably answered the

intended, and the whole of tho packet service was

LT



318

satisfactorily performed at the old port 7

when an oxtension of Holyhead Harbour waif
upon, the Government (atter Mr. Hénniefs deff
ployed an engineer who' proceeded upon an egti®
plan, the execution of which, when completéd,
bably cost upwards of two millions sterling; &4

within it, is taken into account* its seourity

venienco aro still mattors of considorable doubt 43S

Agy
During the period in which ho was engaged mhﬁ&;
out the works at Ilolyhcad, Mr. Rennie was

naval men.

structing harbours at Howth and Kingstown, wi

the

samo object of facilitating the communication betw

the ports of England and Ircland.

Towth Ha,rbm"was

opened for pack(,ts in 1819, picvious to which time they
had sailed fiom the Pigeon llouse, at the mouth of ‘the

Liffey, in Dublin Bay.

When the piers at Kin

Harbour were sufficiently advanced to bo available
scrvice, tho packets weio removed to that port, the
of wat(r Deing gicater, and the situation on ﬂia‘\'lfb@le

more convenient.t

Among tho other habour works constructed b@‘

*Tt will be remanbaed that
the ¢Gieat Eastein’ was ncarly
wiecked 1n consequence of tho
bid holdmmg-ground within the
new harbow 1n the yem 1659

+ M1 Renmie’s plan of Kmgs-
town Humbowr couswstcd of two
pers of fomr amns each carnied
out fiom tho shme 3700 fcet
distant from cach othu, then
heads inelined imwards at an anglc
ot 122 dog.ees, and terminating
1m a depth of 26 feet at low wator
ot spring tides The width (be-
twecn the outar angles of the two
outer mims of the pier was 1150
{feet, the entrance pomnting N.E.

3 E The total s

was 250 acres.

commenced  in 1817

stone bung laid by ﬂw of

Wintworth, tho Lord Liegtenant ;
und the wotks were atifl in’pro-

guss at Mr Rennie's M in
1821 The harbour subseqyen
{11 under the jurisdistion |
Insh Bomd of Waorks; shaid
sotts of new plans wope

at valanco th @ ol

the harbour has
mjured.



Suap. VIHIL., , INVENTS THE DREDGING-MACHINE. u18

agland, wero the 1Tull Docks. These were of
ortance, and urgently required for the accommoda-
AL targe thade of that rising port. What is called
hogt § Inber Dock was begun in 1803 and finished in
180%# *The principal diffienlty cucountered in the execu-
tion' §F thése works was in gotting in the foundations of
the -walls—the bottomn presenting a great depth of
nd. They wero set on timber piles and platforms

, weif ound together, with truncated arches of stono over
thenf, A powerful steam-engine was cmployved to draw
Wﬁr from the coffer-dam in front of the ITumber
entrinos, to enablo tho foundations of the cill to bo got
in/ d¥d' the lock gates (which were of stout oak) to be

.. |
I% was in the course of excenting the TIull Harbour

ts that Mr. Rennie invented the dredging-machine, as
it, is now used, for tho purpose of clearing the basins of
@@d‘md silt. Various unsuccessful attempts had before
*beok made to contrive an appatatus with this ohject. A
sbries of rollers, armed with spikes to rake up tho deposit,
foBowed by buckets and spouns to lift it fiom the bottom,
woxkod by means of a walking wheel between two barges,
was fhe most common practice; but it was chunsy, tudious,
andl inefficient. Other machines for a rimlar pmposo were
dfiven by tread-whoels. At length the idea was taken up
of ixitig a series of buckets to an (ndless chain, worked by
hotgd powor. Mr. Renuie carcfully investigated all that
had ’proviously been attempied in this direction, and then
proceeded to plan and construct a complite diedging-
machine, with improved machinery, to which he yoked

the power of the steam-engfie. Ile was thercby cnabled
l"F }
b,;‘ )
Phis is 900 feet Jong by | the tidul harbour openmg into the
A8 It covers a swiface | Hlumhar 13 42 feet wide and 158
of Hokds, and is capable of | fe ol lcug between the gates, with
holdi#y bout seventy sl of | the cill lud G feet below low

o vessels. The on- | water of spring tides,
dynmunicating with
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to raisu as much as 300 tons of mud and gmvél i Qday
from a dopth of 22 feet; and the expedlent prmm@mxu-
pletely successful.

The same kind of machine was extensivély 'dﬂqf by-
Mr. Rennie in exeeuting his various harbour warky, One
of theso, constructed for the excavation of the P ".Uock
at Blackwall in 1802, was furnished with & Wul
apparatus for sphntcrmg rocks and large stones, which
could not otherwise be removed; and it answered the
purpose most effectually. In the Clyde, the Thames
the Merscy, and the Witham, as well as in various foreigr
rivers, the dredging-machine, as contrived by Mr. Rennie,
has heen found invalnable; and there is scarcely a port or
harbour in the United Kingdom in which it has not beer
most beneficially employed.

In addition to these docks and harbours, Mr. Rennie
furnished the plans of the new quays and docks at
Greenock on the C]yd(, in 1802; and those at Leith, the
port of Edinburgh, in 1804, Neither of these schemes
was cartied out to the full extent, chicfly for want of
funds; but the improvements effected at the former port
were considerable, and at Leith two large docks, 1500 feot
long, and two small onos, 750 feet long, constructed along
the shore between the old tidal harbour and the village of
Newhaven, provided a large amount of additional accom-
modation for the growing trade of the port.

Mr. Rennie was also consulted in 1803 respecting the
improvement of Southampton; and the measures which
he recommended in his elaborate and able report, formed
tho beginning of a series of works of almost national
importance. Mr. Rennie’s ckar—qlghted pregnosthaﬁons
of the futuro prosperity of the port - arising from its great
natmal advantages in respoct of security, capability of
extension, the excellent anchorage of Southampton Water,
the central situation of the place on the south caast, and
its moderate distance from London—have béen amply
falfilled; its subsequent conncction with tho tepited by
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railway haying given «n impulse to its improvement and
prospexsty far beyond what even his sagacious mind could
at that time have foreseen.* .

In his harbours, as in all his engincering works, Mr.
Bennie proceeded upon certain definito principles, which
he arfived at after a carcful study of the whole subject.
He walh'averse to all makeshifts and temporary expedients.
When he was asked to givo his advice as to the best means
of rendering a harbour efficicnt, he stated his views fully
and vonscientiously, holding nothing in reserve. lo set
forth the wholo cost which he believed would be inourred,
and no less. He abhorred sctting traps in the shape ot

* It would occupy much space (I1816); Yarmouth (1818); Fish-
to mention in detail the various guard, Wales (1819); Kidwelly,
harbours in the United Kingdom Wales (1820); and Sunderland
which Mr. Rennio was employed | (1821). He also suggested various
to examine, report upon, and 1m- ' improvements, many of which
prove; but the following summary were carried out, in the following
1ay sufice ;—In England ho ex- ' harbours of Scotland, besides those
amined and reported on Ryc, abovoe mentioned:—ILoch Buy,
Harbour (1801); Dover (1802); Isle of Skye (1793); Port Maho-
Hastin, proijootedllurbour(lsmi), mack, nemr Tarbet Ness (1793);
Berwi whero he construeted Kuheudbusht and  Salteoats
the fing pier at the mouth ot the (1799); Craigmore, ncar Borough-
Twoed, 2740 feet in longth (1807); stoness (1804); Monutrose (1803);
Margnto Harbour (carricd out Ayr, whao the improvements

808);
mad,

1808); Liverpool Docks, on whih  recommended by him were enrued
he e an elaboratc repot out (1505); Peterhead (1806);
(1809); North Sunderland (1609); Frazerhureh,only partially caried
Shoreham (1810); Newhaven out (1806); Chmleston (1807);
(1810); Harbour of Refuge in the Alloa  (1808); St  Aundiow’s
Downs, narth of Sandown Custle, (1808); Portnessock, Galloway
on which ho made a careful report (1813); Ardioscan (1811 and
(1812); Prince’s Dock, Liverpool, 1815); and Portpatiick (1819). In
of which he furuished tho designs  $the manner he was consulted, and
(1812); Bﬁdﬂn&ton (1812); Sid-  repmtuld, as to the following Irish
mouth1812); Rye, & sccond re- harboms:—Westpmt (1805); Ar-
port (1818); Blyth (1814); Rum- dinglass (1509); Dublin (1811):
sey, Isle of Man (1814); Pmt Balbuggan (1818); Donazhadee
Leven, Mount’s Bay, Comwall (1819); and Bellnnt (1821). Ile
(1814); ; Bridgewaler (1814); was@lwo consulted respecting dry
Whi en (1814); Scarborough dochy at Malta (1815), and a har-
‘1816) ;, the improvement of the hour und docks at Bermuda
Davi, of the river Tyno ¢1815).

. re Y
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low estimates, to tempt men to begin upde
he knew that they would be exceeded. Hu'
whole truth. “ You want a harbour,” he Wy
such strength as to be safe, with piers ablly ¥
groatest possible force of tho sea. Well, hayg!

T recommend : it is the best that I can suggpsl
«ll you the wholo cost which I think will,
in its construction. Adopt the plan or not, 48"

proper.”

piers ,and 1ctaining walls, under tho limits’
thought ossential for their stability. e would %
his 1eputation and character upon slop-work; hgs
rather lose his chance of employment altogethe® ' $ance
so many of his large but eftective designs for the infprove-

)

ment of our most important haibouis remained uneé ted,
or have been only canicd out to a limited exten -

times by engineers who had not mastcred the i tal
principles on which lis plans wero founded, and in Wech a
manner as frequently to lcad to vast inconveni
almost endless oxpense. "

In his repirt on the Fail of Elgin’s proposﬁ
at Charleston, on the noith shore of the Frith 4
in the year 1807, he very clearly laid down
principles on which he held that such worksg
designed: “ Bvery habour,” he said, “should b
stiucted as to have it mouth as much exposed ‘s
to the direction from whence vessels can most co
enter in stormy weather, when they are least m
but the Heads should be made of such a form g
of tho least sea entering it, or so as to ocogsf
swell within the haven as possible. This of
practicable construction, be en‘irely avoided
thould be provided within the harbour sp ag
10coil of the waves to atminimum,—for it #*¥
o1 10tiring sca, after the icaking of a wagpy
vusels most unmanageable by causing the )




e —

3 the following brief de-
it will be obscrved how
e carried out theso
faying out the mtcnded
Charleston Hc pro-
& B sonstruct two greut piers,
atthlzzv’esm;\ﬂtmmt
Litgle 1nlet, to which a rul-
bemg laul down—the
extending outwards
,fiom which there
4Wo kauts ot about 64
the last going 57 yards
dowswater mark rom
thore was to be a rctwn
shout. 70 yards long, m a
eongsderably to the north
¥* At 50 yards fiom the (x-
of thad preryanothar of the
spitth was proposed to be
ing an angle with 1t ot
, with two other
the former, and a
ne  extending to the
e entrance being 50
b dnd

the outer arm o1
r malking an
degrees with 1, so
io oiifar arms made
'with each cther
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h g time the taa1mer is at a loss what to do,
age his vessel, and fur the want of due

theMs particulars, many of the most consider
al harbours mm the kingdom are excecdingly
L access, and some of them are most unsate oven

: The great poifit, he held, was not only to
prhour to keep out the seq, but to do »0 m such a
aeak to rendor 1ts entiance from the most exposed or
8 quartel easy 1n stormy wethe, when 1ts shelter
needed, and while 3t must be so designed as
i & safe sheltcr {01 shupping, 1t must also be safo
br and safe to get out of *

1]

I very commodious and cap weroudt
hubour “By the above con-
stiuction,” he s1s m h s 1eport,
“though 1t miy scem that 1ts ex-
p suze will ulnut of the swells
tion tho south wnd south west
Ktz wto the harbow, yot when
1t 19 considered that the angle it
wlich o wate will stuke the
He s will oceasion v 1cbound m
v sinular angle to that m which
1t 19 struck, wd w this will bo
the case from ¢ reh He dy 1t foll yvy
thnt thesorcicoted waves, meeting
wach othicr, will oceusion a 1¢s1nt-
ance which will have the oficet
of meventing o considarable | ot
of the sea w e fiom entermn,, the
hubouw, wmd whit does enter it
will cxpind ats fmy on the flut
bowh withm  and soon become
quct”  Lhis might he added, be

eln 1 great me wme provented by
(\tending the prer-he uds further
scaw ud but winch the lmige addr-
tional exj ensc precluded hua from
r1eccommiending  and, indced, there
would always bc sbundant sheltor
forethe shipping under one oi
other of the pier heads Besides,
as the Frith was ouly ibout two
miles wide at the place, the proba.

Y2
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That so many modern harbours, constructed a% great
cost, are found comparatively inaccessible in sgyere
weather, is, wo beliove, to be accounted fér mainly By the
circumstance, that they have been laid out after no definite
rule or principle whatever. If they succeed, i is the
result of a happy accident; and if they fail, it is sup-
posed that the failure could not have been helped. Hven
within the last twenty years several oxpensive havens
have been constructed, which have proved to be so
dangerous that they can scarcely be used. But by Mr.
Reunie’s forms of picrs, vessels, if they have only steerage-
way, must enter the harbour in safety. They cannot strike
on the pier-heads, and, if ordinary care be used, the very
recoil of the waves forces them forward into port;
und, as any swell which might enter would have amplo
space to expend itself, tho ship could either be brought
up, or take the beach without damage if necessary.

Again, a sailing vessel, on leaving the harbour, sup-
posing the wind to be hlowing right in, could lie out upon
either tack and mako an offing, if it were prudent to put
to sea at all. And although the nurrowed distance be-
tween the two pier-licads might be termed the entrance,
yet in cffect it is not so; for the moment the vessel gets
within the onter angles of the two return arms or kants,
she may be said to bo in or out of the harbour, as the
cane may be. In this way the fullest width of entrance
and the smallest space for the admission of swell are
ingeniously and coffectnally secured.

Whilst occupied on the works of the Ramsgate Harbour,
of which he was appointed engincer in 1807, Mr. Rennic
made use of the diving-bell in & manner at once mnovel
and ingenious. Tt will be remembered that Smeatonr had

bility w1s that there would be no  we merely quote thereport because
such hoavy seas a5 to rondes so ot the valuable prinefples to be
CeXpLns1ve 6 Mmeasure nceessary. obsorved in the “conatruetion of
The plan was, however, cartied harbours, which are here so clearly
out &> only a linuted eawcut, and cnunciated.
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employed this machine in the operations connected with
the building of the harbour;* but his apparatus being
wood, was exoeedinglys clamsy, and very limited in its
uses.' 'Bd that state Mr. Reunie fonnd it, when he was
empliyed to carry on the extensive repails of 1813, The
east pier-head was gradually giving way and falling into
the sea at its most advanced and important puint. No
time was to be lost in sotting about its ropair; but from
the peculiarly exposed and difficult nature of the sitnation,
this was no easy matter. Tho depth at tho pier-head was
from 10 to 16 feet at low water of spring tides; besides,
there was a rise of 15 feet at spring and 10 feet at neap
tides, with a strong current of from two to three knots an
hour setting past it both on the flood and at the cbb. Tho
work was also frequently cxposed to a heavy sca, as well
a8 to the risk of vessels striking against it on entering or
leaving the harbour.

Mr. Rennie’s first intention was to surround the pier-
head by a dam; but the water was too doep and the situa-
tion too exposed to admit of this expedient. IIe then
bethought him of employing the diving-bell; but in its
then state he found it of very little use. No other mode of
action, however, presenting itsclf, ho turned his attontion
to its improvement as the only means of getting down to
the work, the nocessity for repairing which lad become
moro urgent than ever. Without loss of time he proceeded
to design and construct a bell of cast iron, about 6 feet in
height, .4} feet wide, and 6 feot long, having one end
rather thicker and heavier than the other, that it might
sink lower, and thus enable tho exhausted or breathed air
more readily to cscape.

At the top of the bell, eight solid bull’s-eycs of cast glass
were fixed, well secured and mado water-tight by means of
leathern and copper collars covered with white lead, and
firmly seured by copper screw bolts. To the top of the

Con # See Lifo of Smeaton, p. 159,

s
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inside were attached two strong chains foy
fastening to them any materials that might
the work, and flanges were cast along the gig
on which two seats were placed, with foot]
use of the men while working. In the centre
was a cuenlar holo, to which a mass-screwed '
firmly fixed, and mto this a brass nozzle wu‘
having a lcathern water-tight hose fastened to if,
in diamoter. The hose was in lengths of abou
with b1ass screwed nozzles at each end, so that it
lengthened o1 shortened at pleasuro, according to
of water at which the men 1n the bell were workiﬂ

For the purpose of duly supplymng the
air, a double air-pump was provided, which was ¥
by a sufficient number of men. Tho air-pump was
nected with the hose refuircd to, and was either plag
the platform above o1 m a boat which constantly 4t
the bell whilo unda water. Two stout wrough
1ings weze fixed on the top of the machine, to which
o1 chains woie attachcd for the pmpose of lowers
raising 1t Tho whole weighed about five toms;
was attached to a circular framework of timber, &
ened by 1ron, erected over whero the intended
pier-head was to be built, and so fixed to & pivot
cent1e of the work, that it was cnabled easily to
1ts outer lumts.

On the top of the fiamework was a truck, made tg
backwaids o1 forwards by means of a rack on thé:
and a corresponding wheel provided with teeth,
by a handlo and pinion. Op the truck were plage
powcrful double-purchase crabs or windlasses,
working the diving-bell suspended from it}
other for lowonng stone blocks or other mater{sth'¥ od
for carrying on the operations at the bottqm*'ﬂf‘ lea..
By these ingensous expedibnts the bmlding apparidhith
8o contrived as to move all round the new Wy
wards and forwards, upwards and downwei




e EEN v A
7all ‘could be approached and handled’;
i, 1o matter at what depth; while thé

nied ‘on the pier-head above could at any
i ’fg;ithout descending, whether the builders .
dirig in the right direction, as well as the

-8t which they were at work.

A

LRV

' Method of using the Diving-Bell.

""Leing in readiness for commencing opora-
wers. entered the bell and were cautiously
ie place at which tle building was to proceed.

als wastestablished by which the workmen



328 RENNIE'S DOCKS AND HARBOURS. Cmap VI

mumber of strokes with a hammer, whether tw ‘wished it
to be moved upward, downward, or honzontal]y:‘ and alsc
to signul for the descent of materials of any M By
this means they wer® enabled, with the assistance of the
workmen above, to raise and lower, and place in their
proper bed, stones of the heaviest description; and by re-
peating tho process from day to day, and from week to
week, the work was accomplished with as much exadiness,
and almost as much expedition, under water, as thoﬁg'h it
had been carried on above ground.

Thus the entire repairs were completed by the 8th of
July, 1814; and to commemorate tho ingenuity gnd skill
with which Mr. Rennie had overcome the extraordinary
difficnltics of the undertaking, the trustecs of the harbour
caused o memorial stone to bo fixed in the centre of the new
pier-head, bearing a bronze plate, on which were briefly
recorded the facts above referred to, and a,cknowledgmg
" the obligation of the trustoes to their engineer. They
also prosented him at 4 public entertainment with & hand-
some picce of plate in commemoration of the successful
completion of the work. The diving-bell, as thus im-
proved by Mr. Rennie, has since been extensively employed
in similar works; and although detached divers, with
apparatus attached to them, aro made use of in deep-sea
works, tho simplicity, cconomy, and expeditiousness of the
plan invented by Mr. Rennie, and afterwards xmproved by
himsclf, continue to recommend it for adoptlcn in oll
undertakings of a similar sharacter
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CHAPTER IX.
Ms, Runxe’s War Docks AND oTHER GOVLRNMENT Works.

Frou an early period Mr. Rennie’s cminent practical abili-
ties pointed him out for employment in the public service;
und he was consulted by the Ministry of the day more
particularly as to the machinery used in tho Government
establishments, as to the formation of royal docks, and the
consfruction of breakwaters. At the recommendation of
Mr. Smeaton he was called upon by tho Victualling De-
partment of the Navy to advise them as to the improve-
ment of their flour-mills at Rotherithe, which were worked
by the rise and fall of the tide; and the manncr in which
he performed that service was so satisfactory, that it led
to his advice being taken on other subjects, some of which
might at first sight be supposed to lic boyond the range of
engineering experienco.

Great alarm prevailed in 1803 as to the warlike inten-
tions of the French, who threatened to invade England.
The ¢ Moniteur’ and the ‘Brusscls Gazette” were openly
speculating as to tho time that it would take for the
French army to reach London. It therefore hohoved
England to be upon her guard. All the possible lines of
approach from the const to the capital were carofully ex-
amjned ; and it appeared to military men that the casterh
side of London was tho mogt accessible to the advance of
an enemy landing near the mouth of the Thames, or on
the Essex coast. Mr. Rennio was employed. to examine
the valley of the Lea, to ascertain whether means could
be devised for suddenly laying it under water, if necessary,
to check the approach of a hosflle army from that quarter.
After careful consideration, he laid before the Government
a plan with that object, which included a serics of dams



forpished with sluices,—one at the Jun
with the Thames, another across the valley
third at Temple Mills, and others higher up tk
far as Amwell. Thege were contrived so
should be penned up, and the valley flooded at §
works were, however, only partially carried
dams were formed above Bromley, with jetties
points to increase the current; but happily the
works were never required, Napoleon's warlike smiffitio
2aving shortly after become diverted in another .
But again, about 1806, when Napoleon’s legions were
assembled on the helghts above Boulogne, and all his
flat-bottomed boats wero in rcadiness to receive them,
further steps were taken to defend the south-east {ohst
from the expected invasion. Martello towers were erééted
along the coast fiom Folkestone to Beachy Head ; and kméng
tho other means adopted was the formation of a il
canal from Sandgate to Rye, the designing of whish wils
entrusted to Mr. Rennic In a lotter to Mr. Boulton, ‘of
Birmingham, dated the 22nd May, 1806, he obgerves j—
“ You may possibly 1cmcmber that from the cliffs waeh pf
Sandgate, to a place called Cliffend, about three mﬂel?s
of Rye, in Susscx, thcro is an cxtensive marsh, whick Hes
along the sca-coast, composed of Romney Marsh, Guildford
Marsh, the Mead, Winchelsea, and Pet Levels, all of which
make about 60,000 acres.* On the interior site of
marshes the country rises suddenly to the height of-
100 to 150 feet. A canal, about thirty miles in extent, is
now being constiucted, and is indeed nearly finished, round
the marsh, and at the foot of the high land. Thuﬁ.nal
is 60 feet wido and 9 feet deep It is defended on
side by a gjrong rampart with bastions which
from ond to end. Wathin the rampart, thers is &
military road on which artillery can be trangportpd W
great cxpedition, under céver of the rampart, froi one
‘bastion to another, as may be required. Thg

* See Descriptive Vicw of Romney Marsh, vol. 4, g
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‘are all temporary, and may be broken
r of an enemy.”

piic was also consulted as to tho best site for a
harbour on the south-cast obast, for the purpose
aibdating frigates to watch the opposite shore. His
s in favour of Folkestone as the best sito for such

ix now devoted to more pa,clﬁc purposes -
8 I‘ulton proposed the scheme of his famous torpedo
Wing up ships at sea, by stealthily approaching

them"amder water, Earl Stanhopo made so muchgnoise
a % in the House of Lords, that a commission, of
whic ¢ Mr. Ronnie was a member, was appointed to in-
vegﬁ@ﬁg its merits. Littlo importance was attached to
Kﬂﬁtﬂu’! pretended ¢ invention ;” nevertheless it was
dqta‘mned to afford him an opportunity of exhibiting the
pew%m of his ipfernal machine, and an old Danish brig,

riding ih Walmer Roads, was placed at his disposal.

