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l\fBMom OF TITE LATE M,uoR-GENERAL CoLBY, ROYAL ENGINEERS, 

LL.D., F.R.S.L. & E., l\LR.I.A., F.G.S., &c. &c. W1TIT A 

8KETC1l OF TilE ORIGIN AND PROGRESS OF TilE BRITISH 

TRIGONOMETRICAL SURVEY. 

BY LIEUTENANT-COLONEL PORTLOCK, R.E., F.R. & G .S., F.R.A.S. & M.R.I.A., &c. 

,vnEN we turn from the contemplation of great actions, either in civil or 
military history, to an investigation of the causes which ha't'e led to their per• 
formance, wo are too often doomed to experience tho disappointment of finding 
the motive aprings of brilliant acts, in themselves, mean and sordid. V\7ere it, 
however, the object of this memoir to describe the moral rather than the intel
lectual man, the character of General Colby might be subjected without danger 
to the ordeal of such an inquiry, as few men were so free from the impulses either 
of avarice or of ambition. Affecting no contempt for the pecuniary remuneration 
of his services, and rightly considering the labourer worthy of his hire, he was 
always willing to apply what he derived from the service to its ad,ancement; and 
hence it was that neither he nor any of bis officers or assistants ever thought of 
calculating personal expense when it became necessary to push forward the work 
confided to their care. If, therefore, General Colby considered that officers of 
the Sur,ey should be well paid, he was iafl.uenccd, not by a spirit of accumulation, 
but by a desire to afford them the means of moving and acting with energy and 
effect under all circumstances. In like manner, though, in his early life, he was 
not indifferent to honorary rewards or distinctions, especially those of a scientific 
character, it cannot be said that at any time the desire of obtaining them 
exercised a powerful influence on hii:; mind; and when, in later years, his affections 
became domestic in their tone, and were centP-red in his home and linked to his 
wife and children, he appeared absolutely to despise them. 

A contempt for worldly honours, and an indifference to wealth, are often cited as 
characteristics of a great mind; n.nd yet qualities so undoubtedly noble are on the 
whole more suited to the quiet philosopher than to the active man of business. A 
sense of duty will impel a. man to do and to suffer much, and the love of a particular 
pursuit will render him regru:dless of difficulties, and blind to clanger, just as the 
botanist will seek the rare plant, or the entomologist the wished-for insect, in the 
deadly marsh, the impervious forest, or in the burning desert; but when so much 
has been done and suffered, he who was unmoved by the apprehension of corporeal 
pain and danger will shrink from the mental torture of other men's criticisms, 
unless urged forward to the publication of his labours by the hope of aUaining 
either wealth or honours for the present, or an undying fame for the future. 
The want of this stimulating and supporting principle induced in General Colby 
an indisposition to publish the details of the Survey, and a morbid apprehension 
of cl'iticisro; for, though no one was more pt·ompt and energetic in action, no one 
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more assiduous nnd skilful in observing, no one more confident in his own 
personn1 resources, be yet, after tbe death of General Mudge. gave the public no 
account of the Survey, and allowed the published maps to continue the only 
records of its progress nnd excellence. It is impossible not to regret this fatal 
error, as it has materially tended to alienate the Ordnance Survey from the good 
feelings of the scientific public, nnd has thrown over a work, with which not 
merely every scientific, but also every practical man, should be familiar, nn air of 
official mystery and seclusion. If, however, General Colby neglected the means 
of ensuring hia own personal fame, be was nobly disinterested in respect to the 
services, merits, and rewards of those acting under him; and whoever bas studied 
human nature, and observed how many n ma.n of great talents has laboured all 
his life in the shade, whilst a superior in rank has been lifted up, as it were, upon 
his shoulders, to eminence, will appreciate the high-minded manner in which 
General Colby bore testimony to the merits of his officers, and pennitted them 
on eevera.l occasions to publish portions of the work rather as principals in it, 
than as assistants: a generous line of conduct to which must be asctibed the first 
successful steps in public fife of Drummond, Larcom, Dawson, and others; the 
first opportunities of exhibiting those talents which have subsequently placed 
them in important public stations. 

Some portion, indeed, of the delay in publication which it has been necessary 
to notice, was the result of the early distinction which several of General Colby's 
officers thus acquired, the preparation of part of tbe work for publication having 
been relinquished by Captain Drummond on his appointment to au important 
political office; and, subsequently, by Lieutenant Murphy, on his becoming an 
associ..'\te in the scientific and arduous Euphrates expedition of Colonel Chesney. 
In respect to temper, General Lewis and his other contemporaries have spoken 
fa,,ourably of General Colby, who bad the great merit of having conquered himself, 
and reduced a naturally warm disposition to such discipline and order, that few 
could say they had ever seen him lose bis self-command : and if he ever did so, 
bis usual equanimity was clisturbed but for a moment, as may be judged from the 
following characteristic anecdote : H The writer of this memoir had prepared the 
great instrument for observation on Slieve Donard early iu a morning of 
August, 1826, and had watched for some time the light as it slowly broke behind 
the dark mountains of Cumberland, when observing the outline of Sea Fell 
gradually assuming a distinct shape, he called up Colonel Colby who instantly came 
to the Observatory and clirected the telescope on the mountains. The distance 
was 111 miles, and the difficulty, therefore of accurately bisecting the object very 
great. Alternately, however, Colonel Colby and the present writer attempted to 
achieve the task, and at length Colonel Colby was on the point of successfully 
finishing his observation, which would have been ageodesical triumph, as including 
the longest side of a triangle ever attempted, when an officer on entering the 
Observatory accidentally struck bis elbow, and threw the telescope off the 
object. A momentary ejaculation of anger escaped his lips, but though be could 
not again succeed, and the object was therefore lost, be never afterwards alluded 
to the subject." In manners and habits, he was singularly simple and temperate, 
being as much at home and a.a satisfied on the mountain top with the ruost 
ordinary fare, as in comfortable winter quarters with corresponding good cheer. 
In London, when a bachelor, he dined very often at the clubs of scientific ancl 
literary societies, being a member of almost every one then established; but all 
who served under him at t lu1.t time will remember to have, on f!ome occasion, met 
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him running rather than wnlkiug (for such was his custom) along the street on bis 
return from the Ordn:l.llce-office to the Tower, and to have been greeted by the 
hearty invitation, "Como back, my boy, and take a beef-steak with me" (which steak 
often expanded into excellent fish and a good fat turkey), or'' Come to the lecture
at the London Institution, and let us take a chop by the way;" simple festivities, 
uuostentatious hospitalities, which will never be banished from the recollection 
of those who shared them. When married, his hospitality was equally hearty 
and equally uuostentatious; and those who were privileged to become occasionally 
inmates of bis house, must warmly remember how completely at home and how 
happy they were made in that well-ordered and peaceful family. 

· In person General Colby was rather short, and possessed of asinguhu·ly nervous 
and elastic frame, which no fatigue could overcome. Exposed almost bare-breasted 
to the storm, he appeared unaffected by the bitter blasts of winter, and day afte1· 
day he persevered in walks over mountain districts which no ordinary strength 
could brwe mastered. His personal deportment was not perhaps dignified, but 
there was about him au air of will and determination which secured for him tbc 
obedience and respect of his subordinates; and when called upon to submit to a 
painful inquiry into tho state of the Irish Survey, he exhibited tha.t higher 
dignity of the mind which is mauifested by a calm self-possession and a. main
tenance of self-respect under very h-ritating circumstauces; or in other words, by 
the possession and displo.y of that steady firmness which makes a man superior 
to the world. To his character as a husband and father, his bereaved widow 
and children, who prized so highly his affection whilst living, and who now so 
bitterly deploro his loss, can alone bear fitting testimony, though many have 
witnessed with gratification the playful cheerfulness and the unruffled calm 
which penaded his domestic establishment, and told, in language low but deep, 
that discord was there no welcome guest. His intercourse with men at large 
was more open to observation, and in it, as in the conduct of most erring mortals, 
there was much to admire and something to blame. His tastes led him to prefer 
the company and friendship of men of science; but in judging of their relative 
excellence he was sometimes led to under.estimate it by over-strained prejudice, 
or to over-estimate it by over-heated enthusiasm. His judgment, however, was 
often very sound in such matters, and a.t all times there was an honest indepen
dence in the expression of his opinions, so that he acquired and enjoyed through 
life the friendship of some of the most scientific men of the day. In respect to 
his officers, Major Dawson, who was for some time intimately associated with him 
in the Scotch Trigonometrical Sur\"ey, observes-" That in the winter months be 
was pleased to have his officers with him, and was always most hospitable and 
kind to them; and that the trigonometrical survey under him, though certainly 
a wild and most arduous eervice, was nevertheless, for a young man, a life 
pleasant enough." And the same witness has thus spoken of his conduct 
towards the men-" He would lend bis own hand to the raising of stones 
and building objects for observation, or to make houses to shelter the soldiers 
in camp; he would occasionally join with tho men in a game of quoits, or in 
putting the stone or crowbar, aud was a warm promoter of their feast at the 
close of each trigonometrical season." It cannot be a matter of surprise that, 
under such a heart-warming system, privations and fatigues seemed as nothing i 
and it is only to be regretted that some of his officers should have bad 1·eason to 
complain that he subsequently appeared to listen more to the dictates of utilita
rianism than to those of feeling, in parting. flR they thought, too coldly anrl 
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readily, from men who bad so long and so well served him; but let us remember 
that be had then ceo.aed to be the independent head of the survey. ,vith 
ordinary men, and in common things, he was rather eccenh·ic, like tbe well-known 
character in Goldsmith's "CitiMn of the \Vorld," never openly giving alms to the 
common beggar, and generally muttering something about the effects of idleness, 
whilst in secret he was warmly and libe1·ally charitable. Here1 however, this 
imperfect sketch of tlte ,ma1• must cease, as it would be vain to attempt to 
pourtray his person more fully than has been done, or to bring home to those 
who knew Lim not the elasticity of his st.ep, the rapidity of his movements in the 

streets, the slight peculiarities of dress which he so long retained. 
The gt·andfather of Geuerri.l Colby waa Mr. Colby of Rhosy Gil win, Newcastle 

Emylin, South Wales, a gentleman of considerable lauded property. His father, 
Thomas Colby, was au only son, and au officer of Royal Marine3. For many 
years he appears to have been attached to the Chatham Division of Marines, and 
at that station most, if not all, of his children were born, the births of four being 
recorded in the registry of St. Margaret's next Rochester; a curious circumstance, 
as his family had already been connected with that locality through Sir Thomas 
Colby, Knt., who in 1724 was one of the representatives in Parliament of the 
city of Rochester, and contributed 2001. towards the repair of the Poor-house of 
this Yery parish, St. Margaret's. After this time Captain Colby again went to sea, 
and was severely wounded at the glorious battle of the 1st of June (1794); when 
the "Queen,'' the ship to which he belonged, commanded by Sir Allen Gardner, 
assisted in breaking the enemy's array, and leading along the line and receiving 
successive broadsides, finally engaged the "Jemmapes" in a desperate conflict 
which, though successful, left her too crippled to be able to take possession 
of her vanquished opponent. Captain Colby then attained the rank of major 
in the army. The grand uncle of General Colby was Captain Colby of the 
Royal Navy, who lost an eye in the service; be was also a gentleman of con
siderable property, and his estate, including the beautiful demesne of Fynone, 
is now in possession of John Colby, his lineal descendant and nephew of General 
Colby, whose sister married her cousin Mr. Colby of Fynone. On the mother's 
side General Colby was descended from Captain Hadden, who served at the 
celebrated siege of Belleisle. 

It will be remembered that in 1761, or some few years after the defeat of the 
Fl'ench fleet by Admiral Hawke off this island, which lies at the north end of the 
Bay of Biscay, it was determined to make an attack on the island itself; and that 
in consequence the British fleet, commanded by Commodore Keppel, and having 
on board a considerable land force (8000 men), under General Hodgson, approached 
it on the 7th of April. The island of Belleisle originally belonged to the Comptes 
de Cornouailles, a small district of Bretagne, by whom it was bestowed on the 

Ab~ey of Quimperle; but the monks, finding it very troublesome to preserve 
then· property from depredation and pillage, whether in war by soldiers or in 
peace by pirates, petitioned Charles IX. to permit them to exchange it for other 
P_roperty ":ith the Compte de Retz, then Go,eruor of Bretagne; a.nd on the comple
t10n ?f this exchange, the Count waa raised (1573) to the dignity of Marquis of 
Belleisle. In 1718, during the reign of Louis XV., and regency of the Duke of 
Orleans, the island became by exchange the property of the Crown. It is a. littlo to 
th_e nor~h-west of the mouth of the Loire, nearly po.rallel to, and about seYenteen 
mil_es distant from, the general shore line of Bretagne though the peninsula of 
quiheron, approaches within seven miles of it. The length is about twelve mi]eH_. 
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and greatest breadth six; nud the island stretches from north-west to south-east: 
it is surrounded by rockf1, and the side faciug Bretagne UI nearly inaccessible, the 
sea bren:-iug with violence against its cliffs. About midway between Point 
Loemaria, on the south-east point, and the Couigues Roches, close to the south
west point of the island, stands Palaia, the principal town on the north-east side, 
or looking towards Bret.ague. This town is divided into two by a. canal or inlet 
which receives the ti<lal stream, and is crossed by a bridge of communication : it 
is fortified; the most inhabited portion, which lies on one side of the canal, being 
principally covered by a horn-work, which is commanded by the citadel on the 
opposite side, 

On the 8th of April the English attempted to land in a sandy bay, near 
Point Loemaria, but were repulsed with considerable loss, the enemy being in 
possession of a. small fort near the landing-place, aud having also entrenched 
themselves on a steep hill, the ba~e of which they had scarped so as to render it 
somewhat like the newly proposed earth forts of :Mr. Ferguson. For some time 
the weather prevented a renewal of the attack1 but at length the whole English 
force was ]anded, nud tbe enemy driven within the walls of the town; this 
successful attempt having been commenced by a small body of men under 
Brlgadier-General Lambert, who scaled the rocks at a part where their apparent 
inaccessibility had rendered the defenders less vigilant, and at a moment when 
the attention of the enemy was occupied by a continued cannonading of the bill 
forts, and by two feints or false attacks. The garrison was subsequently driven 
from the town into the citadel, which1 finally capitulating on honourable terms, 
the island remained in possession of the British until the peace of 1763, when it 
was restored to France. These pro·ticulars have been mentioned as a cw·ious 
tradition, preserved in the Colby family, relates that Captain Hadden waa 
accompanied, on this arduous occasion, by his son, a child of eight years of age, 
who with the agility of boyhood first climbed either the rock or the wall of the 
town, and thus, being followed by his father, pointed out to the soldiers the way 
to victory. This boy soldier was subsequently Colonel Hadden of the llth 
regiment, and Paymaster of the Forces in Portugal. General Hadden of the 
Royal A.1:tillery was another son of the captain: he first served in North America 
under General Burgoyne in 1778, and remained in that country until captured at 
York Town, in 1781. In 1793, when a captain, he became secretary to the Duke 
of Richmond, Master-General of the Ordnance, and was afterwards on the staff 
in Portugal as adjutant-general under Lieutenant-General Sir Charles Stuart. Ou 
returning to England he again became secretary to the Master-General and was 

finally appointed Surveyor-General of tbe Ordnance. On the 29th of October, 
1817, be died, and in the "Morning Chronicle'' of Nov. 5, of that year, a 
biographical notico of him concludes with a wnrm eulogium on bis honourable 
character as a brave officer and a good man, ending thus : "Of him, as it 
was formerly of a vll'tuous patriot, it may be justly said, he lived honest and 
died poor." 

Cordelia Hadden, the sister of these distinguished officers, was mother of 
General Colby, who appears to have been her eldest child. He was born on the 
1st of September, 1784-, at Rochester, and b:iptised at St. Margaret's on the 29th. 
His year.s of infancy were, like those of his brothers and sisters, doubtless passed 
either at Rochester or Chatham; but when his father again went to sea, he was 
confided to the care of his father's sisters, who lived at the family seat, Rhosy 
Gilwin, and by them brought up until sent to school at Nortbfteet in Kent under 
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Dr. Crockell, au able master. The General often pointed out the grey tower of 
N0t·tldleet chu1·cb, a.n<l spoke with much feeling of his connection with its school. 
From Northflcet he W<\'3 transferred to the Royal Military Academy at Woolwicb, 
au<l obtained his first commiesiou as Second Lieutenant of Engineers ou the 21st 

of December, 1801. 
On the 12th of Janua.ry, 1802, Captain Mudge, R.A., then superintendent of the 

sw·vcy, applied to the Earl of Chatham, requesting that Lieutenant Colby might 
be attached to that work, and his appointment took place the same day. Captain 
Mudge's letter, referring to Lieutenant Colby as a yowig gentleman who has 
just got his commission, proceeds thus-"! find him, on examination, well 
grounded in the rudiments of mathematics, and in other respects perfectly 
calcula.ted to be employed in this business. I beg to point out to your lordship 
the expediency of Lieutenant Colby being attached to me with some degree of 
permanency, and to request you will assign him to my orders on that principle." 
It is certainly possible that the name of Lieutenant Colby may have been brought 
before General Mudge by his wicle, General Hadden, then Surveyor-General of 
the Orclnance, through the Master-General's secretary, General Ne,,ille, who was a 
very near relative of Captain Mudge, but there cannot be a doubt that the selection 
was made from the motive assigned in the above letter, and that it was wise and 
just1 and never regretted by General Mudge, may be gathered from his subsequent 
letter of September 9th, 1813, in which be thus feelingly expresses himself
" This brings: to my mind how happy I am t<? account myself, that Providence 
has placed to my band so able and firm a friend as you are. You have served 
without fee and reward; but find the g1:eatest satisfaction for your actions in not 
having served in vain." 

Under the authority of the Duke of Richmond, Master-General of the Ordnance, 
a corps of dra.ftsmen (or surveyors and draftsmen), had been formed, and, as 
will be shown hereaRer1 employed to complete the topographical part of the 
survey, by filling in the details required for a map. The establishment of 
this corps was a wise measure, and a necesEary step towards the attainment of 
that harmony and perfection which ought to characterise a great national work, 
l\Ir. James Gardner, who was for many years chief draftsman, not only superin
tended the drawing and publication of the first maps, especially that of Kent1 but 
also shared in the labours of much of the triangulation. To General Morse, 
then Chief Engineer, was due the very judicious idea of rendering this corps 
useful in instructing the young Engineer officers in sketching and surveying, 
and thua supplying one of the practical elements then wanting in the course of 
study. At his request, General Mudge allowed Mr. Stanley and Mr. Dawson, two 
of the most able surveyors and draftsmen of the corps, to undertake this task. 
In 1803, Mr. Dawson was engaged in the survey of Cornwall and stationed at 
Liakeard, having then under him his three first pupils, Lieutenants ,villiams, 
Boothby, and Boteler. Whilst there, Lieutenant Colby visited him on a tour of 
inspection, aud when trying an old pair of pistols, and about to discharge one of 
them as he held the other by the barrel with his left band, the latter exploded 
and burst, shattering his left hand, whilst one of the fragments made a fearful 
indent in his skull, the mark of which ou his forehead was never obliterated. 
Almost dying, Lieutenant Colby was carried to the house of Mr. Dawson, when 
the local surgeons at once amputated the hand; and it was also proposed to resort 
to the hazardous operation of trepanning, but this design waa abandoned. A 
constitution of unusual strength at length enabled him to triumph over the effects 



MEMOI!t OP MAJOR-GENERAL COLBY. vii 

of this appalling accid~nt, and he was mercifolly restored once more to health ; 
but it is impossible uot to recognise in the injury inflicted on his skull, a sufficient 
cause both for subsequent bodily ailments, and for a reluctance to enter ou long
continued mental exertion. At this point it seems desirable to pause, and to fake 
n. brief retrospect of the Ordnance Survey before General Colby succeeded Major
General Mudge as its superintendent. 

Major-General " 7 illiam Roy, R.A., F.R.S., A.S., remarks that" Accurate surveys 
of a country are inYariably admitted to be works of great public utility, by affording 
the surest foundation for almost every kind of internal iruprovement in time of 
peace, and the best means of formiog judicious plans of defence against the 
invasions of an enemy in time of war.'' And hence it is that the difficulties 
experienced in war from a want of accurate maps, and a consequent defective 
knowledgo of the country, to be included within a chain of military operations, 
Las often led to the commencement of such works. The Scotch Rebellion of 
I 745, which was finally suppressed by his Royal Highness the Duke of 
Cumberland at the Battle of Culloden, pointed out the propriety of exploring and 
mapping the wil<l Highland districts, with a view to the establishment of military 
posts and roads of communication. In 17-! 7 a body of infantry was encamped at 
li'ort Augustus for this purpose under Major-General Lord Blakeney; and the plan 
of a survey suggested by Lieutenant-General ,vatson, then Deputy Quarter-Master 
General in North Britain, was undertaken by General Roy, R.A., then Assistant 
Quarter-Master General, and the work was at length extended from the Highlands 
over the whole mainland of Scotland. This work was never published, and having 
been carried on with inferior instruments, was merely considered by General Roy 
" a magnificent military sketch.'' The war of 17 55 put a stop to these works 
of peace; but at the peace of 1763 the subject of a general survey of Great Britain, 
which would have included the work already done in Scotland, again engaged the 
attention of Government, and was again thrown into the shade by the troubles 
which preceded, and ended in, the American ,var. The peace of 1783 again 
restored that tranquillity which is equally necessary for the consideration as fo1· 
the execution of such works: and at this critical period (October, 1783) a 
memoir of l\f. Cassini de Thury, on the great advantages which would be derived 
by astronomy from the connection through trigonometrical measurements of the 
two great observatories of Greenwich and Paris, aud the consequent determination 
of the exact differences between their latitudes nnd longitudes, was submitted to 
the British Government by Count d' Adhemar, the French ambassador. The 
French bad ah-eady carried a series of triangles from Paris to Calais, and it 
was only necessary that the English should complete the work by carrying 
a similar series from Ol'eemvich to Dover. Mr. Fox, by the King's command, 
transmitted this memoir to Sir Joseph Banks, President o[ the Royal Society, 
and at his request General Roy charged himself with the undertaking, his 
Majesty George III. having expressed his warm approbation of the scheme, 
and supplied the funds necessary for the operation. The site of the initial 
base of this work, which must be considered the germ of all future scientific 
surveys of the United Kingdom, was fixed at Hounslow Heath ; and, in this 
case also, soldiers-a party of the 12th Regiment-were employed to clear the 
ground, to protect the instruments, and to assist in the operations generally. 
Several modes of measuring this base were proposed and tried : the first was 
a steel chain, 100 feet long, constructed by Mr. Ramsden, on the princ~pl~ of 
a watch chain, each link being one foot long, and constructed of three prmc1pal 
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parts, namely, a long and two short plates with circul::tr holes at the ends of each, 
by which they were connected together by steel pins, adjusted to and passing 
through the holes. The second method was by deal rods, in imitation of similar 
measurements on the continent ; and three such rods were made of Riga red pine, 
beiug each twenty feet three inches long, reckoning from the extremities of their 
bell-metal tippings, two inches ,leep, and one-and-a-quarter broad, nnd which, being 
trussed both ¥ertically and laterally, were sensibly inflexible. The third method 
was by glass ro ls, a. suggestion of Lieutenant-Colonel Calderwood, of the Horse 
Guards, F.R.S.: three such rods, 01· rather tubes, were made, each twenty feet 
long, and iuclosed in a wooden case eigLt inches deep, to the centre of which the 
tube was firmly fixed, the ends being left free to move in a. longitudinal direction. 
The effect of trussing was produced on the cases by making them wider at the 
ceutre than at the ends, so that the sides were curved or ru·ched. 

It would appear from General Roy's statement, that the construction of the 
steel chain by Ramsden was undertaken experimentally, and rather with a view 
to obtain a useful instrument for future measurements, than for the determination, 
by it a.lone, of the length of this primary base. The deal rods, on the contrary, 
seem to have been relied upon, as that system of measurement had been before 
adopted on the continent; but it was soon found that the variation in length 
consequent on hygrometric changes in the atmosphere, was very considerable. In 
an experiment, after a week of rain, the rods were found to have gained iu length 
one-fifteenth of an inch, which would have made a. difference of seven feet and 
<\-half in the whole length of the base: in another, 300 feet were measured in one 
day, and the rods, being left during the night on the grass exposed to a heavy dew, 
the measurement was repeated the next morning, when the length of the 300 feet 
line exceeded that of the previous day by nearly half an inch, which would have 
amounted to a difference of 45½ inches on the whole base. The great uncertainty 
consequent on such great and frequently very sudden changes led to the 
suggestion of the glass rods, with which the base was ultimately measured ; 
though at the same time General Roy did not omit the opportunity of making a 
direct comparison between them and the steel chain, by measw·ing the same 1000 
feet with both, and the result was very satisfactory, as after making the proper 
1·eductions for temperature, the difference between the two measurements was 
only ·021 of au inch, equivalent to a difference of little more than half an inch on 
the whole base. Though the limits of a memoir of this description preclude 
the possibility of describing in detail these most interesting inBtruments, or 
explaining even the Yarious modes of using them, and especially of determining 
the contact between successive rods, such as coincidence of lines, actual contact 
of the metal-tipped ends of the deal rods, &c., it is right to notice briefly the 
ingenious method adopted in the glass rods : corks were introduced into the ends 
of the rods, which received and held fast a tube of brass, closed at the inner end, 
and open outwards ; to the brass plate, or end of one of these tubes, was attached 
by a steel piu a brass neck, which exactly fitted the tube, and was terminated by 
a brass button which resteU against the end itself of the gl&.Ss rod, whilst in the 
other tube the connecting pin is free, and acte by a collar on a spiral spring, 
so that when the rods were brought together, the brass neck and button of one 
rc~ained fixed, whilst the brass neck of the other tube readily alided inwards 
agn.mst the spring, until the cross lines on a.n ivory scale attached to it exactly 
corresponded with a fine line on the inner surface of the glass tube. This method 
of effecting contact ii::; in itself very simple, and might, with the necessary moclifi-
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cations, bo advantageously adopted under various circumstances, and especially 
with deal rods i a.ud it may be a.ddeU that the military engineer, when called 
upon to execute surveys in distant countries, will generally find.that wooden rods 
must be resorted to, nor ncetl he have any apprehension of the results if he only 
takes caro to counteract their defects by either coating them with proper varnishes, 
or by filling their pores with any of those substances which will form an insoluble 
compound with vegcta.ble matter. Some experiments for this purpose, with 
Kyanised wood are requiretl : as it would at all times be easy to supply our foreign 
stations with such materials, and with sappers at hand, there could be no difficulty 
in constructing rods. The length of the Hounslow Base, as measured by General 
Roy, was, when reduced to the level of the sea 27,404¾ feet, or about 5! miles; 
and the operation of measuring was attentively watched by the President of the 
Royal Society, n.nd many of the leading scientific men of the day, and honoured 
on one occasion by the presence of his l\fajesty George III. The only officer of 
the Ordnance corps who was associated with General Roy in this work, and he as 
a volunteer, was Lieutenant-Colonel Pringle, Royal Engineers. The works thus 
commenced by the measurement of a base, though designed more immediately for 
ascertaining the relafrrn situations of the observatories of Greenwich and Paris, 
had always been considered to have connected with it a still more important object, 
namely, that of laying the foundation of a general survey of the British Islands. 
For the first of these objects, a chain of triangles, the angles of which were 
measured by a circular instrument, or theodolite, 3 feet in diameter, constructed 
by Ramsden, was carried from the Hounslow Base to Dover, being conuected with 
the Greenwich Observatory nt one end, and at the other with a base of verification 
measured on Romney Marsh. The measurement of this second base was 
entrusted by General Roy to Lieutenant Fiddes, Royal Engineers, and Lieutenant 
Bryce, Royal Artillery, (immediately afterwards transferred to the Royal 
Engineers, and subsequently, as Sir A. Bryce, Inspector-General of Fortifications) 
and it was executed with the steel chain of Ramsden, (the efficiency of which had 
been, aa before stated, tested by direct comparison with the glass rods) as 
being better fitted for use in such ground. The length of the Romney Marsh base 
after reduction, was found to be 28532·92 feet, or rather less than 6½ miles, and 
differing only a few inches from its length as determined by triangulation from the 
Hounslow base. The English triangulation was then connected with the French 
by obsenatious from both sides of the channel, and thus the data were obtained 
for deciding the relative positions of the two great national obsenatories; but 
on this occasion it is manifestly impossible to enter into any discussion either of 
its merits or of the results obtained. In addition to the great triangles, a great 
number of secondary triangles were observed, which became a sure foundation for 
the topographical survey of Middlesex, Kent, &c. In September 1788, General Roy 
completed this great work, and returned to Loudon, in very indifferent health; 
in 1789 his illness so increased that he was obliged to pass the winter of that year 
at Lisbon; in April 1790, he returned to England, and died before the printing of 
his paper in the Philosophical Transactions had been completed, though be lived 
sufllcicntly long to correct all but the three last sheeta of that most detailed and 
able account both of the instruments he used and of the nature, objects, and 
result of the operations he so successfully carried out. His works alone can here 
be cited; and it is therefore with regret that the name of General Roy must be 
now paased by, without any attempt to do justice to his memory further than this 
brief record of the laboura of the earliest ~r:itish geodesist may have contributed 
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to that object. Associated with General Roy in all his operations, was Mr. 
Isaac Dolby, of whom General Roy had the highest opinion, and this eminent 
mathematici:w., who became afterwards Professor of Mathematics to the Military 
College, was, as it were, a connecting link between the preceding an<l the successive 
stages of this great work. Nor ought the name of the Duke of Richmond to be 
here passed over without some testimony to bis memory and merits. General Roy 
particularly acknowledged the o..ttention the Duke always paid to his repreaen
tatioUB; and it is from him that the great work of a national survey obtained its 
earliest and most dt!cided support. Taking, then, into consideration the 
encouragement he conferred on this peculiar branch of the ordnance service
asserting, by so doing, the claims of ordnance officers to be looked upon as 
scientific men-the patience with which he investigated the now popular subject 
of national defences, and the personal attention he bestowed on all the military 
departments of the Ordnance, including the Royal Military Academy, it may be 
justly said that the Duke of Richmond stands in the first rank of Masters-General 

of the Ordnance. 
After General Roy's death the subject of a survey seemed, for a time, to be 

overlooked; but the Duke of Richmond being informed that Mr. Ramsden had 
constructed a second three-feet theodolite, and two 100 feet chains, of great 
excellency, recommended to the Government that they should be purchased, and 
the work renewed, and this recommendation was succesaful. The first operation 
was a remeasurement with the new chains of the base on Hounslow Heath, and 
the result of this second measurement commencing August 15th, and ending 
September 26th, 17911 differed only from that of the measurement with ghu~s rods 
2¾ inches in excess. The new chains differed from the original steel chain 
made for the Royal Society, and before described, in this, that instead of consisting 
of 100 links of 1 foot, they were composed of 40 links only, each link being a 
parallelopipedon, 2{- feet long, and half an inch square-a construction of great 
strength, and less liable to be affected by small irregularities in the supporting 
troughs or coffer;,, than a chain consisting of short links. At this stage of the 
proceeding, that simple, but most essential requiaite, a safe observatory tent, was 
devised and constructed at the Tower: it was octagonal, and consisted primarily of 
an internal skeleton of eight iron pillars, bound together by oak braces, aud 
supporting a roof consisting of eight rafters united together at the top and 
clamped at the bottom to the iron pillars. The sides and roof were composed 
of frames covered with painted canvas, and the whole covered ·with a strong 
tent. This construction was afterwards slightly modified, aud then continued in 
me till the period of the Irish· triangulation, when it was still further modified 
and improved. The spring waggou, which has always proved so effectual in the 
transport of the great instrument, a.nd has tended so materially to preserve it 

from injury, was now invented and constructed. The stations having been 
selected by Captain Mudge and Mr. Dalby, the triangulation was extended, in the 
years 1792-93-94, southward to the Isle of Wight, and connected with the previous 
triangulation of Kent, so that the groundwork was laid for the survey of a most 
important section of the country, and data obtained for important philosophical 
deductions. The operations closed in 1';"94, with the measurement of a base of 
verification on Salisbury Plain. This base was measured with the steel ehains, and 
wa.s found to be 36574·4 feet long, the length, as obtained by triangulation from 
the Hounslow Hea.th base, being 36574·3, exhibiting, therefore, a difference of little 
more than an inch in a length of nearly seven miles, The direction of the 
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meridian was detorwincJ at Dunuoae and at Beachey; but it is nnnccessary to 
cuter on this occasion into the cakulations of the length of a degree of a great 
circle per11en<licular to the meridian, iu the latitude of 50° 41', which were 
founded on these observations. rrhe operations of these years were conducted 
by Lieutenant-Colonel Edward ,villiarus and Captain ,vmiam Mudge, Royal 
Artillery, nncl Mr. Isaac Dalby, o..nd the results published in "The Philosophical 
Transactions/' in 1795. The same gentlemen continued to conduct the work, 
an<l in 1797 was published an account of the operations of 1795 and J 796. In 
these years the triangulation waa continued westward, so as to embrace the whole 
southern and western coast, and means adopted to fill in the great triangulation by 
a minor triangulation, the angles of which were observed by a smaller theodolite, 

eighteen inches in diameter, constructed by Ramsden, on the same principles a.~ 

tho great three-feet theodolites he had before made. This latter instrument was 
therefore taken into Kent to complete the materials for the survey of that county, 
by Mr. Dalby, anJ Mr. Gardner, Chief Draughtsman in the Tower, who then 
cummeneed his connection with a work in which he long continued a most 
valuable assistant, whilst a series of triangles was observed with the great 
instrument, extending from the Isle of Thu.net, in Kent, through the counties 
of Dorset, Devon, and Cornwall, to the Land's End, and even connecting the Scilly 

Isles with the mainland. The Marquis of Cornwallis was now :Master-General of 
the Ordnance, and the work appears to have assumed the distinct character of a 
national survey. The name of Lieutenant-Colonel ,Yilliams does not appear in 
connection with it after the publication in "The Philosophical Transactions," in 
1797, of the results of these two years' operations. In this paper, Dr. Maskelyne 
gives the demonstration of that practical rule for reducing the observed angles to 
angles of the chorJs, which wa.s so long used in the British survey. In 1800, 

Captain \Villiam Mu<lge, then chief director of the work, communicated, by 
order of the Duke of Richmond, an account of the triangulation and survey in 
the years 1797-98-99. In this paper it appears that the Ordnance map of 
Kent had then been published, that the survey of Essex, portions of Suffolk and 
Hertfordshire, Sussex, Hampshire, and the Isle of Wight, were, under the direction 
of :hfr. Gardner, in a forward state, and that the Mn.ater-General had directed the 
survey of Devonshire and such portions of Somersetsbire and Cornwall as were 
necessary to square the work to be uuderta.keu. Mr. Isaac Dalby, worn out with 
the fatigues of this arduous service, now retired, and was succeeded by Mr. Simon ,v oolcot. The Royal Society having lent to the Ordnance the great circular 
instrument, or theodolite, which had been used by General Roy, it was determined 
to use one of the great instruments in completing the triangulation necessary for 
the surveys thus ordered by the Master-General; and the other in carrying 
through the country the meridional lino already commenced. In 1797, the opera
tions were principally confined to the determination of the direction of the 
meridian by observations of the Pole Star, at Black Down in Do1·setshire, Butter
ton, and St. Agnes' Beacon i a.nd horizontal angles at a number of stations required 
to connect them with the meridian stations. The operations of 1798-99, 
included a considerable number of observations made for topographical purposes, 
and were therefore chiefly conducted by the chief draughtsman and surveyors of 
the Tower, under whom the actual survey was carried on; and also the measure
ment, in 1798, of a. base on King's Sedgemoor, Somersetsbire, in which a chain of 
50 feet, made by Ramsden, was combined with the longer chain!!, and found very 
useful in facilitating a measurement over ground intersected by numerous 
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ditches. The length of this base was 27,680 feet; but from tLe soft and shaky 
character of the ground, Captain Mudge considered it subject to an error of not 
less than six or more than nine inches, n.nd it was found that the length of the 
base, as determined by triangulation from that of Salisbury Plain, differed from 
the measured length by nearly one foot. 'l'he account of all these operations was 
accompanied by a great number of latitudes and longitudes of stations, deduced 
geodes.ically from the calculated distances and meridional bearings. Hitherto the 
survey had done little towards the great astronomical question of the figure of 
the eal'th, although this object had always been present to the minds of its 
successivo directors, and a new instrument, a zenith sector, had been several years 
before ordered from Mr. Ramsden by the Duke of Richmond, for the express 
purpose of being used in the celestial observations required in such an 
inquiry. This instrument was at length completed about the ond of 1801, 
by Mr. Berge, Mr. Ramsden dyii1g just before be had put the last touch to 
it. It was the intention of Major Mudge to apply the extension of the 
survey triangulation northwards to the determination of an aro of the 
meridian, extending from Dunnose to the mouth of tho Tees; and in 1802 
the triangulation had been carried so far as to enable him to comprise 
within his celestial observations an arc of 2° 50' 23"·38, extending from Dunuose 
in the Isle of ·wight, to Clifton in Yorkshire; the sector ha Ying bel!n obsened 
at both these stations, and nt Arbury Hill between them. This remarkable 
instrument was provided with a telescope 8 feet long, supported at its summit 
Ly means of a conical axis, on the Y's of a strong frame, and with a grnduated 
arch 15° in extent, struck by the telescope as a radius. It admitted therefore 
of observing stars 7° 30' on either side of the zenith. The instrument admitted 
of reversal in the plane of the meridian, and great ingenuity was displayed iu 
all the arrangements for adjusting the plumb-line, for relieving the axis from 
pressure, for securing stability, and for facilitating the operations of observing, 
reading, &c.; and it was therefore naturally expected that with an instrument 
provided with an arch of so large a circle, the results of observation would be 
very superior, and most important data be obtained for comparison with the 
measurements of other countries; but it is remarkable that the results proved 
at variance with the deductions from other measurements, as the length of a 
degree increased in approaching the equator in the following manner :-

Middle point between Arbury Hill and Clifton . 
Middle point between Dunnose and Clifton 
Middle point between Arbury Hill and Dunnose 
Middle point between Dunuose and Greenwich 

Latitude. Lei:~~ti~!~1:'ee 
52° 50' 30" 60,766 
52 2 20 60,820 
51 35 18 60,864 
51 54 60,884 

General Mudge did not conclude from these unexpected results that the 
earth was an irregular solid of revolution, and still less did be deduce from them 
an argument against the Newtonian theory of its figuL·e; on the contrary, he 
explained them as the effects of deflections of the plumb-line of the sector, 
consequent on an unequal attraction due to the irregulnr distribution of the 
matter in the vicinity of the sector stations. It cannot indeed be doubted that all 
instruments of which the vertical adjustment depends 011 a plumb-line or any 
other contrivance, subject to be influenced by the force of gravitation, must more or 
less be exposed to this source of enor, though at the same time it appears possible 
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by a judicioua combination of observations, as for example, by observing at subsi
diary stations to the north or south of the suspected station, and at short accurately 
measured distances from it, to detect if not to n.voi<l. the error, and to determine 
its nmount and <l.irection. .A.11 geodesists did not however concur in opinion 
with General Mudge, and in 1812 a pa.per was published in the "Philosophical 
Trausnctions," by Dou J. Rodrjguez, in which that writer endeavours to show 
that the posBible errors of the sector, as exhibited in the various readings of the 
same zenith distances, ara sufficient to explain the observed anomalies; and the 
mode in which be conducts bis investigation is curious. He fir;;t assumes an 
ellipsoid for the earth's figure, depending on the compression or ellipticity deduced 
from the ,arious measurements of degrees in northern and southern latitudes, 
independent of the English, and then, with the calculated distances and observed 
azimuths publis.hed in the account of the English 'survey, determines by 
calculation the length of the meridional aro in feet or fathoms, and deduces from 
that length and the elliptic elements the length in degrees, minutes, and seconds. 
Comparing this length as deduced from calculation with that obtained by the 
sector observations, he maintains that the difference is not beyond the limits of 
error of the instrument. Dou Rodriguez, in conducting this comparison, 
adopts successively three different compressions, so as to get rid of any 
probable error in their determination, namely, ~ ½o, ~ j and to prove the 
applicability of his method, makes a similar comparison between the observed 
and the calculated lengths of Svanberg's Arc in Lapland, and La.mbton's .A.re 
in the East Indies, in both of which calculation and observation were found to 
be in perfect accordance. The last publication of the proceedings of the suney, 
with which General Mudge was connected, wns dated one year before the paper 
of Don Rodriguez; and it does not therefore appear that his remarks were ever 
replied to by General :Mudge, though it must be admitted thnt they merited 
consideration, and seemed to render necessary fresh observations of zenith dis
tances at the great sector stations, in order to confirm their accuracy and to 
support their testimony. \Vhen it is remembered that Don Rodriguez adopts an 
ellipsoid. which had been determined from a comparison of the northern and 
southern degrees, it cannot be considered remarkable that, with that e11ipsoid, 
he should again arrive, by calculation backwards as it were, at those degrees; 
and though the difference between the observed English arc and the arc as 
obtained by calculation on Don Rodriguez's system does not much exceed the 
difference between some of the individual observations, it would be quite 
unreasonable to consider the whole of the extreme differences between 
the observations as due to error. In most cases the mean of a set of angles 
is more likely to be correct when by their variations they embrace every 
cause of error, than when they ru·e all apparently identical in readiog, though 
probably only so because they ha,e been n:ffected by the same enors acting in 
the same direction; still, however, when the demonstration of a, remarkable 
physical fact seems to depeud on the right interpretation of observations, no 
doubt ought to be allowed to remain of their accuracy ancl efficiency. 