He

suoceeded, after an unrosisted attack of two days—during
wlﬁa‘h he had also the assistance of Sir Home Popham—
in Hlowhg up the wretched carcass, and with it his own

pretengions as an inventor.}

* Mr. Renpie secems to have
beett frequently in communication
with the military authonitis of
the day on warhke matters 'Thus,
309, he wua applied to for a®

G kmen to procecd to

the unfortunate
ition, to ass1st m
the piers, floodgates,
of that port; afta
they returncd

regarding him
upon the

inventions of others. He consi-
dered that hittle ment belonged
to him 1 regard to the mvention
of thesteamboat Thus, Jonathan
Hully, Miller of Dalswinton, and
Symington had been at work upon
tho mvention long before Fulton.
Fulton’s alleged invention of cast-
110n bridges was not more original.
Wnting to Mr Bariow ot the Ad-
mfralty, 1 1817, Mr. Renuie
s.mys —4T send you Mr. Fulton’s
book on Canals, published 1
1796, when he was 1 Kugland
and previous to his apphication w
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Among other subjects on which we find ‘ﬂ ;
consulted by the Government authorities, were’ $h
provement of the machinery of the Waltham ‘Powder
Mills, especially as to the more economical applitabiom of
the water power—the fixing of moorings in the tideways
of the royal harbours—the clearing of the Thamies i font
of Woolwich Dockyard of its immense acoutuilation of
mud—the ercction of a quarantine establishment' in’ the
Medway*—the provision of wet docks for the Royal' Navy

. .Crar, IX

the steam-engine to the working
of wheels in boats. On the de-
signs (as to bridges, &c.) contained
in that book, his fame, I believe,

rinciphlly rests; although he ne-

nowledges that Xarl Stanhopo | entrance of the creek to
bhad previously proposed similar | infringcment of the re
| The annoyance caused by "this

plang, and that Mr. Roynolds of
Coalbrookdale in Shropshiro, had
actually carried them into execu-
tion; sothatallthe merit ho bas—
if merit it may be called—is a
proposal for cxtending the prin-
ciple previously applied in this
sountry. The first iron bridge
was erccted at Coalbrookdale in
1779, and between that and the
publication of Fulton’s book in
1796 many others were erected;
g0 that, in this dcpartment, he
has little to boast of. I consider
Fulton, with whom I was person-
ally acquaintod, a man of very
slenderabilities,though possessing
much self-confidence and consum-
mate impudence.”

* The quarantino cstablishment
of the port of London was then
situated at Stangate Creck, which

joins the Medway about two miles |
1t consisted of | the works were

above Sheerness.
several old two and three-d
hulks, into which goods were

luced. DPassengers while per-
orming quarantine might well ;
fret and fume at their detention,

oclor  heavy expense; but we

having before them & most; vinin-
teresting prospect—a wide ektent
of flat marsh-land, with a fringe
of mud at low water. A: small
vessel of war was stationed at the

vent
tions.

establishment was very gredt,-and
it was moro and more complained
of a3 our foreign commerce ex-
tcndeld. ﬂl(l):d s::tehml opeasions,
vessels : BN,
having accidentally n]::ss fouﬁm:i‘
the ships performing qtiarantine.
were compelled at once to heave-
to, and undergo two or three days’
detention before thzhoouldhqre-
leased. To diminish this evil,
the Government determined. to
erect & permanent quarantine es-
tablishment about &ree miles u
Stangate Creek, ot a place call
Chetney MHill, a small .rising
ground situated in the marshes.
It was proposcd to isolate this
‘hill by a_canal, ﬁrovidei_with a
lock; and Mr. Rennie .was re-
quested to prepure the ‘réquisite
plans, which he.did l%,rand

»

they were never and. the old
hul{s continued to bé*émployed
until the final abandon “

the quarantine system. . _,
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et »rn,

—and, jﬁé mtrodnvtion of improved machinery at the
vanoﬁii,ﬂmkyards ; on which last subject Mr. Rennie was
espee!gjy eompetent to give advice.

ission of Civil Officers of the Navy was ap-
1 __lw,,m 1806, to comsider tho best means of turning

o from the dockyards with the groatest despatch

and & ;pgmy Private manufacturing cstablishments were
then 4 :long way ahead of tho Government yards, where
methods ‘of working, long abandoned everywhero else, still
Of\mhﬁued in practice; and to call a mechanic or labourer
ol the Thames “a regular dockyarder” was to apply to
him the -lowest term of reproach that could be used.
Foreign governments were introducing stcam-engines and
the most improved kinds of machinery, whilst our
Admiralty were standing still, notwithstanding tho war
with France, which called for more than ordinary despatch
in the building and repairs of ships of war.

Tn Mr. Rennie’s report to tho Commission, he incidentally
mentions mechanical appliances which lie was engaged at
the time in manufacturing for exportation. “I am creet-
ing,” he said, “a steam-cngine for the royal dockyard at
Copenhagen, for the purposc of blowing all the bellows
in the smithies, and another for pumping water out of
the docks. I also understand they mean to construct
ma¢hipéry there for furging anchor-palms and other large
iron -work. Rolling-mills fur bars, bolts, hoops, &o.,
might also be employed with advantage. Saw-mills, such
as I have constructed at Calicut, on the coast of Malabar,
for sawing plank, beams, and other articles, would bo very
serweéable Block-machinery and rope-works might like-

wisg-be worked by steam-éngines, as well as mills for
rolh mpper machinery for working cranes, and other

E’e ted out, that dockyards ought to be 86 laid out
as ta Ble work of the samedkind to be carried on by
oont};'mops operations, as in a well-ordered manufactory.

red; that the water at the entrance of all the dock-
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yards, excepting Plymouth, was too shalloyeby

cause of much delay, damage, and expense ; arit™
the provision of a dockyard in which the

in all states of the tide. Ie would also have Jife
steam-engines provided, by which any dock night
pumped dry in a few hours, so as to enable
at once procecded with. o had no doubt that theé.dust of
constructing such a harbour and dock would bessa®éd tc
the nation in the course of a very fow years, ‘He_also
wged, as of still greater importance, the necessity for
concentiating all dockyard work as much as ible.
1limself tho head of a large manufacturing establishment,
he was well awaro that the more the several branghes are
kept aparl fiom cach othcr, the less is the efficlency
secured, and the gicatcr is the waste of material &s
as loss of time. 1lfe therofore urged above all thingd ¢dn-
centiation, and he oadly held that without it eoongny
was impossible 'Y
Portsmouth, Plymouth, Pembroke, Sheerness, CHatham,
Woolwich, and Deptford were mostly far apart, sofis of
them very badly adapted for the purposes of noyn],:éébk—
yards, and at nearly all of them the samo ocostly px%f
patching, cobbling, and waste was guing forwae:
deed, ho held that it would be much cheaper, viewed a8 a
money question only—mnot to mention the in
despatch of business and the improved quality of fheidgrk-
manship—to construct an entiicly new dockyard, $¥here
every department could be laid'out in the most complédd an
scientific manner. Those views looked so reagonsdlal
they pointod to results so important, that tbe X
Naval Rovision detormined to pursue the inves
and they requesied Mr. Rinnie to examine il
dockyards, and report as to the improvements tha
be made in them with the above object; and 4K
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n of i aow and oompleto naval arsenal suitable ‘o the
qulfgiidnts of the nation.
Pia vewi)t of his inquiries was set forth in the claborate
repdiy fiEfivered by him on the 1ith May, 1807. He had
fout of the royal harbouis in a state of deeay, silted
up mud or sand, and in a generally discreditable
W& Of ‘all the naval arsenals, he found Plymouth
had!guffered the lcast, in consequenco of less alluvial
gfter flowing into tho harbour fiom the rivors dis-
ity themselves into the Sound —the principal objec-

of m esterly and south-castoily winds. Tortsmouth
d to be in a very dofeetive state, much silted ap
mﬂ‘\:‘mud, the depth on the bar having become reduced
't eentury from 18 {o 14 feet, whilst the works
ly werg, in a condition of gieat decay. Tho docks
wet , in his oplmon, quite madequate to the accom-
; of ships requiring repairs, whilst the storchouscs,
g , and building-slips were ill laid out, having
hetn Typ up in haste after no well-digested plan, involving
badi work and waste both of money and of timo.*
Doptford Royal Dockyard, the oldest on the Thames,
«bb_‘ectmmble becauso of tho decicasing depth of
w‘at. which rendered it less and less available for ships
ofy large burden; and hencoe it was giadully being
a for ship-building purposes ; Mr. Rennio 1¢com-
menfing that it should for the future be exclnsively nsed
&samtunlhng yard. Woolwich also Lo considered ill

..1 . —_—

ﬁen illustrating hfs  compare the place to nothing else

nie used to sny — than to a pack of emids, with the

tnngor visit Poits- ! nuuey ot diffirent  buildings,

the head cst.ib- | docke, &e, markcd upon thcm,
ntmh Navy, he and then tossed up mto the aar,

fonish a- at the vastncss | h 0 thit each. m falling, might ﬂnd

buildings, and | As place by chance,—so eom
N 'Wﬁaf e wondcrtul pletcly aro th 1{ devord of all

't kmowing nothmg anangument and order.”
fbjeck. But I

vleﬂs,
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4. .
adapted for the purposes of a royal harbouraid arsenal:
it was situated too high up the river, where the Wwater was
shallow, and the place was incapable of enlai:getmnt to
the required extent, except at an enormous cost. . He held
that large ships, even if built there, must go “down the
stream into decper water beforo they could take ifi their
guns, stores, and provisions, thus involving the nsk of
damage and the certainty of delay and increased expense.

With reference to the naval arsenals on the Medway,
although considerable improvements had been made in the
dry and wet docks at Chatham, yet he held that the place
was from its situation, incapable of being adapted to the
important purposes of a naval establishment, of such ex-
tent and accommodation as should be commensurate with
tho national requircments. Besides, the navigation of the
Medway from the Noro was very intricate, and the upper
part too shallow for ships of large burden.

Then, as for Sheerness, his opinion was that the yard
there, besides being on too small a scale to adapt it for
the purposes of a national harbour and arsenal, would be
exposed to great risk in event of a war, being almost
incapable of effectnal defence. “On the whole,” ‘he
observed, “ it appears to me, on consideration of all the
facts I have been able to collcct respecting the principal
raval arscnals of the empire, that they are far from pos-
sessing such propertices, cither in point of situation, extent,
arrangement, or depth of water in tho harbours, as the
large and growing naval power of this country deman

In roviewing the sites of the differont arsenals, Mr.
Rennie says ho was struck with surprise to find them
mostly placed on the lee shore of thesr respective harbdurs
—the worst of all positions. Plymouth, Portsmouth,
Chatham, and Shecrness werg thus situated ; Deptford
was on tho weather shore, and ‘Woolwich had the prevail-
mg wind blowing across it:. He also pomted ‘out: that, at
all the royal dockyards, vessels had to tako in théir stores
-and be rigged and fitted out in the open harbeups; and,
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with the ‘exception .of Plymouth, the materinis were
clumsily and expensively couveyed from the shore to the
ship’s side in lighters. There being no wet docks at any
of the royal yards, vessels in ordinary lay moored out in
the open tideway; and the expenso of moving them, of
placing men on board to watch them, and the various
accidents to which they were thus linble, were tho constaut
cause of heavy loss to the nation.

Regarding the subject in all its bearings, and with a view
to, despatoh, efficiency, and cconomy, Mr. Rennie strongly
recommended the construction of capacious wet and dry
docks, in seme convenient situation on a weather shore,
provided with sufficicnt storchouses and workshops, titted
with engines and machinery on the most improved plans
for the building and repair of ships; and he expressed
his strong opinion that the political importance of adopt-
ing such a measure would far outweigh tho expenso, how-
ever large, which it might be necessary to incur.

Tho subject was felt by the Admiralty aunthoritics to
be of so ‘much importance, that Mr. Rennio was again
requested to report as to the most advisablesite for a great
naval harbour and arscnal such as he had proposed ; and
Lo was requested by Lord Howick (then First Lord) more
particularly to stato his views as to tho cligibility of
Northfleet on the Thames, which had been suggested as
the most desirablo situation. In his visit of inspection to
the place, Mr. Rennie was accompauniul by his vencerablo
fricnd James Watt, and his confidential assistant Mr.
Southern, together with Mr. Whidley, acting master-
attendant at Woolwich Dockyyrd ; and he had the benefit
of their great experience in maturing the design which he
shortly after laid before the Admiralty for their considera-
tion.

The proposed site seemed to him most convenient tor
the purpose of a great naval harbdurand arsenal.  * North-
fleet,” he said, “possesses cvery advantage that can
possibly be wished for in a nava! station, and it is capable

IL - &
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.of being rendered as complete and perfut aif.gstablish-
ment as can be made for building, repairing; andfitting
out vesscls of war of all classcs, on tho largest scale.”
The Thames at that point presented abundagt depth of
water ; there was a large space of flat land available for
the harbour and docks, which might bo so laid out as to
be alinost indefinitely extended; the situation was pn'the
weather shore, well protected, and capable of being strongly
defended ; it would be in direct conneetion by watdr with
Woolwich, Deptford, and London, as well as with 'Cha%ham
and Sheerness; and as a great national harbour and
arsenal, ho regarded its situation on the Thamies, at the
entrance to the greatest port in the world, 48 in all
respeets the most suitable and appropriate. Accompany-
ing his report was a carefully devised and most claborate
plan,* which unhappily was never carried out. '

RENNIE'S GOVERNMENT WORKS,

* The site of the propo~ed ar- | the whole arranged on o system,
senal was the flut portion «f land  so that the materinls required
near Northileet, about eight hun- , on  shipboard might bhe passed
dred acres in extent, lying in the  forward tothcirrespecﬁv&w ves
angular space formed by Fidlers’  from oue stage of preparation te
and Northileet  Reaches.  Its  another, with the greatest despatel)
depth closo to tho shore wns about  and cconomy. At the nerth cnd
seven fathoms at low water, or  of the basin were to be tlie mast

sufficient for vessels of the Inrgest
burden. "The main entrance-lock
was to be at the Northfleot end of
¢ho docks, within which was to be
an cntrance-busin 1815 feet long
and 600 feet wide, covering about
twenty-five aeres. Dry doeks wete |

and boat ponds, with their ad-
joining workshops, conneeted also
with the Thames and the+main
western basin by separate cn-
trances.  Tho main western basin
was {o be ut right angles’to the
entrance-basin, 4000 feet long and

to be placed conveniently neur, 950 feet wide, covering & gurface
from which the water was to he . of about cighty acres.” Alongside
pumped by powerful steam-cn-’’ were to be six dry docks and eight
gines, so fhat vessels might be | building slips, all fitted in tho
docked dircetly from tho basin,  most complete menner with the
and have their bottoms exumined ; requisite  saw-pits, . seasoning-
with the least loss of time. DPart | sheds, mounld-lofts, timber stores,
of the entrance-basin was to be | and smitheries, eonveniently situ-
appropriated for an anchor-wharf, « ated in the réar.. The. -whole of
another for a gun-wharf; next the the heavy work, suék-as. bellows-
stores and victualling wharves, blowing, tilt-hammering, forging-
with their appropriute buildings; of anchors, and iron-rolling, was



Cuar. IX. ‘PROPOSEP NORTHFLEET HARBOUR. 339

Mr. Renjiio waa also consulted respecting the improve-
ment of the old royal dockyards, and submiitted'various plans

to be performed by the @id of ' requisite to complete tho works
steam-engines- and machinery of : Amounting to four millions and-a-
the most perfect kind. Seventy i half sterling,  Yet the plan was
sail of tho line, with a proportion- * so masterly and comprehensive,
ate number of smaller vessels, | and so obviously the right thing
might -eonveniently lic in this " to be doue, that the Portland Ad-
basin, and yet afford abundant ! ministration determined to carry
space for the launching of new it out, and the necessury Jand was
vessels. Another basin, 980 fect  bought for the purpose.” Froqueng
long and 500 feet wide, was pro- | changes of  Miuistry, however,
posed *for timber-ships, on the ! took pluco at the time; the re-
south-west extremity of the great | sources of the conntry wers heaily
busin,” with o separato entrance | taxed in carrying “on tho war
into the Thames s little below ! against Napoleon in Spain: the
Greenhithe, ,The whole of the , public attention was diverted in
arsenal’ was to be connected to- ! other guarterd; and no farther
gether by a system of railways ex- ! steps were taken to earry out Mr.
tending to every part and all | Rennie’s design. He knocked at
round the :wharves. The plan ; the door of ono Administrution
wus most complete, somo of the l after another without cffeet. In
details being bhighly ingenious. | 1610 wo find him writing to
But the cost of executing the work | Lord Mulgrave, the First Lord;
wis tlie real” diflicnlty; Mr. Ren- | to the Right 1lon. George Rose
nie’s estimate of the total outlay | tothe Karl 8t. Vincent,and others

Proposed Docks at Nortbfieet.



340 RENNIE'S GOVERNMENT WORKS. Cnar IX.
with this object, the most important of which were only
carried out after the Northfleet project had been finally
abandoned. Of the new works executed after our engineer's
designs those at Sheerness were the most extensive. The
royal dockyard there was felt to be a public disgrace. It
consisted of a number of old wooden docks and “basins,
formed by ships’ timbers roughly knocked together from
time to tiwme, as nccessity required. The ground, in
its original state, had been merely an acocumulation of
mud and bog, surrounded by a wide extent of flat wet
land.

It is easy to conceive how, in ancient times, Sheerness
must have been regarded as of importance, occupying as it
does the extreme north-western point of the Isle of
Sheppey, and commanding the entrance both of the
Thames and the Modway., But, with the improvements
in modern artillery, the place has in a great measure

but though the more the plans

ere scrutinised, the more indis-
putuble did their merits appear,
he could find no Ministry strong

wugh to carry them out. ' When
cace came, Government and peo-
le were alike sick of wars, naval
rmamnents, and glorious vietories ;
nd  believing  that all danger
‘om France was at an end,—the
“rench flect having been destroyed
ireaptured,and Napolcon banished
to St. Iclenn,—it was supposetd
that the old royal harbours,
patched and cobbled up, might,
unswer cvery purpose.  So  the
land at Northileet was sold, and
the whole subjeet dismissed from
the public mind. Bul, after the
Inpse of half a century, the wis-
dom of Mr. Rennic’s adviee has
beeome more elearly apparent dven
than before. For years past, the
wante in our dockyards, which it

was the chiof object of his North-.

flect design to prevent, has be-
come one of the principal topics of
public discussion, and it has been
the standing opprobrium of every
succossivo Naval Adwministration.
‘What Mr. Rennie urged fifty ycars
sinco still holds as true as ever—
that without concentration economy
is impossible. So long as Govern-
ment goes on tinkering at the old
dockyards, spending enormous
sums of money in the vain attempt
to render them severally efficient,
and maintaining separate expen-
sive staffs in so many difforent
places,—building a ship in one
yard and sending it round the
island to another, perhaps more
than a hundied miles distant, to
be finished aud ftted, and then_to
another to take in its guus, stores,
&v ,—s0 long shall we have in-
creusing reason to complain of the
frightful waste of public money in
the royal dock .
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ceased to be of value as a public arsenal, being incapable
of efficient defence against a hostile fleet. Mr. Rennio
entertained a strong opinion as to tho inferiority of the
site compared with others which he pointed out; but from
the time when he was directed to prepare plans for the
reconstrnction of the dockyards, his business was coufined
to carrying out his instructions in the best possible
manner.

I ulumm

STORL '
B wousc

Stiectieas LiKs,

The plan finally decided upon was that of a river-front,
extending from the Garrison Point to near the Old Town
Pier of Sheerndss, of the length &f 3150 feet, including the
entrances, and enclosing within it threo basins: one tc
the north, 480 feet long and from 90 to 200 fect wide,
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containing a surface of about two acres, 4 feet ‘below low
water of spring tides, with two frigate-docks and & build-
ing-slip and boat-slips; a central tidal basin. 220 feot
square, of the depth of 2-feet below low water; with store-
houses around it for the reception and delivery of “victual-
ling and other stores; and on the west cnd of the dock-
yard a basin 520 feet long and 300 feet wide, covering o
surface of nearly four acres, provided with dry docks for
ships of the line on the south side, with their eills and the
bottom of the basin laid 9 feet below low water of spring
tides, westward of which were the mast-ponds, mast-locks,
and workshops. In the rear, on the south of these works,
were placed sawpits, timber-berths, and the officers’ houses.
The total surface of the dockyard was 61} acres.- The
foundation-stone of the docks was laid by the late Lord
Viseount Meclville in 1815, and the works were commenced
and continued without interruption until the year 1826,
when tho whole were completed.
+ Their cxcention was attended with many dlﬂ'icultles,
and necessarily required a great deal of Mr. Rennic’s care
and attention. The foundations were a soft: running ‘sand,
extending to an almost fathomless depth. The strong
currents flowing past tho place rendered it necessary to
adopt an entirely new system of opcrations, which were
carriecd out to an oxtent never before attempted in so
cxposed a situation. That form of sca-wall was devised
which should most effectually resist the strong pressure
of the current, and the heavy swell beating upon its outer
side, without yiclding to tho lateral pressure or thrust of
the water of the basins and the earth by which it was
backed. At the same time the weight necessary to'ensure
stability must not bo such as to sink vertically. Mr.
Rennio adopted the means to sccure these obhjects which ho
had employed with such success at Grimsby Docks™in 1797,
namnely, to take the likef quantity of materials as would
have been necessary for an ordinary wall, and ' dispose of
them in such a form, that the samo weight should be
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distributed over a greater surface. thus diminshing the
vertioa] pressure. :

In “the- foundations- of the walls he also adoptdl the
method employed by him in similar works, of driving the
piles and cutting off their heads at an angle inclining
inwaids, ar towards the Tand side, laying the courses of
stone at the same angle; by which a greater resistance
was offered to the pressure of the carth, and the building
was provented from being pushed outwards, as was more
or less the case in most of the walls Imilt on the old con-

truction, The entrance gates to the great basin were
also pllmnod and excented with pgreat skll] Mr. Rennie
carrying into effeet the same simple but correct principles
laid down by him in his report on the Northdlect docks,
making the dircction of the eatrance suitable to the enrrent,
in the river Medway, and from which the ships entered
the port.

The coffer-dams in which these Cyclopean walls were
built demand a passing notice becauso of their gigantie
dimensions and the great depth at which they were founded,
at not less than from 27 to 28 feet below low water of
spring tides. They were composed of fonr rows of piles
about 12 to 14 inches squarc. The fwo centro rows were
carried about 4 feet above the level of high water ‘ot
the highest spring tides, and were driven from 20 to 30
feet into the sca-bottom. The outer and inner rows were
about 7 feet from the two centre main rows, hut ouly
extended up to the level of the half tide, and wero driven
from 15 to 20 fect into the ground. All the piles were
hooped and shod with wrought iron, firmly hound together
at the bottom, middle, and” top, with timber braces and
wrought-iron bolts and ties ju every dircetion. T'he joints
were caulked with oakum aud covered with piteh, and the
spaces between the piles wero filled with well-tempered
clay, so that they were as ncadly water-tight as possible,
notwithstanding the tremendois weight of the sca outside
at the top of each tide. Though “the dams somewhat
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changed form by this pressure and inclined inwards, the
piles ;were prevented being tforced in that direction by

" powoerful counteracting braces, and the whole stood fast
until the completion of the work, contrary to“the expecta-
tions of many, who regarded it as an altogether impracti-
cable thing to construet coffer-dams of such magnitude in
80 exposed a situation, where the pressure to bo resisted
WA NO CNOTMONS,

The only «uccident which occurred to the coffer-dams
was in 1820, when the old ¢ Bellerophon’ line of battle
ship, which had been anchored outside to break the swell,
was forced from her moorings by a fierce storm from the
north-cast, and driven against the piling, a large extent of
which gave way, and the waters rushed in upon the
works,  Fortunately, the building of the wall was by this
tinue considerably advanced, so that no great damage was
done. On the fall of the tide the dams were repaired
withont difliculty, and the works proceeded to completion.

Among Mr. Rennie’s other dock works may be mentioned
the new river-wall, with a ship-basin and two building-
slips, at Woolwich; the new dockyard, building-slips, and
dry dock at Pembroko; the new entrance to Deptford
Basin ; and various improvenents at Chatham, Portsmouth,
and Plymonth.

One of Mr. Remnic’s most ingenious plans was that
proposed by him for the improvement of Chatham Dock-
yard, e saw large suws of money expended from year
to year in the inclfectual patching-up of the old yuards,
with little good result: and he foresaw that eventually the
Government, if it would secuze cfficiency and avoid waste,
must fall back upon some such plan as his Northfleet
Docks to obtain the requisite ecconomy by concentration of
dockyard work. In 1818 he was requested tu report on
the best means of improving Chatham Dockyard, when he
again pointed out the great loss to the nation by maintaw-
ing so many separate yards, all of which were being
tinkcred and mended at an enormous cost.
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He then boldly’ recommended that the Government
should sell, Deptford Dockyard, which he held to be com-
paratively uscless, and devote the proceeds to the improve-
ment of Chatham, after the plan which hesubmitted. It
consisted in entting a new channel from a point in the viver
Medway, a little below Rochester Bridge, to another point
lower down the river at Upnor Castle, thus straightening
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at cither end. TTo also proposed to make another cut
from its lower end to join the Medway at Gillingham,
where there is ample depth of water at all times for ships
of the largest burden.
Lord Melville was ranch strubk with the simplicity and
at the same time the coprehenarve character of the plan,
and wished to have an estintc of the cost. The wkole
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Plan of Medway Improvement.
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amount—including land, labour, and materials—according
to the engineer, wonld not exveed 685,000L, against which
theroe was to be sct the heavy annnal cost for moorings in
the tide-way (which would be saved) or equal to a capital
sum of 200,0001 ; the expense of watching vesséls lying
at moorings, amounting to about 15,000l a year, or equal
to a capital sum of 300,000% ; and the amount realised by
the sale of the disused dockyard at Deptford, which of
itself would have been almost sulficient to defray the
entiro cost of this magnificent new arsenal,—not-to mention
the saving in the steam and other vesscls employed in
carrying stores to the men-of-war lying in ordinary along
the course of the Medway, and tho great despatch and
cconomy which wonld havo been sccured in all the opera-
tions connected with the building, fitting, and repairs of
ships. .

The plan, however, was too comprchensive, and was not
adopted.  Building and patching are still going on at
Chatham, at a cost far exceeding that required to carry
out Mr. Renmic’s design ; but it still remains to bo scen
whether anything like the same amount of concentration
and cflicieney will ho secured.



( 347

CIHIATTER X.
PryyouTn DREAKWATER.

Tuk harbour of Plymouth being situated at tho entranco to
the English Channcl, nearly opposite two of the prineipal
French: coast arsenals, has always been regarded as a naval
station -of national importance. The great area of the
Sound, its depth of water, and its connection with the two
spacious and sccure inner harbours of TTamouze and Cut-
water, admirably fit it for such a purpose. The Sound is
more-than three miles wido in all directions, and includes
an area of about four thousand acres, with a depth of water
varying from four to twenty fathoms at low water of spring
tides. Its shores are bold and picturesque, rising in some
places in almost perpendicular cliffs; in others, as at Mount
Edgcumbe, the land, clothed with the richest verduro,
slopes gently down to the water line.

The only natural defect of the haven-- and it was felt to
be a serious ono—was that the Sound lay open to the south,
and was consequently exposed to the fury of the gales
blowing from that quarter during the cquinoxes. The
advantages presented by its excellent anchorage and great
depth of water were thus in a considerable degree neu-
tralized, and the cases were not unfrequent of large vessels
being forced from their moorings during storms, and driven
on shoro. .

From an early period, therefore, the better protection of
the outer harbour of I'lymouth was decmed to be a matter
of much importance, and various plans were proposed with
that object. One of these was, to carry ont a pier from
near Penles Point, at ihe soubh-western entrance to the
Sound, for a distance of above 3000 feet, into deep water;
another was, to construct a picr several thousand feot long,
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from Staddon Point to the Punther rock; and a third con-
templated a still more extensive pier, of above 8000 feet in
length, extending westward into deep water, from the
south-eastern entrance to the Sound.  While the question
was under discussion, the Lords of the Admiralty ealled
upon Mr, Rennie to report upon these several plans, and to
advise them what, in his opinion, was tho best course to be
pursued. In his preliminary inquiry, which was of the
most thorough kind, he was assisted by Mr. Joseph Whidbey

d Mr. James Hemmans,

Mr. Whidbey had heen a sailing master in the Royal
Navy, and was a most able and meritorious ofticer. e
had sailed round the world with Vancouver, and raised
himself from thoe station of & man before the mast to the
highgst position a non-commissioned officer could reach.
Hig varied expericuce had produced rich fruits in a mind
naturally robust and vigorous. As might be expected, he
was an excellent scaman. Ile was also a person of con-
siderable acquaintanco with practical seience, and had
acquired from experience a large knowledge of humaw
nature, of a kind that is not to be derived from hooks.
ITo was afterwards raiscd to the offico of Master-Attendant,
at Woolwich Dockyard, aud was greatly heloved and
respected by all who know him. Mr. Hennmans was Masters
Attendant of Plymouth Dockyard, and possessed an inti-
mate practical knowledge of the locality, which proved of
much value in the course of the investigation.

The result of Mr. Rennic’s careful study of the object te
be accomplished, and the best mode of fulfilling the require-
ments of the Admiralty, wys emhodied in the report pre-
sented by him on the 22nd of April, 1806. 1o there
expressed himself of opinion that, of the three plans which
had been proposed, that of a picr extending westward from
Andurn Point, near the Shagstone, at the south-eastern
extromity of the Sound, was the best; but even that was
objectionable, as calculated to produce shoaling of the har-
bour by favonring the deposit of silt—a process wnirh wagy
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then guing on, and which it was most desirakle to prevent.
Looking at tho main object of the proposed work, which
wasg to render the Sound a safe haven for vessels riding at
anchor there, as well as to increase the security of Plymouth
inner harbour, he considered that another method might
be adopted, with greater certainty of success, at much less
cost, and without any risk of silting up the entrance of the
harbour. )

Tt may here be explained that, in its original state, there
wure three channels of entrance into the Sound: one on
the west side, 3000 feet wide, between the Scottish Ground
rocks and the Knapp and Panther rocks; another. on the
castern side, 1800 feet wide, between the shore and the
Tinker, St. Carlos, and Shovel rocks; and a third in mid
channel, also abont 1800 feet wide, which was rn.relylsca,
being through dangerons rocks on cither side.  Any works
which might he constructed across this middle channel, it
appeared to Mr, Rennie, would be of no detriment to the
navigation of the Somnd.  On the other hand, by narrowing
the passage through which the tidal waters flowed in and
out, the tendency wonld he to increase the scour, and con
sequently to deepen the two remaining channels—an object
only second in importance to the protection of the harbour
ifself.

Itis plan accordingly was, to form a Breakwater across
the middle channel by throwing into the sea largo angular
blocks of rubble, of from two to twelve tons cach, leaving
them to find their own hase, and to continue this process
until a sufficient mass had been raised to the level of half-
tide, so as to make a ridge, akout 70 yards bread at the
haso and 10 yards at the top, these dimensions to be after-
wards varied and incrensed according to circumstances.
1le proposed that the Drecakwater should be of a total-
length of 5100 feet; of whigh 3000 feet, forming the central
part, was to be in a straight line acruss the Sound, and
1050 feet at cither end inclined inwards at an angle
of 160 dogrees. It was also proposed to run out a pier of
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2400 fect, in two arme, frum Andurn Point, at the south-
eastern entrance to the Sound, but this part of tho design

View of the Breakwater from Mouut Edgeumbe, [By Percival Skelton, after his
original raging }
was not carried intu effecct. The total estimate of cost,
including the Point Audurn picr, was 1,102,440L
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The formation of breakwaters by a similar process had
been practised from an early period; and by such means
the moles of Venice, Genoa, Rochelle, Cherbourg, and other
ports, had heen formed. Mr. Rennie had himself adoptud
the sumue method in forning the harbours of Howth. Kings-
town, and Iolyhead; and the success which had followed
his operations at those places left no doubt in his mind as
to the practicability of constructing an efficient breakwater
across Plymouth Sonund, though the situation was admitted
to be much more difficult. Mr. Rennic vonsidered that a
ridge of rougl, heavy stones wonld be the simplest and
least costly, as it would probably be found the most eflicient,
plan of protection that could be devised. By throwing in
the blocks in the given line, and allowing the waves by
their own action to form the slope or angle of repose at
which the materials wonld lie, the expenditure of an infinity
of labour and money wonld be avoided. In this kind of
work ho held that success was to Lie seenred Ly following
the laws of nature; and, with reference to the proper slope,
his own expression was that *the waves were the best
workmen.”

The report in which Mr. Rennie embodied these recom-
mendations excited great interest amongst naval men, and
led to much discussion.  Many prononnced the scheme to
be visionary and jmpracticable. It was also alleged that,
even if it could be excouted, such a work wonld prove alto-
gether useless.  Others held that it wonld destroy the
Sound for purposes of navigation, and lead to its complete
silting up: whilst a greater number critivised and con-
demned it in all its details.  Amongst other critics, one of
the most severe was the Jate (Yeneral Sir Samuel Bentham,
a brother of Jeremy the philosopher, who strongly recom-
mended a plan of his own, consisting of one hundred and
forty wooden towers, with stones stnk betwceen them in a
double line. Tive ycarsh controversy thus passed, and
numerous designs were prepared, submitted, and considered.
all of which were referred to Mr. Rennie, who still remained
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as firmly satisfied as ever of the expedieney of his design,
awl vindieated its superiority over all others which had been
proposed. At length the Lordsof the Admiralty were won
over to his views, as well as Farl 8t. Vineent, Lord Keith,
and many other leading naval officers, Lord Melville was
then at thie head of the Admivalty. and when he had hecome
fully persuaded as to the merits of Mr. Rennic's plan, and
ascertained that there was a growing unanimity of opinion
in its favour, he exerted himself strennously to have it
carried into effect.

he result was, that an Order of Council was jssned on
the 22nd June, 1811, by which the requisite powers were
given to proceed with the works,  Mr. Renmie wasappointcd
cugineer in chief, and Mr. Whidbey resident engineer, with
Mr. Willianm Stewart as assistant. It was very diffienlt to
find contractors willing to undertake the eaxecution ol «
waork of s0 novel and extensive a character, exeept at prices
which the engineer conld not sametion; and it was there-
fore determined only to contract for the lnbour of the several
npvrllunns in detail, #o that there might e an opportunity
for revising the b(.-l](‘ of prices from time to time, - the
Government undertaking to find the requisite plant amd
materials.

A picce of ground was purchased from the Duke of
Bedford at Oreston, np the Catwater, containing twenty-
five acres of Timestone, well adapted for the purposes of the
work ; and steps were takeu to open ond the guarry, 1o lay
down railways to the wharves, to creet cranes, to Imild
vessels suitable for conveyvance of the stone, and to provide
the various applianees ¢ -qum(l for carrying out the under-
taking.

Ou the 12th of Angnst, 1811, the birthday of the Prinee

* The propriety of this arrauge- | ton, it was afterwards reduced to
went was proved hy the fact, that l g por ton, as the contractors and
whereas the price paid in 1812 for \\ml\nu n heeame be tter acquainted
taking and depositing ribble ) with the nature of the work.

the Breakwater was 20 9. ptrl

[ ! 2a

i



354 PLYMOUTH BREAKWATER, Cnar. X

Regent, the first stone of the main ridge was deposited on
the Shovelbank rock, nearly in the centre of the work.
Lord Kecith, commander of the Channel Flect, was present,
attended by the chicf naval, military, and civil authoritica
of the port, together with the staff and men of the building
establishment.

From this timo forward the operations were carried on
with despatch when the weather would permit. The work-
men began at the centre and worked towards the extremitics.
The lines of the Breakwater were carefully marked out by
buoys, to which the barges laden with the stone blocks
wero attached whilst they were being emptied into the sea ;
after which they rcturncd to the quarry wharves, about
five miles distant, for fresh cargoes.

For nearly two ycars this process of emptying in the
rubble proceeded; until, in March 1813, portions of the
work began to be visible at low water, and by the end of
July there appeared a continnous line of about 720 yards.
By tho month of March in the following year the ridge had
been so raised, that its cffect in tranquillizing the waters
of the Sound during violent south-westerly gales was very
considerable, and vessels of all classes sought its protection
and camc to anchor hehind it with perfect confidence.

The Admiral's ship on the station, the ¢ Queen Charlotte,’
of 120 guns, had been heretofore accustomed to ride in
Cawsand Bay ; but it was now brought to an anchor under
the lee of the Breakwater. Among other vessels which
ook shelter therein 1814 wasa large French three-decker,
which rode ont a severe gale in safely. The year after,
when Napoleon entered Plymouth Sound on board the
*Bellerophon,” ho expressed himself as greatly surprised
with the magnitudo of the work, and spoke with admira-
tion of tho intentions with which it had been designed and
exccuted.

By the 11th of August 1815, not less than 613,057 tons
of stone had been doposited, and a length of 1100 yard.
was rased above low water of spring tides. The complet
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success of the work was now beyond dispute, and exceeded
the most sanguine anticipations. Even the most sceptical
became convinced of its great practical utility, and many
who had before offered vehement opposition to its being
hogun, became clamorous for its completion on even a larger
scale than Mr. Rennie had originally intended.

It was at length determined by the Admiralty, after
advising with the engineer, to carry the whole Breakwater
twenty feet, instead of ten feet, above the level of low water
of spring tides. While the original plan of Mr. Rennie was
chleulated to afford complete seenrity to the larger class of
vessels, this addition to the height doubtless gave moro
adcquate protection to the smaller eraft. The finishing of
the work above the low-water line, howgver, involved «
moro expensive kind of workmanship; for the greatest force
of the waves is exercised between the lines of high and low
water.

Hence it became necessary to render this upper part of
the Breakwater so strong as to present the greatest possible
amount of resistanco. Mr. Rennie suggested the propricty
of increasing the seaward slopo to about 5 to 1, so as to
give greater strength, and present an inereased resistance
to the force of the waves. But this recommendation was
overruled for the time, and the work procecded.

- "Tho operations were continued without intermission, the
stono blecks being deposited at the rate of 1030 tons a-day
during the ycar 1816 —a greater average than has since
been accomplished in carrying out any similar work, not-
withstanding tho improved modern appliances of stages pro-
vided with steam power, and railways worked by pnwuful
1ocomotives.® Towards tho eiid of the year, about 300 yards,
of ihe west end of the Breakwater had heen raised to the
full height of two feot above high water, and 20 feet above
low water of spring tides.

* The largest quantity of stono \\f,m qurnied, lightered, and

deposited in one ycar was in 1821, cmptied ‘nto the work.
when not less than 873,773 tonsl 2 42
A
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Success, as msual, producced over-confidence; and the
authoritics on the spot, helicving that if the sea slope of
tho rubble were ronghly put together at an inclination
of 3 to 1, it would present suflicient resistance, as well
reduee the expense, directed it to be so exceuted.  But
about this time a snecession of severe gules set in from
the sonth-west and sent a tremendous sea upon the Break-
water,—cespecially one of great violence, which occurred on
the 17th of January, 1817.

On examining the work, after the return of moderate
weather, it was ascertained that a length of about 200 yards
of the rubble of the upper part had been displaced or
deranged —that several blocks of stoue, varying from two
to five tons, had by the foree of the waves heen thrown over
from the south or sea slope to the north or land slope—and
that their further effeet had heen to increase the inelination
of the former to 53 to 1, instead of 3 to 1, as it had origi
nally stood.

Nevertheless, the greas, mass of the Dreakwater remained
mmoved, and large numbers of vessels, availing theniselves
of the seeure protection which it provided, had heen enabled
to1ide out the storm in safoty.  Unfortumately, however,
the * Jasper” sloop of war and the ¢ Telegraph’ schooner,
anchored without the line of protection, were driven on
shore and wrecked under the citadel, when a melancholy
loss of life took place.

Mr. Rennie was of opinion that this storm had proved of
great serviee by foreing the stones together and consoli-
dating the work more firmly.  His recommendation as to
the necessity of increasing the seaward slope having been
so singularly confirmed by the action of the waves. he now
advised that it shonld he allowed 1o remain as left by the
storm of the 17th, and that the rest of that fhce of the
Breakwater should be made nniform with it. Tt wonld.
however, appear that Ml'.‘\\']lidlmy, the resident engineer.,
contrived to finish most of the exterior face at a slopo of
only 3 to L, as before; and thus it stuod withoit any mate-
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rial interruption until several years after Mr. Rennic's
death. By that time nearly the whole of the iutendeld
rnbble, amounting to 2,381,421 tons, had heen deposited,
and the main arm, with 200 yards of the west arm, makivg
1241 yards in length, had been raised to the reanired
level.

. Fs . i 3 .
- B\ Wi o 2 N

Plymouth Breakwater. [By Pereival Skelton, after bis orlgmal Drawing.}

The work had arrived at that stage when it had {o expe-
rience the full forco of anogher fervifie storm, which took
place on the 23rd of November, 1824, Tt Dlew at first from
the south-sonth-cast, and then veered round to the south-
west; and the effect of this concurrence of winds was to
heap together the waters of the Channel between Dolt
Head and Lizard Point. and defve them with terriblo fore
into the narrow inlet of Plymouth Sound.  This storin was
not only greatly more violent, but of much longer dura-
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tion, than that of 1817. When the Breakwater could be
examined, it was found that, out of the 1241 yards of tho
upper part which had been completed with a slope of 3to 1,
796 yards had been altered as in the previous storm, and
the immense blocks of stone which formed the sea-faco
of the work had by the force of the waves been rolled
over to the landward side, thus reducing the sea-slope,
1s before, to about 5 to 1.

The accuracy of Mr. Rennie’s view as to the proper slope
—which was indicated by the action of the seu itsclf—was
thus a second timc confirmed ; and the same view having
been taken by the engineers * who were called upon to
make an inspection of tho work, and to report as to the
best means of rendering it permanently sccure,—it was
determined to make the permanent slope of the same ineli-
nation, and the works were so carried out accordingly.t

* These were Mr. Telford, Mr.
Josias Jessop, Sir J. Rennie, and
Mr. G. Rennie. For more full
particnlars as to the history and
construction of tho Breakwater,
wo refer the reader to Sir John
Rennie’s cluborate work entitled
¢‘An llistorical, Dractical, and
Theoretieal Account of the Break-
water in Plymouth Sound.” Lon-
don, 1818.

t The slopes were paved with
blocks of the largest stone, firmly
wedged together; the centre line
was removed 36 feet further sea-
wards; tho top width was reduced
5 fect: a strong binding course of
dovetailed granite masonry was
built at the bottom of the sea
slope, which wus laid one foot
convex from the bottom to the
top; whilst the land slopo was
luid with close-fitting rubble at
tho inclination of 2 to 1. It wd,
however, found, in the course of
the work, that the rough paving
of the rubble ulone was scarcely

strong enough to withstand the
violence of the waves without a
certain degree of yielding; and
Sir J. Rennie, having been con-
sulted by the Admiralty, recom-
mended that, in addition to the
granito basement binding course,
there should be another. similar _
course both in the centre and at
the top of the sea slope; and that
the remainder should be paved
with rough - dressed limestone
ashlar, sct in courses at right
angles to the slope, about three
fect decp on the average — cach
course binding well with the one
adjucent,—tho lower parts of the
ssranite  bonding  courses  being
Inid level, but the upper purts
forming part of the slope. It was
still found that there was a diffi-
culty in preventing tho outdr edgo
or base of the sea slope, where
the main lower granite bonding
courses were placed, from being
undermined by the waves; and it
was determined to place a trench-
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The total quantity of rubble deposited to the end of 1848—-
when the work may be said to have been completed —was
3,670,441 tons, besides 22,149 cubie yards of masonry, or
an amount of materiul at least cynal to that contained in
the Great Pyramid. The wholo cost of this magniticent
work was about a million and a halt sterling, including a
convenient and spacious watering place at Bovesand Bay.

As forming a convenient and sceure haven of refugoe for
merchant ships passing up and down Channel, along the
‘great highway between England, Ameriea, and India- as
well as a capacious harbour for vessels of war, wherein fifty
ships of the line, besides frigates and smaller vessels, can
at all times find safe anchorage - Plymouth Breakwater
may in c¢very respect be regarded as a magnificent work,
worthy of a great maritime nation.

ing or foreshore on the outside of
the sea slope. 40 feet wide in the
centre of the Breakwater, inereas-
ing to 50 feet wide at the com-
mencement of the western arm,
and diminishing towards the east-
ern arm to the width of only 30
feet.  This foreshore was about 2
feet ubove the level of low water
of spring tides next to the toe or
ba~c; and the surfuce was roughly
paved with rubble well wedged to-
gether. The whole of the slopo
way  paved  with  well-dressed
courses of ashlar masonry without
worlar, 3 feet 6 inches deep, well I

bedded down upon thoe rubble be-
low. The extremity of the western
urin was furnished with o wsolid
hend of cireular masonry, 75 feet
diameter at the top, with slopes of
5 to 1 all yound. At the pomnt at
which the lighthouse has sinee
been placed, aninverted areh of
solid blocks was formed, the whole
well-honded, dovetailed, and dow-
celled together, and firmly untted
with the other parts of the solid
rock.  These works answered ad-
mirably, and Plymonth  Break-
water now rests as firm a8 o rock
upon the hottow of the sea.
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CIHAYTER XI.
M. ReExnig’s Liast Works—Ths Deveie wwn Crioveacree.