Up to this time the proceedings of the Ordnance Survey had been first recorded 
in the Philosophical Transactions, the usual reports having been submitted from 
time to time to tho Royal Society, by desire of the Master-General; and 
several reasons might bo advanced in fa.our of this system, as it admitted 
of the publication of small portions of the work at moderate inter\"nls of time, 
placed the results of observation and calculation in the bands of the most 
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scientific men, n.nd distributed them to all pnrts of the country, every Fellow 
of the Roya.I Society receiving a. copy of the Trn.nsactions; and, further, it 
mo.intained tha.t connection between the conductors of a great scientific work 
and those persons who are necess..1,rily the best judges of its excellence, 
which it is most desirable should never be abandoned. On the other hand, the 
publication of the proceedings of the Survey a.a a distinct work, is more 
consistent with the position nnd character of a great national establishment, 
though it may be feared thnt it hns hitherto narrowed the sphere of its utility by 
restricting a knowledge of what has really been done to those few persons who 
have chosen to purchase au expensive work, or have taken the trouble to 
examine it at the libraries of the Royal Society or British Museum. It would 
appear, however, very easy to secure the advantages of both these systems of 
pu blicatiou ; and, in doing so, to restore at once the connection between the 
Survey and the Royal Society on the one side, and that between the Sur,ey and 
practical men of science on the other, by a modification which would approximate 
the system more to that of the United States' Survey. The system suggested is 
this :-That purely scientific matter, such as the measurement of au arc of the 
meridian, tbe measurements of bases, the determination of the greater triaugles, 
the description of new instruments or of new modes of calculation, should be 
recorded, as formerly, in the Philosophical Transactions; but that all matter of a 
practical bearing-such as the latitudes and longitudes of stations, whether primary 
or secondary, the calcubted distances between the stations (and especially 
between those of a permanent and easily recognisable character, such as church 
steeples, tall chimneys, windmills, &c.), and the ele,ations of objects, classified 
according to their probable accuracy as depending upon the mode of determination, 
and being subject to a possible error of six feet, or of three feet, and so on-should 
be published either annually or biennially in a cheap octa.vo form, so as to be 
sold by the agents for the sale of the maps at a very low rate, and thus put into 
the hands of every one interested in such matters. This suggested method would, 
it is presumed, do away with that insulation of the Survey which renders it 
unpopular with practical men, and by making its results known without delay to 
the civil engineer, the surveyor, or even to the landed proprietor, would euablc 
any one of them to apply them to bis own purposes and in his own way; and, 
further, let it be added, that such a system would show that the conducters of 
the Ordnance Survey were not only desirous to co•operate with other practical 
men, but that they courted for their work the most rigorous examination and 
criticism. 

The first account of the Trigonometrical Survey, published as a distinct work, 
appeared in 1811, and embraced the operations of the years extending from 1800 
to 1809 inclusive; but previously the several reports in the "Philosophical 
Transactions" bad been republished in a similar manner, and now formed, together 
with the last one, a work of three ,olumes, of which that of 1811 was the third. 
This laat volume is stated to be by Lieut.•Col. ,vmiam Mudge, RA., F.RS., 
and Captain Thom::i.s Colby, Royal Engineers, eo that the servicee of the latter 
had already been fully appreciated by his able chief in this great work. In 1801 
a base line 26342·7 feet in length, was measured in the north of Lincolnshire, 
on Mistertou Carr, and Genera.I Mudge laid down as a principle that a new base 
ought to be measured at each distance of 100 miles in tho direction of the arc 
of the meridian, so as to serve as a base of yerification for the work preceding, 
and an iuitial base for the work following it; a principle, howe,er, which must be 
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necessarily modified by the nature of the triangulation, and specially by 
the magnitude of tho triangles. The Misterton Carr base served therefore 
for the exteUf~iou of the work northwnrd, whilst that measured in 1806 on 
Rhuddlan Marsh, near St. Asnpb, in North Wales, was equally necessary 
for its extension westward, through the central portion of the kingdom. This 
base was 24514¼ feet in length; and when the measured length waa com
pared with that obtained by cnlculatiou, both from the bases of Hounslow and 
Mi.sterton Carr, the results were highly satisfactory, ns the difference did not 
exceed 1 foot. In the same year observations of the zenith distances of several 
stars were made at Dclamere Forest in Cheshire, and at Burleigh Moor near 
the mouth of the Tees, 1 orkshire; and the direction of the meridian wa.a 
determined by observations of the polar star at both stations. From the data thus 
obtained and the calculated distances of the triangulation, the meridional distances 
between the parallels of Dun.nose and Burleigh Moor, and between the parallels 
of Dunnose a.nd Dela.mere Forest wore deduced, and compared with the ampli
tudes of the celestia.l arcs as observed. In the one case the meridional arc was 
3° 571 13", and in the other 2° 361 12". The length of the degree at the middle 
point between Dunnose and Burleigh Moor is determined to be 60823·8, in the 
latitude 52° 351 45"; whereas, as observed by Colonel Mudge, the length of the 
degree by the observations and calculations of previous years had been determined 
to be 60820 fathoms, or only about 4 feet difference-though, according to the ellip
soidal theory, the length of a degree in latitude 52° 341 should have been 60830 
fathoms, that of a degree at 52° 2' having been ta.ken as 60820, a difference which 
~hows that there is much to reflect upon in the determination of the value of this 
o.rc. The rest of this volume contains a large ma3s of most useful materials in trian
gulation primary and secondary, in computed meridional distances, and iu latitudes 
and longitudes. As Lieutenant Colby joined the survey at the early age of seventeen 
yeara and four months, the period noticed in this volume must be considered bis 
novitiate, and he could therefore only have been expected to act in conjunction 
with, and under the immediate direction of, Major Mudge. He seems, however, to 
have rapidly ad vauced in utility and in the esteem and confidence of bis superior 
officer. In June, 1802, a few months only after his connection with the survey 
bad commenced, he was observing at Dunnosc, and on the occasion of his dreadful 
accident in December, 1803, Major Mudge thus writes to General Morse, then acting 
Chief Royal Engineer-" I deferred addressing you on the subject till my atTival at 
Liskeard, for I was apprehensive that, with a relation of the accident, I should have 
to report his death. It is, however, with a degree of satisfaction proportionate to 
my regard for this most excellent but unfortunate young man, that I have to 
state the confident expectations entertained of his recovery,"-terms in an official 
letter which mark no ordinary warmth of feeling. In 1804, be was observing the 
Polo Star for azimuths, at Beaumaris; in 1806, observ:ing with the zenith sector, 
at Burleigh Moor and Delamere Forest; and in 1811, he was in South ·wales 
actively engaged in selecting and fixing stations, so that be had then, under the 
direction of General Mudge, taken part in every one of the great operations of 
the survey, the base on the Rhudcllau Marsh having also been measured within 
the period now under notice. The appointment of Lieutenant-Governor of the 
Royal Military Academy wa.9 conferred on General Mudge (then lieutenant-colonel) 
in July, 1809, and from that time the executive duties of the survey were 
principally performed by Captain Colby, though, from the want of a publisheil 
account, it is not easy to trace accurately his movements. His military progress 
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was ns follows; first lieutenant, 6th May, 1802; second captain, 1st July, 1807; 
captain, 5th March, 1812. 

In July, 1811, Lieutenant-Colonel Mudge addresses Captain Colby (from 
Brighton) at Rrecon, and communicates to him doubts expressed by Captain 
Hurd, Hydrographer of the Admiralty, as to the longitudes and latitudes of some 
important coast points-" Ponder," he says, "the contents of his letter, and when 
you can speak decidedly on the question, let me hear from you. I think the 
latitudes and longitudes of the Smalls Lighthouse, and Gresholm Isle, as given 
in the account, are right; I have not a copy of the work by me, or I should 
perhaps be able to determine the matter myself. I think you told me, on ouo 
occasion, that Gresholm Isle was not rightly fixed by the triangles first given. 
It is of consequence that Captain Hurd should be either proved wrong, or that 
the errata he has discovered may be acknowledged to be such, and these errata 
put to rights;" an extract which proves the important position then occupied by 
Captain Colby, and the early attention he had paid to the correctness of the 
survey work. At this time Lieutennnt-Colonel Mudge appears, from his letters 
to Captain Colby, to have been much distressed by a delay on the part of the 
Master-Geneml and the Board, in sanctioning the publication of the account of 
the survey by Mr. Faden, and it is not unlikely that the recollection of these 
difficulties subsequently operated on General Colby's mind in checking an 
inclination to renew the subject of publication. 

Another source of anxiety was the inquiry of "the military commissioners," 
before whom Colonel Mudge was summoned in his double capacity of Lieutenaut
Governor of the Royal Military Academy, and Superintendent oftbe Survey. In his 
letters of September 2nd and October 1st (1811), the general results of this 
exnmination is stated to have been favourable, as he observes, "I am certain they 
were impressed with an idea of the extreme accuracy of the work," though it 
would appear that he expected from the commissioners some strong animadversions 
Hon the apparent magnitude of the sum" expended upon it. The total expense 
of the work, for the fil·st twenty years, from 1790 to 1810, as stated by Colonel 
Mudge, was as follows:- · 

Triangulation 
Interior survey 
Engraving 

Total 

. .£21,000 for the whole twenty year.a. 
25,347 from 1800 to end of 1810. 
7,818 from 1801 to eud of ditto. 

. £54,165 

Or if the average be taken upon the whole period, an annual expense of 2,208l. ; 
and if the average be taken on the last ten years only, which is more correct, an 
annual expense of 4,416l.-a sum very different from that assigned by public 
rumour, an anonymous writer having published a statement that II the expenses 
of the survey had exceeded 10,000l. per annum ! '' In Colonel Mudge's letter of 
November 5th (1811), it is stated that a.n application had been made by the 
Quartermaster-General, to have the plans drawn from the survey sent to the 
Horse Guards, to be there copied for the use of his department. This measure 
was advocated by the Duke of York, and it was afterwards arranged that the 
plans should be sent to the Horse Guards in parcels of four, five, and eight, in 
snccession, until the whole had been copied, and that this arrangement should 
a~ply to the future maps as well as to those already finished. After tbo publica
tion of the account of the sm•yey, in 1811, it was determined to prolong the 
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meri<lionnl line into Scotlnnd, nnd the triangulation of the mountainous districts 
or that country opened out a new field for the display of those personal energies 
for which Captain Colby was so rewarkablo. On the 9th September, 1813, 
Colonel Mudge writes-•· I have now to beg you will send me, upon a sheet of 
paper, a sketch of your triangles, with your meridional line laid down thereon, 
telling me when you give up the business; and you will now hear with great 
satisfaction the probability of my returning with yon to the north next spring, 
to finish our operations, for my heaHh is much restored, nnd though I write by 
the hand of another, yet I am in many respects better than I have been for some 
years;" e.nd he closed this letter with the paasage of grateful eulogium on the 
services of his assistant and friend, which has ah·eady been quoted. The mind 
of Colonel Mudge was B.t this time much ha.rassed by the attacks of various 
critics, some of whom gave their names and others wrote anonymously. The 
paper of Don Rodriguez may be said to have led the way in this attack, although 
a candid reader of the present day will, it is believed, find nothing in that paper 
but n fair expression of doubt as to the sufficiency of the evidence afforded by 
the zenith sector observations for the determination of a great physical question. 
At the time, on the contrary, it seems to have been considered and treated as 
a personal nod invidious o.ttack either on the superintendent of the survey, or on the 
survey itself; and this mistaken feeling is strongly manifested in the letter which 
hns been here quoted, whilst directing the attention of Captain Colby to a critical 
essay in the "Edinburgh Review,'' ascribed to Professor Playfa.ir, on Colonel 
Lambton's reports on the Indian Survey. It is refreshing to observe the calm 
and candid tone in which Playfair examines the subject, in reference to the 
meridional arc measured in England. He first gives the various lengths of a degree 
determined by Lambton, as deduced from part.a of the general arc of about three 
degrees-

Fathoms. :MiddleL.'.lt. 

Punnae and Putcbapoliam . 60473 9° 34' 44'' 
Punnae and Dodagoontah 60496 JO 34 49 

Punnae and Bomasundrum · j 60462 JI 4 44 

Punnae and Panghur . 60469 JI 3 

Mean of the two la2t 60465·5 JI 23·5 

From a. former measurement . 60494 12 32 

And then pointing out that the same anomalies appear in these re.mlts a3 bad 
been noticed in the measurements both of France and England, and especially in 
those published by Colonel Mudge, he observes, that "such anomalies will 
probably always occur where contiguous parts of the same arch are compared 
with one another. The degree in the parallel of 11° 6' 23" is less than that in 
the parallel of 9° 34', a degree and a half further to the south. This is similar to 
wha.t appears in the degree in England; and there is an instance of the same 
species of retrogradation, when the parts of the arch between Dunkirk and 
Formentaro are compared with one another. Some pa.rt of this irregularity, but 
certainly a 1-·ery small one, may be ascribed to error of observation ; the greatest 
part must, we think, be placed to account of the irregularity in the direction of 
gravity, arising from the irregularities at the surface or in the interior of the 
earth; the att.mctiou of mountains, for example, or the local variations of density 
in the parts immediately under the surface. \Ve long ago remarked, in speaking 
of the Trigonometrical Survey of England, tha.t it would hat.1e been of grtat 
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importance to haw~ added to it c1, 1nfoeralogical 81l-1·i-ey, as the results of tho lat_ter 
might have thrown some light on the anomalies of the former. The same thmg 
is suggested by the objects now under consideration. It would b~ ~xtreme1y 
desirable also to have a. vertical section in the direction of the mer1d1an and of 
the perpendicular, at those plo.ces where observations for the latitude arc made. 
'l'his might afford a satisfactory solution of many difficulties which at present are 
sufficiently perplexing, and seem to increase just in propo1·tion to the extent 
a.nt.l accuracy of the observations." This admirable suggestion was subsequently 
advocated warmly, both by Colonel Mudge and Captain Colby, and the result was 
the appointment of Dr. M'Culloch to act as mineralogical sur,eyor, in connection 
with the survey of Scotland :Major Lambton bad found the length of a degree 
in latitude 11° 59' 54", equal to 60529 fathoms, by one set of deductions, and by 
another 60449 ; and as the stations from which these results had been obtained 
were sufficiently remote from mountains to remove all suspicion of a disturbance 
from that cause, although tbe existence of some disturbcrnce was undoubted, he 
attributed it to the effects of a bed of iron ore which had drawn the plummet 
northward at Dodagoontah, and southward at Bomaaundrum1 so as to give the 
celestial arc between Dodagoontah and Putchapoliam (to the south of both the 
other stations) too little, and that between Putchapoliam and Bomasundrum too 
great-a case quite analogous to that of the English arc. "The anomalies," as 
Playfair goes on to observe, " which have occurred in the measures of degrees, 
and of which the appearances seem to increase in proportion a.s greater pains are 
taken to avoid inaccuracy, have naturally drawn the attention of mathematicians ; 
and the question, what part of them is to be ascribed to error, and what to 
irregularity in the structure of the globe, has come, of course, to be considered. 
That a small part of them only can be ascribed to the former ea.use, is rendered 
probable by the very circumstance just stated; that they are not diminished, 
nay, that they even seem to be increased, by the care taken to avoid error. It 
seems clear from that consideration. that the irregularities are in the object sought 
for, and are only brought more in sight by more microscopical observations, by 
the excellence of the instruments, the accuracy of the computations, and the 
extent of the lines measured." But though Playfair ascribed the fact that, in 
Colonel l\Iudge's arc the degrees appear to increase on going from the north to 
the south, to local irregularities in the direction of gravity, and not to instru
mental errors, he characterises the paper of Don Rodriguez as being written 
with great knowledge of the subject, and full of sound mathematical reasoning, 
notwithstanding that it takes the opposite view of ascribing the irregularities in 
the arc to errors of observation. "Don Rodriguez,'' he observes, if we mistake 
not, "is one of two Spanish gentlemen who accompanied MM. Biot and Arago, 
and assisted in the operations by which the meridian that bad been traced 
through France w"s ex.tended to the southernmost of the Balearic Isles. He 
seems perfectly acquainted with the methods of calculation, and all the most 
recent improvements which respect the problem of the figure of the earth. ,v e 
do not think that he has proved that the irregularities in this measurement arise 
from errors of observation; and we are of opinion, though their amount may 
no\v be more exactly estimated than before, that with regard to their cause, the 
question rests precisely where it did. But though we are not convinced by Don 
Rodriguez, we must do him the justice to say, that his argumen t is fairly 
r,onducted. and that be has displayed great knowledge of the subject, and perfect 
familinrit,y with the beet methods hitherto employed in the Rolution of this 
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difficult problem. \Ve have therefore observed with regret, that this ingenious 
foreigner has been at.tacked in some of the English journals with a violence and 
asperity which the subject did not call for, and which his paper certainly did 
not authorise." This just and candid criticism did not quite satfafy Colonel 
Mudge, who appeared to think that the Edinburgh Reviewer was unwilling to 
nJlow auy other ~ancl than his own "to wield the tomahawk" of criticism; but 
it is impossible1 at the present day, not to concur with Pla.yfair in thinking that 
Dr. Olintbus Gregory, to whom his remarks applied, was quite 1.mju..stijiecl in such 
a system of defence, and rather injured than assisted Colonel Mudge, by adopting 
it; and that Pla.yfa.ir wrote with no ill-feeling towards the sur'\"ey or its managers, 
may be fairly deduced from hia closing parn.graph. -" It is with pleasure, 
therefore, thnt we see a meridian, which has been ex.tended from the shores of 
the British Channel along the west side of England, viz., the meridian of 
Delamere, now produced into Scotland, where it falls on the east side of the 
island, and is about to be continued till it intersects tLe shores of the Murray 
Firtb 1 on the Northern Ocean. The combined arches in France a.nd England 
will then extend nearly to twenty degrees i and in a few years we shall perhaps 
see the di.stance between the parallels of the Balearic and the Orkney Islands 
ascertained by actual mensuration. ,ve believe that this important operation 
could not easily be in better hands than those in 'which it is actually placed; and, 
when it shall be completed, the British army-in General Roy, R.A., and the 
officers who ha'\"e succeeded him in the conduct of the English Survey-and in 
Major La.mbton, whose works in the Peninsula. of India we have been now 
treating of, will bave the glory of doing more for the advancement of general 
science, than has ever been performed by any other body of military men." A 
noble tribute of praise from such a man as Playfair, in compruison with which 
the ordinary articles of the public journals, whether written in defence or iu 
attack, should have been regarded as mere dust in the balance. 

Notwithstanding the little value attached by General Mudge to the remarks 
of Don Rodriguez, the subject was often present to his mind, and in May, 1814, 
he writes-u In reference to this matter, and still more in reference to the 
importance of satisfying the public mind, now very anxiously bent upon thia 
point, I should ha.'\"e derived infinite satisfaction from the zenith sector being 
this year used instead of the circular instrument, and am sure I cannot see 
why it should not be so used, for I should be in tbat case enabled the sooner 
to put up the zenith sector on Arbury Hill, which I ha"'e promised to do, 
and certainly will do, to vindicate the memory of Ramsden." At this time 
the triangulation had been pushed into Scotland, and so earnestly intent was 
General Mudge on the repetition of the zenith sector observations in England, 
that he does not appear to have approved, in the first instance, of the project of 
extending the arc of the meridian to Shetland, which most probably originated 
in Captain Colby. In the same letter, he says, "Now, I beg of you most 
seriously to take into consideration. that it is my wish, if you can accomplish 
it, to finish the sector work this year (1814). \Vhat use is there in your 
going to Shetland with the sect0r 1 I can see none. Certainly there is none, 
for the arc will be long enough if ended upon the remote part of Scotland, short 
of the isles, and by causing us so to do a finale would be given to the sector. 
Let us not prolong it unnecessarily, but give a. speedy finale to the meridional 
operations; the public very anxiously look for it." There cannot indeed be a 
doubt as to the great interest which naturally n,ttached itself to tl1ia branch t,f 
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the survey, nnd especially to the investigation of the causes which bad led to 
apparent anomalies in the results; though at the same time it would perhaps 
have been a mat.ter of regret to have cw·tailed the fine arc of more than ten 
degrees between Duunoae and Balta, which was obtained by continuing the work 
to, and making the last sector observations at, the latter station. By carrying 
out the design, however, General Mudge was disappointed in hi~ hope of repeating 
the observations at Arbury Hill, as it waa impossible, during his life, to apply 
the sector to such a purpose. So far, however, as the character of Ro.msden's 
instrument entered into the question, it has been most satisfactotily vindicated 
by observations made with the new sector, an iustrumeut constructed under the 
direct.ion of Professor Airey, Astronomer Roya.I, on totally different principles, 
as ma.y be judged from the following comparison, in which the finally coITected 
results (using all the observations and applying the best formula.) of the old 
zenith sector are adopted :-

Dunnose, by old sector, observations 
Ditto, by new sector, ditto 

Cowhithe, by old sector, ditto 
Ditto, by new sector, ditto 

Balta, by old sector, ditto 
Ditto, by new sector, ditto 

L.1.tit.ude . 
• 50° 37' 7·05'' 
. 50 37 6·98 
• 57 41 9·47 
. 57 41 9·58 
. 60 45 1·59 
• 60 45 1·68 

Examples of agreement between the observations of totally different instruments, 
ta.ken at a considerable interval of time, not perhaps to be equalled by those of 
auy similar geodesical or astronomical operations; a.nd it may be added, that the 
fact of a deflection of the plumb-line at Dunnose, to the extent of about 3", bas 
been proved by observations near the station, taken somewhat in the manner 
pointed out in a preceding page of this memoir. The difficulties inherent to the 
determination of latitudes, as required for the estimation of the celestial 
an,plitude corresponding td an nrc on the earth's sw·face, L.ad indeed been 
discussed by some of the most able observers, as few have escaped entirely from 
nn apparent discordance, in some particular case, between the angular lengths of 
arcs determined geodesically and astronomically. An instructive example may 
be cited from the astronomical cotTespondeuce of Baron Zach, in reference to the 
survey in Tuscany, by the Rev. Father lngbirami, Professor of Astronomy and 
Director of the Observatories at Florence. 'l'his able and singularly candid man 
had provisionally founded bis survey on a ve1·y small bnse, only 426 toises 
(931 ·7 yards}, a. little more than half a mile in length, measured by Baron Zach, 
and having most carefully conducted his triangulation and verified its results by 
several independent series of triangles, be attempted to determine geodesically 
the difference between the latitudes of the observatories of Pisa and Florence, 
when to bis surprise he encountered the following discordant results. The 
latitudes of both these observatories had been determined astronomically, but 
starting from that of Florence, the geodesical and astronomical latitudes stand 
thus in contrast with each other-

Geodesical by triangulation, from Florence, latitude . 
Astronomical by 504 observations of Stars . 

Difference . 

. 43° 43' 19-4" 
. 43 43 11'77 

7·63 

Now this difference was enormous, and would have implied an error of more than 
200 yards in the measured nrc, if such had been the cause of the discrepancy 
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between the results. The first idea of Inghirami ,va.s to attribute the error to 
the small length of Zach'a base, and he at once undertook the measurement of a. 
much longer base in the great plain between Leghorn and Pis~ This base was 
9824 yards, or more than five and a half miles in length, and the measurement 
was effected in two different modes; namely, by direct measurement with deal 
rods and by triangulation-a system which will be hereafter explained. 

'l'he following is a comparative view of a portion of the base thus determined :-

Feet. 
By triangulation . . . 10705·9{Floreutine. . . 20499·8 
By actual measuring with rods 10706·8 Braccii . . . . 20501 ·7 

0·9 

Or nearly two feet in rathel' less than four miles-a difference not greater than 
that found in separate meas\ll'ements of some English bases, and far too small to 
affect sensibly the general results. 

Inghirami then proceeded to test the accuracy of his first deductions from 
Baron Zach's small base, by closing the triangulation, depending on that base, 
upon this newly measured base, when he found the distance between the belfry 
of S. Pietro in Grado, and the corner of the old ducal palace of Stagno, stood 
thus-

By one chain of triangles 
By a second chain of triangles 
By direct measurement 

Feet. 
. 29454·3 
• 29449·7 
• 29449·9 

'l'bis unexpected confirmation of his first results was not received by the worthy 
Father with the satisfaction which might have been expected, but, on the 
contrary, actuated by a totally different feeling from that which bad influenced 
the English geodesists, he warmly expressed hifJ regret that his work should have 
been thus placed in opposition to astronomical observations. "How," he 
exclaims, '' shall I struggle against this most unexpected anomaly in the position 
of Pisa 1 It is a rock on which I must be wrecked, as no art can save me ! I 
measured my new base with the hopetbat, connecting it with Pisa, on the one hand, 
and having the other base of reference at the other end of the chain, I might 
the better discover the cause of my en-or, but all has been in vain, as the new 
base tells precisely the same tale as the old. It is impossible to say whether I 
was more surprised or more vexed at this result, as one totally different was both 
expected and required to place my operations in accordance with the previons 
observations." Such, says Baron Zach, were the painful feelings which agitated 
lnghirami, on discovering this apparently inexplicable difference, just as M. 
::Mecbain bad been distressed and worried by a similar case in France, and it may 
be added General Mudge, by that of the English arc. The causes of the strange 
differences which bad been thus experienced by Maskelyne, Mudge, Lambton, 
J.Iecha.in, Scbiegg, lnghira.mi, and himself, should, as Zach considers, be sought 
for in one of the three following causes, namely-

!. Errors in the instruments, or errors of obaervation. 
2. Deflection of the plumb-line, or disturbance of the levels by local tenestrial 

attraction. 
3. Irregularity of figure and of conformation of the earth. 
As an example of the difficulty of accurately determining latitudes, even by 

the most excellent fixed instruments, Baron Zach cites the successive changes io. 
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latitude of Greenwich, viz. by Bradley, 61° 28' 41·5''; :Maakelyne, 40·7" j Bessel, 
by 2008 observations of Bradley, 39·56"; Pond, 38·5; to which may now be added 
Professor A.i.rey's deterllllllation, 51 ° 28' 38·3"; " so that 2000 observations and 
sixty-four years' work have not sufficed to settle the tme second of latitude of 
the Greenwich Observatory. So long, indeed, as it is necessary to use plumb• 
lines or levels in tho determinations of altitudes-and on them depends the 
determination of latitudes-it cannot be expected that we shall attain to the 
same precision as can be readily secured in horizontal angles, 01· that we can 
obtain lo.titudes by ordinary or moveable instruments within two or three 
seconds." .Baron Lindenau, of Gotha, expresses himself even more strongly: 
"'l'he zenith observation.s," he observes, 11 of M. Bessel1 at Konigsberg, which in 
themselves constitute so striking an accordance, give, nevertheless, declinations 
of the stars, which are less by 3·2" than those of Pond, Piazzi, and Oriaui ;" and 
he adds, what has happened to Ingbirami in his measurement in Tuscany, has 
similarly occurred in all great geodesical operations. In France it was necessary, 
io. order to reconcile the results to a spheroid, the flattening of which was '!f½o
to suppose errors in the latitudes of Dunkirk, Evaux, Carcassone, and l\fontjouy, 
of 3·1", 5·8", O·S", 3·611

1 and in England the results were still more discordant, 
a.s they represented an equatorinl and not a. polar fla.tteuing, and would have 
required a supposed error of 8" in the latitudes, to reduce them to order." 

In respect to the two other causes, whilst Baron Zach admits the probability 
of local attractions and disturbances of the plumb-line, rather from the unequal 
distribution aud density of the matter below the surface, than from the action of 
hills projecting above it, he seems more disposed to ascribe the discrepancies 
experienced to irregularity in the form of the earth itself, and quotes the opinion 
of La Place to that effect. Baron Lindenau, on the other hand, rejects such 
explanations, and ascribes the difficulty of reconciling geodesical latitudes and 
longitudes with those determined astronomically, entirely to the defects of 
astronomical observations, partly resulting from the imperfectiona of instruments 
and partly from the defects of physical astronomy. It is not intended to enter 
here into a detailed discussion of this most interesting question, but it seemed 
only due to the reputation both of British artists and British observers that the 
tme nature of the difficulties they had experienced, as well as their generality, 
should be made apparent. Two of the ea.uses of such difficulties which have 
been cited, namely, first, the improbability of determining latitudes astronomi
cally to the utmost precision by moveable instruments; and, secondly, the effects 
of local terrestrial attraction, cannot be reasonably rejected, as more or less 
influencing geodesical results; but it seems difficult to ascribe such great 
differences as those observed in England and Tuscany to irregularity in the 
figure of the earth alone, a1though it is highly probable that there ia a certain 
amount of such irregularity. The more the physical condition of the earth is 
im•estigated, the more evident does it become that the matter immediately 
below its surface varies greatly from place to place, in its density and properties
a fa.et which is strikingly exhibited in respect to the progression of temperature 
0~1 descending into the interior of the earth. ·whilst, for example, under ordinary 
circumstances the temperature increases by about 1° Fah. in 55 feet, it was 
found, iu a boring at Neuffen, in ,vurtemburg, to amount to 1° in about nineteen 
feet-an .in~lication of great internal beat, which could only be accounted for from 
tl~e 1n·oxnmty of the boring to large masses of basalt, which still retained a very 
high temperature. Can it be donbted that such masses of very dense matter, 
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only t-ecently fused under enormous pressure, would be a powerful attractive 
force, and exercise a powerful di..aturbing action i and, further, that such masse,5 
may be subject even to change of position, and therefore may so vary in the 
amount of their action as to produce different results at different times l These 
consiJ.emtious will assist the render in appreciating tho accuracy of observations 
n11J. the difficulty in guarding them from the effects of disturbing causes. General 
Colby was concerned eilher as principal or assistant in all the sector observations 
on which the comparison between the terrestrial and celestial arcs had been or 
will be founded. ·with General Mudge he observed at Dunnose, Clifton Beacon, 
Arbury Hill, Delamare Forest, and Burleigh Moor, and, aided by Mr. Gardner, 
he conducted those of Kellie Law, Cowhitbe, and Balta; and the zenith distances, 
taken at tbe sa-:ne stations, with Airey's sector, were observed by Sergeant James 
Steel, of the Royal Sappers; so that the system of employing trained soldiers on 
this great work, introduced by General Colby, attained, during his time, its 
fullest development, and it may be cited, a.'! a proof bow entirely be was above 
the feeling of petty jealousy, that he thus directed his own personal observations, 
t.he observations of bis most able days, to be tested by Sergeant (then Corporal) 
Steel. But though, in the ahatract, this result was most satisfactory, it may be 
doubted whether General Colby contemp1ated, at first, so great an extension of 
his system, and whether, in fact, it has not now been carried beyond the limits 
of sound policy. The survey was considered by General Morse, as pointed out 
in a preceding paragraph, a fitting school for yotwg officers, and it subsequently 
been.me, when extended to Ireland, a real and practical school for both officers 
and soldiers in every branch of surveying. Such a school it ought still to be, 
but when the officers are entirely abstracted from that class of observations with 
which it is most desirable that they should be familiar, it may be feu.red that they 
will never become either practical surveyors or practical astronomers; and 
though it is most gratifying to render the Sappers and Miners equal to the 
performance of every description of duty, the officers of Engineers should, at 
least, keep pace with them, and be prepared either to direct or to participate in 
their scientific labours. The survey, indeed, should be a field of operation for 
those officers ,vho have distinguished themselves at the Royal Military Academy 
or at Chatham by their acquirements, theoretical and practical, in geodesical 
science, anJ. it should afford to them the means and opportunity of perfecting 
themselvea in e~ery description of observation ns well as of calculation. 

In the volume of sector observations just published1 Captain Yolland does not 
enter on a comparison between the geodesical and astronomical amplitudes of 
the great or complete meridional arcs, as he justly observes, that" such comparison 
will be mpre properly dealt with in discussing the results of the triangulation, 
when the question of the standards of measure employed at different times on the 
Ordnance Sw·vey, and the elements for the figm·o of the earth used in computing 
the geodesical amplitudes, will have to be ta.ken into consideration : " ancl adds, 
that the geodesical amplitudes he publishes must be considered only as approxi~ 
mative, "as at present they all relate to feet1 in terms of the ordnance ten feet 
iron standard bar O, which there is no doubt is too short as comparecl with the 
standa1·d used for the trigonometrical survey in England by Mnjor-GenernJs Roy, 
Mudge, and Colby1 and whose results have been employed by the Astronomer 
Roynl1 Professor Bessel, ancl others, in the determinn,tion of the figure of the 
c-:uth.'' This compadson of the standards, or in other words, the determination 
uf the actual unit of Ulcasure, was constantly present to the mind of General 
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Colby, when projecting and maturing his arrangemeuta for the I~ish survey ; 
imd its importance is so manifest, that it may be hoped the experiments there 
commenced will be completed, and the comparative values of the several scales 
used both at home and abroad accw·ately determined. Several very interesting 

comparisons are, however, given of the amplitudes of abort arcs, and tho~gh 
ju several of these there is a coneiderable difference between the astrouom1cal 
and geodesical determinations, the difference varies so much both in amount 
and direction, that it would be impossible to account for it by any general 
irregularity in the form of the earth. Captain Yolland treats the differences 
as entirely due to local attraction, or to deflections either of the plumb-line or 
of the level, and in such a case as that of the amplitude between Cowbithe and 
Great Stirling, in which the geodesical is less than the astronomical amplitude 
by 9·48", there cannot be a doubt that the larger portion of the difference must 
be ducl to local attraction, though some hesitation may be expressed in ascribing 
minute differences of 0·6'' to that cause entirely, when very considerable differ
ences are observable in the latitudes of the same station, as determined from 
different stars; for example, in that of Ben Heynish, where the extremes are 
56° 27' 20·04" and 56° 27' 11 ·94", even though the system of allowing to the 
several results a value proportionate to the number of observations of each star 
tends so materially to strike a correct balance. It may, however, be justly said 
of this last volume of the Ordnance Survey, which is iu fact the last record 
of the labours of General Colby, as it contains very little which he had not 
ordered to be done before his separation from the work, that it exhibits great care 
and judgment in innstigating, by the observations of collateral stations, the pro
bability of local disturbances, and thereby assisting to free the terminal stations 
of the great meridional arcs from sensible errors. But Captain Yolland states 
"that General Colby, immediately after the construction of the new zenith sector, 
sdected certain points for making observations from, so that in the determination 
of the figure of the earth by meridian measures, more than one arc of meridian 
Bhould be available from the trigonometrical survey of the United King-dom, 
for combining with the measures made in other countries;" and be thus added 
to the original meridional arcs one extending from Hensbarrow, in Cornwall, to 
Ben Hutisch, in Sutherlandshire, and another from the Hill of Forth, in ,vexford, 
through the south end station of the Lough Foy le base to Mona.eh in the Isle of 
Lewis, which bas been subsequently extended southwards to a station near St. 
Agnes' Lighthouse, in the Scilly Islands, and northwards to North Rona Island, 
off the north-weijt coast of Scotland, with the sanction of Lieut.-Col. Hall, his 
~uccessor aa superintendent of the survey. ,vhen all these arcs have been com

pa1·ed together, it may well be expected that a more accurate knowledge of the 
actual figure of the earth, withiu this portion of the northern hemisphere, will be 

acquired than could have been reasonably e:x:pe.cted, and many glimpses obtained 
of the position and magnitude of those masses of igneous rocks which have been 
agents in uplifting and fracturing the stony crust of the earth. 

w·hen the triangulation had been carried into Scotland, it required nll the 
energies of Captain Colby to meet the demands upon him, as he had not 
only to conduct the observations in the field, but also to watch and regulate 
the proceedings of the interior survey. In 1813, Captain Colby, assisted by 
M.r. Gardner, visited two pl'incipal stations in Scotland, and two more were visited 
by Mr. Gar<l.ner; in 1814, Captain Colby observed from ten stations, and 
Mr. Gardner from fom· wore, aucl when the preliminary labour of examining a 
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couutry and fixing upon stations ha."' been explained, the amount of activity and per• 
severance called forth by a ''season on the hills" will be uuderstood a.nd appreciated. 
In 1815, Captain Colby appears to ho.ve been obliged to attend much to official 
business at the Ordnance Map Office in the Tower, and to the superintendence of 
the topographical survey in England and Wales, in consequence of which the 
actual observations with the great instrument in Scotland were, during that year, 
principally made by Mr. Ga.i-dner,-tbough, aided by that activity and energy which 
seemed to bestow upon him the power of multiplying himself, he did not neglect 
to watch over his favourite work, and hence in a. letter of this year he thus writes, 
-" Our theodolite sustained no injury in the very violent storm which destroyed 
the tents, and put an early period to our summer's operations. But the weather, 
dw·i.ug the whole of the season, was so unusually unfavourable in the west of 
Scotland, that I was quite disappointed as to the quantity of work which from a 
comparison with other summers I had expected to be able to perform. ,v e com
menced on Bengairn Hill, near Kirkcudbright, aud concluded on the Black Carrick 
Hill, near Ayr; thus completing the connection between Cumberland, the Isle of 
Man, part of the coast of Ireland, and the south-west of Scotland, as far as Ayr. 
'l'he survey is now advanced to that state in which the determination of the 
positions of the obsenatories of Edinburgh and Glasgow became the next 
object for consideration. I find that both are in sight of such stations as 
will form well-shaped triangles with them, and at the same time that Ben
Lomond to the north and the Dunrick hill to the south, will each give 
two sides and an included angle to compute their distance from e:ich other. 
If we may admit the principle of two sides and an included angle to ascertain t,he 
converging of meridians, Ben Lamond being also seen from the Island of Isla, 
a large extent may be measured in that way perpendicular to the meridian." 
So that it may be safely said, that though his Land had not always regulated the 
movements of the instrument, his spirit had planned and directed the opera
tions on which it was engaged. 

From a copy in bis own handwriting of this remarkable letter, addressed, 
apparently either to Prof. Playfair or Prof. Leslie, it is right to extract those passages 
which mark the high value which was then set upon his opinion, as well as the 
enlightened view he always took of scientific subjects. He had been consulted 
respecting the .Edinburgh observatory, and he replies, "Having had a good deal 
of conversation with Mr. ,vm. Playfair about the Edinburgh observatory, and 
seen the plans for the building, I waa desirous to consult you as to what is the 
best means for raising a fund to defray the expenses of the building and the 
annual salary of the observer. Surely there is no country on earth to which 
astronomical science is of so much consequence as it is to Great Britain; and the 
progress which the mathematics have made, and are making, at Edinburgh, poiut8 
it out as one of several fitting places in the island for the cultivation of astronomy. 
Add to this, the Calton Hill presents an admirable situation for the erection of 
a scientific observatory. It is near enough to the city to be under the continual 
superintendence of the professors of the university and other learned men, and 
at the same time so far elevated above it as to prevent the smoke from interfering 
with the observations. The foundation being a rock, is also no small advantage. 
In short, so numerous and c~gent are the reasons which may be given in favour 
of the aatronomical institution of Edinburgh, that I can hardly think the Govern
ment would withhold its aid if they were fairly set forth for their consideration. 
The annual sum required for its suppo1·t would be em small in comparison of the 
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ood which it might certainly be expected to produce, that the most rigiJ 
!olitical economist, if acquainted with the nature of the subject, must giv~ Ms 
assent. No sciences or o.rts can remain in the same state for any length of time; 
they must either be improving or falling to decay. The experience of the worlJ 
ha.a taught us that they fall much faster than they rise. ,vithout due encourage
ment astronomical science may gradually decline i and it is of so much 
importance to the honou1· and the interest of our nation to support it, that I 
scarce think such a memorial as would emanate from your pen could prove 
altogether ineffectual." Since the time when Captain Colby thus forcibly expressed 
his opinions on this interesting subject, the multiplication of working obser• 
vatories, public and private, at homo and abroad, and the many important 
discoveries which have been the result of such continuous and wide-spread 
observations, have at once, as it were, responded to his appeal, and justified 
its wisdom. 

In the ea.rlier period of his connection with the Survey, Captain Colby had 
usually established his residence, when not in the field, n.s near as possible to that 
of General Mudge, but his immediate presence at head-quarters became desirable 
when the work of reducing the actual surveys to the scale required for engraving, 
which necessarily increased proportionately to the number of surveyors employed 
in the field, had so far augmented as to render constant supervision indis
pensable, and be had, therefore, taken possession of apartments at the Drawing 
Room, or Ordnance Map Office, at the Tower. Surveyors belonging to the 
corps of Surveyors and Draughtsmen were now employed in various parts 
of the counti·y, by permission of the Chief Engineer (Inspector-General of 
Fortifications), who was the official bead of the corps, and they received, 
besides their military pay as warrant officers, 32s. 6d. per square mile for 
all tho work they surveyed and plotted on a scale of two inches to the mile. 
'l'bcso plots were reduced at the Map Office to plans on a scale of one inch 
to a mile, aud traces from them prepared for the use of the engraver.'3. 
It will be readily belieYed that the superintendence of all these operations, 
simultaneously proceeding at so many different places, some in the Map Office, 
some at various parts in tho country, combined with the personal direct.ion 
of the triangulation in Scotland, was enough to overpower the mental energies 
and the physical powers even of a Colby; and in 1816, therefore, at the recom
mendation of General Mudge, his son, Lieutenant Richard Mudge, R.E. (now 
Lieutenant-Colonel Mudge), was attached to the survey, and stationed in the 
country, as nearly as possible in the centre of the surveying parties, of which he 
had the immediate superintendence from that period for several years. Tbis 
partial relief enabled Captain Colby to visit nine stations in Scotla11d during the 
year 1816, without the harassing distraction of mind which had hitherto attended 
the complicated charge of such distant works. In 1817, nlso, Captain Colby WM 

for a long time in Scotland, and in that year measured, with the assistance of 
:Mr. Gardner, the single base line of that kingdom, on Belhelvie Sands, near 
Aberdeen. The measurement of this base occupied from May 5th to June 6th, 
and Ramsden's steel chaiu was again the instrument used. Its length, when 
compared with the unit Ordnance standard bar 0, is found to be 26516·66 
feet, and the length, as deduced from the Lough Foyle base, is 26518·99 feet, 
showing n. difference of about 2·t1cr in five miles. Some of the old bases 
Lrwc afforded a bcUm· and some a worse comparison than the above; for 
t'.'xamplo-
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Hounslow Heath base, with glu.ss rods, when reduced to the 
O,·dnance standard, 1784 • 27405·06 

Ditto, with steel chain, 1791 . . 27405·38 
Deduced by computation from Lough Foyle base . 27405·83 

A result which may be considered unpara.lleled in geodesy, when the extent of 
tL.e triangulation intervening between the two bases is considered. 

Salisbury Plain, by steel chains, 1794 
By Colby's compensation bars, in 1849 
Computed from Lough Foyle base . 

• 36575·64 
. . 36577·95 

, 36G77·34 

A result equally beautiful and illustrative of tho general excellence of the instru
ments and work of the British triangulation. 

Mistertou Carr, steel chains, 1801 · 
Computed from Lough Foyle 

26343·72 
. 26350·76 

The difference here is considerable, and has been partly accounted for by the 
unfavourable ground; but it must be remembered that the comparison before 
quoted between this: base as measured, nnd its length as dedu~ed from other 
bases, was not so unfavourable as to render this explanation quite satisfactory.:...._ 

Rhyddlan Marsh, Steel chains, in 1806 
Computed from Lough Foyle 

• 24515·2 
24518·2 

It is impossible not to see in these facts proofs at once of the great care applied 
to the measurement of the first bases, of the precision attainable by General 
Colby's compensation bars, and even by the steel chains under due restriction, 
and of the superiority of the triangulation by which they have been linked 
together. This high character, indeed, was always maintained by the Blitish 
survey, even when the results, which have been pointed out, were the subject of 
so much discussion. M. Arago, when resuming, in a letter to Colonel Mudge, the 
subject of a connexion between the English, French, and Spanish measurements, 
says : "If this proposition should appear reasonable, it will afford me the further 
advantage of manifesting to you the confidence with which your operations have 
inspired those scientific men who are best able to appreciate them;" and 
Schumacher was so satisfied of the excellency of Ra.msden's sector, that on 
his recommendation the King of Denmark requested the loan of it for the 
celestial observations of the Danish arc: "The illustrious president of the Royal 
Society baa informed me that you (Colonel Mudge) are about to re-examine your 
celestial arc in the following summer, and that you approve of lending the sector 
to the King for the determination, also, of our celestial arc. May I beg you to 
inform me whether it will be necessary that I should apply to any other person 
than to you, who have used the instrument in the beautiful work you have just 
terminated." It is remarkable that in this letter (1816) Schumacher anticipates 
what has now been satisfactorily proved, namely, that a considerable deflection of 
the plumb-line had occurred at Dunnose: u I have not seen," he says, "what 
Dr. Gregory has published on the subject, and I know only your observations 
by what has been printed in the 'Philosophical Transactions/ but from that 
I feel assured that the new observations will only confirm tho old. You, who 
know the ground, are beat able to judge whore local attractio~s are most 
probable; but, on my part, I must confei:;s tha.t I should suspect them rather 
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at Dunnose titan at Arlmry flill. And further, it seems to rue that in nny hypo
thesis it would be very difficult to establish a perfectly regular figure for the 
earth. Such an hypothesis is, indeed, the least probable of any; and we ought 
not, the1·efore, to condemn observations because they tend to destroy an 

hypothesis which has so many chances against it." 
It may be here_ observed that the instruments used on the Continent and in 

England for determining zenith distances were very different; as the sector, 
improved by Ramsden (several had been made of very large dimensions, by 
Sisson, at a very early date-for example, that of Pisa, 1765, and Dr. Maskelyne'a, 
both of ten feet ro.dius}, continued the favourite instrument with the English 
geodeaists, whilst the 1·epeating circle of Borda bad been generally adopted by 
French and other continental observers. The principle of the repeating circle, so 

far as the mere reading of the limb of the instrnment is concerned, is very 
beautiful, as it reduces the separate readings of a number of observations to two, 
namely, one at the commencement and the other at the end of a repeated angle, 
equivalent, in magnitude, to the sum of the total number of separate or individual 
readings, so that the e1Tor is reduced to an inappreciable quantity by being 
divided amongst so many parts of the multiple, or repeated angle; and it was there
fore supposed possible to attain the utmost precision with very small repeating 
circles. But it mu.at be manifest that whilst correcting the errors in reading of the 
divisions of the instrument, nothing has been done towards correcting the errors 
of observation or of bisection of the object observed, consequent on the use of . 
small instruments; and further, that the difficulty of guarding against any 
alight movements of the concentric circles during observation by any system of 
clamping hitherto devised has not been remedied. Schumacher, whilst admitting 
that the repeating circles of Reichenbach far surpass those of the French artists, 
still asserts, "that it is impossible to rely upon any permanency in the constant 
error when the limb of the instrument is placed in a vertical direction/' and adds, 
that he "should not consider his work well finished, if the amplitude of the 
arc were to depend only on observations made with an instrument, the peculiarities 
of which were as yet insufficiently known, and not on those made with an 
excellent sector." It will be readily, therefore, supposed that any opportunity 
of bringing these two instrnments into direct comparison with each other would 
be hailed with satisfaction by astronomers, and something in that respect was 
anticipated from the co-operation of the French and English ge0desists1 during 
the year 1817. 

In October, 1816, M. Arago1 on the part of La Place, communicated to 
Colonel Mudge the wish of that illusti-iou.s philosopher that the latitude of 
Yarmouth should be determined by the sector, in order to terminate at that point 
the French arc. "He sees," says Arago1 "in the ru:c extending from Formentara 

to Yarmouth the means of determining with great precision the value of a degree 
of latitude at the 45th degree. The situation of the two extreme stations almost 
on the same meridian would render the result entirely independent of any 
flattening of the parallel, if suoh really exist. This operation, indeed-equally 
remarkable for its ex.tent, for its object, and for its precision - would 
further have the more precious advn.ntage of belonging equally to England as 
to France, and would become one day perhaps the basis of a uniform system 
of weights and measures." Ou the 4th of July, 1817, La Plnce himself writes: 
;, Thanking you fo r your very kind reception of my proposition to terminate 
the l!.,rench arc at Yarmouth, I must, at the same time, express my assent to 
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your opmion that as it is now intended to extend the British arc to the 
Shetland Islands, Yarmouth may be replaced by the terminal station in these 
islands, oven though Formeiltara is about 1½ degree in longitude to the east
ward of it. The difference in latitude between the extreme points will then 
be about 22 degrees, and as their difference in longitude is so very small, 
the geodesical operations of France and England may be refened to this arc 
without fear of any sensible error. It is therefo1·e most important to deter
mine the latitude of the station selected in Shetland with the utmost precision, 
and for that purpose to determine the zenith distances of as many as possible 
of the stars, which may be observed for altitude at Greenwich and Paris. My 
friend M. Biot will not fail, I am sure, to use every care in determining the 
length of the pendulum at that station. We are about to measure a great arc of 
the parallel between Strasbourg and Brest, and we shall then have all the data 
required for a correct knowledge of the portion of the earth on which we live
and surely, thus to study the earth is far better than to devastate it by conquests, 
however brilliant and glorious they may appear. I am delighted to hear that 
you propose to send the great sector to Brest, and I think that M. Ara.go will 
join you there, and assist in the determination of the latitude, either by observing 
with the sector, 01· by simultaneously observing with a good repeating circle; and 
as the singularity of an increase in the degrees from the pole to the equator, as 
shown by your observations, has excited so much discussion, I would suggest that 
it might be advisable that you should afterwards repeat with Messrs. Arago and 
Biot, the zenith observations for latitude at Duunose." ,vith a view then to this 
co-operation between the French and English geodesisb, so strongly advocated 
by La Place, and supported by the French Institute and Bureau de Longitude, 
l\f. Biot came over alone as a commissioner, on the part of the French, his colleague 
M. Arago being unfortunately retained in France by other business. The special 
object of this visit was thus stated by M. Biot himself who, after having expressed 
his opinion that the French arc, when compared with the independent measure• 
ments of Svanberg and Lambton, was specially entitled to become the fundamental 
type of a system of measures, observes: "Since the rebellion of 1745, the 
English governmeut has felt the advantage of a. detailed map of the three kingdoms 
to serve as the basis of works of improvement in peace and of works of defence 
in war. The English triangulation commenced by General Roy, and continued 
by Colonel Mudge, has already been carried from the south of England to the north 
of Scotland, so ns to embrace several degrees of a terrestrial meridian, measured 
with excellent instruments. It was natural to wish that this arc should be joined 
to that of France, but the geographical position of England being a little to the 
west of our arc, it was feared that if all the terrestrial meridians were not similar 
the difference of longitude might affect the results deduced from such a jundion. 
The Bureau de Longitude, therefore, wished that the pendulum apparatus which 
bad been used in Spain and France should be also applied to similar trials at the 
principal stations of the Engliiih arc, as measures deduced from the pendulum 
are much less affected by small irregularities in the figure of the earth than are 
measured degrees." M. Biot subsequently adds: "'Vhen we had finished our 
experiments [at Leith J we were to have gone to the Orkneya to repeat them 
there, as the terminal station of the English arc, but Colonel Mudge, always 
anxious to render his operations as complete as possible, considered that it would 
be possible to connect the Shetland Islands with the Orkneys, by a triangulation, 
embracing the intermediate islets or rocks ofFai ra a.net Foula-a plan which, whilst 

',I 

., 
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it extended then.re about two degrees to the north also had the great aclrnntage of 
bringing the English mericlional arc two degrees more to the east, or almost in tl10 
prolongation of the me1idio.n of Forment..'l.ra." Froth what bas been said, however, 
in a preceding page, it is manifest that M. Biot was in error in supposing that the 
design of terminating the English arc in the Shetland Islands wns a sudden and 
after thought partly adopted, as it were, in reference to the French arc; as it bna 
been shown, that Captain Colby bad long before considered it a matter of course 
that the arc should be co-extensive with the triangulation, and therefore be 
terminated at the Shetland Islands; and that Colonel :Mudge had finally adopted 
the same opinion there is not the slightest reason for doubting. The proposition 
of the French Board of Longitude was warmly received, and in every way 
encouraged and promoted both by the government, and by the scientific men of 
England. Biot arrived at Dover in :May (1817), bringing with him bis pendulum 
apparatus, a repeating circle by Fortin, an astronomical clock and chronometers 
by Breguet, and, having been spared all the vexations of the Custom House, 
proceeded at once to London, and thence, accompanied by Colonel Mudge, to Edin
burgh. Here be found in Colonel Sir Howard Elphinstone, Commanding Royal 
Engineer, a most valuable and active assistant, as he at once gave the necessary 
directions for forming, in the most solid manner, the supports for the pendulum 
apparatus, and for putting up the observatory in Leith fort : M. Biot expresses, 
indeed, his gratitude to that distinguished officer, in the very warmest terms. 
It had been the intention of Colonel Mudge to assist iu M. Biot's obserYatious, 
but bis health soon failing him he was obliged to return to ,voolwich, and 
his plo.ce wus supplied by his sou, Captain Richard Mudge, who was for the 
purpose called away from the Belhelvie base opera.tions, in which he wna 
then a.saisting Captain Colby. Biot speaks of him as u a young officer full of 
zeal, with whom he effectually completed his observations." 

The observations finished, Biot, accompanied by Captain :Mudge, proceeded to 
Aberdeen, there to embark for the Shetland Ialancls; and during his short 
sojourn at that city, where" he experienced the mo8t marked hospitality," Biot 
must have first become personally acquainted with Captain Colby, and it is 
greatly to be regretted that this intimacy clid not ripen into friendship, but, 
on the contrary, ended in a. mutual distrust and dislike. The cause of an 
estrangement between two men, meeting for the express purpose of co-operation 
in a great scientific work, can scarcely be satisfactorily explained at this distance 
of time; but a reasonable conjecture may at least be formed of some of the 
springs of bitterness connected with it. Lieut.-Colonel Richard :Mudge, who well 
remembers this interesting period of his life, emphatically declares, that had 
the ice once been melted between Biot and Colby, they would have mutually 
valued and respected each other; but it was fated that an eternal frost should 
separate them. Biot, Colonel Mudge thinks, was vexed at not being asked to take 
part personally in the observations of the British geodesiats, whilst they appeared 
to ascribe to him injurious strictures on their proceedings, published in the 
"Caledonian l\lercury." This latter charge Biot most solemnly denied, declaring 
tlmt he had neither connexion with the offensive article nor knowledge of its 
author; and yet even Colonel Mudge seems to have clung to the belief that be 
~ad written it. But in addition to these petty causes for distrust and jealousy, 
1t may be feared that tbe presence of Dr. Gregory did not contribute to harmony. 
That a~le writer, then Professor of .Mathematics to the Royal :Military Aca.demy, 
had, with the sanction of the l\faster-General of the Ordnance, been invited by 
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Colonel Mudge to join him in Scotland; and though no one could doubt the 
propriety and advantage of obtaining the assitita.nce of his great talents at such a 
memorable epoc~of the survey, tbero is nothing unreasonable in supposing that 
n person of the peculiar and warm religious feelings of Dr. Gregory wae not likely 
to enter upon very cordial intercourse with the French philosopher, at a time 
when it was so customary to connect with that name, as a necessary adjunct, the 
notion of an atheist. Certain it is that Dr. Gregory attached himself to Captain 
Colby; and that whilst the latter disliked and distrusted Biot, he, Biot, detested 
Dr. Gregory: and indeed it may be added, as another probable ground of this 
enmity, that Don Rodriguez, who bad beeu so severely attacked by Dr. Gregory, 
iu reply to his criticisms on the English areal measurement, had been the 
associate and friend of Biotin the tl·iangulation of France and Spain. W"ith all 
these elements of disagreement unhappily exiating amongst them, the little party 
embarkeJ in the Investigator surveying ship, commanded by Captain George 
Thomas; aud the bitter feelings of Biot may be readily recognised in the fact that 
he cautiously avoided any mention of the name of Captain Colby in the account 
of his subsequent proceedings, merely observing: ",Vhen this great project, the 
extension of the arc to Shetland, had been resolved upon, it absorbed all our 
thoughts; and as the delicate health of Colonel l\Iudge did not enuble him to 
engage in it, he intrusted its execution to one of the officers serving under him." 
That one officer was Captain Colby, who had for so many years personally con
ducted the triangulation in Scotland, and who had so long kept his eye steadily 
on the rocks of the ancient Thule, as the fitting termination of the British arc. 
Great, indeed, must have been the irritation, which could have prompted Biot 
thus to leave him unnamed, and even unnoticed, except as an ordinary subordi
nate: and under its influence it was to be expected that every trifling incident 
would Msume an undue importance, a.a was the case on landing on the principal 
island, or "mainland," of Shetland, when Captain Colby and l\Ir. Gardner 
proceeded directly across the island towards Lerwick, leaving M. Biot and 
Capta.in Richard Mudge to follow by another route and by themselves-an 
arrangement which appeared to the French philosopher a deliberate slight; 
though, had he beeome more fully acquainted with his antagonistic colleague, he 
would ha>'e known that it wns his-invariable rule to take advantage of eYery such 
opportunity of seeing a country by leaving the more ordinary course, and 
crossing in a direct line every mountain-peak which might fall in bis way. 

An evil, however, much greater than mere personal pique, occurred, on the 
arrh-al of the party at Unst, and that was no less than the disruption of the plan 
of combined observations-Captain Colby observing with the sector in the small 
island of Balta, and Biot swinging his pendulum, and obsening with his repeating 
circle at Unst. Neither party can be fully acquitted of some share in the blame of 
this result; for though, without doubt, Captain Colby was the best judge of the 
most fitting site for the sector-considered also as a station of the triangulation
courtesy to an eminent foreigner, expressly come over to co-operate in a common 
design, should have suggested that a consultation with Biot on the best position 
for both their observations was very reasonable and proper. And yet no wa.nt of 
such courtesy was sufficient justification in itself for the adoption of a plan 
which has at least diminished the value of a comparison between the observa
tions of the sector1 of the repeating circle, and of Borda's pendulum, which 
would have been made perfect by a unity both of time and place. The 
propriety of the Relection of Balta hns been confirmed by subsequent 

., 
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obserrntions, and M. Biot does not a(hance any sound objection to it in bis 
published statement. After vividly contrasting, as two regions of the terrestrial 
arc most widely opposed to each other in position and physical characters, 
the smiling garden-like fields of Valencia, its orange and citron-grovesi its 
perfumed air aud historic reminiscences, with the rocky coasts, the craggy 
mountains, the damp, desolate, and bare surface, and the inclement climate, 
of the Shetland Islands, strewe<l over, indeed, with moss-encrusted stones, but 
neither adorned nor clothed by tree, shrub, or herbage, ho states that : "On 
embarking in Scotland, it bad been expected tbnt we should have establisbed 
ourselves at Lerwick, where Fort Charlotte would have afforded a most 
favourable site for all our operations, but that we bad been tempterl onwards to 
the smaller island of Unst, as being at once bnlf n degree more northwards, and 
somewhat nearer the meridian of Formentara. Arrived at Unst, we eagerly 
traversed the island, and met only the cabins of fishermen, with here and there 
the house of a farmer too small to receive the large English instruments; but 
fortuuate]y the English Commission was provided with tents. At first it was 
proposed to establish the sector on the highest and most northern mountain of 
the island; but the difficulty of carrying up so great an instrument oil men's 
shoulders-the only possible mode of conveyance-rendered it necessary to 
abandon that project, and the island of Balta was selected in preference. This 
little island is situated at the entrance of the principal bay of Unst, and 
serving as a breakwater against the sea, forms an excellent harbour, in which 
our ship was securely anchored, whilst the instruments and stores were landed 
in safety. At first I concurred in this arrangement, but on reconsideration, 
I thought of the furious storms to which the new station was exposed, its 
extreme humidity, the distance from any house, and the many difficulties in the 
way of forming a sufficiently solid foundation for pendulum experiments; and I 
feared that by persevering in adhering to it, I should endanger the success of my 
operations. In consequence, Captain Mudge and myself returned to Unst, and 
availed ourselves of the hospitality most liberally offered by Mr. Edmonston, the 
brother of D1·. Edmonston of Lerwick, who had himself shown us so many kind
nesses, and given us letters of introduction to his brother. The pendulum 
apparatus was established in a large empty sheep-house, with massive walls, and 
the observatory for the repeating circle was erected in the garden; but it was 
not till the 2nd of August that by tbe united labours of the cre,v of the Investi
gator the large stones required for a. foundation had been dragged to the spot, and 
the work of observation commenced." In all this there is not a word of com
p1a.int against the selection of Balta as the most fitting station for the sector or 
for the great theodolite; and there seems scarce1y sufficient explanation given 
why more difficulty should have been experienced in establishing a fitting site 
for the pendulum and repeating circle, than for an instrument of the large size 
and delicacy of construction of Ramsden's sector. The result was a source of 
much mortification to Colonel Mudge, who thus writes (August 12th, 1817): "I 
had the most perfect reliance on your judgment and good disposition towards 
me, and asserted public1y that though you were silent, I wns positively certain 
that everything you did waa right, and that I would stand by the consequences. 
I have now a full and comprehensive view of the question as it stands between 
us, and I approve of ttJcrything you have done. I think it appears pretty plainly 
that the sectorial and pendulum operations are anything but combined; aa from 
the map I perceive that Unst is one island and Balta another; and I can see no 
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reason for supposing that M. Biot's experiments will last half as long ns your 
observntions, the rate of his clock being soon got, and the transit of one 
pendulum to the place of another ia had, though the clouds conceal the sun, or 
hide stars. But the state of the case, as it affects your operations, is another 
matter, and affords serious matter for consideration. The season ia far advanced 
even for this climate, but for Shetland, still further, and offers the assuranc; 
that your operations will not be concluded without your having had many an 
ample taste of Shetland weather. That a great deal will be left undone in the 
way of observation with the theodolite, I naturally conclude will prove to be the 
case; but I do most earnestly hope that the observations with the sector will be 
finished by you, now that the instrument is up, with the same accuracy and 
excellence as at Cowhithe Hill and Largo Law. I hope you will contrive, some
how or other, to compare the rate of your clock with M. Biot's, the reasons for 
which ure obvious; your watch is a most excellent one, and may do very well, 
to convey the time from one to the other, and it is of prime importance that this 
should be done. I ha.,..e very great confidence in our clock, and the stability of 
its pendulum. I am fully a.ware, however, of the advantages which attend the 
French pendulum, and I know also where its di~advantages lie; but the whole 
operation connected with the pendulum of Borda seems likely to gi,..e the most 
satisfo.cto1·y result. One great disadvantage attending your removal from hr. Biot 
is that a comparison cannot be made between the results of observations made 
for determining the zenith distances of the stars with the sector and circle of 
repetition: this is a very great misfortune.* I most particularly dwelt upon the 
necessity and advantage of this with M. Biot; and I am sure that very severe 
and heavy reflections will by and by be made on the ground of this not being 
done. It was the only opportunity we could have had in this country of fairly 
trying the question, which seems as if fate ho.d decided on that matter being 
determined at Dunkirk. I had been in hopes to have seen the operations finished 
so early aJ3 to admit of the sector having been sent to Dunkirk this year, and 
I had obtained Lord Mulgrave's leave to take it there; but I see now there is 
little chance of its seeing the other side of the water till the spdng. I should 
like to hear from you an account of the stations (if any) which may have 
been visited in Shetland for carrying on the distances from the south to Ba.lta; 
and what you may have done in the way of observing at Faira and Foula, 
but perhaps these ha,..e not been visited; and I may perhaps think we shall 
have done not a little if the sectorial operations be completed, and a fair 
knowledge obtained of the manner of finishing the survey in the north with the 
greatest effect and advantage to the general question. As to myself, I do not 
wh1h to exhibit the folly of useless complaint; but as the queen who gave up 
Calais said that 'that word would be found written on her heart,' I may say that 
Shetland will be written on mine, for I have never ceased to deplore, with the 
keenest recollection, the he.ppiness that I thought before we nipped in the bud, 
and I sent home, as it were-, invalided." On the 1st of August M:. Biot and 
Captain Richard Mudge made the first experiment with the pendulum; and 
on the 17th they had completed eight of these ~xperiments, and 270 obser
vations for latitude. The health of Captain Mudge now began to gfre way. 
and he was at length persuaded by Biot to quit the island in a whale-ship, 

• The Latitude of Unst by Biot is 60° 45' 2511, The Latitude of B:1lt:1 by the sector, 
60° 45· l ·6, and adding to this 26•·9, the geodetic difference between the two sites, the 
latitude of Unst is 60° 45' 2A"·5, or 3 ·5 more than Biot'11 determination. 
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nml return to a. Jess severe cliLOate. Biot being thus left alone, traine~l a youn~ 
cnrpcuter of Uust, who, like the Scotch in general, had been w~ll .ma~ructed 
in reading, writing, and arithmetic, to 1·ead and note down the md1cat1ons of 
the level of bis repeating circle, as without such assistance he could not have 
cont.inued his observations. The 2eal and scrupulous accuracy of this young 
mechrmic, which Biot took care, in the fir.st iustance, to verify by propn· 
checks, were warmly applauded by Biot, who says, "With this MSistance, at once 
timely an<l trustworthy, I succeeded in two months in obtaining thirty-six 
series of pendulum observations, each extending over five or six hours, 14.00 
observations for latitude in fifty-five series, taken both to the north nnd Routh of 
the 2enith, and about 1200 observations of altitudes of the sun ancl at..'l.1'8, fur the 
determination of the rate of my clock; and from all this it may be conceived tliat 
I could do little but observe. In truth, I was obliged to restrict myself in 
calculation to what was necessary to satisfy roe of the satisfactory progress of my 
observations, and to rese1·ve the final calculation ti11 my return t<> Frnnce; and 
it was well I did so, as, after all the time bestowed upon them, they are not 
yet entirely c<'mpleted." 