)N undertakings such as thess, of grest magnitude and
.mportance, Mr. Rennic was eagaged mntil the close of his
useful and lahorious Life.  There was seareely o projeet of
any large public work on which he was ot consulted;
sometimes furnishing the plans, and at other times revising
the designs which were sabmitted to him, Nwmerons
works of minor importance also oceapied mueh of  his
altention, as is shown by the extent, of his correspondence
and the nmmber of his reports, which contain an almost
compieto repository of engineering practice,

While he was engagaed in desienine aud superintending
the construetion of Liv wreat London Bridges, the forma
tion of Plymouth :..\:.In\.m\ . the building, of the docke
at. Sheerness, the eutting of the Crinan Canal. and the
drainage of the Fens by ﬂw completion of the Fau Brink
(ut, lm was at the same time consnlted as 1o many 1m-
portant schemes for the supply of Jarge towns with water.
s report on the distribution of the water smpplicd Ty
the York Buildings Compauy in the Strand oo whieh o
proposed for the first time to appropriate a distinet servie
to the several quarters of the district suppliecd  was o
masterpicee in its way: aud the principles he then laid
down have been gencrally followed by subsequent en
gincers.  He also reported oif the dmproved water-supply
of Manchester, Ndinburgh, Dristol, Leeds, Doneaster,
Greenwich and Deptford, and many other large fowns in
England and Scotland, as well as in the colonies and in
forcign countries.* 1)

* Tn 1817, his fame having gone | engineer of  the day, Captam
nbroad as the wost ekilled water | Dutour of Geneva, ¢ et Fng-
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In addition to the varions mills and manufactories fitted
up by him with nev and improved machinery, we may
mention that he advised the Bank of l.ngl.llul on the
subjeet of the wmore vapid wanficture of hank-notes by
the cimployment of the steam-engine s and that he entivdy
ro-artranged the Coveroent machinery at Walthaw tor
the manufacture ol gunpowder. He erceted the anelor-
foroe at Woolwich Dockyand cousiderad to be the most
spladid pices of maelhinery inissday ¢ he supplivd Banon
Vag o (then Duteh manister in this connt vy with designs
dredging-engines for dearing Ahe and ont of the
oo and cels of Holland , and cons neted the prin
1 part of the celebrated macaiveny for making vopes,
aceording to Captain Mheddars™ pataa

".1|-1:ain foseph Huddioto 0 RS0 was w0 man of sound
sl 2o i nadieal ovponenee, pwd eveellent, skill
s e hande and engineer. He was ofton consulted Ty
Mre. Rennie in »cfer cee 0 vine works of mere than
ordipaey mportarce, s erte aowae bl like that of
< neeny boor cavky onenwer<s and, ke them also, he
Won atbraete 1o e pusiat by the finee o his genins,

i thes iy e peculiar divection of his education
(o was borr o Mlonbyy in Camberland, in 1710, e
sott of a0 sl Laaner and shoemaker. Fron his mothe
he wdherived o strones spirit and a0 vizorons constitution,
eonbined with s woral prineiples; which he nobly
dhsteated m his Tife,

Huddart reccived an ordinary share of edneation ad the
Common sehool of s village, to which be added a0 know-
lodae o mathemativs and pstronomy, ohtained from the

land for the purpose of consulting * the snrveds wmd plang subinitted
him as to the extension and im=" ‘ol espeewdly on the engine
provemeni of the waterworks of and pumpmes mae buery of “the
\,'a.lf ey, Captain Dufour was *pgoposed works; and his adviee
intradueed 1o M. Rennie by the \il\ toilowed, very much to the
ptial “rend of bothy the connent advantage  of - the  citizens  of
Dr W bt M Reme mivie Gonevay

a carch ! and detaled report on
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son of his teacher, who had studied those branches of
scienco at Glasgow University. Ile scems to have been
an indefutigable learner, for he also acquired some know-
ledge of music from an itinerant music-teacher, whose
exccution he very shortly excelled. His mechanical tastes
early displayed themselves. Watching some millwrights
employed in constructing a flour-mill, he copied the ma-

Captain Joseph Huddart, F.R.S.

chinery i a model which he finished just as they had com-
pleted their mill. o also made a model of a 74-gun ship,
after the drawings given in Mungo Murray’s ¢ Treatise on
Navigation and Shipbuilding.’

At an early age, ITuddart was employed in herding his
father’s cows on a hill-side overlooking the Solway Frith,
and commanding a view of the coast of Scotland. There
ho took his books, with a desk of his ow: making, and,
while not forgetting the cattle, he occupied himself in
reading, drawing, and njathematical studies. When a
little older, his father set him on the cobbler's stool, and
taught him shocmaking,—though the boy’s strong inclina-
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tion was to be a sailor. Large shoals of herrings having
mads their appearance about this time in the Solway
Frith, a smnall fishing company was started by the Allonby
people, in which his father had a share. and young Hud-
dart was sent ont with the boats, very much to his delight.
He now began to study navigation. carrying on shoe-
making in the winter, and herring-fishing at the time
when the shoals were on the coast.  On the death of his
father, he suceceded to his share in the fishery, and took
the command of a sloop cinployed in carrying the herrings
to' Ireland for sale. During his voyages he applied him-
self to chart-making, and his chart of St. George's Channel,
which he afterwards published, is still one of the hest.

Tho herrings having left the frith, Huddart got the
commahd of & brig, his excellent character sceuring him
the post; and he made a successful voyage to North
America and back. His progress was steady and certain.
A few years later we find him in command of an East
Indiaman. After many suceessful voyages, in which he
happily Lrought all his ships 1o port, and never met with
any serious disaster, he retived from the serviee: having
been in command of ships of greater or Jess burden for a
period of twenty-live years. Ie now published many of
his charts, the results of the observations he had made
during his numerous voyages.

His eminent character, not less than his known scientifie
knowledge, sceured his introduction to the Trinity House
as an Elder Brother, and to the direction of the London
and East India Docks, in which situations he was emi-
nently useful.  The lighting of the coust proceeded chiclly
under his direction, and many new lighthouses were erceted,
and floating-lights placed at varions points at his recom-
mendation.  Among others, he superintended the con-
struction of the lighthouse at Hurst Point.  Ie also
surveyed the harbours of Whitedwvon, Boston, 1ull, Swan-
sea, St. Agnes, Leith, Holyhead, Woolwich Dockyard, and
Shecrnuss; several of these in conjunction with his friend
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Mr. Renmie, who was always glad to have the henefit of
his excellent judgment. IIe made many improvements in
ship-building ; but the invention for which the nation is
principally indebted to him is his celcbrated rope-making
wmachinery, by which every part of a cable is made to hear
an cqual strain, greatly to the improvement of its strength
and wearing qualities. This machinery, constructed For
himn hy Mr. Rennie at Limchouse, was among the most
perfect things of the kind ever put together.*

In his capacity of advising engincer to tho Admiralty,
Mr. Renuie embraced every opportunity which his position
afforded him of recommending the cmployment of steam
power in the Royal Navy. 1lis advice met with the nsual
reception from the inert official mind: first indifference ;
next passive resistance; then active opposition when he
pressed the matior further. Naval officers, who had grown
old in sailing tactics, conld ill hrook the idea of navigating
ships of war by means of a mechanical invention. Skill in
scamanship, of which the old salts were so proud, would
be entirely superseded.  The navy had done well cnough
heretofore without steam; why introduce it now? It was
a smoky innovation, and if permitted, would only render
ships linble to the risk of being blown up by boiler
explosions.

Lord Melville, however, listened to Mr. Rennio’s sug-
gostions, and at length consented to the employment of «
small steam-vessel as a tug for a ship of war, by way of
experiment.  Mr. Rennie then hired the Marw ate steam-
boat, the ¢ Eelipse,” to tow tho ¢ Hastings,” 74, from Woul-
wich to two miles below Gravesend, against « rising tide.
The experiment was made on the 4th of June, 1819, and
proved so successful that the Admiralty were indueed to
authorise a steamboat to be specially buil* at Woolwich

* Captain Tuddiut died at ?ns blemished integrityin the seventy-
house in Tlighbury Terrace, Lon-  fifth year of his age.
don, in ISL6. clostng a lite of un-
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for similar service.  This veasel was named the * Comet
it was built afrer the designs and under the diveetion of
the late Mr. Oliver Lang, assisted to a considernble extent
by Mr. Renuie, who attended more partienlaly o the
designing and titting of the engines, whiclt were made Iy
Boulton and Watt.  ‘The * Comet,” though a small vessel,
was the parent of other royal ships of vastly greeater
dimensions.  She was only 120 feet long between the per
pendiculars, and 22 deet 6 inches in extreme breadth; the
dranght of water was about 6} feet, and the power of her
cneines about 40 horses.

The Admivalty had great doubts as to the width of the
paddle-boxes; but Mr. Hennie encouraged them to make
the experiment after his design, * Steanm-vessels,” he
observed, “are as yet only in their infaney, and can
scarcely he expeeted to have arvived ot any thing ap-
proaching perfection.  Much, however, will be Tearnt by
experience; but unless some visk is run in the carly appli-
eation of the new power, no improvements are likely to In
made.” + The * Comet” proved o most ellicient. vessel
the best that had up to that time heen constrocted. She
fully answered the purpose for which she was intended ;
atd the result was so satistactory, that vessels of fnereased
size and power were from time to fime built, until the
prejudice amongst naval men againsd the cmplovment of
steam power having heen gol over, it was at length
gencrally introdueed in the Royal Navy.t

* Lotter to the Admuadty, 22nd - he eonld convinee the Sea Lords
May sz, of e adviatazes: on whieh
+ My hennie was engaced lorg Ve Bonme eomplinents So D

many e - 1nowging the mto-
duction ol steam power i the
Royal Navy. I IRE7 we find
hun witime to Lord Mehalle, Sie
J. Yorke, s DL Milne and others
on the subyeet. Tt wonld appear
‘hat Lerd Melville had deelared
thut e was detormmed to cimploy
otealu-vensuly as thygs, s0 roon as

Milne, saxine that he s @ glad to
tind that there s one sdmnal m
the way lvonrable to stoae-
hoad =" Tudaly ESES; he Lauents
that he cnot eonvinee Sie (o
Haepre or Mi. Seeretury Yorke of
thtir ubility, bat, that he s per-
stided then adoption must come
atlast  On the S0th May, 1820,
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The Jast of Mr. Rennie’s great designs was that of New
London Bridge, which, however, he did not live to com-
plete. The old bridge had been gradually falling intc
decay, and was felt to be an increasing obstacle to the
navigation of tho river. The sturlings which protected
the piers had of late ycars been scriously battered by the
passing of hoys, barges, and lighters, on which they had
inflicted equal injury in return; for vessels were con-
stantly foundering on them, and many were sunk and
their cargoes damaged or destroyed.

Emptying stones into the river, to protect the decayed
pile-work, had only had the effeet of further obstructing
the navigation, the scowr of the current having formed
two great banks of stone across the bed of the river:
one about 100 feet helow the bridge, and the other about
the samo distance above it, with two deep hollows between
them and the piers, from 25 to 33 fect decp at low water.

The piers and arches were also becoming  deerepit.
Though the top-hamper of houses had long been removed,
and the piers patched and strengthened at various times,
the bridge was every year becoming less and less adapted
for acconunodating the increasing traflic to and from the
City. At last it was regarded as a stunding nuisance, and
generally condemned as a disgrace to the capital. Te
maintain the structure, inefficient and unsafe though it
was, cost the City not less, on an average, than 35000 a
year, and this expense was likely to increase very fast.

The Corporation felt that they could no longer avoid

he writes James Watt, of Bir- le done; for of all the ignorant,
mingham, informing him that the | obstinate, and stupid boards under
Admiralty had at Just decided | the Crown, the Navy Board is the
upon having a steamboa, not- [ worst. I am so disgusted with
withstanding the strong resistanco | them that, could 1 at the present
of the Navy Board. “My rca- | moment with deceney relinguish
sons,” hesays, “ Iunderstand were | the works under them whiaeh 1
satisfactory; but unless tho Ad- have in hand, I would do so wt
miralty cram it down the throats -

of the Nuvy Board, nothing will
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dealing decisively with the subject. They then resolved
to take thoe opinion of the best cagineers and architeets;
and Mr. Daw, the architect of tho Corporation, Mr. Chap-
man, the engincer, and Messrs. Alexander and Montague,
two eminent City architects, were consulted as to the best
steps to be taken under the circumstances.  The result ot
their deliberations was a recommendation to the Corpora-
tion to remove ecight of the arches and to substitute four
larger ones, as well as to make extensive repairs in the
remaining arches, picrs, and supcerstructure.

‘his plan was referred to Mr. Rennie, Mr. Chapman,
and Messrs. Montague, for further consideration. ln
accordance with Mr. Rennie’s custom before making any
report, he proceeded at onco to master tho whole of the
facts. Ho.could not otherwise give an opinion that eould
be relied on.  1le had tho tides and currents watched and
noted ; he had the river carefully sounded, above and below
bridge, from Teddington Lock to the Iermitage entrance
of the London Docks. 1lle examined the piers down to
their foundations, and explored tho hottom of the river,
making borings at various points between tho one shoro
and thoe other.

In the report which he made to the Corporation or the
12th "of March, 1821, a great deal of new and acenrate
information was first hronght to light respeeting the flow
of the tide through the arches, and the additional depth of
water likely to be seenred by their removal.  Although it
was pronounced quite practicable to carry out the altera-
tions which had been recommended, by erecting four new
arches in lien of the cight old ones, he was of opinion that
the cost would be very considerable ; and, after all, the old
foundations would still present great defeets, which conld
never be wholly cured. Mr. Rennie therefore suggested
the propriety of building an entircly new bridge of five
arches, with a lincal waterwaygof not less than 690 fect,
in licu of the then waterway of 231 feet below the top
level of the starlings, and 524 fect above them.
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Besides the greatly increased accommuodation, which
wonld be provided by a new bridge, for the large traffic
passing between London and Sonthwark, Mr. Reunie held
that not the least advantage which it promised was the
much greater facility which it would afford for the navi-
gation of the river to and from the wharves above hridge;
for cousters and even colliers, by striking their masts,
might then be enabled to navigate the whole extent of
the City westwards.  The increased waterway would also
cnable the waters deseending from the intericr to {flow
more readily away, floods often inflicting great damage
along the npper shore, especially in the winter months,
when the arches of the old bridge had become choked up
with ice.

The report was felt to be almost conclusive on the sub-
jeets and the more it was discussed the deeper grew the
conviction in the minds of all concerned, that its recom-
mendations ought o be adopted.  The Corporation accord-
ingly applied to Parlimanent, in the year 1821, for an Act
enabling them fo purchaso the waterworks under the
arches of the old bridge, and to crect an cntirely new
structure.  The bill, of course, had its opponents; somo
arguing that there was no necessity for a new Lridge, and
that its creetion would be only a mscless waste of money,
whilst the old one conld be repaired and made fit for
traftic at so much less ontlay.

The ease in favour of the new bridge was, however, too
strong to be resisted, and Mr. Rewnie’s evidence was con-
sidered so elear and conclusive that committees of both
Houses unanimously approved the hill, and it duly receiyed
the sanction of Parliament.® Power was conferred by the
Aet, enabling the Treasnry to advanee from the Consoli-
dided Fand such sums as might be neces ary to supply
any deficieney in the funds at the disposal of the Cor-
puation applicable to the erection of the bridge; the
Government regarding the work as one of national ine
portance, and consequently entitled to national assistance.
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During the progress of the Lill through Parliament, *
Mr. Rennie prepared the general outlines of a design for
the new structure. It comsisted of five semi-clliptical
arches, the centre one 150 feet span, the two side arches

New London Bridge  [By Percived Skelton. )

140 fect, and the two land archds 130 feet, making a total
lincal waterway of 690 feet; the height of the soffit.or
under-side of tho centre arch being 29 fect 6 inches ahovo
o
. 28
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the level of Trinity high-water mark. The general prin-
ciple of this design was approved and embodicd in the
bill. Vary shortly after the Act had passed, Mr. Rennie

Fection of New

London Bridge.

was seized by the illness which carried him
off, and it,was accordingly left to others to
cxecute the great work which he shad thus
planned. . .

The Corporatxon of London then appealed
to the whole engineering and arclitectural
world for competitive desxgns, and at least
thirty were prepared in answer to their
call. These wero submitted to a Committéo
of the Ilouse of Commons in the.year 1823,
and after long consideration the plan ori-
ginally proposed by Mr. Rennie wag finally
adopted ; on which the Corporation of Lon-
don sclected his son, the present Sir John
Rennie, as engineer in chief, to carry it into
effect ; and the nomination having been

approved by the Lords of the Treasury, in
conformity with the provision of the Act,
stops were forthwith taken to proceed with
the work.

It is scarcely necessary to say how ad-*
mirably Mr. Rennie’s noble design has been
exccuted. Now London Bridge, in severe
simplicity and unadorned elegance of design
—in massive solidity, strength, and per-
feetion of workmanship in all its parts—
not less than as regards tho capdcious size
of, its arches and the breadth and width of
its roadway and approaches—is perhaps the
finest work of its kind in the world.*

* The now bridge was erected volved tho construction of new
ehout thirty yards higher Ethe approaches on both sides. The

siver than the old one, an

in- first coffer-dam was put in on the
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It will be observed from the preceding chapters, that
Mr. Rennic's lifo was one of constant employment, and that,
apart from his great engincoring works, his career con-
tains but few elements of biographic interest. Indeed his
works constitute his Livgraphy, occupying, as they did,
almost his entire life, and nearly the wholg of his time.
His personal wants were fow ; his habits régular ; and his
pleasures of the most moderate sort,-- consisting chiefly in
reading and in tho enjoyment of domestic life. At the
age of twenty-nine he married Miss Mackintosh, an Inver-
ness lady. She made his home happy; and he became the
father of mine children, six of whom survived him. In
the early part of his carcer in London he lived in the
Great Surrey Road, from which he afterwards removed
to Stamford Street, not far from his works.

His closo and often unremitting application carly began
to tell upon his health. In 1812, when arrived at the agoe
of fifty-one, he was occasionally laid up by illness.  Whilo
occupied one day in ingpecting the works of Waterloo

Southwark side, and tho first pile  Devonshire, and Cornwall. The
was driven on the 15th of March, actual width of the arches as
1824; the foundation stone was  cxeented 1s ax follows: the eentre
laid  with great ecremony by g arch is 152 fect 6 inches span;
H.R.H. the Duke of York, on the |, the two arches neat tho eentre
15th of Junoe, 1825, assisted by the | are 140 feet; and tho two land
Lord Mayor (Garrett), the Alder- | arches 130 feet.  The details of
men, and Common Council. The ' construction of the ecoffer-dams,
bridge was finally completed and  picers, and floating and fixing the
forminlly, opened His Majesty centres, were similur to those
King William the Fourth, on the adopted by Mr. Rennic in building
1st of August, 1831-—the time Waterloo and Southwark bridges.
oceupied in Its construetion having | The total length of the bridge is

been seven years and three months.
The total cost of the bridge and
approaches wagabout two millions
sterling. All the masonry below
low water is composed of hard
sand-stone grit, from Dhamley
Fall, ncar Leeds; and the whole
of the exterior masonry above
low water is of the finest hurd
gray granite, from Aberdeen,

1005 feet: width from outside to

"omtxide, 56 feet; width of tho

footpuths, 18 feet; and of the
carringe-way, 35 feet.  The total,
quantity ot stone built into the
bridge is 120,000 tons, The
bughlers were Messrs. Joliffe and
Banks, tho greatest contractors of
their day. ’

282
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Bridge, he accidentally set his foot upon a looses plank,
which tilted up, and he fell into the water, but happily
escaped with only a damaged knee. Though unable for
some time to stir abroad,.he scized the opportunity of pro-
ceeding with the preparation of numerous reports,-and of
working up g long lee-way of correspondence.
_ In the following year he was frequently confined to the
housc by a supposed liver-complaint ; but his correspon-
dence never flagged.  Ile tried the cffects of change of air
at Cheltenham ; but ho had no time for repose, and. after
_the lapse of only a weck he was again in harness, giving
evidence hefore a Committee of the House of Commons on
Longh Erne drainage. Mo made another hutried visit to
Clheltenham, but ¢vidently took no rest ; his absence from
active business only affording him an opportunity for
writing numerons letters to influential perspns at the
Admiralty on the subject of his grand scheme of the
Northfleet Docks. To one of his correspondents we tind
him saying he was ¢ hetter, though ouly half a man yot.”
In course of time, however, he partially rocovered, and
was forthwith immersed in business—engaged upon his
docks, bridges, and breakwaters.

He very rarely “took play.” In 1815 his vencrablc
friend James Watt, of Birmingham, urged him to pay a'visit
with him 1o Puris, shortly after the lattle of Waterloo,
But Mr. Rennie was too full of work at the time to aceept
the invitation, and the visit was postponed until the
following year, when he was accompanied "by James
Wadt, jun., then of Aston LIall, near Birmingham. This
journey was the first relaxation he had taken for a period
of thirty years; yet it was not o mere holiday trip, but
partly onc of business, for it was his object to inspect with
his own cyes the great dock and harbour works exeented
by Napoleon daring the Continental war, of which he had
heard so much; and to gather from his inspection such
experienco as might be of use to him in the improvement
of the English dockyards on which he was then engaged.
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The two set out in September 1816, passing by Dover
to Calais angl thenco to Dunkirk. where Mr. Rennio core-
fully examined the jetties. arsemal, docks, and building-
slips at that port. From thence they proceeded to Ostend,
and afterwards to Antwerp, where anr engineer admired
the great skill and judgment with which the dock works
there, still incomplete, had been Iaid out.  From Antwerp
they went to Paris, where they stayed only two days, and
then to L’Orient and Brest, accompanicd hy Mr. Jolifte,
the eontractor. At both these ports, Mr. Rennie took .
carcful notes of the depths, dimensions, and arrangerents
of the harbours in detail,—recciving every attention from
the anthorities.