When Biot had terminated hia observations at Unst, he wrote to Colonel Mudge, 
requesting that the Master General would give him official authority to take 
part in the sectorial observations at Balta, on the perpetuation of the principle 
which had brought him into England, but to this strange request, Colonel Mudge 
replied, "he was sure that Captain Colby would be happy to coalesce with hiw 
for the joint advantage of the work, and that be wa:;i a man so sound in under
standing and every honourable principle, that M. Biot might safely throw himself 
upon him, persuaded that he would meet him on the same liberal principle that 
he, Colonel Mudge, should do." Biot did not, however, remain longer, but 
taking advantage of a small country smack, trading to Berwick, returned south
ward before the ''Investigator" could be despatched to remove him. Making every 
allowance for irritated feelings, and even nssuming that more courtesy should 
have been shown to him, it is evident, from his own statement, that Captain Colby 
could not have prevented the unlucky separation by any possible change of his 
own arrnngements. Had he encamped on the highe8t northern peak of Unst 
the difficulties in the way of M. Blot's arrangements wouM certainly base been 
greater than at Balta, and it was manifestly impossible to fix the trigonometrical 
station in the gnrden of Mr. Edmonston's house. Biot dwells indeed with delight 
on his residence at Unst, and attributes to his selection of that station the intim;ite 
knowledge be obtained of the warm-hearted hospitality, and other sterling quali
ties, of its inhabitants ;-and says, 11 If I had remained on the rocks of Balta I 
should, without doubt, have gone away with all the prejudices of a foreigner; 
and have dwelt only on the sadness of the islands, the poverty of their soil, and 
the inclemency of their climate." Such indeed might have been the case, but he 
would have then succeeded in all the great objects of his visit by not only com
pleting his pendulum experiments, but also by bringing into direct comparison 
the two rival systems of observation. Yohrntn.rily he withdrew his own observa
tory and operations from the notice of the English party; and it seemed scarcely 
reasonable that he should then have sought to take part in their work. Steadily, 
however, they adhered to their rock; and accustomed to brave the fury of the 
storm, and to make themselves at home on the most rugged an<l cheerless ground, 
they patiently pursued their course until they hnd successfully completed their 
observations. Biot's experiments with Borda.'zs pendulum, consisting of a platinum 
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ba11 suspended by a wire from a knife edge, were subsequently confirmed by those 
of Captain Kater with the bar or invariable pendulum,"" and were conformable in 
their results to the recch·ed or Newtonian theory of the earth's figure; but from 
a. want of co•opemtion in the two sets of observers, they have not thrown any 
light on the physical or other causes which have modified the geodesical e,·idence 
of the English arcs. In 1817, Sir \\T. Congl'eve suggested to Colonel :Mudge t.he 
uee of instantaneous signals for the determination of differences of longitude, as 
noted hl the following letter to Captain Colby: "I send you n letter that I have 
received from Sir W"illiam Congreve. It appears to me that be is providing what 
ma.y be of great service to us, so tha.t if you will come down on Monday 
with Mr. Gardner, we will, at night, attend Sir ,v. Congreve's together. If 
Sit· w·. Congre,·e can continue to exhibit by explosion combustible matter of great 
brilliancy, capable of being seen at 40 or 50 miles with ease, be will afford the 
means of finding the difference of longitude between two places much nearer 
than has ever yet beeu <lone by means of time. I wish you would write to 
Mr. ,Yolcott, and tell him to look out from Hampstead toward ,voolwich from eight 
until nine, and somewhat after, on Monday next." The first use of artificial 
signals was, howeYer, of more remote date, as Picard employed them in 1671 
to determine the difference of longitude between the tower of the observatory 
of Copenhagen and the ruins of the fru:-famed observatory of Tycho-Brahe, in 
the Island of Hueu. In this case, the signal was a fire lighted on the to\'\"er of 
Copenhagen, which was alternately concealed and exposed to vie,", the times 
of appearance a.nd disappearance being carefully noted at the two stations; and 
as the distance was only six leagues, the plan answered tolerably well. At a 
distance, howeYer, of thirteen leagues a fire of thl·ee f.:Jet diameter would not 
appear to the eye larger than a star of the third magnitude, so that with great 
distances the difficulty of suddenly masking the light of still greater fires would 
become almost insurmountable. In 1735, it was proposed by Delisle and 
La Conda.mine to use the flash from a gun, or even from a heap of exploded 
powder, and La Coudamine proposed a change in the ingredients of ordinary 
gunpowder, so as to produce a. more vivid light. In 1738, the French 
Academicians foun<l that the light obtained by the explosion of six pounds of 
powder wM distinctly visible at the distance of forty leagues. M. Cassini (third 
of the name), about the sawe time, observed that the flash of a 24-pouuder, 
fired on the jetty near the lii,;hthouse of Sete, was seen at l\fontpellier, although 
the mountain of St. Bauzel is 780 feet high, was directly in the line between 
the two places. Towards the end of 1739, Cassini and the Abbe La Caille 
determined in tbis manner the difference of longitude, 1° 53' 19", between the 
Hermitage of St. Clair near Sete, and Mount St. Victoire near Aix, the signals 
by the explosion, evening and morning, of charges of ten pounds, each, of gun
powder, being made on the flat roof of the Church of Saintes-1\faries, near the 
lesser mouth of the Rhone. In 1811, Baron Zach, from whose correspondence 
these details have been extracted, repeated this observation, but expended in the 
signals only four pounds of powder, instead of ten pounds per signal, finding 

• In this compound pendulum knife.edEteS are fixecl transversely near the two ends of a 
flo.t bar and when the number of vibrations is the same, on whichever of these edges the 
bar is ~ade to vibrate as an axis, or the centres of suspension and oscillation are.recip~ocal, 
the distance between the two knife edges is the leng-th of the corresponding simple 
pendulum. ThiP- coincidence is obtained by trial, the bar being supplied wi~b a moveable 
weight, which can be adjusted so as to alter the position of the centre of gravity. 
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that signals were more instantaneous from the explosion of small than of larger 
charges. Ba.ron Zach also used this method in 1802, in the survey o~ ':Phuri~gia, 
aud thus noticed that a flash from a bill was seen, as a coruscation of hght, 
fifty-five leagues, though the curvattu·e of the earth concealed the hill itself. 
By the Frouch, Ita.lia.n, and Germans, this method bas been subsequently used 
extensively, ns for example in 1822, when the differences of longitude of the 
observatories of Vienna, Buda, and Munich, were determined, under the direction 
of Profe.ssor Littrow. The signals were made by the explosion of charges of half 
a pound of powder suspended in a born to a post six feet high, and fired by a 
common port fire. The arc of longitude between the observatories of Buda auU 

Munich is seven and a half degrees, and the operation combined the use of two 
subsidiary statious, four signals ( 1 three), and the two astronomical clocks at the 
observatories; and Baron Zach states that the arc of longitude between Buda 
and Paris could have been determined by four stations, eight signals ( 1 six), and 
three clocks. Before this, 1804, Baron Zach had exploded charges of six ounces 
of powder on the Bracken, which ,...-ere seen on the Keulcnberg, at the distance 

of 151 miles. 
Common rockets were tried from Greenwich Observatory in 177 5, but not 

being visible for more tbau six or eight miles, they are useless for such pnrposes. 
The Congreve rockets, however, more especially those improved by Captain 
Schumacher, a Danish officer, entrusted by the King of Denmark with his rocket 
department, were found to answer much better, as it was announced in the 

Danish papers, in 1819, that rockets fired as signals on the small island of Heelm, 
on the Categat, had been observed with a telescope by Captain Schumacher's 
brother, the celebrated astronomer at Copenhagen, a distance of twenty leagues. 

Baron Zach states (1822) that Baron D'Augustin, a colonel of the Austrian 
Artillery, had invented rockets which were capable of ascending to the height of 
nearly 11,000 feet, or more than two miles; but that it was difficult to follow them 

in their ascent to the point of explosion with powerful telescopes of a small field 
of view. 

It does not appear that Sir ,v. Congreve's experiment led to any immediate 
application of fire signals to the purpo,;es of the survey, although the subject 
was frequently discussed by General Colby at a later period, and he al ways 
anticipated the use of the Drummond's Light, in determ~i0ng the differences of 
longitude of important stations, distant from each other, such as the obser
vatories of Greenwich and Dublin. The French have subsequently used rockets, 
though with only partial success, in the great arc perpendicular to the meridian, 
between Brest and Strasbourg, before referred to, and the English and French, in 
determining the difference of longitude between Greenwich and Paris, as 
described by Sir John Herschel, iu "The Philosophical Transactions for 1826." 

In 1839, the Rev. Dr. Romney Robinson, the well-known astronomer of the 
Armagh Observatory, determined in this manner the difference of longitude of the 
observatories of Armagh and Dublin, the rockets having been fired frow the top of 
Slieve Gullion, a high mountain near Newry, and eighteen miles from Armagh. 
This mountain is 1893 feet aboYe the sea level, and though visible at Dublin 
fifty-seven miles from it, is cut off from Armagh by an intervening ridge, so that 
the rockets were required to ascend more than 800 feet in order to be visible on 
explosion. All the details of elevation, bearing of hills, angles of elevation or 
dep1:ession, effects of refraction necessary to facilitate the operation were 
furm sbod by Lieutenant Larcom (now Major Larcom, Under Secretary for 
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Ireland), from the documents of the Ordunuce Survey; aud it is not a little 
gratifying to those who have been connected with that great work, to read 
the disinterested testimony of so able a judge to its general excellence. '"It is," 
he says, "really wonderful how completely every undulation of the ground bas 
been registered iu the survey. Tbe altitudes sent to me, which must have been 
computed from the geneml sections, agree with observations in the most 
extraordinary way. A fact of unother kind will show fmch persons as may 
not be acquainted with these things the precision of the Ordnance Survey. I 
aet a telescope to the azimuth given for Slieve Gullion, and ascended the 
intervening hill with a theodolite, which I moved till, by signal from the obser
,·atory, it was in the line ; then I took, with the theodolite, the angle between 
the telescope and the pile on the mountain top, where our rockets were to be 
fired; it proYed 180° exactly, or the three points were in one right line." 

It should be remembered that the survey thus commended Lad been planned 
and conducted by General Colby; and that the precision recorded had been 
1ttaiued by sm·veying and plotting on a scale of six inches to a mile-a consiJ.era• 
tion which ought not to be lost sight of in discussing the proper scales for other 
surveys, or in considering the comparative expense of this and other surveys. 
That a survey furnished with accurate levels, so numerous as to exhibit every 
undulation or swell of the surface, could be considered by any one useless for the 
preliminary examination of civil engineers, seems indeed scarcely reconcilable 
with the experience of Ireland, or with the ordinary deductions of reason. 
The Ordnance will doubtless be also gratified by the testimony which Dr. 
Robinson bears to the excellence of the rockets furnished from the ,voolwich 
Arsenal-" The rockets/' he observes, "were remarkably good; not one burst, 
which certainly is a singular contrast to the French rockets in Sir J. Herschel's 
nod Colonel Boone's operations. Their average rise, on the only evening I 
measured it, was 800 yards; they had, ho\\ ever, only four ounces of powder, 
but the part of the case which contained it weighed six ounces more, so that they 
actually carried a greater weight than the French.'' :Much yet remains to be 
done to perfect the rocket as a military engine; but, even as the means of 
conveying signals at times and under circumstances when all other modes of 
telegraphing would be useless, their value should be deemed inestimable, when 
it is considered that a pound rocket will l'ise 1400 feet, a two-pound rocket 
will rise to that height and carry with it four ounces of bursting powder, and 
that Dr. Robinson succeeded in making some not heavier than the above, which 
carried four ounces of powder and rose to the height of 4500 feet. 

The present opinion of British geodesista on the ,,aJue of the signal system of 
determining differences of longitude is thus given by Captain Yolland, R. E., in 
his able and elabor<~te treatise on geodesy, which form~ a second part of the third 
volume of the new mathematical course for the R. M. Academy : "Tbc method 
by instantaneous signals consists in two observer;;, at A and B, accurately noting 
the correct time by the chronometers of the appearance or disappearance of the 
signal agreed on to be exhibited from some intermediate station, C, visible from 
both A and B. A careful person being stationed at the intermediate station C, with 
instructions to fire the gunpowder or signal rocket, or to co,er or uncover the 
Drummond, Bengal, or blue light, at stated times, :md to repeat the signal agreed 
on at certain intervals of time when the weather is favourable, so that the observers 
at A and B may be on the look-out at the proper time for the explosions, appearance 
or disapperu-ance of the signal lights. A set of such observations will furnish a 
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seriPs of clock times fo1· A nnd B, which may all be severally reduced to sidereal 
times from the observed time.'! of transit of the selected stara, and the difference 
between such sidereal times is the resulting difference of longitude furnished by 
each particular observation. It is probable that the precision of the result, obtained 
by this method of determining the difference of longitude is g1·eater thau in that 
of any other process which ha.a yet been followed.''-To these remarks of Captain 
Yolland, a caution should, however, be added, that the determination of the 
absolute times at the two terminal stations should be effected in the most perfect 
manner, and, if pos.¾ible, by fixed instruments; but as regards intermediate 
stations, intended merely to transmit the signah; by observing the relative dijfer

e;we of ti1ne of their exhibition, a good watch showing seconds, and which keeps 
a tolerably steady rate, is sufficient, as the interval of time between the exhibition 
of the signals of the two adjacent :stations intended to be observed by one person 
in succession, ought not to exceed a few minutes. 

The field laboura of the memorable sea.son of 1817 having been closed, Captain 
Colby returned to the Tower of London, and soon afterwards his opinion on the 
subject of publishing tbe map of Lincolnshire was requested by Colonel Mudge 
-the publication of the maps having been suspended during the war. 

His reply breathes the same liberal spirit which he always manifested in dis
cussing any great public question- as may be judged from the following letter of 
February 2nd, 1818-'' I have given ,vhat consideration I am able to the Lincoln
shire survey, and I really can discover no good motive for rejecting the offer of 
the gentlemeu of that county. It may, as Lord Mulgrave has justly observed in 
his letter, be proper to obtain some definite etatement of their intentions; but to 
what more proper object can the survey be directed, in time of peace, than to aid 
the general improvement of the country : and bow can that be done more effectually 
than in giving maps of these counties where the most beneficial changes are 
taking place 1 In the county of Lincoln, the spirit of adventurous agricultural 
improvement has been most eminently displayed. Individuah have imp1·oved 
their fortunes, and the nation has acquired additioua] resou1·ces from their efforts. 
New efforts are now ma.king in the same county, and these efforts may be 

rendered more efficacious by the aid of the Ordnance map."-Captain Colby then 
examined in detail the several difficulties in the way of proceeding with the 
engr11ving of the Lincolnshire map, such as additional expense, interference with 
existing arrangements, &c., mid having explained how easily they might all be 
overcome, proceeds thus: "Having shown separately the consequences of com• 
mencing the Lincolnshire smvey, I come now to a summary of the whole. 
Lincolusbire, with the exception of a very small portion, would be comprised in 
five sheets. A sixth, which would probably contain a small portion of the Spurn 
Head, would be necessary to square the map. I should propose giving it to 
the proprietors in three parts, containing two sheets in each. The district which 
would form the first part is nearly all surveyed at prel,!ent; and, consequently, 
that pa.rt 1night soon be put in the hands of the eng1·aver. It would consist of a 
portion of Norfolk, the Wash, an iuteresting part of the county of Lincoln, aud 
small bits of the adjacent counties. Thus the proprietors would not be long 
before they were possessed of nu useful specimen of the work. The regular 
progr~ss of the general survey from south to north need not be interrupted o1· 
e~seuhally retarded, if a small additional sum were granted on account of the 
Lmcolnsbire map: but the small additional sums n.dvanced to expedite the 
work would be more than compensated by the increased sale which would 
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ariso from ln-iugiug out tbc map at tl1c time it is wanted, and witb the good 
will of the proprietors of the county. Should they commence a survey at 
tbcir own expense, the improvl'ment of tlieir property would be dimini~bed, 
and when the ordnance map at length maJe its appearance it would find few 
purchasers. Their objects and ours would be alike defeated. I am sure I should 
be one of the Inst persons who would propose a deviation from the regular course 
of the suney; but in the present instance, tbere seems to me no difficulty in 
preserving tbat regular course, and at the same time meeting the wishes and 
furthering the interests of the Lincolushi.t·e gentlemen." Before, however, this 
object could be attained, seveml years were destined to elapse, and it was not 
until Cap~ain Colby bad become the director of the survey on the death of 
General Mudge, that the Lincolnshire map was fina1ly published. The principal 
cause flf the delay was the necessity of a rigorous revision of much of the survey 
details; and on this occasion Captain Colby exhibited that calm and impertur• 
bable firmness, which was a striking characteristic of his mind, as uo external 
clamom· for the map, nor rep1 oache.:1 for the deby, could shake his dotermiuation 
not to pubfoh until its accuracy bad been fully established. For tbis purpose he 
sent Lieut. Dawson (uow Lieut.-Colonel Dawson), and Lieut. Robe (the late 
Lieut.-Colonel Robe, R. E.), into tbe country to go over it sheet by sheet, and 
it was only after this verification that it was published. The beauty and excellence 
of the map, and its improvement in the hnrmony, and proportionate accw·acy 
of its shading, obtained for it unqualified approbation; and it was considered 
by the best judges as a great advance in topogrn.phical science and art. 

The difficulties which had been experienced in the p1·eparation of this map for 
the engravers, or rather in the examination and adjustment of old survey work, 
induced Captain Colby to devise a plan for promoting a more uniform system 
of sketching and drawing, as weH as for ensuring greater accuracy in the survey 
itself; and for this purpose he proposed to place a certain number of assistants 
under Mr. Dawson, to be instructed by him in one uniform system of surveying, 
sketching, and drawing. Tbe'ie assistants were designed to become, in tbeir 
turn, local superintendents, and thus to introduce everywhere efficient checks 
upon the accuracy of the work. Some of the gentlemen thus prepared did, for 
some time, good service on the suryey ; but General Colby was unable to carry 
out the scheme in its integrity, and a different system of orgauisatiou has subse
quently superseded it. 

In November, 1817, Messrs. Arago and Humboldt, accompanied by M. Biot, 
came to England with two pendulums, which were swung an<l obsened at the 
Royal Observatory, Greenwich, in the presence of Mr. Pond, the Astronomer Royal, 
having been previously experimented upon at Paris. M. Biot writes on the 24tb 
November to Colonel Mudge, "I must not delay furU1er replying to your kiud 
proposition, by eayiug tbat l\I. de Humboldt, M. Arago, and myself will be most 
happy to see the sector at your house at W"oolwich, in anticipation of the gratifi
cation of using it with you at Dunkirk." In reference to the two first of these 
great men, Humboldt and Arago, Colonel :Mudge, in notifying their arrival to 
Captain Colby, observes, '' I do not perceive the slightest impression on their 
minds similar to that which animated the man when he w1·ote in tLe 'Caledonian 
Mercury.' Your report is quite the thing, and suits my purpose exactly, as well 
as being a sufficient proof of your consistency.'' And it may be here obsen·ed 
that the coolness between Biot and Captain Colby never extended to Arago, who, 

'! 

'I 



xl MEMOIR OF MAJOR-GENERAL COLBY. 

on the contrary, manifested towards him feelings of very strong regard. The 
project of taking the sector to Dunk.irk, so anxiously looked forward to by both 
the F"l'ellch and English astronomers, was not carried into effect till late in 1818, 
ns Captain Colby was actively engaged in Scotland from )fay 19 to September 17 
of that year, having observed from nine mountain stations in that country during 
the interval. On September 1, Colonel Mudge wrote to Captain Colby, "The 
remainder of this letter must contain matters of official importance to us both, as 
you know the engagement under which I was made to place myself is now 
arriving towards fulfilment-I mean the Dunkirk expedition. I have received 
two letters from Biot, written with some anxiety upon this subject, which I bad 
indeed anticipated by stating to him that on your return from Scotland we would 
both accompany the sector to France, at the same time telling him that it would 
be late in the season before we could effect that measure. Biot's reply was that 
it would perhaps be advisable to bring over the sector myself much sooner, as the 
obeervat.ions were very simple, and wight be made while you were going on with 
your operations in the North. To this letter I have replied with a.a much candour 
as I hope I have always shown on every occasion-that accuracy and truth have 
been always my aim-and that I will not vitiate that chai;acter by attempting 
that which I am not capable of pel'forming. I have told him that with the 
knowledge and judgment upon the subject equal to what it ever has been in any 
former period of my life, I am now not so equal to the work of observation as 
yourself1 and that I deem it a just tribute to give you the honour of ma.king the 
obseTTations at the south end of the arc, as well as the north, assured by so doing 
that the character of the whole work will be best preserved, and my own 
interests effectually served therewith. Now, I do say that though you have no 
reason whatever to be pleased with Biot-and God knows I have just as little
yet I trust you will see with me the actual necessity of our concluding the work 
of this year in France. I feel that by so doing I shall conclude my labours 
honourably, and I would be sorry after a life that has left me but little more to 
boast of than a desire to do right, that I should conclude it inconsistently." 
From this letter it is manifest that whilst Colonel Mudge anxiously desired that 
Captain Colby should conduct the observations at Dunkirk, from a conviction ou 
hia part that there was no other person equally skilled in the use of the sector, 
or equn.lly able to maintain the credit of the British geodesists, Captain Colby 
would have readily relinquished the task to any other person, so strongly did 
he resent what he deemed the unjust conduct of l\L Biot towards him. 

An extract from a letter of M. Biot to Colonel Mudge, of the previous 2nd of 
December, will in some degree explain and in great measure justify the feeling 
of Captain Colby, as there is no doubt it had been communicated to him-" As 
to the affair of the pendulum, I have only heard of it from yonrself, not having 
had any participation in the experiments made at the Island of Balta. As to 
the discrepancies which you mention, as occurring between the results obtained 
from experiment in that island 1 and theory, they cannot be deemed a secret, aa 
other persons have spoken to me about them before I had myself breathed a. 
syllable on the subject. Captain Kater has pointed out to me t118 cause to which 
you consider that this want of success should be ascribed; but if I rightly com
prehend your meaning, I do not see bow the knowledge of the cause, which boa 
reudereJ. the observatious erroneous, can be made a reason for forming a 
favourable opinion of them. Further than this, I judge no one. I restrict 
myself to the duty of making my own observations with all the care I can bestow 



MEMOIR OF MAJOR-GENERAL COLBY. xii 

upon them, and I leave others to conduct thei1'8 as welt as tlltfr knowledge will 
pe,·mit. I hnve not come to this country to act the part of a critic, and I have 
no deeire to mix myself up with literary quarrels." These remarks, which could 
only have referred to Captain Colby, were certainly neither very candid nor very 
friendly, and, combined with the effort to induce Colonel Mudge to undertake 
the sector observations at Dunkil'k without the aid of his colleague, strongly 
marked the disinclination of M. Biot to co-operate with Captain Colby; whi1st, 
on the other band, Captain Colby had little confidence in the French observers, 
ant.I was always disposed to contrast unfavourably the respective systems of the 
two countries; the French results being. as he supposed, occasionally cooked or 
h1imom·ed, to suit an object, whilst on the British sw-vey it was laid down as an 
inflexible rule, that all observations should be recorded, and that n one should be 
rejected, unless an entry of some cause of imperfection had been made at the 
time when they were t.a.ken. N otwithstaud.ing, however, these personal dislikes, 
Colonel Mudge and Capta.i.u Colby proceeded to Dunkirk, and were there joined 
by MM. Arago and Biot, when the sector was put up in the arsenal, It is said 
that the French philosophers pronounced the sector "the finest instrument in 
the world;'' but thel'e is some doubt whether they really assisted in the 
observations, and it is certain that the desire of Colonel Mudge to bring the 
sector and repeating circle into direct comparison with each other, was not even 
gratified at Dunkirk, as such a comparison could only have been satisfactorily 
effected by a mutual interchange of the records of actual observations, before 
any corrections had been applied to them, and it does not appear that the French 
observations, in their original state, were communicated to the British observers, 
although a copy of the sector observations was transmitted to the French. In 
June, 1819, Schumacher writes thus to Baron Zach on the subject: '' On my 
return from Loudon, I hasten to inform you that Ramsden'i; sector has safely 
arrived, and that I am about to put it up at Lauenburg. Colonel Mudge has 
communicated to me the latitude of Dunkirk, as observed with this instrument, 
but the place of observation was not the same as that at which the French 
observations were made. It was agreed that the observations should be 
reciprocally exchanged between the hvo parties, and Major Mudge sent a copy 
of bis as soon as taken, but up to the time of my departure from London the 
French observations had not been received. M. Delambre told me, at Paris, that 
the latitude obtained by Colonel Mudge, with the sector, was in perfect accord
ance with that which he had obtained ;" but on this statement Baron Zach 
remarks, in a note, •• Up to this time we have only reports, accounts, assertions 
as to this agreement, unsupported by any evidence or proof of their truth ; 
we must therefore wait until the original observations have, ae is customary in 
such cases, been published. Until then, no satisfactory judgrnent can be formed 
of this important work, on which the attention of all the learned men of the 
world bas been fixed for twenty-five years." In December, 1819, Schumacher 
refers to his own observations with the sector, at Lauenburg, and mentions the 
visits he had received during their progress, from Gauss, Olbers, and Bessel. 
., To give," he says, "the greatest authenticity to these obeervations, and at the 
same time to testify to the English the gratitude we feel to them for the loan of 
the instrument, I send to General Mudge a copy, sheet by sheet, of my journal, 
the observations being written as taken by ,v edgwood's double writer, so that 
the example sent is identical with that retained." And Baron Zach added a note 
to the effect that "General Mudge did the same at Dunkirk, as regards the 

.• 
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Frtnch astronomers, though he did not recti,·e thefr observations in return, though 
they bad beeu promised." These statements of Schumacher and Zach excited 
very great inJ.ignation on theJ part of the French, and called forth a report on 
the subject from Biot, which is thus 1·eferred to in a letter dated Altona, 
November 10th, from Schumacher to Captain Colby, then Director of the Survey, 
and written in terms of the warmest friendship:-" It is long ago since I heard 
anything of you, aud you must know how agreeable every line from your hand 
must be to me. Can you spare n. moment for one of your most sincere friends 
and admirers 1 You do somewhat wrong in depriving me of it. M. de Zach baa 
published a confidential letter of mine, where I told him what I heard from the 
late General Mudge, that the French astronomers at Dunkirchen bad not 
communicated their original observations to you, as it was agreed. It is certainly 
against the most common laws of honour to publish what you have of a friend 
for private communication; however, the thing is done, and MM. Biot and Arago 
aro now in a violent dispute with Zach. They have not yet attacked me, but 
when they do, may I expect your testimony for the truth of the assertion 1 You 
would do me a particular favour if you could now bring the testimony of our 
worthy deceased friend, without acting against that which the French call 
deliccttesse. The answer of the French is very artful. Zach had said (of his own 
accord) that you bad daily communicated your observations. This point they 
take up, and their whole answer refers to the expression daily. 'It is not true,' 
they say, 'that an engagement was entered into by the English and French to 
exchange, day by day, their observations. It is equally untrue that General 
Mudge did communicate his daily. From the commencement of our union, 
and so long as it lasted, we freely offered to the English astronomers the 
use of our instruments, either separately or in conjunction with us; an offer, 
however, of which they did not avail themselves. On our part, we requested 
permissiou to observe with the great sector of Ramsden, and uot only was it 
granted, but every necessary instruction for the use of that fine instrument given 
to us. They have communicated to us their registers, and supplied copies 
of a certain number of their observations: but this permission to use the instl'U
ment was not given, aud this communication of the English observations was not 
ruadfl, until after we bad communicated to General Mudge the latitude of our 
statiou, deduced from observations made with the repeating circle both to the 
south and to the north of the zenith.' Mark," continues Schumacher, "how 
artfully this is expressed. They do not say, they observed with Ramsden's sector, 
but every one wllo reads it will understand it in this manner; and I remember 
very well how our late friend, after having read, at a dinner at his house, where 
a large company was, the report of Biot, exclaimed, ' God bless me ! they never 
touched the instrument!'"• In this statement Schumacher should not have 
said that Barou Zach made the assertion of a daily communication, on. his own 
accord, as the meaning of Schumacher's words, "Major Muilge communicated bis 
observations as soon a.a they were wade," was precisely the same. 1\Iaking, 
however, every allowance f,Jl' wounded feelings, and remembering that the report 
of Biot was written as a justification, it may be distinctly gathered from its 
admissions that the English astronomers communicated not merely a part, but 
all their observations, for when they sent tltefr 1·egisters, they manifestly commu-

• Licut.-Col. :\[udge confirms this statement that the French astronomer~ nc•n•r availt•d 
themselves of the IlCl'mission to obscr\'e with the sector though they bad solicited it. 
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nicated the obs~rvations just as they were taken and recorded; they therefore 
enabled the French astronomera to compare the results with the data. on which 
they depended, and in this respect not even M. Biot ventures to al:!Bert that there 
was reciprocity, as he merely says, that the hltitude dcducfd from the obserratio~UJ 
was communicated. Again, too, it may be noticed, that there is no distinct recog
nition of Captain Colby in tLis report, although from the letter of Colonel Mudge, 
previously quoted, it must be manifest that he waa the principal observer 
on the occasion, and his skill as such had been recognised by Zach in his note to 
Schumacher's letter, describing the sector observations in Denmark in the 
following terms :-1< It is with this inatrument that General Mudge made tlte 
meridional observations in England, and with which he and Major Colby repeated 
the observations at Dunkirk. le is remarkable to 1iu: with what admfrab(e skill 
Alajor Colby, wlw has lost hi-s lefe hand, observes witli this instrument." That 
admirable skill as an observer every one, who ever co-operated with him, must 
have witnessed and ndmired; and his rigorous determination to maintain tbe 
utmost straight-forwardness iu every proceeding of the survey was equally known 
to and respected by all who served under him. Early in 1820 died General 
Mudge, who ba.d only recently attained that high military ra.uk. To the scientific 
world he was bei;t known as the able successor of General Roy, and as a mathe
matician of considerable merit, though still au adherent of the flu.xionaJ theory of 
Newton, aud therefore not a convert to the differential calculus. The present 
writer, when at the Academy, enjoyed the occasional privilege of visiting at his 
house, and whilst participating in the friendly hospitality which be bestowed 
upon his young friends, and which was always distinguished by a war-:nth and 
simplicity which made them feel quite at home even with the lieutenant-governor, 
had ample opportunity of witnesaing and appreciating that never-ceasing enthu
sia.'!m for his favourite sciences which he felt in his owu heart, and desired on 
every occasion to instil into the minds and hearts of his young guests. Under 
his direction the survey maintained its high character; and under his super
iutendence the mathematics re:'iumed that preeminence in the Academy, which 
they ought to possess in au establishment founded for the purpose of training 
pupils for a profession, which, though practical in its detnils, is scientific in its 
principles. The Duke of ,v ellington was then Master-General of the Ordnance, 
an<l actuated by that sound practical wisdom, which was one of his characteristics, 
he departed from the usual military routine of promotion by succession, and 
before appointing Captain Colby superintendent of the survey applied to the 
leading men of science for their opinion on the subject. Lord Fitzroy Someraet 
(now Lord Raglan) notified indeed to Captain Colby that such was the course 
pursued by the ]\faster-General, and expressed His Grace's approval of the 
conduct of Captain Colby in abstaining from any private application, whether 
personal or through frieuds. The replies to the Duke's enquiries were favourable 
to the appointment of Captain Colby, a.s might have been expected; and Lieut.
Col. Hobbs, R. E., who was for many years an assistant on the Scotch snr.-ey, 
refer.s to the subject in a letter dated Ayr, Jan., 1825 :-" I cannot help mentioning 
here, that about three years since I met Sir Humphry Davy, at a dinner party in 
this neighbourhood; and in speaking of the su1·vey, Sir Humphry mentioned that 
soon after General l\iudge's death he received a note from the Duke of \Vellington, 
1·equestiug him to name the person whom he might think the best qualified to 
succeed the General: that iu his reply to the Duke he said he not only thought 
you the pf't'Son best qualified, but it was in some measure your right, having 
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devoted your whole life to this particular duty." An anecdote ha.a also been 
presetTed in the family of the fate Sir Thomas Robe, R.A., which will at least be 
deemed amuaing and characteristic, even though some may consider it a mere 
trnditionary legend. It is said then, that the Duke sent for the celebrated 
Dr. Hutton, perhaps the moat practically effective professor of mathematics the 
Academy over bad, and asked him the plain question,' do you think Captain Colby 
the best person to take charge of the survey l' 'l.'lte 1·ei-y be,t, replied the Doctor; 
a.nd then was about to maintain that position by sundry reasons when the Duke 
stopped him, saying," Thank you, Doctor, that is enough, you have fully answered 
my question, and I am satisfied." Ou the 10th of July, 1820, he was officially 
appointed successor to General Mudge in the superintendence of the Ordnance 
trigonometrical survey; and on the 16th of December of the same year he was 
named by Lord Melville o. member of the Board of Longitude, also in succession 
to General Mudge. Ou the 19th of July, 1821, he became brevet-major; on the 
29th of July, 1825, lieutenant-colonel; and on the 10th of July, 1837, colonel. In 
1819 Lieut. Robe (the late Lieut.-Col. Ale.x.auder Robe), and Lieut. Dawson 
joined the survey, o.nd were engaged with C::iptain Colby iu the observations 
of five stations in Scotland. In 1820 the arrangements, consequent upon the 
death of General Mudge, induced a. cessation of the mountain work. In 
1821 Captain Vetch (now consulting engineer to the Admiralty), and Lieut. 
Drummond (under secretary for Ireland at the time of his death), were associated 
with Major Colby in the obser"ations of eleven stations, including the Islets 
Fni.ra and Foula, as connecting links with the Shetland Islands; and it was 
after this season of extraordinary labour that Major Colby took part in the 
renewed observations in France. This second visit was the result of an application 
from the Royal Academy of Sciences, ancl Board of Longitude of Paris, to the 
Royal Society of London, expressing their desire that the operations for con
necting the meridians of Paris and Greenwich should be repeated jointly by 
commissioners of both countries, nomina,ted by the Royal Aca,demy of Sciences, 
and Royal Society of London. Messrs. Arago and Matthieu were chosen on the 
pa1t of the Royal Academy of Sciences, and Captain Colby and Captain Henry 
Kater on the part of the Royal Society i but though this expedition was not 
immediately connected with the ordinary operations of the survey the Duke of 
Wellington assisted it to the utmost, by attaching to it a party of Royal Ai-tillery, 
and authorising the supply of tents, and every other necessary store. Captain Colby 
also took with him hfr. Gardiner, his former companion on the summits of 60 ma.ny 
mountains, and Captain Kater paid only a just tribute to the merits of one of the 
most efficient public servants which the survey ever had, when he said, that "to 
the talents, zeal, and exertion of that gentleman, on various occasions of difficulty, 
they were much indebted." The original stations of General Roy upon Fairlight 
Down, and near Folkstone Turnpike, which, as well as Dover Castle, had been 
connected with the stations on the French coast, at Blancnez and :Montalembert, 
were not at first refound, and a.l! the gun which marked the important station of 
Beachey Head hn.d been removed, it was irrecoverably lost. The difficulty in 
refindiog Fairlight station was the consequence of a change, since General Roy\1 

ti'.11e, io the position of the mill, the distance of which from the station, together 
with the angle between it and Fairlight church, had been given as mea.ue for 
verifying the site. Evtryone who has been engaged in the troublesome operation 
of refinding stations after the lapse of many years, must have experienced 
difficulties of this kind, and have further ascertained bow hope1ess it is to seek 
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aid under such circumstances, from the treacherous recollection of the inhabitants. 
A circular trace of the old mill revealed its former position at Fairlight, and when 
the centre of this trace had been adopted as the point of departure the station was 
found with such precision, that on digging under the theodolite, the wooden pipe 
by which General Roy L.ad marked his sta.tion, made its appearance, at the depth 
of four feet. The writer of this memoir, having on several occasions been required 
to get over such difficulties, has met with many examples of the erratic character 
of mills, though unfortunately they did not always leave evidence equally tangible 
of their wanderings; and has been driven almost to despair when he has appealed 
to human testimony. As a preliminary towards discovering the old signal staff at 
Holyhead, he sent for t,he man who for many years had been in exclusive charge 
of it, and wa.a informed by him that it had stood "just at that spot, sir, where 
those stones are; why, sir, I watched it for many years, and saw it removed, and 
those stones were exacUy at its foot." Who could doubt such precise information 1 
more particularly as the place seemed a very fitting one ! ':Phe theodolite was put 
up, but alas! all the angles were wild, and evidently pointed to a very different 
locality. It was gradually moved in this direction, and the angles began to 
improve, whilst the signal keeper kept loudly protesting that it was leaving the 
right spot. At length the angles became consistent, and on removing some of the 
surface stones, amidst the protestations of the keeper that it would be m;eless to 
do so, the butt-end of the old staff was found, and the unwilling keeper forced to 
admit bis error. Ou another occasion, in Anglesey, the published description 
represented the station to have been on the highest poi11t of the hill, but time and 
agricultural improvement had so changed the surface that two small adjacent 
peaks appeared instead of one, and they were so vexatiously similar in height, 
and fitness for the purpose, as to defy selection. Well, the first person who 
came up was the farmer who, for many years, had been tenant of the land, and 
he at once pointed out one of the peaks as the true site, declaring that be 
remembered well when the party was there, and a gentleman who bad lost bis 
left band was constantly looking through a glass. Such testimony was irresistible; 
but the telescope having been put up flatly contradicted it: then crone a neigh
bouring gentleman who said he bad frequently visited Captain Colby, and looked 
through the telescope, and, with even greater confidence, pointed to the other 
peak as the right one. The telescope was shifted accordingly, but, strange to say, 
it denied the truth of the squire's statement, just as decidedly as it had done that 
of the farmer. Here was a dilemma ! falling between tWo stools and not another 
in sight to rest upon 1 In such a condition of perplexity it was natural to appeal 
to the experience of Colonel Colby, and from him was received the laconic 
reply:-" Never mind the testimony of any one; trust to your instrument.'' 
And in truth this advice, though conveyed in terms of characteristic brevity, was 
most wise; and by following it a spot was soon found where the angles perfectly 
harmonised with those of olden time, although the plough had worked so great 
an alteration in the relative condition of the surface. 

In order to facilitate observing across the Channel, compound lenses, of 
Fresnel's construction, then new to the scientific world, were used: and 
M. Matthieu, and Captain Mudge, put up the first one ever used in England at 
Fairlight. It was formed of numerous pieces of piano-convex lenses, arranged 
concentrically so as to form one compound lens, three feet in diameter, through 
which the light of the lamp, four iucbes in diameter, and composed of several 
rings of wick, was refracted. The light far exceeded that of any of the British 
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lighthouses, and ap peared at forty-eight miles like a stnr of tho first magnitude. 
This application of the lens led to its adoption for lighthouses in Great Britain, 
as Major Colby lost no time in communicating bis opinion of its excellence and 
adwmtages to bis friend, Robert Stevenson, the well-koown engineer and constructor 
of the Bell Rock lighthouse, a rival structuro to the chef-d'oouvre of Smeaton, the 
Edtlystone ligbthouso. l\Ir. Stevenson acknowledges tho receipt of this de~cription 
of the leus in hi s letter of the 15th of November, 1821 :-"I was much obliged 
by the letter you sent me of the 1st inst., relative to the French lamp and lens. 
I wish you could put me in the way of getting a lens, as I would put it into 
Inch-Keith lighthouse for trial. It will answer for a revolving light; but ba,·ing 
seen the Tour de Corduan I cannot well understand why they should use so many 
lenses of the description you mention. I bad once an idea of communicating your 
letter to Dr. Brewster, when I was with him the other day; but I thought he 
might wish to make some use of it, aud I was not sure how you might vie,v this. 
I am sure you could not make a more interesting communication to the Doctor, 
either for the Journal or the Roya.1 Society." The subsequent modification of tl1e 

lens cannot bo here noticed; in the hands of Mr. Stevenson they were soon and 
succeasfully applied, and he always continued to recognise the part which Major 
Colby had taken in promoting their introduction. Robert Stevenson died in 
July, 1850, but bis sou, Mr. Alan Stevenson, thus writes to Mrs. Colby, February 
3rd, 1853 :-'' .My f,lther's int,ima.cy with your late respected husband was very 
great, and when a boy I remember his almost daily visits to our house. There 
was no one whom my father more highly esteemed, and of whom I have heard 
him speak in higher terms as a man of great energy and devotedness in his duty. 
I well remember that he considered himself and tlte Lighthouse Board indebted 

to your husband for bis promptness in calling hia attention to the improvement of 
the French lighthouses, aud begged me, in a history of the matter I was drawing 
up, to notice the fact. This I did at pages five and se,en of the second part of my 
'Treatise on Lighthouses,' in Mr. ,veale's series. My last interview with General 
Colby was in Dublin in 1830, when on returning from a. harbour survey iu the 

west of Ireland I gave him some heights, which, not finding to agree with the 
Ordnance observations, be immediately (before I left him) made the subject of 
a communication to the officer on duty in the district ·whence I had come. I well 
remember that when I mentioned this, on my retlll'n to my father, he exclaimed 
with marked approbation, 'but like t/1,e man;' and then commented at some 
length on the leading polub of his character." Such indeed was the invariable 
rule with General Colby j he never blinked an alleged fault, but in a manly 
straightforward manner proceeded to probe and rectify it. 

Having fix.ed the lamp:;i at Fairlight and Folkcstoue stationP-, the party crossed 

the channel on the 24th September, 1821, and commenced thei1· obserYations 
at Cape Blancnez, near Calais, and notwithstanding the prevalence of stormy 
weather and the casualties which usually attended it, such as the overthrow of 
tents, the dismounting for security sake of the great theodolite, &c., they com
pleted them on the 7th October. On the 9th the observations were commenced 
at Montalambei-t, or Boulambert, a small fort near Boulogne, and were finished 
on the 14th, and the party recrossed the channel from Calais ou tLe 17th. The 
observations at Fairlight and Folkestoue were then undertaken in succession, 
:tnd completed by the 27th, when Captain Kater observes, "With greo.t regret 
we bade adieu to our much,esteemed companion, 1\1. Arago, who left us for 
Paris; and as the season was too far advanced for any further proceedings, the 
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party returned to Loudon.'" This feeling of almost affectionate regard to 
J\L Arago was fully reciprocated by that truly eminent philosopher and honour• 
able man, as is manifest in the warm and henrty expreasion of his sentiments 
towards Major Colby, in a letter to him of October 2, 1822. In 1822, the work 
of observation, commenced at Hanger Hill Tower, was resumed at Fairlight, 
in order specially to observe ,\rotham Hill and Tolsford, on both of which 
Jn.mps had been fi::tecl, and iu like manner at Folkestone. Tolsford Hill was the 
next station (at which the angle between Fieunes and :Montalembert, on the 
French coast, was taken), a.nd then Stede Hill, Crowborougb, Leith Hill, 
Wrotbam Hill, Severndroog Castle upon Shooter's Hill, ancl Chiugford followed, 
and completed the work of 1822, on the 18th November. In respect to this 
season's operations, it may be noticed, tl1at the impossibility of observing one 
of the ends of the Hounslow B.."\se, in consequence of intervening buildings, 
forced Major Colby :md Captain Kater to connect their triangulation with the 
survey distance, s~vernUroog Castle to Hanger Hill Tower, as the3e were the 
nearest stations to the baM which could be identified with precision. Chingford 
was a new station, established on the temporary meridian mark of the Greenwich 
ObRcrvntory, and was selected in order to make one side of a triangl" coin• 
cident with the meridian, and thus to obtain the means of deducing the 
azimuths by direct comparison with that meridian. The assistance of Lieut.• 
Colonel Jones, Royal Engineers (the late most distinguished officer, Sir John 
Jones), wa'3 promptly and efficiently afforded to the party in raising the great 
iustrument to the top of Severndroog Castle, and covering it when .there with 
a shed erected on the top of the tower. Gre:at difficulty was experienced at 
Severndroog in seeing the signal on Hanger Hill Tower through the smoke of 
London, but, observes Captain Kater, " Colonel Colby at length thought of a 
method by which this difficulty was overcome. Tin plates were nailed to the 
t1taff upon Hanger Hill Tower, the plates being disposed above each other in 
certain a.ngles1 so as to reflect the sun's rays to Severndl·oog. This contrivance, 
which answers the purpose in a certain degree of the heliostat of Professor 
Gauss, was perfectly succe~sful ; each plate gave in succession a neat image of 
the sun, resembling a fixed star, which was seen through a smoke so thick that 
even the bill was iuvisible.'' Although this apparatus was simple in appearance, it 
was in every respect a true heliostat, and in ingenuity of contrivance by no means 
inferior to the more perfect machines of Gauss, or to the heliostat subsequently 
made by Drummond and used in tbe Irish Survey. It had indeed one advantage 
over them, that it required no assistant to watch and regulate it. In 1823, Colonel 
Colby fiuished the observations at Cbingford with the Ordnance great theodolite, 
and thus completed the observing portion of this interesting repetition of General 
Roy's operations for connecting the meridians of the two great national observn• 
tories of France and England. Captain Kater publisl1ed the results of this work 
in the "Philoaophical Transactions for 1828," and it is most gratifying to 
observe the general coincidence between the new and the old distances1 as 
determined in the present and in General Roy's operations; and although the 
ultimate object of this undertaking, namely, the direct comparison of the longi· 
tudes of the observatories of Paris and Greenwich, cannot be fully attained until 
the results of the French portion of the triangulation have been published, 
Captain Kater took Calais as the starting point, and adding 0° 28' 59 1' west 
of Paris to its longitudes, as gi\•eu in the u Conna.issance des Terns,'' the 
difference of lont,-itude between Calais and Greenwich, as obtained by himself 
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nnd Major Colby, namely, 1° 51 ' 18·73" ; he made the difference of longitude 
between Pul'is and Greenwich 2° 20' 17·73'' in space, or in time 9' 21·18", which 
differed only 0·28'' in defect frnm the previous deterruination of Sir John Herschel 
by fire signals. 

Captain Kater observes that " the truth of the preceding work wholly depends 
upon the degree of relinnce tbt\t may be placed upon the base on Hounslow 
Heath; and ns the accuracy of this is in some measure questionable, it is certainly 
desirable that a new base should be measured, to connect in the most unexception
able manner the stations at Leith Hill and ,vrotbam. The measurement of a 
base has hitherto not kept pace with the progress of other geodesical opem
tious; but the elegant arrangement which Lieut.-Coloncl Colby has recently 
imagined for compensating expansion, and which has already been tried in 
Ireland with perfect success, leaves no doubt of the fut1u·e accuracy of this most 
important part of trigonometrical operations." But gratifying as this testimony 
to the merits of the Colby compensating bars undoubtedly is, the comparison 
between the former measurements of the Hounslow Base, and its length as 
deduced from thA Lough Foyle Base.!!, which has been given in a preceding 
page, proves that, so far as accuracy is concerned, the Hounslow Base may well 
compete with any other on record. The comparison of the standards is, of 
course, another question, and would affect the measurement equally, whatever 
apparatus might have been used. 

In this combined French and English operation both the great theodolites of 
Ramsden were used, the Ordnance theodolite having completed the observations 
of Chingford; and it may be stated, that originally these instruments were 
identical, and each provided with only two microscopes for reading the divisions 
of the limb. This anangemeut was so far impe1fect as it gave the reading of 
any one observed object only on two parts of the circle, or of any one observed 
angle on four parts; and in conformity with a suggestion of Mr. Pond, the 
Astronomer Royal, that it would be better always to arrange microscopes or 
verniers in prime numbers, as 3, 5, &c., so as to divide the circle into so many 
equa.l parts, Captain Kater had four intermediate microscopes applied to the 
Royal Society's instrument, which, with one of the old microscopes, divided the 
limb into five equal parts. Major Colby, either before, or simultaneously with, 
Captain Kater, bad two additional microscopes applied to the Ordnance theodolite, 
so as to divide, in conjunction with the old microscope A, the circle into three 
equal parts, and thus to give each reading on three and each angle on six parts 
of the circle; and it may be suggested that it would probably have been better 
to have arranged the four intermediate microscopes of the Royal Society's 
instrument on the same principle, by making two of them divide the circle into 
three parts with the old microscope A, and the other two with the old 
microscope B, and then to have compared the mean of A, E, F, with that of 
B, o, D. Both these theodolites were originally provided with a single semicircle 
aftb:ed to one side of the telescope for taking angles of elevation and depression : 
but Colonel Colby replaced the semicircle by a. circle of 12 inches in diameter, by 
which arrangement it became possible to reverae the telescope; and subsequently 
in the course of the Irish survey, he added a second circle on the opposite side 
of the telescope, so that the microscopes on both sides could be read in each 
observation. This was a very great improvement on the original construction, 
and rendered the theodolite a very efficient instrument for vertical or altitude 
observations. 
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Iu 1822 Major Colby commenced the hill season on the MuU of Oe; but being 
obliged to attend personally to the observations required for the connection of 
the observatories of Faria and Greenwich, the work of the year in Scotland was 
completed by Captain Vetch and Lieutenant Dawson, as it had been, in 1821, by 
Captain Vetch and Lieutenant Drummond. Ten stations, however, were visited 
in England in 1822, a.nd observations for azimuth ma.de at two of them. And 
it should be remarked, that M. Arago participated in the work of observing both 
in England and France; and thus made himself practically acquainted with the 
merits of Ramsden's instruments. In 1823, English stations alone were visited: 
and from that time to 1838 the triangulation of Great Britain was suspended. 

The many names of Engineer officers already cited must have shown tLat 
General Colby had contemp1ated a military organisation of the Survey, even 
before the necessity of devising a new system for the Irish Survey induced 
him to adopt it in the fu1lcst extension. Besides those named, Lieut. Renny, 
who retired from the corps a,t an early period, and was subsequently assistant 
professor of civil engineering at Trinity College, Dublin, was for a short time 
employed in Scotland; and Captain Gossett for a considerable time in England. 
Aud to these should be added Lieut. (now Major) Larcom, who in 1824 was 
first attached to the English Survey. At this period Captain Mudge acted as 
local superintendent, or executive officer, at the Ordnance Map Office, Tower ; 
and during the absence of Colonel Colby, watched over the correspondence 
and engraving department, being assisted in those duties by Lieutenant 
Dawson; and in this and the few subsequent years the engraving of the 
English maps acquired the highest degree of excellence1 and they were made more 
generally useful by a subdivision of the large sheets or plates into quarter
sheets. It must not be supposed that Colonel Colby was insensible to tbe 
probable result of so large an employment of military men, as it had been 
long before urged upon him, that under such an arrangement the survey would 
ultimately cease to be an independent department, and would be placed, like 
all other engineer commands, under the control of the Inspector-General 
of Fortifications. With him, however, the rule of duty was paramount, and 
considering, as he did1 that a military organisation would be productive of 
incalculable benefit, he determined to adopt it, whatever might be the result 
in respect to his own authority, or to his permanent connection with the Survey. 
Had be acted differently, and continued in Ireland the old system of contract work 
of England, he would have retained bis poaition as independent head of the 
Survey to the last moment of his life, just as his predecessors Generals Roy 
and Mudge had done. That he exercised wieely the power of selection of officers, 
at first confided to him without liwitation, the names of those officers must 
amply prove, as scarcely one of them baa remained undistinguished, either in 
scientific or in political life; and with them should be associated Captain Yolland, 
though a later selection, as he has proved himself so fully equa.l to the difficult 
task of giving to the world the published resulta of so much labour in a form 
which will ma.int:li.n t.he character of the British Suney a.'3 a great scientific work. 

In 1824 the Government detennined to undertake the Irish Survey; and in 
that year the present annalist was firi3t attached to that great work, nnd as he 
enjoyed during the early periods of the Survey the privilege of a most close nnfl 
confidential intimacy with Lieutenant-Colonel Colby, and performed the same 
fuuctious, as regards the Irish Sui-vey, as were pcl'formed by Captain Mudge 
in respect to the English, be can testify to the disinterested spirit which 
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rc!!\tlatcd in a simi]ar manner all the appointments of the Irish Survey. Nor 
do0es be hesitate to declare his belief that, when the state of the work rendered 
it necessary to part from many of the officers who bad so long and so n.bly 
served under him, Colonel Colby yielded rather to tbe necessities of the sci·vice 
than to :my indifference to their labours or to their merits. 

The object of the Irish Sw•yey was more enlarged in ita acopo than that of 
the Eng1ish, and it became necessary therefore to frame a system which should 
ensure a high degree of accuracy at a moderate expense; and further than this, 
Colonel Colby felt that such a noble opportunity of connecting, with a topogra• 
phical sw-vey, nll these collateral inquiries, by which the springs of national 
wealth are discovered and directed into their proper channels, ought not to be 
lost. The manner in which he planned and matured a. system for these special 
purposes, whilst he steadily endeavoured to introduce improvement into every 
operation of the ordinary survey, will be shown hereafter; but for the present 
his steps will be followed only on the mountains and in the obscrni.tory. 
Accompanied by Lieutenant Drummond, Colonel Colby traversed Ireland from 
north to south in 1824, selecting the most suitable mountains for principal 
stations, and collecting data for determining the probable limits of altitude to 
be represented in the map. To the importance of this latter consideration 
Colonel Colby was particularly alive, as he had noticed in the English map the 
want of hrumony of tone which bad been the result of engraving isolated portions 
before a scale of shades bad been arranged for the whole map. ,vhenever the 
inch map of Ireland shall be published, it will prove the Yalue of these prelimi• 
nary inquiries, by forming one harmonious whole, in which independently of contour 
lines, every gradation of shade will correspond to a definite altitude. In 1825, the 
Irish Triangulation commenced on the Divis :Mountain, near Belfast, and as a 
preparatory measm·e, Lieutenant Murphy was sent into Cumberland and West• 
morland, and Lieutenant Portlock into the Isle of Man, to recover the sites of 
the old stations, and to re-est..1.blish upon them either large staves twenty.five or 
thirty feet in height, or conical piles of stones from sixteen to eighteen feet in 
height. On undertaking a duty so novel to them, both Lieutenant Murphy and 
Lieutenant Portlock naturally inquired what bad been the system adopted by 
their chief, and the present writer can therefore give this, his first, experience 
in survey duties as at least an imitation of the vigorous system of Colonel Colby. 
Landing at Douglas, his first object was to hasten towards North Bru:oole, and 
to locate himself at its base in a small public•house on the roadside, kept by 
Mrs. Looney. The next morning, as the month was June, he started with a 
small party of men, about three o'clock, for the summit, and was soon hard at 
work preparing for and erecting the object. A few houra thus employed, and 
the free breathing of the wholesome mountain air prepared the stomach also to 
do its duty; and welcome therefore was the sight of Mrs. Looney, attended by 
her ~aide~s, as she scaled the summit, with kettle in hand, a store of burning 
fuel m an 1.ron pot, and all the glorious appendages of a substantial breakfast. 
The repast was soon ready, appetite wns boundless, and digestion sound, and yet 
the supply was inexhaustible. With new vigour the work was now resumed 
and about eight o'clock, P.M., the party descended, when Mrs. Looney, whoa~ 
heart was a_ generous one, served up a dinner, or supper, which, though it might 
not haw smted ~he palates of a court of aldermen, was in quantity sufficient to gorge 
a company of g1ant1<. Day after day, the same houri:-, the aame labours, and the 
fi'.lme foai:=.t.in.~ W(\re rep('rited, when, having completed North Baroo]e and Snea 



MEl!OlR OF MAJOR-GENERAL COLBY. Ii 

Fell, the author took his l~n.ve of Mrs. Looney, and was somewhat astonished 
when, for several do.ye' lodging, for roasting pigB of some months olcl, for goose
berry-pies more than a yard in circumference, and custard-puddings iu half gallon 
jugs, and for all her journeys to the mountain-top, that lady demanded the 
exorbitant ,rnm of nine sh-illi1191 I Peace be with Mrs. Looney ! and let us ask, 
where should the wanderer with, ns 0tu' poorer brethren sometimes express it, 
a wolf in bis stomach, go for comfort, if not to the humble inn of l\Irs. Looney, 
at the foot of North Baroole. South Baroole then followed; but alas! there 
was there no inn nor liberal hostes<:i, and though hospitality was as much alive 
in the peasant's cabin-now the only resource-as it was afterwards found in a 
neighbouring mansion, hard work for a week ou milk and oatcake served ns a fast 
to correct the evils of the preceding week of feasting. Such scenes as these had 
been familiar to Colonel Colby for many years of his life; scenes wild and occupa

tions laborious, it is true, but which derived from that very wildness, from that 
glorious sense of freedom which seems to swell the bosom a.s the fresh mountain 
air is inhaled, n charm which dispelled from the performance of duty the very 
thought of Jabour. Never, indeed, in twenty years of intimacy, did the author 
hear from the lips of Colonel Colby a single expression which could imply that 
in exertions beyond the powers of ordinary men he had done anything deserving 
of a. moment's notice. During the time that these operations were in progress 
in England and in the Isle of Man, Lieutenant Drummond had proceeded to 

Ireland and prepared the Divis station for the great theodolite. The season 
bad now fairly commenced under the immecliate directions of Colonel Colby, 
as it was his invariable rule personally to initiate all bis officers in their duties, 
and Lieutenant Drummond was the only one who had already passed through this 
training. Captain Orde (now Lieutenant-Colonel Orde), the late Captain 
Henderson, who subsequently, in conjunction with Mr. Maclear, measured a new 
base at the Cape of Good Hope; Lieutenants Drummond, Murphy, and Portlock, 
constituted the staff of officers of Engineers; and with them were associated 
about sixty of the Royal Sappers and Miners, part of a force which, at the 
recommendation of Colonel Colby, had been trained at Chatham under Sir 
Charles Pasley, K.C.B., for survey duties, their instruction ha\'ing been super
intended by Lieutenant (now Lieut.-Colonel) Streatfield, R.E. This, though to 
most a season of instruction, was indeed a noble season, ns the operations had, 
with Colonel Colby's usual comprehensive view of the subject, been made to 
combine the use and observation of every description of meteorological instru
ment, including all those recently invented by Professor Leslie, so that the camp 
on Divis became a school not merely of geodesical but of meteorological science ; 

and though the difficulty of moving such delicate instruments from hill to bill, 
and preserving them from injury amidst the mountain storms, obliged Colonel 
Colby to abandon tbe use of some of them in subsequent stations, enough wero 
retained to add the skill of practice to the theoretical knowledge which had been 
acquired at that first and most instructive station. The duty was divided 

amongst the officen according to a regular roster, and the officer of the day was 
called at the earliest dawn to rise, and kept watch on the weather. If the hill 
continued dear of fog, he called Colonel Colby at the moment when the light 
became sufficient to prepare for observation, and without an instant's delay he 
came to the observatory, and proceeded to observe all the more difficult and distant 
objects which wore practica,ble, leaving the officer on duty, when sufficiently 

trained, to observe minor objects, the other officers assisting him by reading the 

' 2 
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microscopes. Except when nbsent selecting new. stations, Colonel Colby con· 
tinued this stendy course of observation when the weather perm~tted, or ~f 
calculation in his marquee when clouds on the summit of the hill closed. it 
up from external observation, as was occasionally the case fo1· many s.uccessivo 
days, without a symptom of weariness, until November, wheu he left Lieutenant 
Henderson in charge of the instrument, and the sea.son terminated by the 
observation of Drummond's Light, on Slieve Snacht, n. mountain in Inniahowen, 
on which Lieuteuant Drummond patiently prepared his oxygen gas, and watched 
:mJ directed the light. The distance was sixty miles, and the light appeared 
like a star of the first magnitude, being visible by the unked eye. The station of 
1826 was Slieve Donard, in the county of Down; and whilst on this occasion 
the author proeeeded to ,vales and Anglesey, to refind stations and erect 
objects, Lieut. Larcom proceeded to Slieve Donard to prepare it for the great 
instrument, and thus commenced his connection Mth n survey in which he 
afterwards filled so important an office. The author, as soon as he had 
finished bis work in \Vales, joined him there, and having put up the instru
ment, began the obsenations. Colonel Colby came to the station immediately 
afterwards, with Captain Pringle, who had been appointed to the Survey, as well 
for his mineralogical knowledge, he having studied at Freyberg under Mohs, 
as for his general talents, and with Lieutenants Drummond and Murphy, and 
continued until November, pursuing the same indefatigable course of observa
tion, early and late, aud regardless of the discomforts which more than one 
fearful tempest spread over the camp. He then left the mountain, and the 
author completed the observations of the station about the 4th of November, 
Lieut. Larcom reflecting to him with a heliostat from Anglesey, when the 
party descended, looking, as they wended their way through the deep snow, 
each carrying his load, like actors in the polar scenes of Parry, Ross, and Franklin. 
The personal superintendence of the great triangulation was from this time 
confided to the author, but Colonel Colby still continued to pay him au 
occasional visit, and to enter with his wonted ardour into the duties of the 
obse1-vatory; nor was it his custom to make these visits on stations of easy and 
pleasant access, but, on the contrary, he usually selected the most difficult and 
remote. It was thus that be appeared on Sawell, a mountain in a wild district 
of the county of Derry, early in a most gloomy morning, which had followed a 
night in which the wind had raged with almost une:s.ampled fury, overturning 
in dire confusion the teute of the men though protected by walls of turf, 
whilst the rain deluged them, and obliging the author to dismount the great 
instrument, amidst the crash of all around, and in darkness only broken by the 
flickering light of a lamp, and remove it, step by step, at each lull of the storm, 
to the shelter of the cook-house lower down. Colonel Colby assisted in restoring 
it to its position, and seemed to enjoy the spectacle of desolation, ns it proved 
to him that his example of unshaken nerve on such occasions had not been lost 
upon his officers. Again accompanied by Lieutenant Larcom, he visited the 
author on Cnocanafrion, in the county of ,vaterford, a very picturesque station, 
as the obser,atory was placed on a stage, erected against the face of a rock, the 
actual p~ak of which was the station, and stood on the very brink of a precipice. 
From this noble and rugged mountain crag, Colonel Colby looked over the varied 
and vast expanse of mountain, plain, and sea before him with a fervid enthusiasm• 
:uid it was from the readiness and warmth with which he thus on all occasion~ 
identified himself with the feelings of his officers, and made himself one with 
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them in thoughts nud acts, that his visits were so welcome, so encouraging, and so 
profitable. 

Turning from these recollections of una1loyed gra.tification, the visit to 
Kulteagh, or Culcagh, wna one of painful interest, aa Colonel Colby was then 
accompanied by the late Sir James Carmichael Smith and Lieutenant-Colonel 
Hoste, RE., who were acting as commissioners of inquiry into the management 
and progress of the Jrish Survey. Culcagh, a lofty mountain near Swadliubar, 
on the borders of the counties of Cavan and Fermanagh, is rendered laborious, 
if not difficult of access, by a deep nod much fissured bog at its base; and it was 
up this mountain that the commissioners were conducted by Colonel Colby, 
in order that they might see the system pursued in the great triangulation, and 
for themsekce question the present writer on its merits; and if, a-a they certainly 
did, they toile<l, panted, and blowed upon their ascent, envying, no doubt, the 
e]Mtic and never-faltering step of their more experienced comrade, they appearerl, 
on arriving at the summit, to forget their fatigues and to be repaid for their 
exertions. On this mountn.in the new observatory was first pitched; the old 
canvas sides having, with the exception of a rim at the top of about nine inches 
deep, been replaced by framed wooden panels, tied together with iron clamps, and 
secm·ed in a similar manner to the posts, or pillars, which supported the roof. 
Tl.iis alteration waa planned by the author; and though in itself very simple, 
ga.,·e to the obsenatory a degree of stability and secw·ity which banished from 
the observer's mind those terrors which had before haunted and harassed him in 
stormy weather. Not far from the great observatory stood a miniature one, 
exactly similar in construction to the other, in which wore the various meteoro• 
logical instruments. The observatories, the marquee, and the tents, partly 
sheltered by hummocks of rock, and surrounded by stone walls, and the smoke• 
begrimed gipsy-like cook-house, formed a picture in which the soldier visitors 
must have recognised many of the features of a military campaign, though 
lighted up by the fire of science and not of wa.r. Both Sir James Carmichael 
Smith and Lieutenant-Colonel Hoste, expressed the highest admiration of what 
they saw : but alas ! whilst they praised the executive officer, they overlooked 
or failed to appreciate the merit of the man who had planned the work which 
the other executed, and thus fell into that error which has been only too common 
in estimating the services and talents of General Colby. 

The Survey of Scotland, which had been suspended for many years, was 
resumed in 1838, and on this occasion Colonel Colby once more appeared on 
the mountains, again to perform on Ben Hutich the part of an instructor, hi.a 
aasiatants being Major Robe and Lieutenant (now Major) Robinson; and as this 
appears to be the last time of his taking the field, the record of this section of 
the stin-ing life of a man of ceaseless activity and boundless energy must here 

with a sigh be closed. 
It is hoped and believed that enough has been said in the preceding narrative 

to illustrate the remarkable character and the services of General Colby in one 
branch of the duties he so ably performed ; but were it not so, the vivid sketch 
of a season's doings, which Major Dawson has drawn up from the letters which 
he wrote at the time, and kindly contributed to thlll memoir, would more than 
supply the deficiencies. The author gives this sketch in Major Dawson's own 
words, and feels assured that the perusal of it will leave on every rt-ader's 
mind a deep impression, not only of the zeal, energy, and abilities, but nlso of 

the moral worth of General Colby. 
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DEAR PoRTLOCK,-
You have asked me for an account of o. year on the hills with our late 

chief, General Colby1 and I will give you the first that I was out with him, whi~h 
J am the better able to do, as I find that the letters which I wrote to my family 
that year from the hills have by chance been preserved. 

In the month ofl\foy, 1819, Lieutenant Robe (the late Lieut.-Colonel Robe, RE.) 
and myself were appointed assistants to Captain Colby on the Trigonometrical 
Survey; and on the 5th of Jnnefollowing I embarked in charge ofa selected party of 
artillerymen, the instruments, and camp-equipage, for Aberdeen; at which place 
Robe joined the party, and, after disembarking the stores, &c., and hiring cars 
for their conveyance, we set out on Tuesday the 15th of _June for Corrie Habbie 
or Catho.dh, a mountain in Banffshire, which had been selected by Captain Colby 

for our first station. 
It was our intention to march only to luverarie (six.teen miles) the first day ; 

but the men sw·prised us with a potition to be allowed to go on to Huntley 
(thirty-eight miles); to which we assented. We were there joined on the 
following morning by Captain Colby, he having travelled through from London 
on the mail coach, with a rest probably of only a single day at Edinbw·gh; the 
journey occupying at that time four or five days and nights. This was Captain 
Colby's usual mode of travelling: neither rain nor snow, nor any degree of 
severity in the weather, would induce him to take an inside seat, or to tie a shawl 
round his throat; but, muffled in a thick box-coat, and with his servant Frazer, 
an old artilleryman, by his side, he would pursue his jow-ney for days and nights 
together, with but little refreshment1 and that of the plainest kind,-commonly 
only meat and bread, with tea or a glass of beer. 

From Huntley Captain Colby proceeded with us on foot; and on the second 
afternoon we reached the base of the mountain in Glen-Fiddick, near to a hunting
lodge of the Duke of Gordon. Here, by partially reducing the loads on the cars, 
and by the application of guy-ropes to support them, aud with the men's shoul• 
clers tO the wbeels1 we climbed up as far as we could, and, having unloaded the 
cars, made an irregular kind of encampment for the night. It was a fine evening; 
and we had need, therefore, of but slight covering j and anything like luxury was 
of course out of the question. A marquee was pitched for Captain Colby, in 
which he slept, in his clothes, on a bundle of tent-linings; and I, knowing no 
better, was content to put up with the like accommodation; but Robe, who had 
recently been with the Army of Occupation in Fra.nce, like an experienced cam
paigner, set to work with bis Portuguese servant, Antonio, who had also been 
with him on the continent, and soon put up bis camp bedstead, and made himself 
much more comfortable-a lesson which I did not fail to profit by in my after
cxperience. 

On the following morning the really laborious part of the business commenced, 
that of conveying the camp-equipage, instruments, and stores, to the top of the 
mouuta,in. Horses were hired for the purpose, and made to carry the packages 
slung like panniers over their backs, so far as the ground proved tolerably even 
nucl firm; but, when it became broken and hummocky, which is 80 commonly 
the case with peaty soils, or springy and wet, there was then no alternative but to 
unload the horses, and carry the things on the men's shoulders; and it was 
surprising to see the loads which some of them would carry for miles, over ground 
which inexperienced lowlanders might find it difficult to traverse on foot without 
Rny incumbro.uce. After encouraging the men for a while at the ouklet of thcii· 
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laborious undertaking, Captain Colby went ou, taking Robe and myself with him 
to the summit, where he selected a spot of ground for the encampment as near a~ 
practicable to the station, and also for the watch-tent at a point much nearer Atill. 
He then selected a suitable place for a turf-hovel, to be built on the sloping face 
of the hil.l, with a tarpaulin roof, in which to make a fire for cooking, and for 
drying the men's shoes and clothes, and to serve also as a. place of ohelter and 
warmth for the men in tempestuous and severe weather. When some of the 
tents had been brought up, and one or two of them pitched for present use, a 
party of the men \vere withdrawn from this duty, and employed in pulling down 
the conical pile of stones built round the station-staff, and in setting up in its 
place the observatory-tent. The requisite steps were then taken for securing the 
table_ or stand for the great theodolite; and the theodolite itself wus then brought 
up with special care and fixed in its position. 

In all these proceedings, here and elsewhere, Captain Colby invariably took au 
active part; and he would never sit down to rest or take any food or refreshment 
until everything had been satisfactorily accomplished and secured. 

Corrie Habbie is elevated about 2200 feet above the mean level of the sea.. 
Like moat of the other mountains in its neighbourhood, particularly to the 
northward and east, it is a long round-backed hill, rising gradually towards the 
south. It is of the quartz-rock fonnation, and covered with a heathy peat-moss, 
except on the summit, and a few bare patches on tl.Jo sides, which show the 
whitened surface of the quartz-rock. To the westward, at a distance of about six: 
miles, Benriones, a conical mountain, rises a few hundred feet higher than Con·ie 
Habbie. Still further off, and extending towards the south, the Monagh Lea 
range rises to the height of 3500 feet, and to the southward extends the G1·ampian 
range, with the mountains of Cairn Gorm and Ben Macdui in the foreground. 

""'hen the arrangements in the observatory had been completed, and the summit 
of the hill was free from clouds, every moment favourable for observation was 
anxiously caught by Captain Colby, and devoted to that service, from sunrise to 
Emuset. At other times be imparted to Robe and myself a knowledge of Ramsden's 
great three-foot theodolite, and of its adjustments, as also of the mode of working 
and entering the computations; explaining still further the position and names of 
the principal mountains and trigonometrical stations within therauge of observation. 

Afonday, 21st of June.-After a stormy day the clouds suddenly broke away 
about seven o'clock in the evening; and at eight o'clock, under very peculia.r 
circumstances of refraction, Captain Colby discovered and showed to us, through 
the telescope, a brig under sail to the northward, at a distance which he 
considered could not be less than 100 miles. 

Monday, 28th of June.-At eleven o'clock, A.U., the thermometer, having pre
viously stood at 50°, went down suddenly 5° at noon, when a tremendous storm 
of bail came on and covered the ground several inches in a few minutes. The 
hail-stones were large and conical, with smooth convex bases and striated sides. 

The hail continued till about one o'clock; after which snow fell for an hour or 
so, and then sleet and rain. ,v e were forced to be out shovelling the hail and snow 
from the tents while the storm lasted, and when gone the men 8et-~ snow-balling 
one another as a means of warming themselves-a rather unusual amusement at 
the fatter end of June. .A.t this time the temperature at night was generally from 
35° to 38°, and this was not complained of as being cold, but rather the contrary. 
,vith the thermometer at temperate the heat was considered oppressive. 

Tucada,y, 29th of J unc.-Ca.ptain Colby took Robe aud a, small party of the men 
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on n " station hunt," or pedestrian excursion to explore the country, along the 
eastern coast of Inverncsshire, Rosshire, and Caitlmess, and to erect objects upon 
e;ome of the principal mountains, and select those whicb, from their position ancl 
circumstances, should be preferred for future encampments. That particular.season 
of the year was usually taken for the purpose; because, owing to the tremulous 
state of the atmosphere, it is unfavourable for instrumental observations, excepting 
occasionally for au hour or so after sunrise, and for a. like period before snnset; at 
which times, unless the summit of the mountain chances to be free from cloude and 
mist, nothing really valuable, in the way of observation, can be done. The oppor
tunities afforded for the purpose are indeed extremely capricious and uncertain at 
other times also : it was no uncommon occurrence for the camp to be enveloped in 
clouds for several weeks together, without affording even a glimpse of the sun or of 
the clear sky during the whole period. And then in a moment the clouds would 
break away or subside into the valleys, leaving the tips of the mountains clear and 
bright above an ocean of mist, and the atmosphere calm and steady, so o.a to 
ndmit of the observations for which the party had waited day1:1 and weeks to be 
taken in a few hours. It may be imagined how perplexing it is at such times to 
receive visitations from the gentry of the neighbourhood, which otherwise would 
be highly acceptable. And although nothing could, under favourable circum· 
stances, exceed the good~nature and patience which Captain Colby showed even 
to the humblest of his visitors-gratifying them with a peep through the 
telescope at some familiar object i and then, by means of the prisinatic and 
inverting eye-pieces, exciting their astonishment by showing them the same 
object apparently in a different direction, or standing upside down; so on the 
contrary nothing appeared to worry him more than the approach of visitora when 
we were really at work, and whatever might be their rank, he would then 
sca1·cely speak to them or show them even common attention. 

Our post town, while on Corrie Habbie, wo.a Huntley; and one or other of the 
meu was sent there for letters and bread, when they could be spa.red for the 
purpose. The distance in a right line was eighteen miles, which Captain Colby 
considered to be equivalent to twenty-four. 

Wed1usday, 21st of July.-Captain Colby and Robe returned to camp, having 
explored aU the country along the ea.ateru aide of the counties of Inverness, Rosa, 
aud Caithness, aa well as the mainland of Orkney, and having walked 613 miles in 
twenty-two days. 

Friday, 231·d of July.-Captain Colby took me and a fresh party of the soldiers 
on a station-hunt, to explore the country to the westward and northward of west. 
Our first halting-place was to be Grant Town, at a distance of twenty-four miles; 
and Captain Colby having, according to his usual practice, ascertained the general 
direction by means of a pocket compass and map, the whole party set off, as on a 
steeple-chase, running down the mountain-side at full speed, over Cromdale, a 
mountain about the sa.rue height as Corrie Habbie, crossing several beautiful glens, 
wading the streams which £I.owed through them, and regardless of all difficulties 
that were not absolutely insurmountable on foot. Sometimes a beaten road would 
fall i~ our cou'T-se, offering the temptation of its superior facilities to the exhausted 
cuergtes of the weary members of our party; and in such cases freedom of choice 
was ~ways allowed the~. Captain Colby would even encourage such n division 
of hie party and the spint of rivalry which it induced, and took pleasure in the 
result of the race which ensned. Arriving at Grant Town in about five hours and-a
half we dined there, aud proceeded afterwards along the valley of the Spey, by 
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the high road, to the Aviemore Inn to sleep. 'l'be distance travelled by us that 
day was calculated at thirty-nine miles. 

Saturday, 24th of J.uly.-Started at nine o'clock. I was dreadfully stiff and 
tired from t11e previous do.fa scramble, and with difficnlty reached Pitmaiu 
(thirteen miles) to dinner. The country helped me considerably, for it was 
bcautiful,-Rothiemurcus, on our left being one of the loveliest places that I had 
seen. A good deal of bryuny mountain ground, richly clothed with wood and 
plantation, rises immediately at the back of the house ;-to the right are green 
rocky hills and not a tree to be seen. 

Garviemore Inu, di.sta.nt eighteen miles by the road, was to be our next stage, 
and I really thought it wa.e more than I could possibly accomplish that day, but 
Captain Colby said it was not. It was his intention, however, to leave the beaten 
road immediately, and, crossing a rough boggy tract of country to the northward, 
to gain the summit of Cairn Derig, a mountain, about 3500 feet high, and about 
ten miles distant, and having built a large pile of stones upon it, to proceed 
thence again across the country to Garviemore, making the distance of course 
considerably greater, and the journey much more laborious, as I thought, than by 
the road. I petitioned strongly, therefore, to be excused from accompanying him, 
nnd to be allowed to proceed quietly along the road with the serjeant and another 
man, who being equally tired had also blistered their feet, and to whom it was on 
that account allowed ; but Captain Colby would not excuse me, and I had no 
alternative but to make the attempt, feeling sure that I should eventually be left 
upon the ground, or carried home upon the men's shoulders. Captain Colby 
judged, however, from accurate observation and long experience-and he was 
1-ight-I kept pace with him throughout the remainder of the day, and arrived at 
the Inn at half-past eleven o'clock at night, much more fresh than at the end of 
our first stage the day before. The eecond day on such a journey is generally the 
worst-but the first had broken me in. I could have proceeded further if it had 
been necessary, and never experienced anything like fatigue throughout the 
remainder of the excursion. The distance travelled that day was forty miles. 