At Cherbourg, in like manner, he examined thg build-
ing-yards and docks, as well as the progress made with
the famous Digne*—a rival to his own Dreakwater at
Plymouth. At Cherbourg he was joined hy Mr. Whidley,

* The Diguce is of considerably | was aa much as 11 to 1. This

greater extent than the break-
water at Plymouth, being ubove
* 24 English miles long.  Up to the
time of Mr. Rennie’s visit, the
work hud been a scrics of attempts
and failures, which, however,
eveutuadly produced experiencee,
and led to suceess. Wooden cones
filled with small stones were first
tricd; they were sunk so as to
form & xea rampart ; but the cones
were shattered to picces by the
foree of the waves, and the stones
were seatiered about in the hottom
of the sea. Then loose rubble-

greatly inercased the confents of
" the breakwater, while its stability
wis not much to be depended on,
" Many aceidents ocenrred to the
Iwork, and  several  extensive
 breaches were made through it
by the foree of the s, At low
- water the height of the Digne was
al some purts only three feet; at
" others, eousiderably more; where-
;as, in some places, the top of the
Vwork was fromn seven to cight feet
below Jow water of spring tides.
At dength, after many  years’
Lubonr wnd vast expense, the work

stones were iried; but the blocks™ has heen brought to completion;
were too smadl, and these, too, " and it now forms a very excellent
were driven asunder.  Larger | defence for the fine war rondstend
blocks were then wsed; but, for a | and arsenal of Cherhourg, greatly
tune, the smaller stones heueath | execeding the humble dimensions
acted as rollers to the larger cnes, | whiich it presented when Mr.
At length, howevur,these found ' R@unio visited tho place. The
their bearing, and when Mr. Ren-  whole cost of the works amounted
nie visited the place, the slope " to upwards of seven millions
formed by the sea-ridge of rubble sterling.
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who had come over in a vessel of war to meet him. Mr,
Rennie returned’ to England after less than a month’s
tour; and though he had made a labour of his pleasure-
* trip, 'the change of air and scene did him good, and he
entered with zest upon the business of clearing off thé
formidable arrcars of work which had accumulated during
his absence. 'We may add, as an illustration of his habit
of turning overything, even his pleasure, to account, that
one of the first thmgs he did on his return 'Lome was to
make an elaborate repori to Lord Melville, then First
Lord of the Admiralty, of the results of his investigations
of the foreign harbours which ho had visited in the
course of his joumoy

After a fow years nore devoted application, his health
again bogan to give way. -When consulted by Mr. Fol-
jambe of Wakefield, in June 1820, respecting a railway
proposed to be laid down in that neighbourhood, he ex-
cused himself from entering upon the business, because he
was so full of work., wnd hi§ health was so delicate.
Shortly after wo find hiin writing 4o a friend that tho new
works executed by him during tho past year had cost
ahout half a million, besides those in progress at Sheerness,
which would cost a million. He was then busy with his

-investigations rclative to New London Bridgo, tho report
on which he prepared while Jaid up with an attack of
gout. Mo persisted in going abroad as long as he could,
and went to his doctor in a carriage for advice, instead of
letting the doctor come to him. DBut his*resistance, how-
over brave, was uscless against discase, and at length he
was compelled to succumb. | -

To the last, he went on issning instructions to his
inspectors in different ‘parts of the country relative to the
works then in progress—the docks at Chatham and Sheer-
ness, the harbours at Howth and Kingstown, the bridge at
New Galloway, the Eau Erink .Cut, tho Aire and Calder
Navigation, and the pumping-engincs for Bottesham and
Swaffham, in the Fens. He was especially anxious about
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the Eau Brink Cut, nearly ready for cpening, urging his
assistants to report to him from time to time, giving Yull
patticulars of the progress made. In the midst of all this,
he writes a letter to a harhour-master at Bridlington,
giving him detailed instructions as to the arrangement of
tide tablés! His last business letter was written to the
Navy Board respecting the proper kind of gates to be
used for the dry dock at Pombroke : it was dated the 28th
September, 1821. A little before this he had written to
his _friend Mr. Jerdan, the Edinburgh cngincer, that he
had completed all business connected with his preparation
for the next session of Parliament, when he had many bills
to carry through.

But how often are the intontions of the bravest defeated !
Day by day ho grew weaker, struggling with the whole
force of his will against the discase that was slowly
mastering him. Although extremely ill, he insisted on
rising from his bed, and tottered about, even taking an
occasional airing in g carriage. In this state ho continned
until the 4th of October. On that day he did not get up.
His mind had until then been as clear and vigorous as
over ; but now it began to wander. There was no resist-
ing the hand of death, which was already upon him. ITo
took no further heed of what passed around him, and
about five in the evening, ho was seized by a fit of
paralysis, from which he never rallied. About an hour
later he expired, in the sixty-first year of his age.

The portrait prefixed to this memoir cxpresses, so far as
an accurate dclineation of his features can do, tho actnal
character of the man. It is grave and thoughtful yot
has an expression, of mildness perfectly in unison with
his gentle yet cheerful disposition. Raeburn painted his
-portrait, and Chantrey chiselled his bust; but the chalk
drawing by Archibald Skirving,* after which our en-

* Archibuld Skirving, like John Lothian farmer. He was born in
Rennie, was the son of an East 1749,ut Garleton, a farm belonging
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graving, is made, is on the whole the most lifelike repre-
sentation of the man as ho lived. In person he was large,
tall, and commanding ; and strength was one of the atiri-
butes belonging to his family.

But physical endurance has its limits, and we fear that
Mr. Ronnio taxed his powers boyond what they wouls
fairly bear. He may be said to have died in harness, in
the height of his fame, after threescore years, forty of

to the Earl of Wemyss. His
father, Adam Skirving, was a
well-known humorist and ballad-
maker—one of his songs, ¢ Hey,
Johnny Cope,’ u description of the
rout of the royal wrmy at the
hattle of Prestonpans, being still
popular in Scotland. Tn early
life Archibald went to Rome to
study art, and remained in Italy
nine years. Ho walked back tho
whole way from Rome, but, passing
through France, the revolutionary
war broke out, when he was ap-
prehendod and thrown into prison,
where ho lay for nine months.
e subsequently studied painting
under David. Returnod to Scot-
land, - he pursued his art in a
somewhat desultory manner, not
being under the necessity of ap-
plying himself to it with that
patient and continuous devotion
which is essential to attaining
high eminence in any profession.
He painted when, where, and
whom he pleased ; and sometimes
pursued a very singular coursc
with hissitters. Notwithstanding
his eccentricity, Skirving was an
extremely clever artist, and his
crayon drawings have rarely been
surpassed for vigour and brillianey.
Ho cxecuted probably the begt
liead of Burns the poet, with whom
he was intimate ; and the portrait
of John Rennie, which Mr. Holl

has rendered with great skill, will
give a good idea of Skirving’s
power us a delineator of character.
Skirving and Rennie were inti-
mate friends, although in most
respects so unlike cach other,
Yet Skirving had as true a ge-
nius; and might have seceured
as great a roputation in his own
walk as his friend Rennie, had ho
worked as patiently and indus-
triously. As he grew older, he
became more eccentric and sar-
castic. He dressed oddly, in o
broad-brimmed white hat, without
any neckeloth. Allan Cunving-
ham relates the story of Skirving’s
calling on Chantrey while he was
finishing the bust of Bird, the
artist.  “ Well! — and who is
that?” asked Skirving. ¢ Bird,
the eminent painter.” ¢ Pain-
ter l-—and what docs ho paint?”
“Ludicrous subjects, Sir.” “Ln-
dicrous  subjects ! — Havo  yow
sat?” “Yes—ho has had ono
sitting ; but when he heard that
t gentleman with o white hat,
who wore no neckeloth, had ar-
rived from the North, ho said,
‘Go—go; I krow of a subject.
moro ludicrous still : Skirving is
come!’” This odd, but clever
artist died at Invererk, near Edin-
burgh, in 1819, at the advanced
age of seventy -
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which had been spent in hard work ; still his dcath was
premature, and in the case of a man of such useful gifts
it" was much to bo lamentud. He himself held that life
was made for work ; and he could never bear.to be idle.
Work was with hun not only a pleasure,- -it was almost a
passion. Ho sometimes made business appointments at as
carly an hour as five in the morning, and would continne
incessantly occupied until late at night. It is clear that
the most vigorous constitution could not long have horne
under such a tear and wear of vital energy as this.

Ho was very orderly, punctual, and systematic, and
was henco enabled to get through such an cnormous
amount of business. No matter how numerous were the
claims upon his time, nothing was neglected nor hurried.
Iis repurts were models of what such documents should
be. They sct forth all the fucts bearing upon the topic
under consideration, in great detail ; but with much plain-
ness, forco, and clearness. ITis harbour reports were espe-
cially, masterly; in them he elaborately stated all tho
known facts as to tho prevailing winds, currents, and tides,
usually drawing very logical and conclusive inferences us
to the particular plan which, under tho circustances, ho
considéred it tho most desirable to adopt. In his estimates
he was carcful to conceal nothing, stating the full sum
which in his judgment the work under consideration wounld
cost ; nor would he understate the amount by ono farthing
in order to tempt projectors to begin any undertaking on
which ho was consulted.

He took tho highest ground in his dealings with con-
tractors. IIe held that the engincer was precluded by his
position from mixing himself up with their business, and
that if he dabbled in shares or contracts, either openly
or underhand, half his moral influence was gone, and his
character liable to be senously compromised. Writing to
Playfair at Edinburgh, in #816, he said—* Enginecrs
shiould be entircly independent of these connections—not
dabblers in shares—and frec alike of contraetors and '
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contracts.” By holding scrupulously to this course, Mr,
RBennie established a reputation for truthfulness, honesty,
*and uprightness, not less honourable and exalted than his
genius a3 an architect and an engineer was illustrious.

He was a man of powerful and equally balancéd mind—
not so olever, as profound ; not brilliant, but calm, serene,
and solid, like one of his own structures. While he lay
on his deathbed, his last letters to his assistants urged
upon them attention, punctuality, and despatch—qualities
which he himself had illustrated so well in his own life.
In his self-education he had overlooked no branch 'of
scienco cultivated in his day; and in those which bore
more especially upon his own calling, his knowledge was
well-arranged, complete, and accurate.

Withal he was an exce‘ulmgly modest, unprotending,
and retiring man. Ifis great aim was to do the thing he
was appointed to do in the ‘best possible manncr. He
thought little of fume, but a great deal of character and
duty. If his timc wus 80 entirely pre-occupied that he
could not personally dovoto the requisite attention to any
new undertaking brought before him, he would declino to
enter upon it, and recommended tho employment of somo
other leading engincer. IIo considered it his dyty himself
to go into the minutest details of every business on which
ho was consulted. He left as little as possible to subordi-
nates, making his calculations and cstimates himself; and
he wrote and even copied his own rcports, perhaps im-
proving them in the copying ; deeming no point, however
apparently unimportant, beneath his careful attention and
stud

HZnoe great reliance was placed upon his judgment by
those who consulted him ; and the accurate though com-
paratively reserved manner in which he expressed Himsclf
before Committees of Parliament, gave all the greater
weight to his cvidence. % What I liked about Rennie,”
says onc who knew him wcl “was his severe truthful-
ness.” Wher under exanunatmn on such occasions, he
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could always give a strong clear reason, in support of any
" scheme he recommended, based upon his own careful
prolininary study of the wholo subject. But when asked
any guestion outside the lino of his actual knowledgo, he
had the honesty. to say at once, “1 do not know.” Ie
would not guess nor attompt to give ingenious answers
to show his cleverness, nor act the special pleader in the
witness-box, but confine himself solely to what he posi-
tively knew.
yIn the course of his professional carcer, Mr. Rennio ex-
pericnced the great advantage which ho had derived from
his carly training as a millwright. Ifis practical know-
ledge enabled him to select the best men ‘to carry ont his
dekigns, and he took pride and pleasure in directing them
how to do their work in the most efficient manner. is
manufactory was indeed a school, in which somo of the
best mechanics of the day received a thorough training in
machine work ; and many of his workmen, like himsclf,
evenfually raisod themselves to the rank of largo em-
ployers of skilled labour. Mr. Rennie was nover ashamod
to put his hand to any work where he could teach a lesson
or facilitate despatch, and to thq end of his carcer ho
continued as “ handy ” as he had been at the begiuning.

A curiouns illustration of his expertness at smith-work
occurred during a journey into Scotland, when on his way
to visit the Xarl of Eglinton at Bglinton Castlo. Ho
went by the stage-coach, in company with somo Ayrﬁlnre
farmers and one or two rather important “ Paisley boddies.”

When travelling over a very bad picce of the road, the
jolting was such as to brealy the axletrec of the coach, and
it came to a stand on a solitary moor, with not a house in
sight. Mr. Rennie asked the couchman if there was any
blacksmith near at hand, and he was told thero was one a
mile or two off. ¢ Well, then, help me to carry tho parts °
of the axle thero, and I'll sco®to its being mended.” The
blacksmith, however, was not at home; but Mr. Rennie
forthwith lit the forge fire, blew the bellows, and with
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the rather clumsy assistance of one of his fellow-passengers,
he very soon welded the axle i in" a workmanlike manner,
helped to carry it back to the coach, and after the lapsc of
a few hours the vchicle was again wheeling along the
road towards its journey’s end.

Mr. Rennie’s fellow-passengers, who ha.d been communi-
cative and friendly during the earlicr part of the journey,
now became very reserved, and the “boddies™ especially
held themselves aloof from ¢ the blacksmith,”, who had so
clearly revealed his calling by the manner in which he
had mended the broken axle. Arrived at their journey’s
end for the day, the travellers separated; Mr. Rennio pro-
ceoding onwards to Eglinton Castle. Next morning, when
sitting at breakfast with his noble host, a servant entered
to say that a person outside desired to have a word with
the Barl. “Show him in.” The person entered. He
proved to be one of Mr. Ronnie’s fellow-travellers; and
great ipdeed was his surprise and confusion at finding the
identical blacksmith of the preceding day, broakfasting
with “my Lord”! The Earl was much amused. when
Mr. Rennie afterwards deseribed to him the incident of
the mending of the broken axle.

One of his fow hobbies was for old books; and if he
could secure a few minutes’ leisure at any time, he would
wander amongst the old book-stalls in scarch of rare.
volumes. Froissart’s and Monstrelot’s ¢ Chronicles’ were
amongst his favourites, and.-we find him on one occasion
sending a present of duplicate copies to his friend Whidbey,
accompanicd with the wish that he might derive as much
pleasure from their perusal as ho himself always did from
rcading * honest John Froissart.” He also commissioned
his fricnds, when travelling abroad, to pick up old books
for kim ; and in 1820 we find him indulging hiy * extra-
vagance,” as bhe termed it, so far as to request Sir William
Jolliffe to bring 3001 worth of old books for him from
Patis.

Although Mr. Rennie realized a competency by the
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practice of his profession, he did not aecumulate a large
fortune. The engincer was then satisfied with a com-
paratively moderate rate of pay, very different from the
slashing charges of modera railway engineers.

‘We do not wonder that Mr. Rennie complained of the
small remuneration of 3504 awarded to him by the Kennet
and Avon Canal Company for constructing their canal
works ; and we are surprised to find his Lill against the
Manchester Waterworks Company for his year and-a-half’s
advice and service, amounting to only 1594 7s., his charge
to them for a whole day’s Iabour heing only six guincas,

Mr. Reunie’s charge of seven guineas for an entire day’s
work, was afterwards ubjected to by General Brownrigg, the
head of the Ordnance Department. * Why, this will never
do,” said the General, looking over the bill; “seven guincas
a-day! Why, it is equal to the pay of a Ficld Marshal ¥
“Well,” replied Mr. Lennie, “1 am a Field Marshal in
my profession; and if a Ficld Marshal in your line had
answoered your purpose, I suppose you would not have sent
for me!”  “Then yon refuse to make any abatement?”
“Not a penny,” replied the engincer; and the Dbill was
pail.

Mr. Rennie was blamed in his time for the costliness of
his designs, and it was even alleged of him that he carried
his love of durability 1o a fault. DBut there is no doubt
that the solidity of his structures proved the best cconomy
m the long ron. Elevated by his genius and his con-
scientionsness above the thoughts of immediate personal
gain, no consideration would indnee him to recommend or
countenance in any way the construction of cheap or
* shoddy ” work. - ¢

Ie¢ Leld that thé engineer had not merely to consider
the present but the future, in laying down and carrying
out his plans. Hence his designs of docks and harbours
wero usually framed so as to pe capable of future exten-
sion; and his bridges wero built not only for his own
time, but with a view ‘9 the uses of generations to cowe.
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In fine, Mr. Rennie was a great and massive, vet &
perfectly simple and modest man ; and though his engineer
ing achievements may in some measure have been for-
gotten in the eulogics bestowed upon more recent works,
they have not yet been cclipsed, nor indeed equalled ; and
his London bridges—not to mention his Docks, Harbours,
Breakwaters, and Drainage of the Fens—will long serve
as the best exponents of his genius. .

The death’ of this cminently useful man was felt to be
a national loss, and his obsequies were honoured by a
public funeral. His remains were laid necar those of Sir
Christopher Wren in St. Paul's Cathedral, the dome of
which overlooks some of his greatest works.
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ABBEY4,

APBEYS in Scotland, 187.

Aberdeen ITarbour, 159 ; Bridges at,
187.

Agriculture in East Lothian, 186;
its improvement, 191, 201.

Aire navigation, 137.

Air-pumps, Smeaton’s improvements
in, 94.

Albion Mills, 218, 221, 224, 228,

Antoninus’s Wall, 145 (aote).

Aqueduct, L)mpley Stoke, 233.

, Lune, 237.

Arch, thc.ory of hqulhlmum of the
'bO arching of Waterloo Brldve,
269: of Southwark, 280.

Arch-pirate of Hebiides, 9 (note).

Artizans of Birmingham, 220,

Austhorpe Lodge, Smeaton’s Iouse,
86, 88, 141, 162, 164,

Avignon Bridge, 51.

Avon, the, 10, 50,

Axholme Drainage, 139. -

BANFI Bridge, 148,

Banks, Sir Joseph, a fen-drainer,
245

Barley Mills introduced into Scot-
land, 199.

Beacons and Li_hthoudes, 25. °

Bedford Level, 256,

Bell Diving, 324-8.

Bedl Rock Lighthouse, 284; de-
signed by Renme, 287; assisted
Ly Stevenson, 288; building of,
292,

Birminghara, Repnie’s visi’ to, 217, |

219.

Blackfriars Bridge, 70.

Blankney Fen, Lincolushire, formes
dreariness of, 241,

Blowing app:u‘atus at Carron, 147,

Boston, Rennie’s plan for improve.
ment of, 253 ; bridge at, 265.

Boulogne, Pharos at, 27,

Boulton and Watt, Soho, 217, 221,
295.

Bow Bridge, 49.

Breakwater, Plymouth, 347-359,

Bridge toundatlom, 56, 61, 69.

Bridges, Old, 39; on D.utmoor,
40 ,,lunmau, 44; Winchester, 45;
Croylan.l. 46; Stratford, 47;
Bow, 48; Bristol, 50; l\u‘kby-
L()ll\d.l]l', 5l Iilnt(m, ml Nor-
wich, HLj L(-(-ds hd; Wmio, 0l
Ro(-hc.ster, 44, 52 5 Bishop Auck-
land, 53; \V.xkdwld, a4 Droit-
\vnh, .)4 Ouse, 553 Mnnmuuth
555 Ll.uuw« 57; London, 44, .;4
59-67, 140, 3663 W(-atmmster,
67; Dattersea, 6935 Blackiriars,
70.

» Modern.—Blackfriars, 70
Perth, 1435 Coldstream, 1453
Banil, 1495 Hexham, 151;
Rennie's first. bridge, 219; I\Llso,
"02, Musselburgh, 2635 Boaton,

26 ; Waterloo, 267 5 buuthwurk
2773 New London, 366.

———, in Wales, 77-82 ; Scotland,
186,

Bridge-building, theory of, 260.

Bristol.—Her early commerce, 2,10;
Hogs, 10, 154; Chynnel ferries,
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23; Briegstow, 50; Bristol Old
Bridge, 139.

. British Channel, Lighting of, 132,
Brothers of the By 1ge, 51, 187.
Broomielaw, Glasgow, Reanic’s pro-

posed improvements at, 310.
Brownrigg, General, and Mr, Rennie,
Burgh Schools, Scotland, 189.
Burton Bridge, 51.

CAERPHILLY Castle, studied by Ed-
wards, 76.

Canals.—Calder, 137; Forth and
Clyde, 144; Kepnet and Avon,
2525 Rochdale, 253 ; Lancaster,
2365 Grand Trunk, 238; Royal
Canal of Ireland, 238.

Canute’s Ditch at Dockhead, 60, 61.

Carron Iron-works, 147.

Cast-iron  Bridges.—Rennie’s pro-
posed bridge over Menai Straits,
2645 Boston, 2655 Southwark,
277,

Catchwater Drains, Rennie’s system
of, 47,

Centermg  of  Waterloo  Bridge, |
272,

Channel, lights in the Englsh,
151,

329,

Charleston Harbour,
Chatham Dockyard, 344
Cherbourg, Digue at, 373,
Clayhole, Boston, 253,

Clyde Navigation, 510, 320.

Coal, prejudice agmast, 165 Light-
houses, 34, 286,

Coast Defences, 329

Col, Lyme Regis, 11.

Cock, Loman bridge on the, 44,

Cochburn, Mr, East Lothian agri-
culturist, 202,

Cotter-dams, Waterloo Bridge, 271
Southwark Bridge, 278; Great
Trimshy, 313, Sheerness, 343.

Coldstream Bridge, 145,

Colquhoun, on traflic of the Taames,
259, .

EAST.

Comet,’ first steamboat built for the
Navy, 365. .
Commerce of England, 1, 136, 2235

of the Thames, 298.
Cordouan, Tour de, 37.
Cowsic Dridge, Dartmoor, 43.
Croyland Bridge, 46. .

DarrMOOR Dridges, 40.

Dashkotl; Princess, 171,

Defence of the Coast, 329.

Depttord Dockyard, 334.

Derwentwater estates, Smeaton re-
ceiver of, 135,

“ Devil’s Wind ”” introduced, 200

Digue, Cherbourg, 573.

Diving-bell, Smeaton’s employment
of 1t, 1H3,

—, Rennie’s impnovements,

32t

Dixon, Mrs., Smeaton’s daughter,
171, 175, 176,

Dacks, at Liverpool, 15, 3003 on the
Thames, 16, 208-308 ; Hull, 319,

Dochyards, Royal, their economy,
352, S H0 (nole), 352-406.

Dogidyhe Parish, Lincolushire, 241

Dover IMlarbour, 11, 12; and
Boulogue voyage, 20-22,

, Pharos at, 28.

Downham Fau, dramgd, 255

Dramage,  works  of,  Smeaton’s
13793 Renme’s, 240 -08.

Drake, Sie I°,) 2, 4, 6.

Dredeng-machine,
Renme, 519,

Drottwich Bridge, 54,

Drowned lands i the Fens, 2106,
230,

Drimmeond,”Mr. Home, 210,

Dunbar Grammar  School,
at, 196

Dungenes. Lighthoase, 52, .

Duteh enterprise, 4,

mvented b

denuie

Easr Fen, Lincolnshire, 240-5
249-02.

East Indin Docks, 306.
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East Lothian, notices of, 183-212,

Eau Brink Cut, 255-7.

Education, Scotch, 189.

Eddystone Lighthouse, 36, 84; Win-
stanley’s, 995 Rudyerd's, 1043
Smeaton’s, 110,

Edwards, Willlam, bridge-builder,
a stonemason, 73 ; bwlds forges,
75; bwlds Pont-y-I'mdd, 77;
its merits described by Rennie,
268 (note),

Efgineering in Scotland in 1761,
1886,

English Piracy, 1, 6; Commerce
(sce  Commerce); Docks  (sce
Docks).

Eyemouth Iarbour, 160.

FaNNERS intioduced into Scotland,
199.

Fens, drainage of, in Lincolnshire,
137, 240-58,

Fen-slodgers, 241, 242 (note).

Ferries, travelling by, 22,

— at London, 59.

Fielding’s ¢ Voyage to Lisbon,” 20.

Fletcher of Saltoun, 186, 199,

Ford, Old, 47.

fords, 39,

Foreign Company of Merchants, 1.

Forth and Clyde Canal, 144,

Fossdyke, Lincolushire, 138,

Foundations of Bndges, 56, 61, 69,

Fulton’s Steamboat, 2315 Torpedo,
331,

G1es0N, Duubar School, 196.
Glasgow, brudye at, 188,

Grammar Schools, Scotland, 189. o
Grand Tr .nk Canal, 2338,

Great Level of the Fens, 254,
Greenland Dock, 16, 302,

Grimsby Haibour, 312,

Hann, Capt. Basil, on Dell Rock,
U85,
, the §'en Poet, 241,

Harbours early English, 115 at St |

II.

¥

: Karves, Loud, on Scotch Agricul-

KAIMLES.

Ives, 1525 Ramsgate, 154, 324;
Eyemouth, 1805 Wik, 3510 :
Clyde, 3113  Torquay, 812,
Grimsby, 3125 Holyhead, 5135
Ningstown, 318; lowth, 318;
Hull, 319.

Harbour  Construction,
principles of, 321,

Hurtley, Jesse, C.E., 309 (aote).

Hebrides, Arch-pirate of, 9 (aote).

Hexham Bridge, 151,

Hindley and Smeaton, 01,

Hobhole Drain, 200,

Hoe, Plymouth, 124,

Iolderness, Hull, 254,

Hollow walls, 313, 342 (note)

Holmes and Smeaton, 89, 91, 169,
179,

Holyhead Harbour, 313,

Horneastle, Fens near, 24,

Houston Mill, 194, 201, 216,

Howth Ilarbour, 318.

Huddart, Capt., 361,

Hull Docks, 319.

Hythe Military Canal, 530,

Benme’s

ImpreMENTS of Early Scotch Hus-
bandry, 189,

ncheape Rock, 284,

ndia Docks, West, 302,

—, East, 306,

nland Navigation, See Canals,

uvergowrie Mills, 213,

reland, Canals i, 238,

Iron DBridges: Boston, 2653 South-
wirh, 277,

— a millwork, 227; 1w 100hing,
S07 (ot

Ives, St., Harbour, 152,

Jessor, Josias, 111,

——-y, William, 3035,

Johuron, Dr., on Blackfriars Bridge,
71

ture, 189, 210,

20
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Relso Bridge, 262,

Kennet and Avon Canal, 252

Kineardine Moss, washed away by
Meikle, 209,

King’s Lynn, 255,

Kmgstown Harbour, 518,

Kmnloch, Mr, and the thrashing-
machwe, 205,

Nirkby-Lonsdale Bridae, 51,

Knolles, Siv Robert, and Rochester
Bridue, 53,

Knox, John, and popular schools,
190,

Kyme, South, m the Fens, 2H,

Lavreyr, bailder of Westminster
Lridge, 695 repurer of Loudon
l'.rllil_:t‘, 1o, 151,

Lancaster Caml, 256,

Lang, Obiver, desions  the firt
steamboat for Reval Navy, 565,

Lathe, Smeaton's Turmng-, 167,

Loas River, Brudges over, 47, 4o
Defenee of London by, 529

Leads, Dridge, 5235 towa of]
Smeaton at Gramuar School, 89,

Lishthouses, 255 Lo, 265 at
Doulogne and Calins, 27 5 Wiatby,
N5 Northmen’s, G305 Dunaeness,
32; Diteh-pot Laghts, 335 Coal-
fires, 34, 2865 Politieal jobbing
1, S Smalls Rock, 365 Skeriies,
g Ryey 360 Toar de Cotdonan,

37 Failytone, 97 5 Spurn Pomt,

1l the Bell Rock, 2381,

Eddvstone, 08, 843
Vst mlev 045 Rudyerd’s, 1055
Speaton’s, o,

Pisnting ot tne kushsh Chinel,
151

Limpley Stoke Mquednet, 233

{ineolnshite Fens, Smeton’s em-
ploynent on. 137 5 Remmie’s, 2 10—
25w,

Lontan, Last, 184, .
Laverpoal, town of, 25 docks at, 10,
15, B0,

Llanwrs Bridge, 57.
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INDEX,

MILITARY.

Loch, Mr., Report on Rénnie in his
boyhood, 197, v

London, early commerce of,
1755, 2225 docks of, B02.

—, Ol Bridge, 41, 545 replac-
ing a ferry, 605 bridee of woud,
60 ; 1ts rebwlder, 615 its foundu~
tions, 61-2; hnshed, 625 ats
deseription, 6.3 the houses over-
hangig at, 615 ity drawbridue,
G55 Smeaton’s 1mprovements 1o,
141,

, New Dridee, 67, 366,

Long Ferry to Gravesend, 19,

Lostwithiel Chaveh, 121,

Lothuan, East, roads m, 1815 tarm-
mer ofy 185, 202,

Lune, Harrison's brvdae over, 217,
Renme’s aqueduct over, 257,

Lyme Regis Gob, 11,

2.
“

in

MACCLUSKFILLD, Lowd, on Smeaton,
110,

Maclunery at Albien Mills,

Al Coach, fiest, 2235,

Marmer’s Compass, Smeaton’s im-
provements u, 4,

Marshland Fen and Dram, 256,

Mechamcal Arts i Seotland, 188
advantwes of Meehanieal eduea-
tiom, 1946, 574,

Medway, Rennie’s proposed improve
ment, of, 3,

Meikle, Awlrew, 1945 Renme ap-

prenticed to, 1945 o mullwricht

at Houston Mill, 2005 mvents
the thrashing-machine, 200 ; the
tiest machme, 2075 naproves
windmmlls, 2005 washes away the

Kimeardine Moss, 2105 his me-

chameal mventions, 2113 his cha-

racter, 211,

Menar - Stint, Reame’s  proposed
DLirulge vver, 261,

Mills, Swmeaton’s  paper on, 94;
erected by Smeaton, 1625 by
Renure, 213, 224, 327, 329, 332

Military Canal, Hythe, $730.

a0
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Mint, Renfie’s machinery at, 227,

Monmouth Bridge, 55-6.

Musselburgh Brudee, 205,

Mylue, LEngmeer of
Bridge, 71.

NaPoLEON's opimon of Plymouth
Breakwater, 301,

Navy, Commereinl, 2-3, 208,
—, Roval, 4 ¢ dockvards of,
stnpuht) of Naval Board,

Néhe River, Wishoach, 1.8

Newlly brul-_n-‘ 2068 (n-)h

Newbridee, Paut-y-Prudd at, 78,

Ncw('.t\tlo Roman bridge ar, 14, 55,

Nu\v-'umﬂl'.a cugine mproved by
Smeaton, 162,

New Londen Budee, 66,

Nicholson, Perer, 212,

Naore, Light at, 134

Norse Lighthouses, 30,

Northtleet, Rennie’s yroposed daecks
at, 57,

North Level Dramice, Smeator’s
Report on, 1575 Renme™s Repoit
on, 216,

North-West Pasaaee, 8

Norwich Bridue, o1,

BUNN

Ovsr, Reonuiv’s uf,

250

Outtalls, Ronmie™s dvanneee iy no-
proved, 246, 208, 200, 295 kau
Drimlk, 206,

Overy, London Bridee, 54, du,

Oxentord (Ovtord), 4o,

mprovenent

Pasuny @ Bodie” 74,
Parish Sehoals of Scotlan 1y
l"llmr s Ml Coaches, 22 L
Perry’s Dock, Blachwall, 224,
Perth Drudee, 72, 1405,
Peter of Colechureh, 61,
Pickernell, Lespdent  Ingineer of
Hexham Dridee. 151,
Prracy on the koshsh ¢
Phantassie, 185, 112, 208, &
P'haros. Sce Laghthouse,

[EHA

300,

Coast, -7,
210, 219,

Blacktrwes
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RUNNIE.
Piteh-pot beaeons, 33,
+ Plunderers of goods on the Thames,

iy,

Pivimourh, 3 Hoe ity 127 2 dodk-
varbat G5 1 306 s hreahwater at,
JiT.

l’on( -v-Prdd, Edwards's bridee at,
T3 Renmie's opinnon of, 268,

Pontvtraet, Roman budye at, 1

Partsmouth, Renme’s Report o,
ERENHATIE

Post Bridee, Dartmoor, 15,

Prestonhinnh School, 19125,

Prestoupans, feld of 203,

Prinvee’s Dock, Ly \'l|un-|. SO0,

Pumpimg Engines, Smeaten's, 142,
162,

Quarzavnting Establishment, 252,
Queensherry, Dube and Duchess
174,

RAatnways, lu'nnn' and, 238,
LRalerzh’s Puaey, 7.
¢ h.llphilw Lover,” Southey’s
H 981,

Ramsaate ubour, 154, 521,
Reame, John, boeth and bithplace,
1835 the Renme fanuly, 1t
|uh|| S love of cons luuhun. 19t
his edueation, 1995 apprentieed
to Andiew Meikle, 1963 sent {o
bunb e Schaol, 1965 1 oftered
the appomtment, of fewcher, 14985
be uns business as o nnllwniaht,

ballad,

2155w <tudent b Rdimbesreh
College, 2115 wquunt mee wath
Profescor Relnson, 2100 towy

thioush Enelond, 207 5 mteryiew
with James Watt af Brounnchan,
2175 Keme's st bridae, 2185
Renme at - Birmoneham, 219
Renme an London, 2225 at the
Albou Vulls, 2245 Alhion Mills
‘ burnt, 22X his workshops, 220
Lienne .m-l Earl Stanhope, 2305
constructs hennetand \vuu(mn.nl
24525 Rochdale Caualy 2353+ Lap-
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REVESBY,

caster Canal, 236; Royal Canal,
Ireland, 238; Drainage of the Fens,
240 ; Rennie’s Bridges, 259 ; Pro-
fessor Robison’s visit, 259; Water-
loo DBridge, 267; Blackfriars
Bridge, 277 ; the Bell Rock Light-
house, 284 ; Rennie’s Docks and
Harbours, 298, 321; London
Docks, 303, 304; Government
works, 329; Plymouth Break-
water, 347; Last Works, Death
and Character, 360-82.

Revesby Lodge, Sir Joseph DBanks
and, 244,

Roads in East Lothian, 184; im-
proved after 1784, 223,

Robison, Professor, 215, 259.

Rochdale Canal, 233,

Rochester  Bridge,
Medizeval, 52,

Roebuck, Dr., at Carron, 147.

Roman Bridges, 44.

Royal Canal, Ireland, 238,

Navy, 3; dockyards, 333-16;
steam-power in, 364.

Rudyerd, John, builds a Lighthouse
on the Eddystone Rock, 103;
Lighthouse burnt down, 108.

Roman, 44;

SALTOUN barley, 200.

Saviour’s, St., Dock, 224.

Scotland, Roads in, 184; Agricul-
ture in, 185, 201; low state of
Engineering and Mechanical Arts,
186, 216.

, Parish and Grammar
Schools of, 189,

Sea-coal, prejudice against use of) 16.

Sea Fishing, Dutch, 5.

Sheerness Docks, 340.

Sheet-piling, 146.

Shipping of the Thames, 2-9, 298.

Shoemaker and the Royal Canal of
Ireland, 239,

Skerries Lighthouse, 36.

Skirving, Archibald, portrait pain-
ter, 375.

Smalls Rock Lighthouse, 36. .
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SWITHIN’S.

Smeaton, John, boyhood‘and edugae
tion, 85; amusements, 89, 90;
learns the trade of Mathematical
Instrument-making, 92; reads
Papers at Royal Society, 93;
travels abroad, 95 ; builds a light-
house on the Eddystone, 1103 is
nearly drowned, 119; Smeaton
on the Hoe, 127 ; the Lighthouse
finished, 130 ; appointed Receiver
of the Derwentwater Estates,
135; extensively employed as
Engincer, 136; his drainage-
works, 139 ; improves Old London
Bridge, 140 ; erects Perth Bridge,
143 ; Forth and Clyde Canal, 144;
erects Coldstream Bridge, 1453
bis works at Carron, 147 ; Banff
vridge, 148; Hexham Dridge,
151; improves Ramsgate Har-
bour, 154; Eyemouth Uarbour,
160: improves Steam-engine, 162
private life, death and character,
164--179 ; his burial-place, 180.

Smollett’s voyage to Dover, 21,

Soho, Rennie’s visit to, 217, 220.

Southampton Harbour, Rennie’s Re-
port on, 320,

Southwark Bridge, 277, 278-83.

Spanish Armada, 4.

Spurn Point Lighthouse, 161.

Stangate Creek, Quarantine at, 362,

Stanhope, Karl, 230; h's steam-
boat, 231.

Steam-engine, Smeaton improves
Newcomen’s, 162 ; Watt’s engina
employed in driving machinery
2255 used in Royal Navy, 364.

Steepings River,a catchwater drain,
254,

Stephenson, Robert, his estimate of
Smeaton, 177.

Stevenhouse Mill, Bridge near, 219,

Stevenson, Mr., aund Bell Rock
Lighthouse, 286-97,

Stratford, 39.

Swithin's, St., Dridge, at Wia-
chester, 45.
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&ATTERSHALL,

TXTTERSHALL, Fens near, 241,

Taff Bridge, 77.

Tay, bridges over the, 72, 143, 187,

Teith, River, 210.

Temple Newsam, Leeds, 162, 168.

Thames, 2, 9; docks on the, 16,
302; the silent highway, 17;
Commerce of the, 298 ; Pirates of
the, 299,

Thrashing Machine, invented by
Meikley 206.

Todmorden, Canal at, 235

Torquay Harbour, 512.

Trajectus, Roman, at London, 59.

Trinity House, 35; lighthouses
bought by, 98, 103, 128,

Travelling by Sea, 18.

Tour de Cordouan, 37.

Tyne, East Lothian, 183.

WADE BRIDGE, 52.

Wainfleet Haven, 243.

Wakefield Bridge, 5+,

Waldersea, 262.

Wash, the, 247, 253.

Waterloo Bridge, over Thames,
267-77; the plans, 267; the
foundations, 271; the centering,
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YOUNG.
272; the keying, 273; the road,
275.

Watt, on Smeaton, 176 ; and Rennie,
217,

West Fen, Lincolnshire, 240-252.

West India Docks, 302.

Westminster Bridge, 67.

Whidhey, Mr., 349,
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Whitworth, C.E., finishes Forth and
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Wildmore Fen, 240, 245, 249.
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Winchester Bridge, 45.
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Winstanley, Henry, a mechanical
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Fens, 242,
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. "SELF-HELP;

WITH ILLUSTRATIONS OF CHARACTER, CONDUCT,
AND PERSEVERANCE. Post 8vo, * 6s.

g e e s maeeme s e sew b i s [T——
Englaud, amr of the universally ¥avourable reception which the Italian u‘amtion has
received in this country, I received a letter from Signor G. Barbéra, in which he 1nvited
me to write a book similar to the English ome, but illustrated by ltalian examples. [
was much astonished at his thinking me equal to the work; but his valuable suggcstion
delighted me, and 1 acuepted his with mugh cordiality.”—MICHELE LkssoNa,
in Volers e Potere.

“ ¢ Volere & Potere’ (* Will is Power’). Such is the title ofa very interesting popular
work just issued by the emi Fl ine publisher, G. Barbéra. The history of this
production is rather curious. It may not be known that the most remarkable literar

ved of late years  Italy (wheré literary successes are the rarest of
events) has fallon to the lot of Mr, Samue! Smilee’s admirable ‘ SelHalp,’ an Italian
version of which, published some time ago at Milan, has since gono through severar
editions, and still appears to be in continual demand. The idea of the book was a
novelty for Italians, and the moral which it inculcates one so eminently deserving of
being “enforced upon all classes of the public in Italy, that the question soon arose
whether it would not be advisible to extend the sphere of its utility-by promoting the
publication of a similar book, specially designed for Italian readers,and in which the
examples of patient industry nmr:f untiring perseverance in the pursuit of a fixed design
should be drawn from home ials, An ion founded in with t

p object of stimulating the ed ional m among the people, offered a
E-ue of 3000 f. for the best production of the kind, and all the literary men of Italy were

vited to compete. M. Lessuna, an cable writer upon x bj has dy
entered the lists, and printed his wormlolm & Poterc’) wnf_xout waiting for the award
of the i o d to decide b the rival competitors.”—Standard.

Une grande sag 3u’on, it appel lendeur du bon sens, comme Platon
\éfinissait le beau la splendeur du vrai,—tel est le caractire qui distingue surtout * Self-
Help.’ Ce livre, si populaire chez nos vuisins, répond ad bl aux idées de la
famille anglo-saxonne. Recevra-t-il chez nous le méme accucil? _Je I'espire, mais il
aura aussi, je le crams, plus d'un vieux préjugé A combattre. En France, n’a-t-on point
trop compté sur les institutions politiques malgré la durée éphémere des g ?
L'Etat peut faire du premier venu un ministre ; il ne saurait en faire un grand homme,
il méme un fonctionnaire intdgre et capable. 1l est dunc bon de chercher A d'autres
sources ces énergies morales qui développent et régént les sociétés.”"—Revue
Deux Mondes.

* Mr. Smiles’s book Is wise beyond the wisdom of any but a very few books that we
have read. ‘Zhe chapter on the use and abuse of morey we must commend,to the reader’s
own 1 {tig guant with practical wisdom, and besides, some 1l

IRV TN ) 0 0 PUOBERIE it A A

Tong tima. "~ Leader
S. R.
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CHARACTER:.

A VOLUME OF NOBLE CHARACTERISTICS. Post 8vo. 6s.*

OPINIONS OF THE PRESS, &

* This work Is so exactly fitted for a gift-book (and indeed a schoo!—boze:-a
leaving school need desire no better one) that we arehinsl'incd to mention it T

value of character above all mere , the d af work, the necessity
of courage and self-control, the sense of duty as the guiding star of life—these are some
of the topics di d in * Ch '—not, h , as abstract propositions, but with

the help of a store of illustrativns drawn from the biom)hies of great men, The
possesses, if we may use the expression, a vital force, can scarcely fail to stimulate
the reader. ‘The chapters headed * Companionship of Books,’ and “Companionship in
Marriage,” will be read with special interest.”—FPall Mall Gazette,

¢T'o the lovers of a pure and healthy literature. this i::;ifoming and high-toned
vofume from the pen of the author of * Self-Help, wili afford and genuine enjoyment.
1o the clear and actractive style which has rendered nis previous writings so deservedly
popular, Ms. Siiles has here shown to what a height of mental and moral excellence our
weak and inperiect nature may attain, and how much true nobility of character it may
develop and sustain, . . . . The last two chapizrs, on Companionship in iage and
the Disciplne of Experience, fotm a ﬁtn’nﬁ‘ecnclusion 0 80 excellent a book, and are
pregnant with interest and lessons of the highest wisdom. 'The breadth and soundness of
the views enunciated in the former on some delicate but uni lly imp topics are
especially conunendable, and should be read and pondered over by all who see a much-

glected source of happiness for the people in the clevation of their home-life, and a
more extensive cultivation of the dumestic virtues.”=Leeds Mercury,

¢ Umform in size with the author’s very popular ¢ Self-Help,' this work is of the same
tone and cast of thought. Believing that Characterisa freat power in the world, the
author ireats the various points in which it may be developed, or which call it forth.
Hence, v< have chapters on Home Power, C: ionship, Temper, iage, Expe-

atd abund.nt citations of cxamples, so that the work is }:ll of interest. It is

.ced to limit the good that may arise from these honest, earnest books,

H Plain sensible, and not too full of sentiment.”—Publiskers' Circular.
of Sclf!Ilelp' will need no further inducement to send them in search
the new werk by the author of that charming book. . . . . It would be difficult to selecs
a book mer admirably adapted as a present to a young man or young woman at the
outset of e ‘The charm of the style is irresistible ; the moral conveyed altogether
ummpe-rh Nle’— Manchester Courser.

* The author of ¢ Self-Help’ has produced another little book which will seon run oves
the face of the land, and help to inspire the rising generation with ennobling sentiments,
In our i in¢ er for facts, we must not overlook the value of ideas. While we are striving
to give war voung people technical information, we must not omit to teach them to be
truthful, iireh thoughted, noble nien and women.  We must foster their abilities, but not
forget Cha acter. .. . . Mr. Smiles, in this very charming volime, has brough h
the opir.cas and sayings of good and wise .nen of all times, as to the various qualitics
which g 1o form character. . . . . The result is a valuable book, calculated as well to
give dchyghit as to do guod,”~—Builder. .

“* Mr. §milcs. has been fortunate in the choice of his subject ; and, as a work of wiso
counse! and thoughtful instruction, the new book is quite as .uccessful as any of its
authar's prgvious works. Noris it any less entertaining. It literally teems with apposits
and inmmmﬁ anecdotes, and the writer’s style is at once so lively and dignified, Shn on
the one iiez:d he never becomés dry however eamestly and serious ly he discusses life and
duty; and, on the other; he never deg¢ rerates into flippancy in his most amusing lus
trat 1on,”=—Manchosiey Excmnsr,
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THRIFT:

" A BOOK OF DOMESTIC COUNSEL. Post 8vo. 6s.

“There is no book among the current literature of the day we would ntherminz
young man’s hand than this. Although every person in bis daily experience must mee
with many instances of the folly of unthrift, especially among the poorer classes, the
frequency of the text, and it is to be teared the disposition of the age, render the lesson
valueless, Domestic economy as an art and a science is an unstudied subject, and one
few writers have deemed wo! of their thonghts., We cannot therefore feel sufficiently
thankful that the able writer of *Self-Help’ turned his attention to it, and endea-
voured, in language that has not only a literary charm abont it, but bears the stamp of
phllam.'hropic carnestness, to rouse the interest, and thereby the reflection, of the British
public in so important a matter of national welfare. The dignity of labour, the necessity
of inducing habits of saving, the wickedness of extravagant living, the dangers of pros-
ity, ynd the want of sympathy between employers und employed, are topics on which
r. Smiles speaks hard, and it may be, unp.casant rruths, accompanied by a fund of
illustration. Perhaps no part of the book is so valuable as the dissipation of the super-
stitious belief in govd-luck and the chapter on the art of living. We trust the work will
be found in every village and ndpub.:c library, that its principles may be di i 4
broadcast among our youth, and we can assure all that they may enjoy in it many an
bour’s pleasant and profitable réhding.”"=—Specra/tr.
“ Mr. Smiles deals with some of the leading social questions of the day, such as Co-
peration and Associati He sketches the sanitary movenient, unsparingly satirises
the feminine follies of fashionable circles, and, lastly, ludes with an ad Lle essay
on what may be called the sthetics of common life, We all know what a book from,
Mr. Smiles is sure to be, dotical, practical, and abounding in good sense and everye
day wisdom, ==Academy. .