Sunday, 25th July.-There being no church in the neighbourhood, we strolled 
out soon after breakfast to see the country, being then in the very hen.rt of the 
mountains. From the opposite side of the road, to the southwai:d, the ground 
rises suddenly to the height of about 1500 feet. This we ascended, and found, as 
is frequently the case, an eminence of greater elevation behind it. Having gained 
this second elevation, a third appeared, and so on to others in succession: though 
frequently in pursuing our straight course we bad to descend rocky valleys, and 
thus to lose in a. quarter of an hour the elevation which it had cost half an hour's 
severe climbing to o.ttaio. In this way, however, we at length reached the summit 
of Bui-Annocb, a mountain rising suddenly from the wooded shores of Loch 
Laggan to the height of about 4000 feet. From that point we obtained a splendid 
view of the western hills for which we were bound-a white and serrated range 
extending from the west to the northward as far as the eye could reach. To the 
north extended the Monagh Lea range, east and southward the Grampians, and 
to the south-west,-clistant about twenty miles,-Ben Nevis, in his gigantic 
proportions, stood out boldly in the foreground, the acknowledged chief of this 
stupendous array. I have since traversed Switzerland, and the view of the Alps, 
is in my opinion, scarcely more imposing than this. In these days of steamboats 
and steam carriages, the journey to Garviemore would be amply repaid by the 
mountain view from the summit of Bui-Aunocb. After cl welling upon it for an 
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hour or two, and refreshing ourselves with a copious draught from n pure spring 
sunounded "ith icicles nnd enow, we returned to Garviemore, having walked 
about four-and-twenty miles, and attained eo great an elevation on the day which 

should have been our day of rest. 
Monday, 26th J uly.-Starting soon after daybreak, we followed the road over 

Corrieharmck, a mountain about 2000 feet high, in crossing which the road is zig• 
zagged and marked with poles to trace its course in the winter when covered with 
snow. This mountain is said to afford the finest view in Scotland, and so it may 
to those who cannot go upon Bui-Annoch. Descending to Fort Augustus, eighteen 
miles, we proceeded thence, in a north-westerly direction, twenty-two miles 
further, to a place marked Cluny upon the map. The first part of our route from 
Fort Augustus was a.long the line of one of the old military roads of General 
Roy, which, pa.ssing over an inferior mountain range, and descending into the 
valley on the other side, fell in there with the parliamentary road, made by the 
late Mr. Telford as a communication with the Isle of Skye, and which arrives at 
this point from Fort Augustus by a very circuitous route. \Ve then kept the road 
for the remainder of the day's journey, through a desolate mountain tract ·without 
meeting any living beings but a few small birds. The inhabitants had been driven 
out, to convert the district into a sheep-farm, and the remains of their 
habitations were occasionally to be seen by the road-side. There we could also 
trace the sites of the encampments used by the workmen in making the roads : 
and1 shut in as the road is among the mountains, a more di·eary and melancholy 
journey it is impossible to imagine. Arrived at Cluny, we found it to consist of 
only a few miserable mud-hovels, one of which, being a public-house, was to be 
our abode for the night. The sitting-room we occupied in common with two 
d1·overs, who, having arrived somewhat before us1 had secured possession of the 
only two bed-places, which were built into the wall like the berths on board ship. 
The tail-end of a salmon was produced for our supper, but it was so stale that we 
were unable, even after our long walk, to eat it, and we thankfully partook of a 
mess of oatmeal-pol'l'idge with goat's milk in lieu of it; after which, upon tlll'ee 
or four wooden chairs, placed as evenly a.s the earthen floor would permit, and 
with our knapsacks for pillows, and our short walking-cloaks for a covering, we 
settled ourselves to rest for the night. 

Tuesday, 27th July.-It may be inferred that our departure was not delayed 
much after daylight this morning, and that on our arrival at Invershiel, at the 
head of Loch Duich, to breakfast, we partook with no slight satisfaction of a fine 
salmon, brought almost alive from the fishery in front of the Inn. We proceed.eel 
afterwards to Scour Ouran, a high motmtaiu to the north-east, being one of the 
serrated main range before spoken of, and, having built a large conical pile of 
stones on its summit, we returned to the inn at Inver.shiel to sleep. 

Wednesday, 28th July.-Crossing the Kyle Rea ferry into Skye, we proceeded 
to Broad.ford, and thence to Sconser, a distance of about two and thirty miles, 
and the following day made au attempt to reach the summit of the Coolin hills, 
but were completely foiled in the attempt, and that was probably the only 
instance in which Captain Co1by was ever so foiled. Nothing that I have seen 
can, for savage grnndem·, bear comparison with these mountains. They appear to 
be of a basaltic formation, about 3000 feet high, the upper portion of which, for 
about 100 feet is a perpendicular and partly overhanging black rock, which, 
unJ.er the influence of time and the seasons, has broken away, and completely 
covered the ground witl1 dObris for about a thousand feet. 
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'l'hie mass of d0bri8, standing at the steepest angle that will retain it in position, 
l'equires but a trifling ad<litional diatw·bing cause to set a large mass of it in 

motion; and it was ucceesary to use the greatest possible caution with our party 
iu traversing it obliquely, to a.void the diaplacemeut of even a single block of any 
magnitude, which might bring down the superincumbent mass like an avalanche 
to sweep us away. 

Not being provided with ladders or ropes, the perpendicular rock at the 
summit effectuo.lly bn.flled our efforts for several hours to find a. crevice by which 
to ascend it. ,ve gained, however, a ridge which reaches out from the perpen
clicular cliff with a superb column at the extremity of it, nod so narrow is this 
ri<lge that we were obliged to sit astride upon it, in which position little more 
than the strength of an infant was required to hurl a stone to the bottom of the 
corrie on the south aide, without impinging upon the face of the cliff, a depth of 
about 2000 feet. After admiring fo1· a while the magnificence of the prospect, 
iWd the dreary and all but chaotic scene around us, we returned to our inn, 
gratified above measure with what we had seen, though disconcerted with our 
professional failure. 

Friday, 30th of July.-The higher mountains being enveloped in clouds, 
Captain Colby hired a. boat, and we sailed to Portree, a. small town about ten 
miles to the northward, whence we proceeded to the range of bills above it, 
ancl, having erected a. pile of stones upon one of them, we returned again to 
Sconser. 

Satitrday, 31st of J1tly.-A bright morning at daybreak, and wo were on foot 
again to make a fresh attempt on Scour-na-Marich, another bead of the Coolin 
range, which Captain Colby had singled out for the purpose, on the former 
occasion; and this time our effort was crowned with success. Having built a 
large pile upon it, we returned to our inn to breakfast, which by that time we 
stood much in need of1 and, hiring a boat, we proceeded direct to Jeantown 1 at 
the bead of Loch Carron, on the west coast of Rosshire. 

Sunday, 1st of .August.-ln the course of the morning, as we were looking at 
the map to ascertain our position and the probable course of our journey for the 
ensuing week, I so far forgot the sacred nature of the day as to commence 
whistling some light ru.r. Capta.iu Colby very properly checked me in so doing, 
explaining to me the deep sense of veneration with which the people of that 
country regard the obsenance of the Sabbath, and the next day I was informed, 
while on the march, by one of our men, that he bad been urged by the landlord 
to come to me and beg me to cease whistling, dreading lest some judgment should 
otherwise fall upon his house. There can be no doubt that I was wrong, and 
that Captain Colby and the landlord were right. We explored that day the 
mountains to the north-eastward, and built piles upon some of them, pas.sing on 
n.fterwards to the upper end of Loch Maree, thence by boat to the lower end of 
the loch, and by road to Gairloch at night. 

Those who have traversed the mountains on tho western coast of Scotland in 
the autumn1 may be familiar with the effect produced by the bites of the midges, 
which swarm there at that season. The heat also then being intense, it was our 
practice in walking to put our coats and waistcoats into our knapsacks, and thus, 
with our shirt necks thrown open, and our sleeves tucked up, we were exposed 
in a peculiar manner to the baneful attacks of those venemoua insects. Ou the 
occasion referred to, wo suffered very severely; our arms, necks, and faces, were 
1.:overed with scarlet pimples, and we lost several hours' rest at night from the 
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intense itching and pain which they caused. E,·eu at the inns we had frequently 
to smoke in our bed-rooms and over om· meals to drive these insects away. 

Tuesday, 31'd of .A ugU.9t,-While at breakfast this morning, we received n. visit 
from Sir Hector M'Keuzie, the chief proprietor of that district, from whom we 
afterwards learnt that the landlord of the inn bad hastened to apprise him of our 
arrival, iutimating that we ought to be the laird's guests and not his. As the 
country was then coYcred with mist, down to tbo water's edge, Captain Colby 
ha<l no hesitation in accepting the proffered hospitality of our kind host, and we 
spent a few days most happily at bis house, during which time the atmosphere, 
for tunately for our personal comfort, though not for our professional duties, 

continued unchanged. 
In one of these days we were suddenly summoned to assist in restoring a 

drowned man, a poor shoemaker, who, after a long day's w01·k in repairing our 
men's shoes, bad gone to bathe and got out of his depth. Captain Colby at once 
undertook the management of the case. He was familiar with the ordinary 
rules of the Humane Society, and, taking off bis own coat, he proceeded himself 
to do, and direct others to do, what was necessary for fully three hours; 
but unhappily without effect. The body had been too long in the water, and l ife 
was extinct. 

The sun at length burst forth again, and we proceeded on our march. "'e 
were supplied by our kind host with an introduction to a friend of his, at 
Letterew, on the northern shore of Loch Maree, which secured us a hospitable 
reception there also; and1 bad there then been a prevalence of misty weather, 
or had our object been pleasure, we might, I believe, have remained, or have 
been passed on in a similar manner from one hospitable mansion to another for 
almost any indefinite period. For one night only could we profit by it on that 
occasion ; and, a.fter exploring the country to the eastward, and building piles 
upon the mountains which were best placed, we descended to Loch Fa.unicb 
where, at a comfortable inn on the roadside, we spent the evening with the 
proprietor of the estate, who occasionally made it bis residence during the 
shooting season. He informed us, that in the previous season, some sportsmen 

from England, to whom he had granted permission to shoot, killed at the rate 
of fifty brace of birds to each gun per diem, and left the birds where they fell 
upon the ground. 

The next morning we proceeded onward to Beauley and Inverness; thence, 
on the day following, to Grant Town; and on Saturday, the J 4th of AugW!t, 
returned to the camp on Corrie Habbie, having walked 586 miles in twenty-two 
days, including Sundays, and the days on which we were unable to proceed from 
bad weather. 

In addition to the ordinary bill fare of boiled mutton, broth and plum-pudding, 
our dinner that day consisted of boiled salmon and grouse, with vegetables and 
fruits of various kinds and of the finest quality; ale, porter, and wine. For this 
we were indebted to the liberality of the Duke of Gordon, who was then at Glen 
Fiddich. He came up frequently to see Capt. Colby; and his bountiful provision 
was continued to us while we remained on that hill, and included also the men 
who were there encamped with us. 

Wednesday, 25th of August.-Tbe thermometer in camp yesterday stood at 75° 
at noon. This day it was 45°1 and we were hard at work in the observatory from 
eight o'clock in the morning till eight at night, The distant hills were extremely 
clear, except to the nortL; and we saw the pile on Ben NeYis very distinctly 
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through the telescope, at half-past seven o'clock, after sunset, the distance being 
seventy-five miles in a right line. The sudden change of 30° temperature in one 
day was very sensibly felt by us in our exposed situation, and with the instru
ments in our hanJ.a for so many hours. But we were thus enabled to complete 
the observations on this and the three following days. 

Tuesday, 3ht of Attgmt.-,ve arrived at Inverness last night, and found the 
town in commotion, expecting the arrival of Prince Leopold of Saxe Coburg. He 
came this da.y with the Marquis of Huntley, and ns we chanced to be at the same 
inn, awl in the next room, Sir Robert Gardner, who was travelling with the Prince, 
called on Captain Colby, and introduced us both to His Royal Highness. Nothing 
more was requisite to ensure an invitation for ns to the entert[l.inment provided 
for him in the evening. On that occasion we were fortunate also in meeting 
with Captain, the late Lieut.-Colooel English, R.E., then commanding the Royal 
Engineers at Fort George, who promised to visit us on our next st..1.tion, Ben Wyvis, 
and bring up with him Colonel, the present Sir John Fox Burgoyne, G.C.B. 

Friday, 3td of September.-,ve arrived at the summit of Ben Wyvis this 
afternoon. The mountain is about twelve miles N.W. from Dingwall, and 3400 
feet high. The top of the hill was covered with a dense fog, which continued 
with heavy rain and wind for several days. Mr. Adams, the Rector of the 
Academy at Inverness, and Captain bl'Claren, of Dingwall, ascended the hill with 
us; and after partaking of such 1·cfreshment as we could give them, they departed 
homeward, and I accompanied tberu through the fog, and over the worst ground. 
They contrived, however, to miss their way afterwards, and wandered about over 
the rough boggy ground until ono o'clock in the morning, when they fortunately 
reached the place where two of our round tents were pitched, about half way 
between the station and Dingwall. Here they were glad to eat a mess of oatmeal, 
mixed with cold water, and to sleep in· a blanket upon the baggage, which was 
piled together for the night. 

Friday, 10th of Septembe1·.-Barometer 26·487 at noon. Thermometer 43°, and 
at night 39°. This and the preceding day were fine, and we were at work in the 
observatory from six o'clock in the morning until seven in the evening; the field 
of observation including Cairn Gortn, Ben Nevis, the hills in Skye, and the long 
range of ·precipitous mountains extending northward, almost to the north coast, 
with a considerable tract of cultivated ground extending eastward to the Mun-ay 
Firth. The whole constituting a panoramic view of no ordinary kind. 

Sunday, 12th of Septembel'.-Three of the tents blown down last night. I was 
despatched to Fort George this day-twenty-nine miles-to prosecute, on the 
morrow, two of our men for absenting themselves without leave, and striking a 
non-commissioned officer. I returned to Dingwall on Tuesday, and found that the 
party had left the hill, and gone northward. Starting by the mail on \Vednesday 
morning I overtook them at Latheron in Caithness. 

Saturday, 18th of September.-Erected the observatory on Bein Cheilt, a hill 
about two miles west of Latheron, and 1200 feet high. The ground, a perfect 
peat moss, and the country around i't very uninteresting, the Seara.bin hills and 
the rocky pass of Caithneas, to the southward, being the most pleasing objects in 
the landscape. Ben Wyvis, in the distance, was seen covered with snow. 

Wednesday, 22nd of Septembei·.-Coropleted the observations last night, and 
packed the instrument in its waggon. This day we travelled back about forty 
miles to Goltapie, and proceeded to Bein Loch caa na Cairoch, a mountain about 
four miles to the westward of that place. Here again the grnund was a pe1fect 



be.ii llEMOllt OF MAJOR-GENERAL COLBY. 

bog, o.nd wetter even than at Bein Cheilt. The season too had now ~hanged j we 
had frequent nod violent storms of bail, rain, and wind, which occas1onally threw 
down some of the tents; but in the intervals the atmosphere was clear, and 
allowed of the instrument being coustnutly at work. September is in fact 
considered one of the best mouths for the trigonometrical survoy; and, contem• 
plating a speedy removal to another station, Colby ordered tho camp to bo 
pitched about a mile and a half from the observatory, at the outlet of a secluded 
lake, which was reported in the neighbourhood to be haunted. 

Acting upon the suggestion thus offered, some of our men prepared a large 
turnip Ian thorn, which at night they set floating at the upper end of the lake with 
a light westerly breeze. Attention was quickly calle<l to this unexpected appear
ance, nod some of the most venturesome of the party set out along the shore of 
the lake to ascertain the cause of it. The night being perfectly dn1·k, the light, 
seen from the water's edge, appeared to be always on the opposite side of the 
lake, and the party made the complete circuit without obtaining the desired 
information. 

It was then proposed, and by some of the party rather reluctantly assented to, 
that two parties Ahould set out-one on either side of the lake-and this time, by 
the merest chance, as the two parties by their shouting, found themseh·es nearly 
opposite to one another, and each thought the phantom within the others grasp
the light suddenly went out-and the d.is.1,ppointed and disconcerted inquirers 
returned to camp, with the conviction that II such things should not be enquired 
into." The next morning, very early, the lid of the camp-kettle was picked 
up in the little stream near our tent doors ; and I much question whether, 
to this day, those who saw and heard of it are persuaded that it was only a 
successful trick. 

Wednesday, 29th of Se-ptcmbe,·.-The observations were finished last night. This 
morning being fine, the tents were taken down and packed dry, and sent by 
water to Tnrbat Ness, the '.north cape of the :Murray Firth. The great theodo
lite in its waggon was sent round by land, and Captain Colby, Robe, and 
myself, proceeded also by the road, through Ta.in. There we had the gratification 
of witnessing a Highland meeting,-Glenga.ry, with bis brother chieftains and 
their pipers; and, as a consequence, we obtained bad accommodation and little 
rest. 

The station at Tarbat Ness is only 200 feet above the sea and 500 yards from 
it, upon hard, dry ground, and the observations occupied but a. week or ten days. 
The weather was now daily becoming more stormy and wet. The mountains 
were all covered with snow, and the trigonometrical season was declared to 
be at an end. 

After seeing the instruments safely packed, the keys of the provision chests 
,vere, o.ccording to established custom, given to the men, who received also 
from Captain Colby a. carte blancbe to provide themselves with a farewell feast. 
The chief dish ~n such occasions, was an enormous plum-pudding. The 
ap_p~oved proportions of the ingredients being, as we were told, a pound of 
raisms, a pound of currants, a pound of suet, &c. to each pound of flour, 
those quantities were all multiplied by the number of mouths in camp and 
the result :was a .P~~ding of ~e~rly a hundred pounds weight. Every ~amp 
kettle was m reqms1t1on for m1nng the ingredients-some breadths of c.-mvas 
tent-lining were_ c~n~erted into a pudding cloth,-a. large brewing-copper was 
borrowed to boll it m,-the pudding was suspended by a cord from a cross-
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benm to 1wevont its burning, and it was kept boiliog for four-and-twenty 
hours-a relief of men being appointed to watch the fire and maintain a con
stant supply of boiling water. A long table wa.e spread in three of the 
marquee.,i, pitched close side by side and looped up for the purpose--a.ud 
Reats being placed also for Colby and his subs., we partook of the pudding 
which was excellent, and withdrew, after drinking "SU,Cctss to the Trig." 

Such had been Captain Colby's course of life for many yeru:a before I joined 
the Survey, and the season of 1819 was nearly his last. He was out in 1821 with 
Vetch, Drummond and myself in Orkney and Shetland, and upon the two lone 
islanda of Fa.it-a and Foula, on the last of which Captain Colby experienced a 
severe inflammatory attack, and had to send to Lerwick, on the east coast of 
Shetland, for leeches, his sufferings in the meantime being almost beyond endurance. 
In 1822 he was out again with Vetch and myself on the west coast, and taking me 
with him, explored the whole range of the ,vesteru Islands, from the Mull of 
Cantirc to the Butt of the Lewis, and returning to Isla he slept for one night 
only or two in camp at the MuH of Oe. In 1825 he was on Divis, and in 1826 on 
Slieve Douard, in Ireland, and that was, I believe, the last year that Captain 
Colby waa encamped on the hills for any length of time, until the resumption of 
the Survey of Scotland in I 838. 

Yours very truly, 
R. W. DA \\"SON. 

To persevere in exertions so arduous in their nature and degree for so many 
yearEC, and yet simultaneously with them, to direct and control all the other 
operntions of the Survey with the utmost clearness and despatch, required an 
union of great physical powers and of a sound intellect, seldom met with in the 
same person; for be it remembered that whilst by example and precept on the 
mountain summit General Colby was exciting in all bis officers a spirit of enter
prise and a. habit of persevering endurance, which enabled them to triumph 
over all difficulties, and to smile at what many would have called privations, he 
was enabled to bring the English I\fap to that state of perfection, both of drawing 
and engraving, which ca.lled forth the eulogistic test;imony of Lord I\fonteagle and 
Sir Roderick Mul'chison, in their evidence before the committee of 1851. Lord 
l\fonteagle observed,-" There is nothing in which the progress of improvement 
is more visible than in the Euglish Map; but taking the English Map, we will 
say some of those beautiful sheets in South Wales, which are exquisite, aa well as 
some of the later sheets which they have published, I do not think you can go 
in map-making beyond that.-A map which is really well engraved, as the modern 
maps of the Survey of England really are, are chefs d'reuvre of engraving as well 
as of drawing, exquisitely drawn and engraved." And Sir R. Murchison said,-" I 
beg to express my roost decided conviction that they produce nothing on the 
continent equal to our best maps, as recently published in this country by our 
own Ordnance Survey, of which I lay what I consider a beautiful example before 
the committee, of a part of Wales, which I think so perfect a delineation of the 
country that nothing more can be called for." Unquestionably in this branch of 
the work he availed himself of the careful inspection of Lieut.-Colonel Mudge 
and of Lieut.-Colonel Dawson; and as regards the Maps of ,vales, of the great 
artistic talents of Lieut.-Colonel Dawson's respected father Mr. Dawson; but in 
this, as in every other improvement, his mind expanded to the full range of 
requirements which a great national wo1·k demanded, aud enabled him to 
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appreciate and encourage, as well as to direct the talents of others in securing 

them. 
In the Trish Survey this great faculty of General Colby was still more strikingly 

exhibited, and will be traced through the several staiz-es of that work which may 
be emphatically called his own i as he not only planned the system on which 
it has been so successfully accomplished, but even invented the most important 
of the instruments, the compensation bars for measuring bases, which were then 
for the first time employed. Dut before closing this record of patient endurance, 
of steady perseverance, and of unparalleled activity and energy, in order to s-tudy 
the high constructive and administrative talents of General Colby as exhibited in 
the Irish survey, it is only right to point out more distinctly the maxims of 
conduct which were naturally based on the example be exhibited, and which 
became the inflexible though not written rules of the Ordnance Survey. 

He never allowed pleasure to interfere with duty, and hence it was that the 
observer clung to his mountain top with unshaken resolution, and never allowed 
the allurements of the low grounds to tempt him from the scene of his labours, or 
to cheat him out of one moment of good observing weather. 

He carefully shunned any act or word which should outrage national prejudice 
or feeling, and this principle of forbearance enabled his officers to pass through 
the wildest portions of Ireland, in the most disturbed times, without exciting iJl 

feeling or inducing opposition. 
He devoted every available moment of fine weather to observation, and when 

baffled by fogs or storms, he calmly seated himself in his tent, and as if in the 
quiet of ills office, proceeded with bis calculations. In short, when engaged in 
cluty, he bestowed all the energies of bis body and mind upon it; and there 
cannot be a doubt that in this great principle of action he was closely followed by 
all who served under him. 

Is there any one then so blind or so unjust, as to praise the successful results 
of the combined and unwearied labours of so many able and conscientious men, 
and yet to withhold from the man in the track of whose example they had trodden, 
and by the fire of whose spirit they had been kindled into enthusiasm, that 
110nour to which his memory is so justly entitled? 

[To be collipletcd riext Volume.] 
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PAPER I. 

REPORT ON THE DISPUTED BOUNDARY IlETWEEN O.A.NADA AND 

NEw BRUNSWICK. Br llIHoR RomNsoN, Ror,1.L ENGINEERS. 

IT will be seen by the following papers and report, that whilst Major RoLinson Ri:r-on•1-. 

and Cfl.ptain Henderson, of the Royal Eugineers, were employed in British North 
America for the purpose of exploring and reporting on the best direction for a 
line of railway between Halifax and Quebec, their attention was at the same time 
directed to the subject of a long-pending dispute as to the common boundary 
line between the provinces of Canada and New Bmnswick. 

This dispute was as old nearly as: the latter province itself, which was formed 
into a distinct government in the year 1784. 

The primary cause of it was the very general, or rather the '"ague ancl indefinite, 
manner in which the boundaries of Canada were described in the Royal Procfa• 
matiou of the 7th October, 17G3; when it was formed for the first time into a 
British province out of the possessions then recently conquered from the Frencl1, 

'l'he Quebec Act, which waa an Act of Parliament, passed in June, 1774. to 
remedy some of the defects and omissions of the Royal Proclamation, did not, 
unfortunately, more clenrly define tLe "southern boundary of Canada," which 
was the term afterwards employed in defining the northern boundary of New 
Brunswick. 

In the summer of 1785, being but a .-ery short time after the formation of New 
Bt·unswick into a distinct government, it appears the Surveyors-General ofCanad~ 
and New Brunswick were in correspondence, and disputing as to the limits aud 
extent of their respective proYinces between the Upper St. John's River, the Lake 
Teufoconata and the River St. Lawrence. 

Jn 1787 they were a.ppointed to meet each other in the territory in dispute, with 
e. view to agree upon and mark out the boundary, or the route of communication 
then existing between the two provinces. 

The Surveyor-General of Canada was instructed to guide himself by the 
description giYcn of the boundarie;i in the commisr,,.ions of Lord Dorchester, 
then Captain-General and Governor-in-Chief of the tlwee provinces of Canada, 
New Brunswick, and Nova-Scotia. The Surveyor-General of New Brunswick was 

B 
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l!RronT. instl'ucte~I by the Lieutenant.Governor to guide himself by the Act of Parliament 
(1774) for esbblishing the province of Quebec. 

In consequence the two Sun·cyors-Oeneral set off, ancl met each other en route 
near the mouth of the Madawnska Rh·ei\ at its junction with the Upper St. J ohn. 

There was no ngrcement, however, between them. The Canadian Sur \·cyor• 
General requested Lim of New Brunswick to yo bal·k with him thirty.five miles, 
to fix the boundary at the Grnud F,tlls; whilst the latter requested the former to 
.'JO on with him about fifty milee, to fix it on tho height of land overlooking the 

Ri\·er St. Lawrence. 
The question, in consequence, remained unsettled ; but it soon became merged 

entirely, and was directed to remain in abeyance by Imperial authority until the 
much more important boundary dispute, which was then going on between Great 
Britain anJ. the United States, should be terminated. 

This great dispute, respecting the north•castern boundary of the United States 
with the British provinces of Canada and New Brunswick, is now matter of 
history. 

Al'ising out of the treaty made in the year 1783 with the United States, it was 
not settled until the year 1842, when a compromise was agreed to, and the 
question set at r1•st by dividing, as nearly as could be, the territory in dispute 
equally between the contending parties. 

During its continuance, volumes of angry diplomatic correspondence were 
wl'itten : commission after commission of inquiry and exploration waa appointed; 
and more than once war was imminent between Great Britain and the United 
States of America in consequence of it; the whole of which might have been 
avoided, if the statesmen or diplomatists of those clap, who drew up the Royal 
Proclamation in 1763, a:1d framed the Boundary Article in the Treaty of 1783 
with the United States, had adopted more generally the use of parallels of 
latitude, and due north or south lines, or meridians of longitude. 

In new countl'ies, where the inhabitants are fow and scattered, and their 
physical geography imperfectJy known, no better principle can be adopted. 

A parallel of latitude, or a due east and west line, is capable of beiug marked 
on the ground with the greatest accuracy. 

So also can a due north or south line, provided some initial point for its 
commencement be given. 

A second of latitude is equal to 101 feet on the earth's surface, and with good 
instruments and time to repeat the obo1ervations, the limit of error might be 
brought to about that quantity. 

But if a meridian of longitude from Greenwich, or from any other distant 
meridian have to be fi.s:ed, the limit of error will be greatly increased. 

Probably two observers would differ as much as a mile or two, or even more, in 
determining the longitude of any fixf'.?d point astronomically. 

In new or partially explored. countries, such a cUfference is of iittle con• 
~equence. 

'l'he difficulty is only in establishing the initial point for a due north or south 
line. 

The mouth of a large river is a vague definition, but still more the source. 
There may be a hundred streams contributing to the one main stream, and lying, 
in regard to its mouth, in very opposite direct.ions. 

A river boundary, from this cause, may soon become qne::.tionable and 
uncertain. 
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Chains of mountains are not always continuous, but become broken and 
interrupted, mmifying and separating into smaller b1·anches, until all distinctive 
character may be lost. 

Hence originated the long pending disputes in question. 
\Vhcn that between Great Britain and the United States was happily terminated 

by the Treaty of Washington, in 1842, aud white the Commissioners were tracing 
the new boundary fixed by it upon the ground, the old dispute between Canada 
and New Brunswick waa revived. 

Each province appealed to the Imperial Government, and hence arose the 
follo1ving joint repol-t and proposed plan of settlement by the officers of engineers 
and their legal commissioner, Mr. Johnston, appointed under Mr. Secretary 
Gladstone's letter of the 2nd July, 1846. 

To this boundary New Bmnswick expressed her ready acquiescence, but 
Canada protested against it. 

After a considerable delay, arising from various causes, Lord Grey suggested a 
plan to decide the diapute by arbitration; according to which, Thomas Falconer 
w::w chosen arbitrator by and on behalf of the province of Ca.nada; Travera Twiss, 
Esq., D.C.L. was selected by and on behalf of New Brunswick; and the Right 
Hon. Stephen Lushington, Judge of the Admiralty Court, was chosen by them as 
third arbitrator, or umpire, for the decision of the question. 

Early in 1851 the arbitrators met in London, and after examining and consider
ing the documents and reports submitted to them, two of them made a report, and 
suggested a boundary line. 

l\Ir. Falconer, the arbitrator on the part of Canada, refused to join in it. 
'l'he Government, howeve1·, adopted the report of the majority, and an Act of the 

Imperial Parliament was passed in August, 1851, by which the boundaries were 
defined strictly nccordiug to their decision, and a dispute of nearly seventy years' 
duration set at rest; it is to be hoped never to be revived. 

The boundary line thus recommended by the arbitratora, and adopted by the 
Government, differs from that of the Commissioners; the former giving to Canada, 
as a matter of fetcling, what the latter stated they would have done but for fear of, 
making a complica.ted boundary : viz. the entire seignories of Madawaska and 
Tenisconata, and compensating for it to New Brunswick by the addition of a 
portion to the eastward of the river Kedgwick. 

The line is, in consequence, less simple than that recommended by them, and 
will be more expensive to trace out on the ground. Some doubts may also arise 
in determining the points where the tangents to the highlands occur. 

The line is otherwise unobjectionable. 

J1t11e 14, 1852. 

WILLIAM ROBINSON, 
Capt. Hoyal Engineers, Br.-1\Iajor. 

B 2 

3 

REPOtl1'. 



MEl.lOflAN"• 

DUll OP' 

Docu:~n:i-TS, 

)11~1\10]1.ANUUM OF DOCUMEN1'S, 

MEMORANDUM OF DOCUMENTS, TO FOLLOW THE PRELIMINARY 
REMARKS ON THE DISPUTED BOUNDARY BETWEEN CANADA 
AND NEW BRUNSWICK.* 

No. 1.-Copy of Letter of Instructions, from the Right Hou. "\V. E. Gladstone to 
Captains Piper and Henderson, marked No. 2. Page 82 of Blue Book. 

No. 2.-Joint Report of Officers and Mr. Johnston, dated Halifax, United States, 
July 20th, 1848. Commencing page 86 and ending page 94 of Blue 
Book. 

No. 3.-The Topographical Report, &c., with Map. Commencing page 94 and 
ending page 98 of Blue Book. 

No. 4.-Letter and Decision of Dr. Lushington and Travers Twiss, dated 
April 1 7th, 1851. Pages 34 and 35 of Blue Book. 

No. 5.-Dr. Lushington's Reasons for the Opinion given by him in preceding 
paper. Pages 35 and 36 of Blue Book. 

N0TE.-Ou the Topogr.aphical 1tfap annexed to our Report, Dr. Lusbington's 
line can be easily laid down. 

It is already partly done on the western portion, but the dotted line is much 
too faint. The tangential lines and meridians seem to have puzzled the 
drafts man. 

WILLIAM ROBINSON, 
Cl\pt. Royal Engineers, Br.-Major. 

June 14, 1852. 

• To be given in Vol. IV. or this wol'k.-Eu. 
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PAR'l' 1. 

lN'l.'RODUCfiON. 

'l1ms paper iis iutenderl to be a short connected account of all the military ~1·noouc

operatious that have occurred in New Zealand from the commencement of the 
colony. H is brought under the notice of the officers of the corps, iu order 
that in the case of any foture disturbances in that colony, they may have au 
opportunity of raferl'ing to the peculiar difficulties and wants which haYe 
occurred in previous wars, they being such as are likely to occur in all wara: of 
regular troops against savages. 

It is a compilation from some of the many books that have been published 
about New Zealan<l, and from some private sources, and from three years' personal 
experience, from 1846 to 1850. 

A short description of the colony is prefixed, which is partly necessary for the 
clear understanding of the various operations, It is longer than necessary for that 
object alone; but it is hoped that it will serve as a general description of the 
colony, to which officers can refer for some general ideas about it when they are 
called upon to serve there. 

It is also hoped that it may possibly assist officers desiring to compile such 
general descriptions of other places, as several papers in the corps' volumes have 
assiated the compiler of this. Such short descriptions of all our colonies would 
form a very useful addition to the corps' book. And officers of engineers have got 
more opportunities than any other people of collecting such information. 

It is with great diffidence that I presume to make any criticisms upon the 
performances of o:fficet·s so much my seniors in rank, age, and service; there are 
no doubt local circumstances with which they alone are acquainted, which would 
explain such few thiugs as seem to the reader of the accounts to be mistakes. 
I am aware also of the difference between considering these things quiet1y in 
England, and enacting them in New Zealand. And I hope it "'ill be found (or 
if it is not I hope it will be trnderstood), that it is my desire, not to comment 
upon what might ha"e been done at the time, but rather to bring forward tlle 
great wants and defi.ciencics that were felt in the various campaigns, with the 
hope tha.t they may be observed anJ. remedi0 cl by those in power before another 
<listnrbancc- brPaks out, when it will be too latf'. 
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Li.st of t!te buokt, J:c., /rum, wkfrh t!tis pcipe1· hcM been co1n1,if£cl. 

Parliamentary Blue Books, 1845-51, which I have been allowed to ex.amine in 

the Colonial Office. 
Official dispatches aud papers from New Zealand in the Offi.co of the Inspector 

General of Fortifications, which the I. G. F. has been kind enough to allow me to 

examine for this compilation. 
l\Ir. l\fartiu's Brifo,h Colonies. Edition 1851. 
l\Ct·. ,vakefi.eld's Adventures and Handbook. of New Zealand. 1845-48. 
Bishop Selwyn's Journal-Annals of the Colonial Chmch-184.4-49. 
Power's Sketches in New Zen.laud. 1850. 
Fox's Six Colonies of New Zealand. 1851. 
The locn.1 papers of New Zealand. 1845-51. 
Col. Despard's Narrative, North Campaign. U.S. l\Iag., 184.6-7. 
Terry's New Zealand, 1842. 

Lieutenant Balueavis, 58th Regiment, has also given me very great assistance, 
both with his private journal (he served in all the campaigns from 1845 to 1848), 
and other documents that be bas collected from the 58th Re:::,,llnent and from other 

sources in New Zealand. 
I have also been very much assisted by other officers of the 58th, and by 

Captain Hendet·son, R.A., who served there in 184:6-/-8, and by Lieutenant Servantes 
(late of the 6th Regiment), who served in New Zealand in 1846-7-8, as interpreter 
to the forces. 

The list of harbours ha.s been examined by ,v. Evans, Esq., R.N., master and 
assistant-surveyor of H.'M.S. "Acheron," during her surveys in New Zealand: 
he has had the kindness to corxect it and add several notes to it. If, therefore, 
any benefit or iustmction is derived from this paper, thanks must be given to 
these gentlemen who have so materially assisted in its compilation. 

The General l\Iap of New Zealand is the latest edition of that published by 
Al'rowsmitb, corrected from the surveys of Captain Stokes, RN., in H.:M.S. 
"Acberon," during 1848-9. '50, '51. He surveyed all the principal harbours and 
a great part of the coast line. The large plans of the Bay of Islands, ,v ellington, 
and ,vangauui, are from the New Zealand Company·s maps and the colonial 
maps, which I was allowed to copy mid make use of for the office of the I. G. F. 
during the time I was employed in New Zealand. 

J(uuw1·y 1, 1853. 

T. B. COLLINSON, 
Capt. R.E. 
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GENERAL DESCIUP'f!ON UF NEW ZEALAND. 

SECT, !.-GENERAL PHYSlt:AL DESCIUPTJON. 

'l'he colony of New Zcalan<l * (according to the charter of 1840), include::, that 
group of islands lyiog together in the South Pacific, about 1000 miles ea8t of 
Australia, and consisting of two large islands ancl one small one, being called 
Ne11J Ulster, or North Island i New l1lun-ste1·, or :Middle bland; and New Leinster, 
or Stewart's or South Island : and of the small group lying about 200 miles east of 
them, called the Chat/tan~ Islands. The two large islands lie about north a.nd 
south, and ai:e both long and narrow islands; New Ulster being about 500 miles 
long, au<l 100 average breadth; and New .M1mstc,·, about 550 miles long, and 150 
average breadth; New Leinster is in the shape uf a. triangle, of about forty miles 
side. The whole containing together about 123,500 square miles, t or 78,000,000 
acres, :t being nearly the same ru:ea as Great Britain and Ireland together. 

'fbe boundru .. ies of the Colony, according to the Act of Parliament, 18521 a.re 
from 33° to 50"' south latitude, and 162° to li3° west longitude. 

In ll,:w Ulster, or North Island, the northemmost point is called Noi·th Cape; 
one-third of the way southwal'd, at the narrowest isthmus of the island, is 
Auckland~· at the extreme point in Cook's Straits is Wellington~· between 
Auckland aud w· ellington the most projecting cape on the west coast is called 
C'apeEymont; and the most projecting cape on the east coast is called East Cape. 
Cuuk's St,.ails divitles the north island from the ruiddle island; Foveatu: Straits 
divide3 the wid<lle and south islands. In New 1llunste1·, or Middle Island, at the 
extreme south-west point, is IJusky Bay; and on the east coast, at about one-third 
<lown from Cook's Straits is Ba11ka' Peninsula (O<intcrburyL· and two-thirds 
down the same coast is Otago. 

The physical features of the islands are generally speaking mounta.iuous, the 
mountains being high and volcanic, and not 1·unning in long regular ranges as in 
England, but i.u very steep abrupt ridges, running in all irregular direction~, and 
frequently ending in conical mountains of 5000 to 10,000 feet, between which 
ridges ru:e long flat valleys, mo1·e or less narrow; the hills being generally covered 
with forest, and the flat valleys grass and fern land. This is the general character 
of the country in all New Zealand. 

From the North Cape there is a range of these bills running through the centre 
of the island to Auckland, and filling by its branch mngea almost the whole space 
to the coast on each side, ru.td generally covered with thick forest of Kauri pine, 
with few fiat "alleys, and little level or open couutry. 

About Auckland the country is lower and more open; and the whole of the 
'\'alleys of the rivers Thamt!S ru.id w·aikato, from Auckland to 'l'aupo Lake in the 
centre, consist of fine open country, tolerably level, and covered with grass or fern, 
with a. range of hilla on each coast. 

From Ta.upo Lake there is a. range 5000 to 101000 feet high, running to 
\\'' clliogton1 and auother similar range running to East Cape, and filling almost the 
whole ,.,f that projcctiu!-; l1mU. with wooded wountaius. Between East Cape and 

• ::-ce ,\rrowsmilb'11 map, lRJl, p. -5. T :'ll.tni11'3 Col~. &ays :.i.:..,oui 1• 
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"'ellington is Hawke's Bay, and about this bay al'e large level grAAsy pl:iius, :tud, 
going southward, there is a broad, leYel, grassy ,,alley extending to the sea in 
Palliser Bay, east of"~ ellington. 

From Taupo Lake another range of 8teep wooded mountains runs towards 
Cape Egwont, falling as it approaches the coast, but ending in the volcanic cone 
of Mount Egroout, 9000 feet high. All round Cape Egmont and down the shore 
of Cook's Straits to \Vellingtou, between the hills and the coast, is a belt of fh\t 
gl'assy and wooded hm<l. 

The south sLore of Cook's Straits is filled from sea to sea with the same steep 
wooded ridges, 2000 to 5000 feet high, with long, narrow, flat grassy valleyg 
between i and the range continues down the Middle Island, near to the west coast, 
as far as Dusky R."l.y. Between it and the East coast are broad w1.lleya and plains 
of level grassy land. 

There are no very large navigable rh·ers in New Zealand, but a great number uf 
small rivers like the Tyne in No1thumberlaucl, into which small vessels can 
enter; and a considerable number of hm·bours round the coast, some of which 
arc very good. It is a peculiar advantage of New Zealand, that being long, nanow, 
mountainous islands, there are great means of access to the interior through the 
muuber of small harbours and rivers on its great extent of coast line. 

SECT. 11.-NATI\'E POPULATION. 

'l'he natives are of the same race that inhabit the othe1· islands in the Pacific1 

being a perfectly different and much superior race to those in Australia. 'l'he 
Polynesian native is supposed to be descended from the Malay; the Australian 
native is of the negro race. 

According to their own traditions, and to the best accounts that have been 
made out concerning them by the missionaries, their ancestor.ii came from some of 
the Pacific islands to the north-east of New Zealand in canoes, about 500 years 
ago; settled in the n01thern island, and spread OYer it and populated it as far 
south ns Cook's Straits, and even to the extreme south. Their manner of life, 
which hM been banded down to them from their ancestors. has been that of 
cultivation of the soil, and very different from the ro,,ing savage of Australia, or 
the hunter of North America. It has no doubt ol'iginated from there being no 
space to bunt over, and no game to kill. Their peculiar mode of life is important 
to be recollected, in considering the causes of disputes between the Brith1h and 
the natives. They li\·e in s1.0all villages, 100 to 500 in each1 along the sea-coast 
and up the principal rive1-s i each family having its hut railed off in the village, 
and the whole being incloscd in a strong palisade an-anged for defence. The 
culti,ations are cleared out among the woods in the neighbourhood, Leiug a few 
acres to each family i and the huts and cultivations descend from generation to 
generation, both by ma.le and female line. Every ml:Wl_and woman inheriting such 
a property is a free independent per.son in the tribe; but those who are more 
lineally descended from their ancient leaders form a kind of hereditary aristocracy, 
and generally have some family dependants, or slaves taken in battle, to work for 
them. And the people of one village, and of several villages in one district., arc 
generally descendants of one original family, and look up to some one bead branch 
of the family as their leader, forming (t tribe, with whom this representative of the 
elder branch has the chief voice, each man having also his independent voice and 
iudependeut right to his property. 
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The husband has n. right over the inheritance of bis wife; hence the jnter-
111arriagcs in the tribe or between two tribes create constant disputes about land, 
Ul!itber the boundaries nor the rights of property being very clearly defined. 

Their huts consist of little more than a common ridge roof, about 20 feet long 
and l O broad, stlmtling on the ground ; the walls being only a few inches high. 
'l'hcy are made of rough poles thatched with long grass, or b,u·k, and neatly lined 
insi<le with plaited reeds or gra<is. But there is only one opening, and the 6:·e (of 
wood) is on the floor in the centl·e. The chief's house being generally the largest, 
the village crowds in on winter nights to sleep all together for warmth. 

'J'Ley wear nothing but mah1 made of flax, which the women dress and weave 
into a coarse cloth: they wear them hanging fl'Om the shoulders to the ground, 
both men and women, with geue1·ally a smaller mat tied round the waist. No head 
dress, and nothing on the feet. 'l'he men tattoo all the face, and sometimes the 
posteriors, and the women tattoo the lips and chin. 

They live chiefly on potatoes (the originals of which were left by Captain Cook), 
and sweet pot.."l.toes, and tm·o and pumpkin, n.nd fish, and sometimes on the wild 
pigs (whil'h, having been left Ly Captain Cook, have become wild in the woods). 
AU the vegetables they cultivate themselves,-to which they have lately added 
wheat and maize. 'l'hus their principal occupation is cultivating their little 
gardcnd in the woods, and fishing; the women taking part in the former, and also 
doing the cooking and other drudgery of the ,,illage. They are a very dirty race; 
scarcely ever washing. TLey wear the same mats day and night for years-just 
squatting on the ground in front of the hut to eat, and lying on mats (made of raw 
tla.."C leaf plaited) to sleep. They use pumpkins for drinking bottles and dishes; 
shells for knives i and (since they became acquainted with Europeans) both men 
and women have taken to smoke tobacco constantly-but very little to drink 
spirits. 

They arc, even now, sometimes so hard put to it for food, as to eat fern root 
pl'epared in cakes; probably this want of food originated the practice of cauni• 
balism amongst them. They are of ordinary stature, well built, and active (for 
8avages). 

'fheHe arc the habits of the New Zealander as they were before British colo
nisation ; now, European customs, clothes, houses, and food, are springing up 
amongst them, not only in the neighbourhood of the settlements, but all over the 
country. The amount of civilisation which is being produced among them, is a 
disputed question;• but there is no doubt that there has been a. great nnd very 
general change made in their habits. They have very genera.Uy learned to read 
,mcl write, to build better huts, to cultivate wheat and other European fruits, to 
attend a place of divine worship and schools. They have left off much of their 
fighting propensities and the practice of cannibalism. Now this improvement is 
duo partly to the colonisation by the British Government, but chiefly to the 
missionaries. 

'I.'ho missionaries commenced in 1815,t when there were only a. few English 
whalers about t,he islands, and when they were a few men among hosts of 
cannibals, and they gradually spread over the whole islands, living alone with 
thcfr wives and families in different parts among the natives : since the colonisa
tion, they have been countenanced and supported by the British Government, and 
have increasE:d their opol'atious with still more effect, and the Government have 

· Fox, i-i., Col~. + Terry, 18'12. 
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granted money for educating the natives, nud built hospitahi for them at the 
settl ements, aud est.a.bli shed magistrates, both European and native, for ad
ministering British law a111ong them, modified to suit their character. On the 
other hand, the natiYes will cheat and rob when inclination and opportunity offer; 
they are very indolent and very prone to fall back from civilisation; <'asily 
excited, and when excited, not to be controlled even by their own wants, much less 
by their reason ; but not capable of pers:e\"ering for :.llly length of time in 
anything. 

In short, they are still s..'\,·ages1 and are therefore to be treated as all savages 
should be-with a strong hand and with kindness.* And being perhaps the most 
intelligent savages in the world, are to be treated with more conaidera.tion than 
nny others. 

The missionaries have all along endeavoured to prop up the natives into the 
civilised ranks.t Before the colonisation they desired to make them an inde
pendent nation, as thell' fellow-missionaries had done in Tahiti and the Sandwich 
I slands; since that they have always tried to place them on the same level with 
the European colonists; but it is impossible, the natives are not capable of being 
fully ch,ilised; the proof of it is that they are decreasing still Iu fifty years 
there will scarcely be one New Zealand ni\tive aliYe.+ All thnt can be done is to 
let them die out a.a quietly as possible. 

Dr. Shortland (1851) thinks the natives are not decreasing, but that they will 
continue to exist as a race; but considering the great disproportion of the sexes, 
I have followed the opinion of Bishop Selwyn, which is the general one in New 
Zealand. 

There are about 90,000 natives in the islands; of these, all but 3000 are in the 
North Island. 

The following estimate of the native population has been supplied to 
me by Mr. ,v. Servantes (late 6th Regiment, and interpreter to the forces in 
New Zealand), who also marked the localities of the tribes on Arrowsmith'a 
map, p. 5. 

• Nelson Petition, 1845. t Parl. Blue Ilook, 1845. 
t Bishop Selwyn. Fox, S~ Cola. 
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APPROXIMATE CENSUS 

Of tlic ,.Yative Population of New Zealand, by ,v. SERVANTES, Esq., late lntcrp1·eter 
to tlte Fore~. 

N.Il.-The great subdhiiions nnd greatest chiefs nre printed in Roman capitals. The divisions and 
chiefs of next importance are printed in italics. 

1Tik Loc;ility. Chiefs. I . I Population. 

Te Rm·mca No,·th Gape, Papahia I 2800 
Ka.itaici Nopera . 

NoAPUBI Bay of I. and Hold-
anga 

Ngati Tautahi Kaikobe Pairama 800 
Ngatimanu Tokerau Pomare 400 
Ngatihine Kawakawa Kawiti 300 
U riongaonga Do. Pukututu 700 
Te Mahurehure Hokia.uga Moses Tawhai 700 
Ngatihao Hokianga Waka JJ'ene 400 

Patuone 
Other sub-tribes - - Rewa, Moka, Hongi, 6200 

Moehau, Rangatira 
---

Total N gapuhi . 9500 
. . 

NgaJ.iwhatwi A11,ckland Kawau 1200 
Kaipam Paikea, Te Tinana ---

\VAI KATO Wciil·ato River 
Ngatimahuta Lower w·a.ikato and TE \VF!F:ROWHERO 400 

Manukau 
Ngatihaua Matamata and Upper William Thompson 800 

\V:tikato 
Ngatimaniapoto Kawia, l\Iokau Ta01rni, \Varn, Pun- 5500 

garehu, \Vetere, 
Pakaru, Poutamn. 

Ngn.tipaoa Hauraki, R. Thames Taraia, Hauauru, Ka- 2';00 
hukote, Ruinga, 
Hon 

Other sub-tribes - - Kiwi, Katipa., :M:oko- 6600 
rou,Awaitaia(Wm. 
Naylor), Uira 

·---
Total Waikato . I 15000 

Ngatiawa (No. 1) Trmranga Tupaea, Taipari I 24~ _ 

Ngatiwakcmar Rotoru.a, Tohi, Tongoroa 1-8000 

13 

2. 
N,'1'1VE 

Poru 1,AT!Otl'. 



1-1 

NA'ftl'f.: 
POPULATIOY, 

'Jl•ibe. 

NllATIKA.RUilUNU 

Ngatipol'o1i 

Taiipo 

Ngatiawa (No. 3) 

Tamnaki 

N9at-i1'Uanui 

TVanganiii 

Nyatfraukawa 
Including remnants 
of original tribes 

Nyatitoa 

Ngaitalm 

'l'lIE l\CILI'l'ARY ffPl<"::ItA'fIONS 

Loc ... lity. 

Opotiki 

Hawke's Blty :md 
TV<til'U/'aj)(i 

Cliicfs. 

Hikaro, Punn, Rangi
ruatauuku 

Population. 

7000 

East Cape ancl 
'l'urauga 

KANT A TAKERAU, 10,000 
Ratn,u 

Hawke's Bay and 
WairrU"apa 

Jlapuk11,, Apatu o te 2,000 
raugi 

Total Ngatikahuhunu 12,000 

1'cmpo 

New Plymouth, 
Port Nicholson, 
Q. Cb:ulotte Sunud, 
Blind Bay 

T!tt·anal.:i and 
Port Nicholson 

HEUREU (lwikau) 
Herekeikei 

Re,-etawanyawangci 
(dead), Wm. Kiug 

Gape E91nont Anataua 

R. Wanganui np to Turoa, :Mamaku, 
its source Hori King 

R. Manewatu (origin• Te Raupet·aha (dead), 
ally from Waikato) JVatcmui, Matia, 

Puke, Abu, Haka• 
raia, Tara.toa 

P01-i1'Ua and Cloudy 
Bay (originally 
from \\r aikato) 

Middle Island 

Puctha, Kanae (sons 
of Pehi) Rangi
haiat,a, Moses 

Taiaroa 

1500 

7000 

2000 

3000 

7000 

3500 

1000 

3700 

Total population, about 90,000" 

• Sir G. Grey {18-t!l) r-11timate~ the tot.nl populntinn nt 120,000, in which estimate Dr. Shortland 
(~ .. Di11trict11 of New Zr-alnnd, 18,'.;\ ) agrr-e~. These nre two good authoritica; but the Bishop•~ 
eti.t1mate wa11 about 60,0()0. 
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The uati\"es iu each of thefle districts may be considered na allied among each 
other, antl likely to jnin togcthet· in case of war against another district; but still 
divided into am1dl tribes freqneutly at variance with each other1 and frequent1y 
joiuiug those of ol he1· districts. There are many chiefs iu each district, a.nil eome 
whose names are a tower of strength throughout tho whole country; as Te TV!tero
'll'llero in the ,Yaikato district; Rcmgltilteata in the Cook's Straita district; Hapuk1i 

in the Hawke's Bay district; Kcm1iti in the north. 
The celebrateU Ild.:i (now <.lead) wa.s a chief in the north district, but not of 

great importance. 
Te llt11 Jfw, (now dead) was a chief of Taupo, and the greatest in all New 

z,..aland. 

Ti: RutiJ>aaha (now dead) was a chief of Cook's Straits district, and of third 
rank in New Zealand after Brn lleu aud TV/iuowhel'o. 

In Captain Cook's time, his estimate of the population was double the abo"\'e 
estimate.* They have decreased partly by war, and partly by their savage 
cu1Stoms and habits, and partly by the semi-transition into civilisation. In 1825, 
the northern tribei:1, under Jfongi, obtained fire-arms, and made au inroad upon the 
Auckland aud \Vaikato tribes, who in their turn made inroad upon Cape Egmont 
natives, who in theil' turn made inroad upon the Cook's Straits natives, who were 
clriven into the MidJle Island, and some even to the Chatham Islands. This tide 
of conquest bas very much complicated the question of property, as, since the 
Colonisation, some of the exiles have returned to their original districts, and set 
up a counter claim to that of the conquerors, which their own customs obliged 
them to acknowledge. 

All the natives in New Zealand fight with fire-arms now, having been supplied 
with them by traders previous to the Colonisation; they have been supplied with 
arms and ammunition since tbat by private traders, notwithstanding the laws to 
the contrary. They take considerable care of their arms, ant.I keep their ammu
nition in bottles and kegs undergl·ound. '11hey make cartridges of a large size, 
and wear amall leatber pouches, which they abo get from traders. 

t Their ancient religion was the worship of nature, deifying various animals and 
celebrated heroes; they had hereditary priests, but no images or temples. They 
were very superstitious about the dead, and afraid of the dark. Now they 
:\re nominally converted to Christianity; chiefly Prote!itants, very few Roman 

Catholics. 
Their language, like that of all the Pacific islands, is supposed to be derived 

from the :Malay. :t They use more consonants than the Tahitian or Sandwich 
islander. They pronounce the letters r- and h, iustcad of l and s. 

The missionaries have reduced the language to an alphabet and a grammar, 
which are now used by all the natives; so that the ancient language bas been 
altered, and is not under.stood by the rising generation. It is a simple language 
and easily learnt. They are teaching the natives English, but the difficulty is so 
great, that the native language \\ill still be the medium of communication for 
some yeara at least. ln the Missionaries' alphabet the Yowels are pronounced not 
nccorrling to the English, but according to the Continental pronunciation, which 
should be borne in mind in reading Mao1·i, which is their term for their own 
nation, in contradistinction to Pakelut the foreigner. The native words to be so 

pronounced are printed in italics. 

• Fox, Si.:s: Cols. t Hr1ndbook. Tc_,rry. Rev. R. T:iylor, mL~>-ionnrr, 
t Rev. John Williatn!I, !'south Sea l\li<1,ion. 
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Taiui is their term for n war party. ll'arc is their term for n house. 
I .c1trongly recommend it to e,·ery officer, likely to remain several ycara in the 

colony, to learn the Jnugnage. A little knowlet.lgc of it gives a vflry great 
influence among them. 

The character of the Now Zcalnn<lcr for intelligence has not been at all over• 
rated in my opiuion. 'l'hoy have n wonderful quickness of apprehension, and good 
memory, and a ready wit not easily put down. They arc more energetic than 
the soft savage of Tahiti i and probably from their being reduced to cultivation 
for food, they are moat remarkably gi,•en to commerce and tra,ling of all kinds. 

This character does not agree Yery well with that of a warlike cannibal; and I 
think that their character for war bas been rather exaggerated. Their own native 
w::u·s show much more of strategy-the long-watching ambusb 1 the occasional 
skirmish, and the frequent truces-than the incessant, unrelenting pursuit of the 
true savage warrior. Aud in their wars with 1.he British, as we shall find, they 
owe their escapes to the character of their country rather than to their own 
defence; and they did not make the mo~t of the peen liar character of their 
country. 

SECT. III.-BRITISR POPULATION, AXD Drn,cntl'rlON OJ,' THE Six SET'rLF.MEN'f,';. 

The present po~ition of the British population is tbi.s :-
There are first the Missionaries, who commenced in 1815, and are now scattered 

all over the islands, living among the uatiYes. 
Then the ,vhalers who commenced, before the :Mis:sionaries, to frequent the 

coast in ships, and gradually established parties on shore, who lived permanently 
among the natives, marrying native women, holding their own by the force of 
union, and employing themselves in whaling in boats from the shore. They were 
all round the islands, but chiefly at the Bay of Islands, and in Cook's Straits, and 
Foveaux Straits. Their occupativn of whaling is now nearly gone, but they are 
still living there upon the produce of the land, which the natives allow tLem to 
cultivate in right of their wives.. There were about 1000 of them in 1839.* 

'J.'hen there are Si.:c separate British Settlements, t all on the coast: namely, 
1. A ud:lancl. Founded 1840. 
2. Welling'on (including ,\angnnui). 1840. 
:1. Nr:lao11. 1842. 
4. Ne-w Plymouth. 1847. 
5. Otago. 1S48. 
6. Canterbw·y. 1850. 

AUCKLA~D was founded by the British+ Government. Iu 1840, Captain Hobson 
was sent out to obtain possession of the i<:.lands. He first of all founded bis capital 
at the Bay of Islands, but changed it the same year to Auckland; and purchased 
laud there from the natives, nud from Englishmen who had bought it from the 
natives previou~ly, an<l resold it to settlers from Australia rmd England. There 
are about 100,000 ~rcs near Auckland, thus in possession of British colonists. The 
town is on the ,vaitemata ri\-er, which ruus into Houraki Gulf on the east coast; 
one of the great a_dvantages of this aitua.tion ia the ewiy access of the ltm·bom· ~· § 

vessels c~n anchor 1.n the gulf waiting to go in. The harbour is rather an eotuary 
tbnn a. river, and is about thr<'e-qua.rters 11 of a mile wide, deep enough for nny 

• Fox, i=:b.. Cols. t l\Tartin'11. Col11. 
~ See 11, 37 for de11cription of barbour11, 

t Terry. 
:u:wtin•scc,J~. 
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\'CRsela; a Rtrong tido and perpetual ~trong whJ<ls up and down the river. The 
banks arc clay cliff.-s 50 foot high, at the baek of which is a bare undulating country 
like a moor; the town is in a little \·alley on the south bank, about three miles 
from the mouth, and baa the appearance of an English fishing town; it contains 
about 4000 British inhabitants.* Their occupation is exporting copper ore, which 
is worked nt Kawau in the Hournki Gulf; and pine timber, which is obtained 
from all the neighbow·illg coa.st, and some wool and native flax, and vegetables; 
but they are chiefly supported by the expenditure of the Government. The 
Governor.in-Chief and Commander of H.M. troops resided there up till 1851, 
and up to that time there were 500 troops in barracks. The houses are cl1iefly 
built of wood, but bricks are made on the spot, There is a public wharf building, 
without which the landing is very bad. The soil about Auckland is tolerably 
fertile, clay covered with small shrub and fern; not expensive to bring under 
cnlti\lntion. Several thousand acres have now been brought under cultivation; 
but there is not much stock farming. Living is cheaper than in England, 
and wages higher. There is very excellent water. communication by means 
of numerous branches of the Estuary to the neighbouring country ; and acrois 
the isthmus seven miles, is the harbour of Manukaut on th<:: west coast. into 
which all vessels can enter, though it is not very accessible, but which will be an 
excellent point of communication for steamers from Australia.::: There are great 
facilities for establishing water communication between A Uckla.nd and Manukau 
harbour and the "'aika.to river, which would open water communication with the 
whole valley of the Thames and \Vaikato rivers; which valley contains a great 
extent of level fertile land. There are tolerahle cart-roads for a few miles out of 
the town in rnrious directions. Natives live near the tO'\'o'll; for the Government 
in purchasing land have always reserved the villages and cultivations of the 
natives for themselves, besides paying them for the remainder. 

There are some off-shoot settlements from Auckland. 
Ko1•orarika in the Bay of Isla.ndi,i, esta,blished by the Missionaries, who have 

purchased the land from the nati ,·es; but it has been nearly deserted since the 
war with the natives in 1845, when it was burnt. 

There are also settlers established in different parts by themselves among the 
natives; at the rfrerd Hokiaay(i nnd Kctipm·a ou the west coast, and in Houn1.ki 
Gulf, chiefly for cutting timber. 'l.'hey have either bought land from the natives 
before the Colonisation, or from the Government since. 
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,YELLINGTON § was founded in 1840 Uy the New Zealand Company, who sent WR1.1.1No

out an expedition in 1839 under Colonel "~akofield, who purchased large tracts 
of land from the natives about Cook's Straits. But the purchase was not properly 
made, and some of the natives repudiated the sale, and the disputes and wars went 
on till 1848, when they were fairly settled, and the Company got peaceable and legal 
pas.session of several blocks of land; among which was one about Wellington of 
280,000 acres. II The Company is now defunct, and all their posse.:sions haxe 
reverted to the Crown by agreement; so that the circumstances of all the 
Company's settlements (a.a far as land is concerned) nre the same as those of 
Auckland. 

,I The harbour of ,vellington is co.lled Po1·t Nicholson; it is in the narrows of 
Cook's Straits on the north side; it £s difficult of access, owing to the narrow 

• J3. B. 1848. + Fice p. 37. ! Capt. Fjtzr"Y'" p,un11hlet, 181i 
~ Terry, 18-12. llandbook, 1818, Fox, Six Cols, N::trtin's Cols. 

I! Crown grant, I 8-18. 4J Ree p. 37, 
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entrance running pl\rallol to the Straits, and tho constant strong wind.a that 
blow up and down the Straits. It w:1.s selected from being the only harbour 
in the north island south of Hawke's Bay. There are fine harbours on the other 
side of Cook's Straits, especially Queen Chru·lotte'a Sound, where Captain Cook 
always lay, and which, in my opinion, would have been a better site for the first 
and great settlement of the Company. Colonel ,vakcfield visited it, but it was 
thought at the time that there was more available land about Port Nicholson;* 
this was not proved to be the case; the whole country on the ,v cllington side, 
from Palliser Bcty to Ka,puti lslancl in Cook's Straits, is filled with a mass of 
wooded mountains, ril'ling to a height of 1000 feet. Port Nicholson is a basin 
surrounded by these bills, through which roads must be made to reach available 
laud in any direction : nevertheless, as the town bas been placed here, it will 
probably be the capital of New Zealand for many years; as it is evident, from its 
central position in Cook's Straits between all the settlements in both islands, that 
it is more suited for the aeat of central government than Auckland, or any other 
present settlement. The harbour is safe when you get in, and deep enough for 
any vessels; it is about five miles square. The town is in a cove in the south
west corner, a very good site, tolerably level la.ud, backed by the steep bills, some 
grassy, but most of them covered with thick impenetrable forest. It contains 
about 4000 inhabitants, t being about equal to Auckland, but they are nearly all 
real English settlers who came out direct under the Company's auspices, but from 
the disturbances were never able to occupy their land, and were compelled to 
stay in the town; and would have gone away altogether, but for the great 
expenditure of the British Government consequent on the wars, which has given 
them capital, and which capital they are now able to expend upon the land. The 
Company sold a great deal of land among the hills about Port Nicholson, and the 
settlers have cleared and cultivated in some of the wooded valleys; tlte Jlutt valleiJ 

is the largest of these, and is at the head of Port Nicholson; but it only contains 
about 10,000 acres of good land, and that is all forest. The chief business of 
,vellington is the export of wool to England. In '\Yairarapa valley to Hawke's Buy, 
and on the north-west coast to Cape Egmont, are open grassy tracts good for 
grazing, and the Colonists are occupying these with cattle and sheep brought from 
AU6tralia, leasing the land from the Government, or from the natives; this latter 
practice is illegal, and is very dangerous. 

The houses are chiefly built of wood, and although bricks are made in abun
dance, they are still built partia11y of wood in consequence of the alight shocks of 
earthquakes which sometimes occur. 

The Lieutenant-Governor of the Southern Provinces resides in Wellington; and 
there are 500 troops in the town and neighbourhood, in barracks, but there are no 
defences either against external or internal enemies; only a few armed police and 
no militia., not even pensioners; and no additional military works have been 
ordered up to 1852. 

Two cart-roads are making by the Government from Wellington through the 
hills; one towards 1Vai1•arapa valley, and one towards the north-west coast and 
Wanganu.i; each will be about forty miles long before it reaches the pasture land; 
the former is now about half finished, the latter completely finished. There is no 
passage off these roads for man, animal, or carriage, except by a few short by-roads. 

Natives live in aud about \Vellington upon the reserves which were made fot· 
them by the Company and Government at the time of concluding the purchase. 

• First Report N. Z. C. + B. B. 1848. 
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Tbo offshoot settlements from Wellington nre TVanyanui and Rangitiki, both 
togt'tber, at about 100 miles along tho north-west coa.at towards Cape Egmont. 
JVa119anui (or Pctl'e ns it is ca1led by tlie English) was established by the Company 
at tha same time as \Vellingtun, as a part ofit; and by the same bad management 
of the purcho.se, nnd ill conduct of the natives, the settlers were prevented from 
occupying their lauds, and obliged to live in the little town, till 1848. The town 
is four miles from the mouth of the \Vaugauui river, which is navigable to that 
distauce for all craft not drawing more than 14 feet of water; and is on the right 
bank. The country lies in plateaus at different levels above the sea. Tbei;1e 
table-lands extend n.11 along the coast, between the mountains and the sea. from 
near \Vellington to rounJ Ca.pc Egmont. From Cape Egmont to Wanganui they 
are 200 to SOO feet aboYe the sea; at Wa119anui they turn iufo.ntl; nod a lower 
plateau begins about 20 feet above the sea. Their character is the same every
wlu•ro, coYered with fern, flax, nod grass, with clumps of thick pine brush hero 
and there, and intersected by streams in all directions; in the high plateaus the 
streams form deep ravines; the valley of tho Wanganui is a plateau half a mile 
broatl, and about 30 feet abovo the sea, backed by the higher plateaus which end 
in steep scarps as if they had been cut by the action of water. I have described 
thia country more fully because this plateau prairie character is common to all t!te 
lwyc t•alleys and p)aim in New Zealand. Twenty miles up the Wanganui the 
country becomes broken into high na1Tow ridges covered with timber; but iu fact 
the plateaus are with difficulty passable for man and horse, and impracticable for 
regular troops except by the footpaths. 

There are about 1000 BL·itish colonists at Wanyanui aud Rangitiki, occupied iu 
stock farming. There is a strong military post at the town garrisoned by 200 

men: and the natives live in their villages all about the rivers. The land 
purchased by the Company at these two places is altogether about 200,000 acres. 

The commuaicatiou with \Vellington is either by water in decked vessels of 
about thirty tons, common a.11 round the New Zealand coast; or by land a.long the 
coast, which is hard sand the whole way to opposite Kaputi Island, where the 
cart.road. from \Vellington comes out; the only difficulty being the numerous 
small tidal rivers. 

There are whalers squatted all down the coast, and settlers keeping stock on 
the native land, paying rent to the natives. In the Wcifrm·apa valley there are some 
100 English, with many thousand sheep and cattle thus squatting on native lands."'" 

The Government are continuing to extend their territory by purchasing land 
from the natives, on the weat coast nod at Hawke's Bay : and these districts are 
gradually filling with settlers and their cattle and sheep, intermixed with the few 
nati,•es residing on the reserves always ma.de for them at the time of purchasing 
the laud. 

t NEw PLYMOUTH was founded in 1841 by a Company from Plymouth in 
England under the auspices of the New Zealand Company. But there were just 
the same mistakes and disputes about the land, and the Company got peseession 
of only 4000 or 5000 acres of their original block; they afterwards purchased a. 
separate block of 30,000 acres to the south of the other . 

.t'rhere is no harbour, only a roadstRad, where vessels cannot anchor in northerly 
weather. There is only a. sma.11 river, the Waitel'a, into which small craft di'awing 
not more th::m 12 feet of watcl' ca.n enter. 

• Statii1tic~, New Munster, 1818. t Emigranl's Guide, and Martin's Cols. t Seep. 37. 
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The counti·y is a continuation of the fern and grass plateaus, watered by many 
streams, uud backed by broken forest country : it is sheltered from the south by 
Mount Egmont, and the soil is very rich. Indeed the fertility of the level forn 
plains of Taranaki have caused it to be called "The Garden of New Zealand," by 
the natives themselves. There are a.bout 1200 English settlers,• chiefly farmers, 
cultivating the soil close o.bout the town, which is on the coast. They already 
export wheat and flour. There a.re numerous natives a.ll about the settlement, 
but there have never been any troops there, as there has never been any open 
hostility on the part of the natives: though they have always been disposed to be 

quarrelsome. 
NEtsON was founded by the New Zealand Company in 1842.t It is P-ituated at 

the head of Blind Bay, on the south side of Cook's Straits. The original purchase 
included. the whole of the north end of the island above a line drawn across 
somewhere about Lookers•on Bay; but from the disputes with the same tribe of 
natives as disputed at \Vellington, they only got possession of the land round tho 
shores of Blind Bay, until 1848, when they obtained legal and peaceable possession 
of all the remainder of the block. The settlera therefore have chiefly occupied 
the country about Blind Bay, and as the hostile uatives never came to that part, 
they have been able to make greater progress in cultivation than any other 
settlement. They got the advantages of the war expenditure without so much of 
the misfortunes. 

The whole of the north end of the middle island, from Cape Foulwind to 
Lookers•on Bay, is traversed by long narrow ranges of mountains running to 
every promontory, and from 1000 to 5000 feet high; but there is not so much 
forest on them; m:my of the lower ranges: are covered with grass, and make good 
pasture lanci; and there are numerous long flat valleys containiug good agricultural 
land. One of the largest of these valleys is The Waimu, running into Cloudy 
Bay; this valley and the adjacent country is now occupied by some hundred 
settlers from Nelson with thousands of sheep and cattle; their port is a harbour 
at the head of Queen Charlotte's Sound; the disadvantage of this Sound is its 
great dep.th, being sixty fathoms in the centre i but it is safe and very accessible. It 
only requires ten miles of road (which is in course of construction I believe) to 
communicate with the great valleys above mentioned, and which, in my opinion, 
will make it one of the most advantageous, as it is one of the most central, 
settlements in all New Zealand. 

At the head of Blind Bay is another good large valley called The Waimea, and 
four miles east ofit is a little harbour where the town of NELSON is placed. The 
harbour is formed by a natural breakwater, and is very small with a narrow 
entrance. A man.of-war corvette, and steamer, have both been in it. There are 
4000 .t English settlers in Nelson, and about Blind Bay. They expo1·t wheat, 
barley, and timber, and wool. They cultivate in the valleys, and keep stock on 
the hills. There is coal found in Massacre Bay in Blind Bay; it crops out close to 
the sea; and fossiliferous limestone and sandstone; from the opinion of coal ownera 
in the north of England it appears probable that this coal will prove, when 
excavated, equal to the Newcastle coal of New South ,vales. There is a 
small harbour close to the coal. There is a cart-road from Nelaon to the \Yaimea 
valley, but beyond that only horse tracks, and those very difficult. The com• 
munication inland to the Wafra-u valley is by a bad horse path. 

• Em. Guide. + Em. Guide and Martin's Cols. 
t Rr-port of !\fr. Bell, agent N. Z. Co. JR49. 
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One of the great advn.ntages of Nelson Ha1:cn is the rise of tide, which is 12 feet, 
being greater than in any other part of New Zealand. Another advantage of 
Nelson is in the climate, which is calm and sunny, being out of range of the Cook's 
Strai ta gales. 

There are very few resident natives in this pa.rt of the Middle Island, or in any 
pfll•t of it; they are the remnants of the tribes who were exterminated by the 
more northern tribes from about New Plymouth. The conquering tribes live on 
the north aide of Cook's Straits, and visit occasionally the south side, being the 
same who disputed the whole land question in which the New Zealand Company 
were concerned. 

0TAOO, also under the auspices of the New Z£'nland Company, was founded in 
1848 by a Scotch company, and was intended to forward the emigration of persons 
belonging to the Free Church of Scotland. They obtained a large block of land, 
from the New Zea.land Company; who, through the Government, have puchased 
in the cour&:e of 1847-8-9 from the natives the whole of the middle island, 
north of n. line drawn across somewhere about Molyneux River; and there bas 
been no trouble with the natives, and no disputes about land. The few natives 
who inhabit these parts live peaceably on their reserved lands. 

There ru-e about 1200 English settlera * occupied chiefly in stock farming, most 
of whom have migrated direct from Scotland. The capital town, situated in the 
harbour, is IJu,neclin. 

The harbour is safe, but di.ffictdt of access. t Dunedin is at the very head of it, 
seven miles above the anchorage for vessels. The country about it is of the same 
wooded hilly character as about ,vellington, though not quite so mountainous; 
but to the southward are some large valleys of the gi·a.ssy plateau character, of 
which Molyneux River is tho largest. There is only n. horse-path at present from 
Dunedin to these districts. 

CANTERBURY was founded in 1850 by an English company in London, also 
un<ler the auspices of the New Zealand Company, for the purpose of promoting 
the emigration of persons belonging t,o the Church of England. They obtained a 
block of about 2,000,000 acres from the Company, situated at Banks' Penins-ula, 
a.bout 200 miles south of Cook's Straits. The whole of this peninsula is a mass of 
mountains 1000 feet high, indented with long narrow bays; but behind it lies one 
of the largest prairie plateaus of New Zealand, extending about 100 miles along 
the coast, and fifty miles back to the mountain backbone of the Middle Island, 
and almost flat, covered with grass, flax, and fern. The Canterbury Association 
have selected the harbour on the north side of Banks' Peninsula, and nearest to 
the plain, a.a their port; it waa called Pori Cooper, now Port Victoria. It is a 
straight inlet, open to the north-ea.at, very easy of access.+ There is very little level 
land about the harbour; but it is only five miles over the hills to the p1ain, and 
a cart-road is finished, or nearly so, going over a level of 600 feet. 

The rivers from the plain are navigable only for small boats. The Association 
are selling land at 3l. 10s. per acre. There are about 3000 (1851) settlers there,11 
who have bought land, or have been brought from England as labourers; they are 
scattered in different parts of the plain. 

As at Ota.go, there have been no troubles with the few natives living about 
Banks' Peninsula; the chief difficulty appears to be the want of timber on the 
plains for firewood and building. This is unusual in New Zealand, and will cause 

•Em.Guide. t Seep. 37. : Seep, 37, 
§ ,Ur. Godley, ht Letter. II Martin's Cols. 
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thi:i sottlemout to be expensive for some years to come. Thci·e is tiinber ou the 
mountains, both on tho peninsula and on the back range; and the only difficulty in 
transporting it across tlie plaiu appear~ to be the rivers, and they are smn11. Aud 
there is a coal district in the southern part of the plain. And bricks can bo made 
no doubt anywhere, as the soil is sandy clay o.ud gravel. One of the ndvauto.ges of 
this settlement is in the superior arrongements made for the reception of emigL-a.uts 
on their first a1Tival. 

SEOT. IV.-GOVERNMENT AND LAND. 

The (Joi·unnu-iit of New Zeafo.nd, from tbo commencement up to 1852, has been 
conducted by a Governor-in-Chief, appointed by the CrO"-'ll, and assisted by a 
council consisting partly of the officers of Government, and pa.rtly of persons 
nominated by the Governor, 'l'his baa been the form of government since the 
colonhmtion in 18,10; but in 1847 the colony waa divided into two provinces: the 
GovernoL··in-Chief residing at Auckland, and.governing in the northern province; 
and a Lieuten;:i,nt•Governor residing at Wellington, and governing in the south 
province with the assistance of a simila1· council ;-the two councils together 
forining a general coUDcil for the government of the whole colony under the 
Governor•in•Chief. AU the officers of Government are appointed by the Governor, 
subject to the confirmation of the Crown; the Crown appoints three judges to 
try the graver offences; and the Governor appoints magistrates (some of whom 
are paid, aud are called resident magistratos) to try small offences. 

The Govemor and council pass all acts necessary for the government of the 
c·olony, which, on receiving the Royal sanction in England, become the laws of 
the colony; besides which, the laws of Great Britnin are in force. The revenue 
is raised by these laws, and is chiefly obtained from customs duties; and goes to 
pay the officers of Government and the police, and to make roads and other 
public works. 12,000l. out of the revenue is annually devoted by Act of British 
Parliament to the Civil List, which is under the control of the Governor; and the 
sums voted by the British Parliament for New Zealand (which have been about 
30,000l. a-year since 1845), are also uncler the control of the Go"fernor. 

The coUDcils also pass acts affecting the native11 as well as English. British law 
is by these acts slightly modified, to suit the native character; and some of the 
chiefs are selected by the Governor to act under tho law a.a magistrates in native 
cases. But British la.w or colonial law is in force throughout tho whole colony. 
There is no line of native territory. This, however, is only nominal; for, excepting 
near the settlements, British law is not, and could not be, enforced amoug the 
natives. 

There a1·e no convicts, and never have been auy, in New Zealand; and the law 
is preserved in the settlements as well a.a it is in any part of the British dominions. 
There are about 50 armed police among the settlements, composed of Europea.us 
and na.tivc:3, both of whom perform all the duties indiscriminately. 

'l'be expense of the BL'itish troops (aucl there are no other) is paid entirely by 
the El'itish Government. 'l'here have been two foot regiment::, amounting with 
Artillery, Sappers, &c., to about 2000 men, iu the colony since 1845; and they 
have cost 180,000l. a-year. There have been also 600 pensioners since 18,19 
located near Auckland, in vilJageP, the expense of whom has been entirely paid by 
the British Government. * 

• I believe this C'xpense has been constituted a ilebt upon the Colony. 
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Part of the ro,·enuo is appropriated (by the Council) to education both of 
natives and English, and part to religion, which is divided amongst the heads of the 
principal religious denominations: the Prote8ta.nt missionaries are also supported 
by the Lonllon Missionru:y Society, and the ,vesleyan Missionary Society, and the 
Society for the Propagation of the Gospel. The funds of the latter are given to 
the Engliijh Bishop, and devoted both to the English settlers aud the natives. 
There is a Church of England school, a ,vesleyan school, and a Roman Catholic 
school for chilclrcu of the better class in Auckland, and parish schools in all the 
settlements; but the want of means of education is a very great want throughout 
the whole colony. 

Excepting iu one or two places, where they have been lately established, there 
aro no corporations or county authorities yet in New Zealaud; the whole public 
business, police, gaols, roads, streets, hospitals, &a., being paid out of the general 
revenue. 

In 1852 t,he British Parliament passed an Act giving a free Constitution to New 
Zealand. By this Act the government of the colony is to be conducted ns 
follows.-

THE CoNSTITUTTON OF 1852. 

I. GENERAL GOVERNMENT. 

To be conducted by a Gtnel'al Assembly composed as follows:-
1. The 001Jer1u11· i1i (Jldej appointed by the Sovereign. 
2. A Legislative (Jouneil composed of 10 members appointed by the Sovereign, 

and for life. 
3. A H<>USe of Rep1-ese:ntatives composed of from 24 to 40 members elected for 

5 years by certain electors, from electoral districts appointed by the Sovereign. 
4. Tlte Franchise to include all British male subjects 21 years old (except 

criminals), and of the following properties; 50l. freehold estate, being in 
possession 6 months before registration; l Ol. per annum, leasehold estate, being 
in possession 3 years previous to registration, or for three years to come. lOl. 
per annum householders in towns, and six months' residence. 5l. per annum 
householder in country, and six months' residence. 

5. The powers of the Geneml Assembly to extend to ma.king all laws for the 
government of the Colony with the following restrictions only : 

No laws to be contrary to the laws of England. 
No duties to be laid on supplies for the imperial forces. 
No duties to be inconsistent with British treaties with foreign states, 
The custom accounts to be under the management of Her Majesty's Treasury. 
A civil list of 16,000l. per annum to be provided for without power of 

alteration, except with the sanction of the Sovereign : and the expense of 
collecting the revenue and payments to natives for land to be first provided for; 
all the remaining revenue from every source (including Crown lands) to be 
under the control of the General Assembly, but all money votes to be brought 
forward by the Governor. 

The Sovereign to have the power of vetoing all acts within two years; and the 
Governor to have the power of reserving acts for the approval of the Sovereign. 

6. Tlie natii,es to be under the 13.ws of the Colony; but the Sovereign to have 
the power of appointing native districts which shall be exempt from these laws; 
the Sovereign only to have the power of purchasing land from natives. 
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II. PROYINCIAL GOVERNMENT, 

7. The Colony to be divided into six provinces: numely, Auckland, Wellington, 

New Plymouth, Nelson, Canterbury, and Otago. 
S. Each province to be governed by a Superintendent elected by certain electors; 

the Governor to have a. veto upon the elect.ion. 
9. And a Oouncil, composed of members elected for four years from the electoml 

districts. 
10. Tile Francltise to be the same as for the General Assembly. 
U. '1.'he powers of P1·ovincial Councils to extend to run.king: all laws for the 

government of the province, with the following exceptions: 
Customs, high courts of law, currency, weiglita and measures, Post-office, 

bankruptcy, lighthouses, port dues, marriages, crown and native lauds, crimina.l 

law, inheritance; and Europeans and natives to be treated alike. 
12. The Governor to have the power of vetoing all acts within three months, and 

the general laws to supcraede the provincial laws. 

III, MUNICIPAL GOVERNMENT. 

13. 'fhe Sovereign to have the power of esbblishing municipal corporations 
similar to those in England.; the municipal laws to be subject to the approval of 

the provincial goverument. 

REMARKS ON THE CONSTITUTION. 

I do not pretend to give an opiuion concerning the political question of the 
best form of government for this colony. But in the case of New Zea.land, and all 
similar colonies, the military question of defence against the natives becomes a 
very important one indeed, in the whole question of the beat form of government, 
:md as I do not think this has been fully considered or provided for in the Con
stituticn of 1852, I venture to make the following remarks upon it. 

The military part of the question ia, wlutltC1', 1f tlte colo1iisfs of New Zcal!md ltai·c 
the entire 111,anagemcnt of t!tefr own ajfafrs, they will be able to pl"otcct themscl1:es 

a9(tinst tltc n.atit•cs. 

• H has been proposed that the settlers in that case, would, 1. Either form 
fri,•ndly alliances with the native tribes; or, 2, have a line of demarcation, or, 
3, form a strong armed militia; and, 4, that there id little or no chance of futnrc 

1. t But the history of the colony shows that it was the very quarrels between 
th,1 settlers and the natiYes that caused the Government t.o interfere originally; 
and the natives began to quarrel with the New Zea.land Company before the 
Government UITived at Cook's Straits;+ aud there never ha..~ been a colony yet 

formed among savages, by private or public enterprise, that there were not wurs 
between the ra.ces, sooner or la.ter. 

2. Aud it is one of the most important features iu the Nc\v Zealand natives, tha.t 
their villages and cultivations are so intermixed with those of the settlers that it 
would be impossible to draw a line of separation between 11ative anrl European in 
any part of the colony. 

3. As to the question, whether by a militia alone tl1ey could preserve pence; 
§ Captain Fitzroy has given his opinion, that in his time, at all events, "a strong 

• NeU!On Pet, 45. Fo:'11", Six Cols, 1 l\Jr. G. Wnk('fil'ld, Art of Colon. 
t Col. Wakefield'a DispalCh, 40. ~ Capt. Fitzroy'11 Pamphlr!l, HUG. l\Ir. Martin's Cols. 
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milihu·y force was nPcesi;ial'y to overawe the natives;" and be was of a totally 
contrary opinion when he fo·at went out to the colony : au<l. that "the colony 
could not then afford to enrol one-fourth part of the militia authorised by law," 
and that uJter the destruction of Ko1·01w·ika the settlera thought more of leaving 
the colony than of nrming for its defence. And I think the circumstances of the 
Wairau l\Iassncre, and * the propo~ition of the \Vellington settlers to leave the 
colony, and the constant demand for protection, from all parts of the colony, 
show that, however well disposed and well qualified they mny be to protect 
themselves when supported, without that support there is every appearance that 
New Zealand, instead of being in a more flourishing condition than it is, would 
have been almost entirely deserted. 

I believe that, as wn~ expressed by the colonists at the time, it was necessary 
for the preservation of the colony that the British Government should interfere 
with a strong hand. They did interfere; and although they took a long time to 
teL·mllrnte the quarrels with the natives, they did persevere, and at the cost of 
200,000Z. a. year to the British nation, did establish such a flourishing condition of 
things in New Zealand, that the colony is now justly held up by Government 
officers and companies as one of the most eligible sites fur British colonisation. 

4. As to the question of futuro wars, there is certainly no prospect at present 
of war in any part of the colony; there is no existing cause for dispute, except 
the natural animosity of the savage to the spread of civilisation; but that has 
been the main cause of all wara with savages: and there are still in New Zealand 
90,000 nativei!, allowed by everybody to be but little advonce<l in civilisation from 
their original state, or at least only advanced to that half civilised state which baa 
always been more dangerous than tbe wholly wild savage ;t and 20,000 Europeans 
pressing on them from different points;::: some causes of quarrel roust arise, nod 
may or may not be fanned into a flame by mismanagement, and into a conflagration 
by a little success of the natives. 

I believe thnt if the colonists had the whole control over the colony, there 
would be a probability of continual wars, from the laws they would establish 
alfecting the natives, and that before long it would eventuate, as has Leeu 
atated concerniug the Cape of Good Hope, in a war of extermination which would 
enJ in the desertion of New Zealand by the colonists. 

I believe that whatever may be the best form of government for the European 
settlements, in order to preserve that peace, which has been so prosperous to the 
colony, it is necessary that the control of tbe natives, and of all questions con• 
nected with them and their lands, should be concentrated in a. strong-handed 
government, under the authority of the British GoYernment, supported by a 
regulat· military force, and a regular annual grant of money. 

But I think that the number of regular troops and the grant of money might 
be consider;1bly reduced from the present amount, if the colonists took a share in 
the defence against the natives by assi~·ting to pay a colonial co,-ps : I bcliC1Je tAat a 

cQlonial corps belonging to the colony and {aicl by them (out of the Parliamentary 
grant, if necessary, but paid by the colony), and supported by a small foi·cc of 
reyuhu·s, would be a ,nud, more effectt1,e force against the native., than ,·egula1· troops 
alone; and tend, by interesting the colonists in the defeuce of their own country, 
to preserve the peace more than the present two regiments of regular infantry. 
Such a corps would be only nu extension of the present armed police force, in 

'" Local Papers of the time. + Bii;bop 81'\wyn; Fox, Six Cok 
t Sl'C :::ir G. Gicy's di~tKttcb, 1849, July 8. 
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which both natives and Europeans would serve. The orgn.nisation I would propose 
for such a force is given more in detail in the conclusion. 

This is the point which I think bas not been sufficiently provided for in the 
Constitution of 1852. ,vhen that Constitution wns given, the colony should have 
been called upon to provide such a. force as above described. There is now 
greater danger of confi.ict with the natives than there was under the old Constitu
tion. For although the Gove,rnmeut is not entirely in the hands of the colonists, 
yet the Governor is now almost single-handed between the naturally encroaching 
settlers, and the, as naturally, resisting savages: and the means at his disposal for 
preserving peace are no bettel· than they were in 18-16; two regiments of the 
regular army, paid out of the imperial treasury; while the settlers will not only 
pa.y no part of the expenses of a war, but will greatly benefit their colony by the 
profits of a large war expenditure paid entirely from England. 

LAND. 

LA,;o. The sale of ln.nd is unde1· the control of the General Assembly, the whole of the 
wuste lands, that is, those unoccupied either by English or by natives, being invested 
in that body for the benefit of the British nation, and not being the property of the 
colony alone. It is sold in the colony at from ll. to about 30l. per acre, according 
as it is more 01· less rural or townland ; and the proceeds are applied to assisting 
the migration of labourers, and making surveys. The New Zealand Company, 
and the associations connected with it, have sold land at from ll. to 4l. pel· acre 
1·ural land; the purchase has been generally carried on in England, the purchaser 
receiving an order for so many acres and a passage out, at a low rate, for his 
money. At all the settlements almost the whole of the country in the neighbour• 
hood of the towns has been sold in this manner; and as, from the disturbances, 
the proceed~ of tho laud-sales have been all expended, there are at present very 
small fuuds for the assistance of emigration, and very little favourable land to 
tempt purchasers, from which funds could be raised. 

But as the New Zea.laud Company is now defunct, moat of the land purchases 
a.re conducted by the Government in the colony; the emigration of labourers is 
assisted by the Emigration Commissioners in England, who have the charge of 
expending the money r,1ii:ed by the land fund, in assisting poor emigrants out. 

The Government also lease large tracts of land to settlers at a very cheap rate 
for grazing: purposes. This stock farming is a very profitable business in New 
Zea.laud, and is occupying the attention of the settlers much more than agriculture, 
as the exports show. 

AR. a general rule, emigrants of the better classes should spend as little money 
as possible, previous to arriving in the colony; it is during the fira.t year or two 

that the settler most requires ready money. It is better that he should expend 
a little more money on his passage, and in examining the different settlements for 
himself, than run the risk of buying an unknown tract of land before he leaves 
England. 

As to the working man, all he has to do is to get to the colony i. whatever trade 
he is, and whatever part of the colony he lands in, he is sure of a livelihood. 

The cost of a working man's passage to New Zealand ia from 15l to 20l • but 
under the Emigration Commission the passage is much cheaper. · ·' 
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SECT. V.-CLUIATE AND PRODUCTIONS. 

Tile climate is tho grand characteristic which makes this colony so important to 
the British empire. Of all the Australasian countries, this ha.a the climate 
nearest approaching to the British.* It is considerably more temperate, being 
within 34° and 48° S. latitude, but from tho circumstance of the islands being 
long, narrow, and mountainous, and. 1000 miles from any continent, it is per
petually refreshed, and kept in equilibrium as it were, by sea breezes; and is not 
nearly so hot and arid as the i,outhern parts of the Australian continent, which 
are in the same latitude. It is well described by Mr. \Veldt thua: "The climate 
of New Zealand, though one of the most variable within certain limits, is at the 
same time perhaps the most strictly temperate, both in summer and winter, of 
any in the wodd." 

.t There are constant strong winds blowing, generally speaking from the north
ward in summer, when they are strongest; and from the southward in winter, 
when they are rainy. There are about 200 days north-west winds, and 160 days 
south-east winds.§ There is a great deal of rain during the winter, averaging 
31 inches in the year1 but scarcely any frost or enow, except on the high moun
tains. Thus it will appear that the climate, though not very agreeable either 
to the sailor or the inhabitant, is very healthy, and very fertile for animal 
and vegetable; and will produce abundantly all the British grains and fruits, 
even to the grape, in the open air : and is particularly favourable to the consti
tution of Englishmen. Shocks of earthquakes are occasionally felt. Some that 
occurred in October, 1848, were the strongest that had been felt for many years 
by the natives; they shook down some brick houses in \Vellington. 

Tlte gcoloyical structm·e II is chiefly primm·y; the long narrow ranges of mountains 
a.re almost entirely compoRed of the lower slate ,·ocks, intersected with veins of 
basalt, and with numerous volccmou rising in high cones, of which there is only 
one (Tongariro, near Lake Taupo in the North Island) ever seen in action, and 
that only slightly. The rocks are therefore chiefly basalt and sco1·ia, slate, prim«ry 
:mndstone and lime8tone. There is a great deal of pumice-stone; and there is good 
aulphur about the lakes Taupo and \Vhite Island (Bay of Plenty), in sufficient 
qmmtities to constitute au important article of export. Copper ore is worked near 
Auckland. ,r Titanic iron sand is brought down by several rivers; and along the 
west coast, from the \Vaikato River to Cape Farewell, the carboniferous strata 
appear in clifferent parts. The coal crops out on the \Vaiko.to river, at Mokau on 
the coast, on the ,vanganui river, and in Blind Day, where there is also fossiliferous 
limestone and sandstone; nod coal is also found on the Canterbury plaiu'3 and 
l\Iolyneux: river; ** and chalk is found in the cliffs of the east coast about Cape 
Tw-nagain. 

The flat plains between the mountains are composed of the detritus from the older 
1·ocks, as clay, sand, and boulders mixed with lignite, and lying in horizontal strata. 

A little north of Otngo, bouMers of Septm-ia or Roman cement stone are found 
very plentiful in the cliffs. +t Tbe soil throughout the whole country is generally 
a sandy clay with gravelly beds, being the diluvium from the mountains into the 
flats below; but owing to the climate it is very fertile, especially where the ancient 

• l\lr, 1.fartin'sCols. t Weld, Pamphlet, 1851. 
§ Ur. Thompson, 58th Regt, Report; n. B. 1851. 

l\j' See Export!', .. M, Martin's Cols. 

t Diffenbacb. 
II Diffenbach and MaAtell. 

+t Mantell. 
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forests remaiu. The Handbook of Now Zealand estimates the nvn.ilablc laud f1,r 
pasture or agricnlturo at two-thirds the whole area. of the islands, which I think 
is a very high estimate. ' 

The indigenous 1v:getable p1·oductions are, firat and chief, the Kami pine, one of 
tho strongest and most durable pines in the world. It does not grow south 
of Lake Taupo. From thence to North Cape it is found everywhere in great 
nbu11d:1nce1 and so large that spars from 50 to 100 feet long, and 3 to 6 feet 
diameter, are procured without great difficulty, and form a chief article of export. 
There are other good building pines all over the islands, of great size; and trees 
something similar to the English oak, beech, nnd elm; but pine is the grand 
staple. The second important production is the Plw,·1nium tena.1: or fla.v, which 
covers square miles of the country ; it grows like English fltl!JS in great clumps, 
having long narrow leaves springing from the ground, and about 3 inches broad 
and 5 feet long. Th~ fibre is obtained from these leaves, and baa been always 
used by the natives, and is worked by the colonists into rope, wool bags, &c., but 
nobody has yet succeeded in cleansing it sufficiently (by a cheap process) to clear 
off a. gummy substance in it, which causes it to go in the bend after a few mouths' 
wear. It is exported in a half.dressed state from all parts of New Zealand to the 
Australian colonies at about 12l. per ton. 

The other vegetable productions are chiefly those of a semi-tropical climate, ns 
ferns, palms, &c. Of the grasses, the Toi toi will be found very useful in cam
paigning, being the chief substance used at out-stations for thatching the roofs of 
huts; and the Raupo, a rueh which is commonly used for thatching the walls. 

The trees are described under the head of building materials. 
The principal productions of the north are copper ore and Kauri pine timber.* 

The former is found near Auckland, on the coast of Houra.ki Gulf, and is sent to 
England in the raw state, The latter is shipped to the Australian colonies and 
England from different ports in the north. 

The principal productions of the 3outh are wool and pine timber. t The greater 
extent of graasy plains in the south have made it a greater stock country than the 
north. Tbe wool is ex ported direct to England, nnd is considered very good, 
though not yet equal to the Australian; there is grazing country in New Zealand 
for several millions of sheep. 

At present the colony does not wholly supply itself with wheat/ but from the 
fertility of the climate, it will uo doubt become the chief granary of Australasia. 
The natives supply a considerable quantity of wheat and pigs to the different 
settlements. The pigs, left by Cook and other navigators, having spread over tho 
whole country, have become wild, and are obtained in sufficient quantity to form 
an export of salt pork. These supplies of wild pork and wheat are of very great 
assistance to the outsettlers, in all parts of tbe colony where there are natives. 

P1'ice of P1·oviJJions at Wellington, 1848,:!: 
£. ,. d. £. ,. d. 

Dread per lb. 0 2 Sugar per lb. 0 
Fresh butter l Tea . 0 0 
Coffee 0 0 Tobacco l 
Flour . per ton 14 0 Artificers' wnges per day 0 G u 
Beef and mutton . per lb. 0 0 Labourers' do. 0 3 u 
Pork 

• Col. returns. t Weld. t StatistiCl', New Munster, 1850. 
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There would bo no difficulty iu supplying troops with provisions, either of beef, 
mutton, or pot·k, ancl bread, in any part of New Zealand, provided some notice 
wrui given beforehand. 

Timber.• 

1. Kuui-i pine (D(tinmai·ct Australis). This is a fine cream-coloured, close
grained pine, without knots, u.ucl clean; and is wmful for ships' spars and decks, 
nnd u.11 purpose3 of hom~e-building. Experiments at the Dockyard, Chatham, in 
1834,t give the relative transverse strength of Kauri at 730, oak being 1000; other 
expcrimenh at the same place mako it equal to oak. It is the most lasting 
pine in water, excdpt Totara, and grows all north of Lake Taupo; averages 5 feet 
diawetor, nnd 50 feet trttnk to branches. Clay soil. This timber is probably the 
only one in New Zealand equal to Baltic pine. 

2. Kaltikale~, white pine (IJcwrydium excel:n~1n), grows chiefly in the south. Thi8 
is a fine white clean wood, very useful for indoor work, but not a la.sting timber; 
very plentiful; averages 4 feet diameter, and 40 feet to branches. Rich soil. 

3. Rlmu., red pine (I>acrydiu,111, c1tp1·esswn), grows chiefly in the south; a strong 
red-grained pine j very useful for all carpenter's work and furniture. Average 
same as white pine; grows on the hills. Strength, 700. 

4. Totam pine (Podocarpus tota,·a), grows in the south i a fine clean wood of a 
red colour; useful for waterwork; is the most lasting wood; used always for 
canoes; has little transverse strength. Averages la.1:ger than white pine. Ric4 
soil. Split easily. 

5. Pm·il·i (i:itex littoralis) grows in the north ; very much the character of 
English oak. Not very large nor very plentiful. 

6. Alai or Matai pine (IJacrydiu,n Matai), grows chiefly in the south; a fine 
clean wood of a yellow colour, very good fol' furniture nnd all joiner's work. 
Averages smaller than white pine. 

7. Mafri (Podocarpus macronata) grows chiefly in the south; a dark close-grained 
hard wood; lasting; useful for engineering purposes; strong and heavy. 

B. Rata (11fetrosideros robustu) grows in the south; a tough twisted grain, red 
colour; useful for ship's knees, &c.; hard and difficult to cut. Averages a lru:ge 
tree, but with a trunk composed of several small trunks united. 

9. Pohut11kawa (Metrosideros e:ccorticata) grows in the north; Rimilar to the t·ata. 

10. Titol.:e, a small tree, light streaked grain; useful for all purposes to which 
ash is applied. 

11. bfanuka or Kahikatoa, Tea. tree (Leptosperm,u11i scopm-iuui), a small tree, very 
common, like the Scotch fir in appearance, dark hard wood; used for paddles, 
spears, axe handles, &c. Very good firewood. 

The timber is sawn chiefly by hand, but there is no reason why steam and 
water saw-mills should not be generally used; it seldom has time to season, and 
therefore generally shrinks. It is expensive, being about 10s. per 100 feet super
ficial of 1 inch thick; the expense is caused by the difficulty of transport. Blue 

gum timber from Van Diemen's Land C.'Ul be procured as cheap. 
Houses are generally built throughout the colony of a frame-work of timber, 

weatherboarded o'utaide, and roofed with shingles. In consequence of the earth
quake of 1848, the soldiers' barracks, then about to be built in ,vellington, were 
made in this manner; of the best timber, and on a brick foundation, and brick· 
nogged and lined with boards. 

• BWlop Selwyn'aJournal, 184.6. Hnndbook, N. z. t Prof. Pap. TI. E. vol. 6, 
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Brick.!.-Thcre is no difficulty in obtaining bricks in any part of Now Zealand, 
for there is clny almost everywhere fit for their manufacture. Thero nro brick 
kilns in all the towns. Their price in ,vellington, in 184.8, was 30s. per 1000. 

Sttme.-Tbere is difficulty in procuring good building stone in all the settle
ments. In the north, scoria is used, dressed from the rough heaps round the 
extinct volcanoes. It is very hard and impracticable. Thel·e is nothing at 
" 'elliugton but a rotten schist only fit for rubblework; but there is granite, and 
sandstone, and limestone to be obtained, as at Nelson for instance, though the 
expense would ho very great at present. 

Lime.-Is generally made from shells in New Zealand, but sometimes from 
limestone from Nelson: this stone can be obtained from other places on the west 
coast, a.s before stated (p. 27). Shells for lime can be obtained everywhere on tho 
coast, and make ,ery fair lime. Lime is about 2a. tid. a bushel. Roman cement 
stone, as before stated, is to be got near Otago; it would be -.ery valuable in New 
Zealand to protect the exteriors of the wooden houses against weather and fire, 
but the expense prevents its being used at preRent. 

Ironwol'k, glass, and all fitments and Ca$lin[JS can be obtained from Sydney or 
Hobart Town. 

The chief difficulty that has been felt in New Zealand in building has been the 
want of good artificers; that difficulty is not likely to be diminished for some 
years to come, owing to the slow increase of the population; therefore in case 
of any works being undertaken by the Royal Engineer department in New 
Zealand, or of any military operation, it will be absolutely necessary to send out 
a force of Sappers; and as these men would have to execute every branch of 
construction, from felling timber and making bricks, to the last finishing touch, 
it would be necessary to supply them with a complete equipment of tools for all 
these purposes, and also with carriages for transport. The want of such a force, 
so equipped, was a very serious impediment, and a cause of great extra expense 
during the whole of the military operations in 1845-6-7. Large working partie~ 
of the line and natives have been employed on all the ordnance works, both 
permanent and temporary i and also upon the colonial roads i and tools and 
stores had to be purchased for them on the spot at n great expense, and the men 
had to be instructed in their duties. 

The natives make tolerably good labourers after two or three months' practice, 
and have executed some good mason's work unde1· the Royal Engineer depart
ment at Auckland. I believe they could be taught nll kinda of trades. They 
would not require the same wages as civilians, but they would not do the same 
amount of work i so that their labour would be as expensive as civilian labour. 
The armed police force I have mentioned as necessary for the defence, might no 
doubt be employed upon the public works of the colony, when not otherwise 
required. This force would include both Europeans and natives. 

There is no WAut of wate1· in almost every part of New Zealand. It can be 
generally obtained from streams; but in all the towns there are wells, which, 
generally speaking, give a good supply. Owing to the volcanic nature of the 
strata, the results of boring for water are very irregular; on the low coasts, 
among the sa.ndhills, it is difficult sometimes to get water within a few miles. 

The principal fuel as yet used in New Zealand is wood. Thia is brought both 
by land and water from the forests in the neighbourhood of the towns, and is 
sold at about 16s. the co1·d of 144 cubic feet. All kinds of timber are used. It 
is already becoming so expensive that in many pri,atc houses coal from Sydney, 
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a.t 30s. a ton, is ueed. The coal in New Zealand bas not yet been worked suffi- 5. 

cicntly to be brought into uso as a fuel. C1.111An, &c. 

SECT. VI.-COMMUNICA'l'IONS AND HARBOURS. 

Tran~po,·t is the grand difficulty that has been felt in the movement of regular 
troops in New Zealand; in the neighbourhood of all the settlements there are now 
good carriage roads, extending for a few miles, as bas been described; but off tbc 
roads oven in the settlements, and all beyond that, the whole country is either 
impracticable mountain furcst or plains intersected with impassable swamps. To 
the outposts in the neighbourhood of the towns, all stores, baggage, and materials 
are transported by hired carts, of which there arc plenty, drawn by horses. To the 
distant outstations, being all ou the coast. everything is transported by small 
coasters suited to enter shallow rivers. There are plenty of these coasters, but 
in a climate like New Zealand there is no dependence to be placed on such 
transport. 

* The only paths throughout the country are the natives', which generally 
follow the most difficult line for the sake of secur·ity against enemies, and the 
outscttlera use them, and not unfrequently lose themselves; t but they nre 
passable, for Europeans frequently go through the whole country; and horses 
have been from Auckland to ,vellington, and the outsettlers travel many miles 
on horseback by following paths. There is a monthly mail between these two 
places, carried by the armed police, vid. New Plymouth, a.long the coast the whole 
way, and it takes twenty days; but it was so uncertain that public documents 
were always sent by seaj and as there was no regular communication by sea, it 
sometimes took several mouths to get answers at ,vellington from head-quarters 
nt Auckland, which are only 500 miles distant. 

The difficulty of transporting artillery and stores for even 20 miles into the 
interior will be seen in the nccounts of the campaigns to have been the great 
impediment. Ca1Tiages will not be of use beyond the settlements for some years 
to come i all transport on land must be effected on horses (as the country is too 
difficult for pack-bullocks}, or on men's backs; as it is done now by the settlers 
in both ways. The nati,es are great adepts in carrying loads for great distances; 
they will carry from 40 to 50 lb. 15 miles a. day. The passage of the numerous 
small deep rivers is another great difficulty; the settlers always make for a 
native pnh and cross in canoes, swimming their horses; but it might be effected 
in the cnse of military stores by portable indian rubber boats. The Mackintosh 
cloa.k-boat would be a most useful thing to a single traveller in New Zealand. 

Small carts, both hand-carts and harness-carts, and also small boats, are vory 
necessary things at a11 the stations for the transport of stores and mate1ials in 
the neighbourhood of the stations. 

See the "Corps Papers, Royal Engineers," part 3, 1849-50, for statement of 
distances by sea, and further report on communication. 

I have extracted the following itinerary ft'om the Bishop's Alma.na.c (published 
in New Zealand}, because it is generally useful and can be depended on. It is 
one of the many works of practical benefit to the colony, executed by that 
talented and zealous clergyman. 

• Bishop'a Journal, 1846. 1 Ynrioul! people lost, 1847-8-9, 
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NEW ZEALAND ITINERARY. 

COMPILED BY DR. SELWYN, DISIIOP 01~ NEW ZEALAND1 FROM l'ERSONAT, OBSERVA'rION, 

AND PUBLISHED IN TUE ST, JOllN'S OOLLKGE .ALMANAC, 

I. Auckland to TT'eltington, Coa43t Road. 

Auckland to Miles. Description of jour1wy. 

Ouehunga. Open cart-road 

Cross Manukau to Orua 10 Dangerous 

w·rukato RiYer (bont) 30 Good beach 
Whangaroa River (boat) 35 Open and hilly 

Aotea Harbour (boat) 18 Woody, open 

K.awbia (boat) 5 Open 

Tapirimoko 25 \Yood, beach, cliff 

Mokau 25 Good beach at low watCl' 

"'aitera (boat} 35 Cliffs, beach at low w;iter 

New Plymouth 199 10 Open cart-road 

Mokotuua 20 Beach, stones, grass 
Otumatua 30 Open, grass, sand 
,vrumatc 18 Beach at low water, stone.i 
Patea River (boa.t) 26 Beach, stones, ~mndhills 
,vaitotara 16 Tide beach, sandhills 
Whanganui River, M. S. (boat) 18 Do. goocl beach 
,v1iangaihu River (boat) Sand, beach 
Turakiua River (ford} Do. do. 
Raugitik.i River (ford) 17 Do. do. 
l\fo.nawatu River (ford) . 13 Do. do. 
Otaki River, M. S. (ford) 20 Do. do. 
,v aikanae, M. S. 10 Do. do. 
Porirua 24 Sand, wood 
Wellington 238 14 ,vood 

437 

II. A1i.ckland to Wellington, Jnland Route, by Taupo. 

Auckland to 
Kaweranga. (Mission Station) 
Land at Te Rua Kowhawhe 
Matamata . 
Te Toa, Patetere . 
Rotontn. Lake 
Cross Lake to Te N gae, M. S. 
Tarawera Lake . 
Rotomahana Lake and bot springs 
N. end of Taupo Lake . 
S. end of Taupo Lake. Te Rapa 
Makokomiko on Whauganui River 
:Mouth of Whangauui, M. S. 
IVelli?igton 

l\Jike. 

40 
50 
21 
26 
27 

10 
10 
34 
25 
42 

150 
110 

551 

Description of jonrnry, 

By sea 
River Thames (Waiho) 
Plain, swamp 
Plain, rivers. 
20 m. wood, 7 m. open 
Boat 
Hill, open, lake 
8 m. lake, 2 m. plain 
Hills, plain, deep stre:trns 
Lake, by land 35 m. 
Open, woody, deep ford 
River, rapids 
Sec No. I. 
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HI. A itcHand to Wtllington, by East Ooait. 

Auckland to l\Iile11. De!I.Cription or journl!!y. 
Kawerangn. 40 By sea 
Opita. SacreJ Creek 30 RiYel' Thames (Waibo) 
Katikati 25 Open 
To Papa.. Tauranga, M. S. 20 Boat, along Tauranga. Ba,y 
Maketu I(; 1 m. boat, 1 m. plain, 13 m. beach 
Otamarorn 19 Deep rivers, beach 
,vakatane 14 Hills, beach, deep ri,,ers 

•Opotiki, Mission Station. 20 Beach 
Turango.. Poverty Bay, M. S. 90 Hills, beach, no villages 
Nuho.ka.. 38 Hills, wood 
\Vail'oa River, M. S. 20 Beach 
\Vo.ikare River 31 Beach, cliffs 
Arapaoanui 15 Steep hills 
Ahuriri, M. S. 24 Bea.eh, iuland water 
Pataugata 21 Plain, deep 1·i ver 
Rotoatara Lake JO Open downs 
Rua Taniwha Plain 22 Open, grass plain 
Manawatu River 22 Long wood, plains 
Te Rldwarewa 70 Course of Manawatu River 
Mouth of Manawatu 9 Sandhilla 
Wellington. 68 See No. I. 
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IV. A ucklcoul to Wellington, by Waikato and Waipa . 

.Auckland to Miles. Description or journey, 

l\In.ngatawiri Creek on Waikato . 45 Open, wood 

Pepepe, M. S .. 35 Course of ,Yaikato, rapid 

Puehunui 37 Course of ,vaipa, still 

Otawhao, M. S. JO Open, fern 

Rangitoto 25 
Tutak.amoana. 28 Open hill, plain 

,vru.houra on Taupo Lake 8 Open hills 

Puka.wa.. 12 Lake 
Ma.tahauea. on ,Vhanga.nui River 26 15 m. open, 11 m. wood 

Mouth of ,vhanganui River 150 Courae of Whanganui, rapid 

lVtUington llO See No. I. 

486 

• Opotikl to Turanua, Coasi Road. 

O_potikito 
Tunupabore 
TeKaha. 
Whangaparaoa 
Te Kawakawa, M.S. 

I 
Rangitu.kia, M. B. • 

JG Waipiro 
. : 18 Uawa, M.8 .. 

• 21 Pakarae 
•• 83 Turanga. 

Total, 187mile1. 
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V. Auckland to ffellin9to11, by lVairarapa. 

Auckland to MilC'e, Description otjoumcy. 

St. John's College 
Papakura1 native village. 15 Plain, cart-road 

Tuimata. 10 Fern hills 

Tuakau . 10 