DUTY;

WITH ILLUSTRATIONS OF COURAGE, PATIENCE, AND
ENDURANCE, Post 8vo. 6s.

*“The good which these books have done to their miflions of readers is g,uite beyond
computauon. They have always begn practical, wholesome, and inspiring.’—=£/arpes's
Monthy Magaszine. [

“The author has produced an excellent bock, which for solid usefulness may well
claim to be preserred (o the hiyhter productions of the linse.”—Fa/l Mall (azette.

“ Dr. Smiles has achieved the best work when, unimpeded by the conflicting claims
of parcy or Aaremdice. he is able to pass in review those examples of bravery, self-
devotion, and what, 1n the best <en-c of the word, may be called heroism. « « « « Nor
does he forget to stir the hearts of his readers with examgples of the dutiful love and faith
of animal , and so move them to a more thorough sen-e of therr reciprocal duty, He
thus inculcates broad views of duty to man and beast, that | | approval
and deserve uuquestionable allegiance.”—2 ranuner.

““The author writes as one who sympithuses with the struggles and the failures of
those who, in spite of difliculties, are tryu.g to reach a ncbler life.  And it is this evident
ly;ndp:lthy, associated with the manly simplicity and directness of his style, his sterling
good sense, his judicious counvel, and his i fund of wisely ipulated lote,
txl‘l/aat'g}nkes this volute likely to be not only popular, but thoroughly useful.”—Chrisiian

K

**The book is replete with all the attractions of its pred so full of
that it will be pleasant to the young as a stqgy-buok, while its les<ons of wise councel
will fit it eqintatly to guide its readers in their paths through life."—Z7%e Quecr
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LIVES OF THE ENGINEERS;
ACCOUNT OF TH;;: ;;INCIPAL WORKS,

History of Inland Communication in Britain, and the Invention and
Introduction of tlie Steax-Engine and Railway Locomotive.

VoL, L—EMBANKMENTS AND CANALS—VERMUYDEN, MYDDELTONX,
PERRY, BRiNDLEY,

y»  IL—HARBOURS, LIGHTHOUSES, AND BRIDGES—SMEATON AND
RENNIE,
s IHL—HISTORY OF ROADS—METCALFE AND TELFORD.

» IV.—THE STEAM-ENGINE—BOULTON AND WATT.
w V.—THE LOCOMOTIVE—GEORGE AND ROBERT STEPHENSON,

With Portraits and 342 1ilustrations on Wood.
§ vols. crown 8vo. 7s. 6d. each.

8" Eack Vo'ume may be had sepayately,

OPINIONS OF THE PRESS, &x.,
ON THE FIRST, SECOND, AND THIRD VOLUMES,

A chapter of English history which had to be written, and which, probabty, no ope
could have written so well. Mr. Smiles ha< obtamed a mass of original lmtenals ll =
not too much to say that we now have an Engineers’ I, , with a
tive of their successtve reclamations from sea, bog, and fen; a history of the gw\nh o
the inland communication of Great Dritain by means of its roads, bridges, canals, and
railways ; and a survey of the llhhthouse;, breakwaters, docks, and *harbours eonmuomd

or the pr and ac of our with the world.”— Z¥rres.

“ We cannot but refer w_passing to the cuptivating and instructive volumes which
Mr. Smiles has devoted to the ‘ Lives of the Engineers,’ a record not before attempted
of the achievements of a race of men who have coufened the highest honour the
o8t extensive benefits un their country. ‘Who are the great men of the present age
said Mr. Bnght in the House of Commons,~‘ Not your warriors—not your statesmeny

they are gvur ) YeEdinburgh Review.
iles has profoundly studlcd and has happily delineated in his lucid and

mstmcuve , that ble succession of gifted mmds wldch has, not by
lucky guesses, but by incessant labour and by lifelong d that
nobie example of dominion of man over the earth—the science of | ; and we
.are proud to know that there are men yet among us who can lholmsofthe

anclble kiughts of'old, and who will lu‘e no meaner memory behind them.”—Quarterly
'rvtew

¢ Mr. Smiles may fairl chunth-mdtofhamgmdmdﬂumlum
and instructive works.  He has discovered almost uabrokes ground, and has worked 1
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—

with 50 much skill and success that his readers will recognise in his vol: an {ustrae
tion of the truth of Lord Macaulay’s saying, that history, personal or national, may,
when properly en, be rendered as interesting as any novel.”—London K sview.

‘““la two handsome volumes, richly illustrated and luxuriously printed, Mr. Smiles
begins what is in fact a History of the results of Engincering Science in this country.
He puts his history ioto the most iateresting form by developing it through successiva
stories of the Lives of the Engineers. Although his subject is' one of the most curious
and important in the whole history of civilization, and abounds in detals that are known
to dclight' even our b.oys,”t.h; ground Mr. Smiles istoa kable depree his

own po! d
“Two beautifully illustrated volumes, in which the biographical, historical, and mecha-

i ials are hically adjusted, and in which we have presented to us a com-
ensive and minute record of Eunglish engincers and enginecring. By his narative

r. Smiles has better instructed us in our cbligations to vur benefictors, The
whole theme is full of interest t@ all orders of nund ; and m using his materials he has
laboured to make his work as complete in every respect as possible.”—8Sritish Quarteriy

Kexgew,

"ﬁn tracing the history of English engineering from the beginning, Mr. Smiles really
gives a history of Enghsh civilizanon. He has praduced a kind of philosophical to-
graphy, the progress of discovery and industrial conquest having necessarily a general
correspondence with the mental development of the great representatives of man’s ex-
ternal action. We think Mr. Smiles has doue what was well worth the doing, with skill,
with honesty, with purpose, and wath taste.”—Westminster R corew.

“The *Lives of the Engineers’ are written in a clear and tlowing style, marked by
good scose and enlivened by humour ; they ase full of curious infurmation, conveyed in
a most lucid and easy description ; and each successive hero is drawn with an apprecia-
tion of ch ter, and a mi exhibition of p | traits, which sets the man almo:t
visiLly before us in nis distinct individuality, and lends to the history of his strugpling
genius a touch of almost dramatic mterest. ‘To produce this result, much hidden labour
must have been emjxloyed ; for it is the effect of a most careful selection and ngid con.
densation of abundant though dry materials. Mr. Smiles has happly hit the mean
between the barrenness of a brief epitome and the dreary wilderne<s of a maze of detasl.
What he gives is clear, inteiligible, and interesting.  But he has not trusted entirely to
his literary excellence, great as it is; his volumes denive an additional charm from their
numerous and happy lustrations. Every work of note which has to be described 1s
acco.npanied by a map or plan; every district, enunobled by the birth or enriched by the
labwuzs « ¥ an engineer, is m.\[:red on the margin of the page; and bridges, harbours,
toad-, 3 ! aqueducts are turned by the skill of the artist into most effective decorations.
The lostory of the engineers is not only the hiutory of great cunquests over nature, but
alse of the tnumphs of industry and genins over the artihcial obstacles of social rank.
It , rescnts the most striking mstances of tnat Self-help which Mr. Smiles has elsewhere
thronmicled.  The full merits of these two charnung volumes can be learned only from a
perie 1l of then,”—T%e Guardian, .

“““I'nere may be many here who have made themselves acquainted with a book that
cannot be too widely brought wto public nutice—1 mean the recent publication of a

pular author, Mr Smiles, entitled * Lhe Lives of the knginecrs.” There may be those
K:w who have read the Lif of Brindley, and perused the record of his discouragement in
the tardiness of his owa mind, as well as in the external circumstances with which he
detciiamed to do battle, and over which he achieved his triumph. There may be those
who huve read the explsits of the blind Mctcalfe, who made roads and bridges in England
at a time when nobmfy else had learned to make them. There may be those who have
dwelt with interest on the achi of § , Rennie, and Telford. In that book we
see of what m~terls Englishmen are mafe. ‘These men, who have now become famous
among us, hud ne mechamcs’ institute, no libraries, no classes, no examinations to cheer
them on their way. In the greatest poverty, difficulties, and discouragements, their
enerijes were found sufficient for their work, and they have written thewr names in a
di tinguished page of the history of their country.”—7The Right Hom. W, B. Giadstons
at Manchester. 3 .

“] have just been reading a work of great , which I d to '3
potice—I mean Smiles’s * Lives of the Engineers.” No more interesting books have
published of late years than those~of Mr,, SmiRs—his ‘ Lives of the Engincers,’ his *Life
of George Stephenson,” and hir admirable httle book on *Self-Help’~~a most valuable
manuel,*=The Right Hon. Siv Stafford Northcots at Exeter
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OPINIONS OF THE PRESS ON YOL. IV.

[THE STEAM-ENGINE—BOULTON AND WATT.)

“* Mr. Smiles has done wisely to link the names of Boulton and Watt togethes in
the volume before us. The more we read of the correspondence between these two great
men during the birth of the new motive power, the more we feel convinced that the world
nas to be lﬁankful for their happy partnership. Boulton seemed by some happy chance to
possess all the qualities of mind that were wanting in Watt. . . . Frompt{ye beaps of
dusty ledgers in the counting-house at Soho, the author has‘dravm th‘e materials for

deeply-interesting lives, and has so handled them as to_p a which hil y
crowns his efforts in this most interesting, because before dden, walk in lit
— s, . .

** Boulton was the complement of Watt’s active intelligence, . . . His is a memory of
which the leaders of industry in Great Britain may well be proud. His virtues were the
common virtues which render the English ch pected th hout the world, but
in him they were combined with admirable h y, and were unsuTlied‘l')‘;r any of those
vices which too fr ly d de tne rey ion of our countrymen, ‘e cannot read
of Mr. Boulton’s grand struggle to brm& the steam-engine into further use without a
fecling of pure admiration, . . . We lay down this volume with a feeling of pride and
admiration that England had the honour of praducing at the same time two such men,
whose labours will continue to benefit kind to the g ion, and with
gratitude to the distinguished biographist who preserves for the instruction of the times
to come, pictures of them so full of life and reality.”—Daily News.

** Mr. Smiles has been -nabled, by the examination of some hitherto unused papers, tc
throw a new light upon much of Watt’s career ; and he has shown much skill in_using
tham 50 as not to become weari-ome, and yet to Zive us a very full and interesting picture.
There is, in fact, a certain dramatic interest about the early history of the great discovery,
which Mr. Smiles has well b ght out. . . . Boultonis a really noble character, to whom
Mr, Smiles has done justice, and whose combination with a man of Watt’s marvellous
abilities, but defective practical talents, was of the greatest use to themselves and to the
country.”=Pall Mall Gasette.

“ In this volume Mr. Smiles has published a highly interesting and judiciously-con-
densed jolnt biography of the two men to whom England owes such an incalculable
develo oloﬁu wealth and power during; the last century. . . . Mr. Smiles carries
pleasantly 1l who thoose to him carefully, through the history of the various im-
provements engrafted by Watt on his original engine, of the other scientific inventions
wpon which his fertile brain was tag«:rpem:dly at work. He gives. also, a curious and
Interesting account of the part taken by Boulton in the prevention of the frightfully
prevalent crime of coining base money, through the application of steam-power to the
coinage of a far more 1y -struck y in metal of a more intrinsic value.”

o That M. Smiles’s will be tne stan!'latd life of the t engineer is simply the
nscessity of his greaterart as an ndustrial biographer. His skill in weaving togethes
avecdote and description, representations of what was known with 1 distinct specification
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of what was contributed by his hero; his dramatic power, in this vol; espociall
sxhibited in- the contrast ‘3 the two p ,—the fney specul _umet‘ g{
Boulton ; the , bid, i per of Watt,—one full of hope in the v
g:ruk:t drwmmlis‘n:fuv? theh other full ol; fen;' till_t the brigh:hest,—gi\: the \}olunl:;& a wonderfi
e att is a great epic of discovery : it . Sl
£ 2 axtistic and fnished poers.r— S rassoh Quarserty Koo ¢ Of 1t by Mr. Smiles

“ We venture to think that this, Mr. Sinileg’s most recent work, will ichieve even a
higher nlaricy than those which have preceded it. We are impress.. by this book
with the fact that hitherto, however h‘ljhly ﬁublic speakers and writers may have lauded
Watt and his achievements, the general public have really known little or nothin§ of this
greum':hnw. life, and character. These are admirably and graphically depicted
in the volume before us; in the preparation of which the author appears to have had
aoccess to a vast mass of authentic documents, of which he has made exccllent use."—

.

** Mr. Smiles has told the tale of Boulton and Watt’s common struggles and common
triumphs, in his clear, manly style, with sufficient anccdote to illustrate and ennich the
narrative, and sufficient techrical or scientific exp ion to make his readers undérstand
the paturg of the and which he records.”— I3 ‘estminster K eview.

*The two men are brought before us with all the distinctness of life. As the pioneers

lied hani Boyl and Watt commend themselves to the special gratitude
of those whose pursuits lie in the path wheremn they first_trod. So, in his degree,
does Mr. Smiles deserve to be remembered for the scrvices he has rfhdered in thus
embalming the records of those men to whom England owes so very much of her great
ness.”"—Mechanics’ Magazine, .

* By kanitting into one narrative the lives of both mcn, 30 intimately related through 2
quarter of a century that they'could only be told as onc story, Mr. Smiles has for the first
time worthily set forth the history of one of the most memorable manufacturing estab-
lishments in the whole circle of English commerce. It was a thing well worth doing, and
Mr. Smiles has done it with the sound knowledge, grace of style, and excellent purpose
of which all his earlier books have given ample proof.”— E.xamsiner.

“ The story’ of the labours of these two men is equal in power to anything tha.
Mr. Smiles has written ; and ahhou;ih there are numerous biographies of Watt, we are
certain that there are none which will sq faithfully and vividly bring kim before the eye a+
this. The * Life of Boulton,” with which that of Watt is now inseparably joined, is one of
the most pe.fect contributions which the author has made to English hterature,”—Glagrou
Herald.

* The lives of these two men, so variously but so richly endowed—the work which
they did, ard the courage with which they met and overcame enormous difficulties—are
more excitizg than the story of a great battle. In fact, the two lives might be called the
story of a great battle—the contest of genius and courage with the forces of nature, ir
which the former.obtained the victory. ... The work is in every respect a worthy
monument to the memory of the great men whose lives and works it commemorates,”—
Birmingham Daily Gazelte.

** The author of this work is an enthusiast in biography. Of all his published books
next to * Self-Help,’ this volume, lately issued, is his most interesting one. The i

llection of Soho dac to which he Ims had access, has enabled.him to add so much
that is new and valuable to the story of his hero’s career, that hereafter this biography
must take the first place as a record of the great inventor.” —dtlantic Monthly.

“ A noble velume i every way—in binding, paper, prict, illustrations, and subject
The ‘Lives of the Engincers’ are u scries of biographies ail Englishmen mav read
perhaps :@th HOID® sadness, but certainly with great plecsurs and pride.—//ustratea
Loaden News, .

]
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OPINIONS OF THE PRESS ON VOL. V.

[THE LOCOMOTIVE—GEORGE AND RCBERT STEPHENSON.)

“ It is a singular fate that some of the world’s greatest benefactors should pass from
the world with their history comparatively unnoticed . . . . and we rightly rejoice when
the claims of any of them are vindicated—wh:n, from the hidden company of the
Brindleys and Watts, men risen from the ranks to do world-wide service, and
incidently to be the architects of their country’s later greatness, we can obtain the
authentic history of such a creator as Geoige Stephenson. It is not too much to say,
that Ly Mr. Smiles, who has performed this office with eminent success, a considerab
void is filled up in the page of modern history. We see the vast proportions of our
modern achievements, and the epic story of this age of iron, more than half comprised in
the feats of its gest and most s ful worker. The worker himself, with his
noble si.m![;lici!).and energy, his zeal for his kind, his native-born gentleness, and
indomitable tenacity, woul probably have been eminent in any age or condition of
society ; but, in virtue of his actual aghi and the obstacles he d, of his
struggles and triumphs, we may designate him a hero, and ask, in defence of this
arbitrary title, what real conditions of hervism were there wanting ? "= Z%e Times.

*“We should like to see this biography in the hands of all our young men. One
breathes a healthy, bracing phere:in reading this book. It sets before us a fine
instance of success in life attained purely in the exercise of genuine qualities. There was
no sham about George Stephenson. . . . . He was a great nd good man, and we can
give the ‘ Life’ no higher graise than to say that it is worthy of its subject. Mr. Smiles
is 50 anxious to place the character and career of Stephenson justly before his readers, that
he qu:te forgets himself. . . . . We do not know that .here ever lived an individual
to whom each separatc inhabitant of Great Britain owes so much of real tangible
advantage."—Fraser’s Magasine.

“Whether the remarkable character of George Stephenson, or the work which he
plished, or the in which the story of both is herc told, be considered, there
is but one judgment to be pronounced uron this book, and that is an unqualificd approval.
There is not a youth in the kingdom, whether high-born or low-burn, who would not find
in 1ts.perusal a healthy and elevating stimulus.  The demand for the larger work, from
which this has been condensed, has been so great, that we are encouraged to believe that
in this, its cheaper form, it will have an enormous circulation. We earnestly hope
it may. Let no youth or young man who may read these lines omit to procure it ; as a
possession, if possible ; if not, for p L"—Mechanits’ Magazis

¢ It is the fate of few men, even of those who are the most signal public benefactors, to
be known p iated by the gener in which they hive. The fame of George
Stephenson spread slowly, and, great as it has aglast become, we canno:?uestwn that it will
continue to increase with time. Not only is he a surprising example of a labourer raisi
bimself to wealth and eminence without one¢ solitary advantage except what he derive
Grom his uwn genius ; but the direction which that genius took has stamped his name
upon the most wonderful achievement of our age. . . . . He died, leaving behind him
high for simplicity, kind of heart, and absolute freesom from all
sordidness of disposition. His virtues are very beautfully illustrated, and by no means
mxm in his Life by Mr. Smiles. . . . . There is scarcely a single page of the
which is not suggestive, and on whid{ it would not be profitable to institute inquiry
(nto the results of past exp de as pared with p practi The whole ground
is novel, and of the highest interest.”—=Quarterly R evarew,
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THE HUGUENOTS:

THEIR SETTLEMENTS, éHURCHES, AND INDUSTRIES IN
ENGLAND AND IRLLAND. Crown 8vo. 7. 64,

* The cunning of Mr. Smiles’s hand never fails him. He has chosen e prosaie side
of Huguenot history, and has made it as fascinating as a romance. He has not essayed
to depict the religious heroism or the social tragedy of the Huguenot story—he has re-
strictéd himself to the economical infl ofits m ions, and he has made the statistics
and genealogies—of which his work is full—as interesting as Homer’s lists of ships and
heroes, or as Milton’s array of the demi-gods of hell. ‘The process seems very simple
and easy, but it can be saved from utter dreari ouly by art.  Mr. Smiles
sh?cié m; f‘h ovestigations, with -am;-‘ ous_minut . bullurlhy hluof the Smﬁ;:icial:

ty and of the Heralds lege ; and.yet it is as impossible to skip a page, as
ding his Life of Stephenson."—Britich Quarterly. P & PR

¢ Avec un rare déssintére i | et un senti de justice gu'on ne saurait
trop encourager, un écrivain Anglais vient aujourd’hui rendre aux étrangers ce que la
riche et laborieuse Angleterre du xix™* siecle doit aux étrangers. M. Smiles est Uhistorien
de la vapeur et de toutes les découvertes utiles ; ses héros sont les inventeurs, les artisans
céldbres, les ingénieurs, tous ceux, en un mot, qui ont dérobé A la nature un secret on
un force pour étendre le régne de 'homme sur la matiére. Les conguétes de Pindustrie
et du commerce le préoccupent bien que les victoires des armées Anglaises
. « « . Parlatournure de ses idées et l'ordre de ses études, M. Smules &tait donc®
préparé A traiter cet intéressant sujet,—la naissance des arts utiles chez un grand peuple
qui, & l'origine, n'avait pas d'industrie.”"—Revue des Dexx Mondes.

¢ The work of Mr. Smiles‘embraces a subject which Las never been adequately treated,
at least in English literature—the history, namely, of the French and Flemish Protestant
refugees in this count_rys and their descendants,

"5[ the powerful d by this ion on our industry, 3
arts, literature, even our usages and modes of thought, few are aware, The subject is
by no means a familiar one among ourselves. The whole revolution, so to speak, took

ce so gradually, the new p:qulaﬂon amalgamated so readity and thuroughly with the
old, that people hardly attached to the phenomena which passed under their eyes thein
real importanc  Mr. Smiles’s of it is, therefore, admirably calculated to impart,
not only new knowledge, but really new ideas, to most of us,

¢ T'o readers who love to dwell on heroic vicissrtudes rather than on mere detnils of
economical progress, Mr. Smiles’s of the per jon in France, the sufferings of
the many and the marvellous escapes of the few, will prove the most attiactive part of
his work, .

“ How this noble army of emigrants for conscience sake—the truest aristocracy, per-
haps, which has ever developed 1tself—gradually and p fully amalgunated with that
mass of the English people which they had doue so much to enrich and to instruct, Mr.
Smiles has fully shown. ~He recounts their euthanasia, if such it may be termed, as he
does their rise.  T'o one of the great cauges of their success, and not in England only,
he does ample justice. They were, as a body, extremely well educated; and they
jealously transmitted that inheritance, which they had Lrought from France, to their

hild The p t Hug i was almost always a cultivated man. Hence
their great advantage in the fair race of industry.”—FPall Mall Gasette,

4 Mr. Smiles’s book on ‘The Huguenots’ is ‘an improvement on anything he has yet
done, and it deserves a success which, by reason of its very merits, we fear i¢ has no
chance of ntnininﬁ The subject breaks ground that may almost be called fallow. Many
chapters of English history, and these not thg, least lnteresﬂn% or important, are for the
%mthmwrhun.with the care and breadth they descrve, bv Mr. Smiles."~London

view.
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INDUSTRIAL BIOGRAPHY:

IRON-WORKERS AND TOOL-MAKERS, Po:t 8vo. 6s.

OPINIONS OF THE PRESS.

% Mr. Smiles has hit upon a rich vein of ore, and works it with great success. He
has the art of biography, which is by no means so easy of jattainment as, judging from
the number of p who pt this sp .of composition, one would ine it tc
pe. Memoirs are less, but the of biographiestuat can be accepted gs suc-
cessful works of art arc very few indeed. Mr. Smiles is not ¢nly a skilful workman, he
has chosen a new field of work. Hitherto the, great diograph'es have been written of
soldiers and sailors, and statesmen, poets and artists, and philosophers. It would seem
as if these only were the great men of the world, as if these only were the benefactors of
mankind, whose deeds are worthy of memory. The suspicion has, arisen that, after all,
there may be other heroes than those of the pen, the sceptre, and the sword. There are,
indeed, men in various walks of life whose footsteps are worthy of being traced; but
surely, considering what England is, and to what we owe most of our material greatness.
the lives of our Engineers are peculiarly worthy of being written. ¢ The true Epic of om
time,’ says Mr. Carlyle, ‘is not Arms and the man, but Tools and the man—an infinitely
wider kind of Epic.’  Our machinery has been the making of us; our ironworks have, in
spite of the progress of other nations, still kept the balance in our hands. Smith-worx
in all its branches of engi king, machi i l-making, cutlery, iron ship-
building, and iron-working generally. is our chief glory. England is the mistress of
manufactures, and so the queen of the world, because it is the land of Smith; and Mr.
Smiles’s biographies are a history of the great family of Smith. Many of the facts whick
he places beforc us are wholly new, and are derived from the most likely sources. Thus,
Maudslay’s partner, Mr. Joshua Field, and his pupil, Mr. Nasmyth, supplied the
materials for his biography. Mr. John Penn supplied the chief material for memoix
of Clement.”—T¥mes.

“This is not a very large book, but it is astonishing how much indivigual, conscien
tious, and thoroughly original re<earch has been required for its composition, and how
much interesting matter it contains which we poss:ss in no other form. Mr. Smiles
rescues no name, but many histories, from oblivion. Ilis heroes :re known and

ratefully remembered for the benefits they have conferred on mankind, but our know-
edge of our b:nefuctors has hitherto been mostly confined to our knowledge of the
benefit. It was reserved for Mr. Smiles to discover in the workshop, heroes as true as
ever hurled their battalions across a battle-fie'd, and to present us with much-enduring,
much-endeavouring, and brave men, where hitherto we had been content with dis-

bodied, almost ingless names. The prescnt work is further distinguished, *
not indeed from its predecessors, but from jmuch of the current literature, by the
exquisitely pellucid Engfis, the vigorous but unobtrusive style, in which the
narratives are conveyed.”«—Edinbur;h Daily Review,

ing, ti

“Who has not yead Mr. Smilesls *Lives of the Fngineers’? Dleasant volumes,
abounding in quadnt strange stories of life-struggles, of battlcs fougit and won by mind
over stern matter, ay, and more difficult task, over the oppo:ing intellects of men,
often envious, and alwavs sceptical Mr. Smiles has e«tablished a world-wide reputa-
tion as the champion of the engineer and ghe inventor. What matter that he sometimes
acts the part of kaight-errant, and couchts his lince in defence of those who have no
claim on his services, simply because they appear to enjoy scant justice at the hands of
otheis.”—~Meckanic's Magazine.
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. LIFE AND LABOUR;

CHARACTERISTICS OF MEN OF TALENT AND GENIUS.
Post 8vo. 6s.

< .

“ Dr. Smiles’s new work is on the lines of ‘Self-Help,’ ‘Duty,’ and *Thrift.” which
have obtained an extraordinary popularity, not merely in the United Kingdom, but
abroad, especially among the Latin nations. . « . . It cannot be gainsaid that works
which metgt woish"sm‘:}x 4 reception as this answer to a real need, and mpst do a large

of good.”—,

“ As years roll on the author’s store of apt illustrations t pler, while in the
case of Dr. Smiles, his skill in dealing with them shows no failure, *Lile and Labour’is
a companion volume to *Self-Help’ and * Character,’ and its publication at this season
will be regarded as opportune. . . . No more smitable volume could be found (for a
prize book) to bear the inscription, 718 P jum.” —dAdcademy.

for arranging and displaying them. ‘The ten chapters of which it consists are full of
facts and examples, and though we have mentioned young people, we belicve people of
all ages and in all conditions of life may read them with pleasure and advantage.”—
Queen. \

#All Dr."Smiles’s books have relation to man's de<tiny—his life, his work, his duty,
and his achievemeuts. Each boouk, singular to say, while possessing a characteristie
peculiarly its own, forms a pani | or ting link to the whole series of
works he has given to the world. After the production of that i parable book * Self-
Help,’ one would have thought it difficult to have writien another wank bearing upon
the same subject without largely entrenchinir upon the thought and matter of his first
effort. But f)r. Smules has astonished his friends and admiiers by the feriility of his
mind in the large <tores of knowledge which he has drawn upon in the production of so
many works of such surpassing worth and intercst. *Life and Labour’ surprises us by
:ts freshness and originality, The author shows ng lack of mental vigour or terseness of
style. ‘Thereis a brightness and beauty that places the volume on a par with his best
produclions. ‘The interewt of the book is sustaired from fir-t to last, without the leace
indication of flagging. ‘I'he subject is not only interestn , but bighly iustructive to
young men who wish to make the best of their hfe and their labour.  Here they will find
wise counsels, timely cautions, and manly encouragements to help them in their battle
of lile.”=Christian Union.

“Like every previous work from the pen of Dr. Smiles, this is what may be called a
vital book—a bock, that is, which is destined not only to live but to miluence the lives
of its readers. It runs upon much- the sadle lines as *Self-Help’ and ‘Character,” and
contains many fresh instances of what can be accomplished by honest force of will and
steady perseverance. . . . His chaptcr on *The Man and the Gentleman” opens up the
whole question of industry and idleness, and is full of stories, apologues, proverbs, and
instances illustrating the advantages of punctuahty, perseverance, ncthod, and the
hubanding of time generally, Nor is the ity for isurc forgotten ; but it must be
well-earned leisure, and leisure whick: fits for the renewal of work." — Liverpool Mercury,

¢ Perhaps the most valuable chapter in ‘l¥fe and Labour’ is that on  Over-Brain-
work,’ which should be cordially commended to the attention of all students, and yet
mm to the attention of all those who have to supervise the studies of others.”—J shn
B




12 LIFE AND LABOUR.

«¥his is the latest of the series of useful books for the encouragement of the studious

outh, for the compiling of which Dr. Smiles has a sPecial ﬂenius. None of his later
{ooks ever achieved the reputation of his ‘Self-Help,” but ¢ Life and La"our® will rank
quite as high as any of the subsequent volumes, ‘Character,’ ¢ Thrift,’ or ¢ Duty,’ Dr.
Smiles in this, as in all his books. preaches with strenuous force the same useful sermon
as to the possibilities that lie before those who bring force of will and steady perseveranca
to bear upon their life’s task. And he enforces his old lesson in the old way, by illus-
trations from the lives of men, His latest book, like those which preeed{d it, is a
marvellous compost of d Itisa house of facts, a very encyclopzdia of
illustration, caretully culled from the reading of a lifetime.”==Fall Mall Gasette.

“Dr. Smiles has written an , stimulating, health‘ lume, bristling with sage
counsels and enlightened by numerous illustrations from the lives of great workers,
Many readers have, no doubt, been influenced for good by Dr. Smiles’ practical and
inspiring volumes, and this one is worthy of those which have preceded it, which 1s hich
praise. It is, indeed, a fine text-bouk of life, and all the better because it is readabie
and interesting. . . . « Thus in life there should be labour—#.e., occupation and industry
—but there should also be plenty of rational recreation, and overwork should be deter.
minedly avoided. ‘This, it is true, is not exactly a new philosophy, but it needs repeating,
especially when preached in such a cheery, lively, and nteresting manner, and connected
with so many wise maxims as to its application, as we find in Dr. Snnles’ new volume.
For it is one thing to know a principle thoroughly, but another to be able to apply it
wisely and uscfully.”—~Nonconformist.

“One of the chapters in Dr. Samuel Smiles’s latest biographical melange is devoted
to the * Hobbies ’ of distinguished men—the modes in which they have been accustomed
to take their pleasures after work was dowe. The chapter will probably be one of the
most popular in the book. . . « « The old superstition, that genws was wholly solita
aund self-centred, superior to the ordinary weaknesses of mankind, still lingers ; and it is
still a revelation to many to learn that those who attain eminence, and retain it, have
occasionally to unbend, like less important and imposing mortals.”—Glode.

“One great advantage of Dr. Smiles’s books is that you can open them where you
please, sure to light ona cluster of shrewd sayings and anccdotal illustrations, out of
which you are at liberty to draw your own conclusions. The volume before us is
practically a further instalment of ¢ Self-Hclp,’ and, as such, designed to inculc.te the
virtues of thrft, industry, und temperance ; ouly, if the writer has met with a clever
thought or a noticepble fact that might be perverted to contrary ends he is too much of
a raconteur to withhold it. In the chapter on ‘Over Bram-Work,” which is ‘to a
certain extent the result of personal expenicnce,’ we are glad to see yet another protest
against the system ot cramming; as to which a genuine worker has a particular claim
to be heard. Generally Dr. Smiles’s julgments may be warranted to win the assent
of a large majority of readers, and to run violently counter to the prejudices of few.”—
St. Jamcs's Gazette.

¢ ¢ Life and Labour,’ is ane of the most suitable Christmas presents we know of to be
given to any younf; Englishman thi~ Christmastide. It is written with all the felicity
of diction and wealth of anecdotical illustration and quotarion which characterise all
Dr. Smiles’s works, There are touches of pensive thoughifulness that bespeak the
ripened experience of a writer who has dose much to stimulate the sel-helpfulness of
two generations by wisely-sclected snatches from the region in which philosophy teaches
by example.”—~Northern Echo.

.

“Dr. Smiles has written nothing better than the work before us, Dean Ramsay
cannot ell a story better than Dr. Smules does, who excels the witty divine in makin
his stories the delicate feathering of truth that go straicht as arrows to their mark, anﬁ
which all men are the better for haviug brought frequently befor. them. A book like
this is an intellectual and moral force 1a a young man’s life of incalculable benefit,*=e

Shegheld Telegraph,
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LIFE® OF THOMAS EDWARD,

(SHOEMAKER OF BANFF,) SCOTCH NATURALIST.

WIrH PORTRAIT ANC 30 ILLUSTRATIONS. Small 8vo. 6s.

OPINIONS OF THE PRESS.

* The ‘Life of a Scotch Naturalist’ s a record of success in unsuceess—of fame
unmingled with any sordid advantage—of work absolutely disinterested and done *tur
nought,’ as all the noblest wurk has been done. It is the story of a poor shoemaker
who is a famous natural philosopher without ceasing to make shoes, or attaining in
his old age to any seat more easy than that of his faniiliar beach.”-—Blactwood’s
Edindurgh Magazine.

“In :fe evening of a life so noble, it is a comfort to all the friends and admirers
of Thomas Edward, to thunk that bis exertions,in the cause of Natural Science have
at last been recognized in a way that cannot fail to be grateful to the veteran
naturalist, who will no longer have to rely on his ‘last’ as his resource against
starvation,in his old age.” All readers, whether friends of scicnce or not, are bound
to be grateful to Mr. Smiles for having in a charming and beautifully illustrated volume,
rescued the fame and character of Thomas Edward trom oblvion as a most ac
complished naturalist.”’— Zunes.

"g‘he biography of this remarkable man owes much of its charm to the manner in
which Mr. Snules has done his part as narrator. ‘Tke unobtrusive way in which the
story is told, and the pleasant style of the sinovoth and expericnced pen, deserve more
than a passing word of approval.”—Saturdgy Review,

““This “ Lafe of a Scotch Naturalist,’ regarding it as a mere narrative, is one ot the
most enjoyable books it has ever been our good fortune to read.  And it has this further
merit. 1t shows what even the humblest and poorest amongst us may achieve, by the
mere force of will, in s?ite of all the disad ges of poverty, dded to the want of
education and friends.”—Land and ¥V ater.

* Bamful of interest fiom Leginning to end.”—World,

“This *Life of a Scotch Naturalist ’ strikes us as Mr. Smiles at his best, in mood, in
matter, and in manner. In ‘I'homas Edward, a naturahst and north-country shoemaker,
he has lighted upon a subject of a different order from the common. If ever a man was
carried away by a subject, it has been Mr. bmiles on the present occasion, and the
subject 15 fortunately quite worthy of lun. ‘The work is a credit to the head and
heart of Mr. Smiles, and of Mr. Red, the Aberdeenshire artist.”’--()bserver.,

“T'his book is clear, racy, unaffected, adinizable, and certainly Mr. Reid’s ¢ labour of
love ’ on the draw: .g. cannot fail to draw pranse tor him from the inghest quarters.  As
for the ctched purtrait by Rajou, it strikes us as a sunple masterpicce.”—Nonconformist.

“ Never has Mr. Smiles written with more of froshness and zest than in presenting to
us the picture of this Palissy of Naturalisis, of whose portrait, etched by Rajon, no
words of praise could well be ¢ov high. Here is a man who, though shrewd and
practical, never allowed worldly views 10 contlict with his ideal, who, in all simplicity,
without complaining, or ignoble greed of fame, fullowed his star, yielduig a notable
tostimony, that, though lnquisitions arw no more, Science still has its ‘martyrs. A noble
legeon of unaffected humility here goes hanclir-band with the lesson of sclf-help, and
elevates it."—Specsator.
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LIFE OF ROBERT DICK:.

(BAKER OF THURSQ,) GEOLOGIST AND BOTANIST.

WITH A PORTRAIT AND 50 ILLUSTRATIONS. Crown 8vo. 125,

“ Robert Dick’s life, from beginning to end, was a series of struggles with adversity.
Latein life, when his marvellous knowledge of local natural history became known, he
joyed the correspund of many nt naturalists and col ; but, among
these com:‘fondents, how few knew anything about his private circumstances ; how

few drcamed that while he was generously presenting’ them with fossil fish from the
Old Red Sandstone, ur with rare plants from the flora of Caithness,—he found it hard
—in spite of extreme frugahty—to earn sufficient to support hi and his faithful
housckeeper. : .

“ On the publication of Hugh Miller’s writings, Dick became deeply interested in
eology. His indefatigable industry, Zad the cnergy with which he always threw
imself into any new study, soon led to important discoveries. Many a new fossl was

carefully hammered and chiselled out of the Old Red Sundstone, and duly packed off
to Hugh Miller. . . . Another friend with whom Iick regularly corresponded was
Mr. Charles Peach, of the Coast Guard Service. Mr. Peach is a man almost as remark-
able as Dick himself, and we feel indebted to Mr. Smiles for having devoted a chapter
to a sketch of his career. Those who enjoy Mr. Peach’s acquaintance will also be glad
to find in the volume an excellent portrait of this fine old naturalist. . . . The
story here told is one of such absorb ng interest that, from the first page to the las
the author keeps his reader in deep sywpathy with his hero. Mr. Smiles’s volume wi
be a more enduring monument to the scientific baker than the obelisk which proudly
keeps guard over his grave in the cemctery at Thurso.”—Professor Rudler in the
Academy. R

*Robert Dick was one of those remarkable men of whom our country is justl
groud. Belonging by birth, means, and position to the lower orders, spending a lif!
of unceasing labour and not a little privation, earning his bread, to the last, by the
sweat of his brow—constantly on ‘poortith’s brink,” he yet, by dint of hard toil and
indomitable per b an plished logist and a profound t ist,
and has taken a high aud peunanent place among the eminent scientific men of the
age. . . . Dr. Smiles has produced a deeply interesting biography of this most
laborious, unselfish, and modest Scottish worthy. We have read it with mingled
feelings of admuration, sorrow, and indignation.”—Nortk Britush Daily Madl,

“Mr. Smiles has shown us the familiar traits of a man a< faithful and sclf-hel'ping
as any who were ever rewardcd with the ontward success which takes the eye of the
world; a man who, though shrewd and practical, never allowed worldly views to cons
flict with his ideal; who, in all simplicity, without complainmg. or ignoble greed of
fame, followed out the bent of his singular getius.”—2Belfast Northern Whiz.

“ The story of a man quite as interesting as Thomas Edward, quite as self-helpful,
and perhaps more gilted as regards thought: certamly of a more poetical, meditative,
and ﬁlenmorous rurn.  Lick is from first to last an ori¢inal, not a mer- working geologist
or botanist, but a mai with a character distinctively his own alike in all his relation«
ships; and he never speaks, never writes the simplest letter, but he casts modest
unpretentious light upon the very decpest problems. . . . The portrait of Dick is
etched with all M. Rajon's peculiar poweg giving at once the idea t observation,
fine though i if-restraint, and pawky humour, as scen in the twinkle of the
eyes, that s» distinguished the original of it. And little less can be said of the admirable
portrait of Mr. Peach, whose life so nicely matches that of Dick. No more readable
and attractive ook of the kind have we ever had in hand: let cur readcrs be sharers
In our pleasure by procuring it.”—Nomconformist.
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‘MEN OF INVENTION.

Post 8vo. 6s.

PuINEAS PRYT: Beginnings of English Ship-bui'iing.
FRANCIS P. SMITH, Introducer of the Screw Prop-ler.

Joun HARRISON, /nvenior of the Marsne Chronometer,

Joun Lomur, Imtroducer of the Silk industry.

WiLLiam Muroock: His Life and Imven:ions.

FREDERICK KORNIG, /nventor of the Steam-Psiuting Machins,
Toe TiMmes: Imveniion of the Walter Press.

WiLtiam CLowms: Dook-Printing by Steam.

CHARLES BIANCONI: Self-Help in Irveland.

INDUSTRY IN IRRLAND : Connaught to Belfast. .
SHIP-BUILDING IN BRLFAST : Autobiography of Harland.
ASTRONOMBRS AND SrUDKNTS in Humble Life,

)

* Dr. Smiles has probably done more, by his many interesting hooks, to uphold the
dignity and power of labour than any other writer. 1le is the prose laureate of Industry,
and its captains have found in him one who is not only enthusiastic himgelf, but who 18
also capable of infusing others with a like enthusiasm. . . . We have no doubt that these
Jatest chapters in the history of industry and scicntific investigation will be quite as
popular as their pred VemThe Temntes.

¢ Dr. Smiles has here added her to his valuable vol on Industrial Biography,
and one which is quite worthy of its place. In this mnstante, he has in many cases had
to do with menawho did not,.in the worldly sense, succeed ; and who had to endure
hardness in the cause of the common good. . . . The book is a rich <torchouse of facts,
condensed to the utmost, and all presented with that rare and unaficcted simplicity of
style which has done so much to give Dr. Smiles the high place he holds in literature.”
w=British Quarterly Revic:v.

¢ Another volume of Indnstrial Biography by Dr. Samuel Smiles will meet with a

encral welcome. One of the best chapters is devoted to Astronomers and Students in
“humble life ... . The book is throughout most readable and lustructive.”—Conterm-
porary Review.

*The new wotk, entitled ‘Men of Invention and Industry,’ ins an
account of the chequered career and hard fate of Koenig.” —Nineteenth Century.

** Stories of the heroes of Industry, such as those which Dr. Smiles delights to tell,
are sontributions of some value to the best kind of educational literature. In the

resent volume Dr. Smiles takes a wi-le industrial range, illustrating each trade of which
ge treats by biography or iography.”—d ¢/

“ Generally speaking, a swcces destime is all that is accorded to solid and improving
books, while popular enthusiasm is aroused only by works of fiction. Lut Dr. Smules
forms &n exception to this rule. His buoks ale read as easily as novels, nor is it difticult
to tell why., Mankindoves a story, and Dr. Smilcs ma<ks his batteries behind a series
of well-told tale-, in which the moral is ne-er obtruded, but, as it were, held n solution,
and swallowed unconccrously. Ilis heroes, too, have the very qualities which win the
esteem and excite the emulation of Englishmen; they are uniformly brave, honest,
laborious, and persevering ; and the teaching of their lives is, that without these moral
qualilies, no more mental superiority avails, ‘The author's reflections and yxeneralisa-
tions are few and short; but so wise, so incontrovertible, as to strike homne and be
remembered.  Add to all this a direct, telling style, entirely free from nﬂ'ec}aﬁjon, and

the triumphant succe-s ot * Self-help,’ “ Lives of the Eng * &c., is exp he
volume, enn’nlledp'Men of Invention and J1idustry,’ is in every way worthy of ity

+¢¢ Men of lnveation and Industr/’ is, in our judgment, one of the best prize books of
the season. It 1» every whit as intcre<ting as * Lives of the Engineers’ and * Industnial
Biography,” and higher praise we cannot award it. Most of the names, Phineas Pets,
Francis Pettit Smith, John Lombe, William Murdock, Frederick Kgenig, Charles
Bianconi will be new to mest readers. 7w/i¢ alter honores wonld be an appropriate
a.otto for the book.”"—Youwrnal of Education.
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' THE STEAM HAMMER.

AUTOBIOGRAPHY OF JAMES NASMYTH.

Illustrations, post 8vo., 6.
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"The whole : range of liuqu y be hed in vain for a more interest-
successful and happy life, than is —=---=+" Lo s~ A
imes Nasmyth. Starting in life on
, and wnthm which he lnved), at thl .
eight, Jamu Nasmyth had d fame ired Trom activ
Long may he live to enjoy t.he fruig of tln work of h.s Julful and industrious
bands I"—Tlu Edinburgh Review.,

*We should not know where to stop if we were to attempt to notice all that is in-

structive and i g in this It will be found equally interesting to students
of human nature, to and even to archaologists. Among
otlur merits, there are few books whn:h could be put with more adumage muo & young
man’s hands, as affording an [ the qualities which

success irwork. Mr. Nasmyth has dane his generation a great service in ‘pu%hshmg
this modest but most instructive autobiography. It must always be one of the most
mterestlng records in the history of mechanical engineering ; and it is not less valuable

icture of some of the soundest and }ﬂeasantesz human nature with which we have
ner e acquainted.”—T ke Quaurterly Review.

¢ It would be an easy and agreeable tnsl: to wander throu‘h the pages of this Auto-
biography, obtaining here and there illu of the writer,
anecdotes of the many great men with whom he camn mto contact, glimpses of the
gacuca! sagacity which governed his own conduct in Lfe. The exigencies of space

bid the indulgence, and we can only advise our ders to p the vol for
themselves. There are, notwithstanding, a few things which, must be noticed. There
run through it certain veins of garrulity, of unconscious egotism, and of the sun icity
of geriius, which justify the belicf that the great h has been p the
man, to tell his own story 1n his own words and way. There is one more . pleannt
feature which should be mentioned, and it is the tone of hearty appreciation of excel-
lence, whether moral, intellectual, or technical, which pervades the volume. Nasmyth
became acquainted with many great and good men, and he speaks of their fre'ﬁness
or of their goodness with unstinted admiration. From the first page to the last th
is neither a word of personal censure, nor a stain of jealousy or ammosity. Close com-
petition and keen rivalry scem to have left no traces upon his mind, and he has an
approving word for every contemporary who is mentioned at all. = Such, in Lrief outline,
is the history of James Nasmyth, whoso autobiography, edited by Samuel Smiles, is
aow before us.”—Tke Times.

¢ An autobiography which is quite a model both in charming simplicity of style and
in modest self-effacement. . . . One of the pleasanmt and most interesting books we
hate met for many a dny. —Globe.

Al

“ A singularly i ng vol ; @ most interesting and sugyestive book.”—Dail)
Telegrath, . & 7
“A pleasant record of an interesti ofg life. . . . It would be impossible to give any
notion here of the unceasing al:tmty d which glves hfe to every page of this book ;
wor can we even hint at the little dodges’ contrived
lor all manner of purposes by Mr. lemyth in his odd moments. Those who take no
inmen in such mattel we think they are to be pitied—will find much pleasant
matter m Mr. N: umydl s reoord of pusmg scenes and events; and we can congratulau
him on h a of a most munsmg life."—Satu~dng

Rowiew . ¥












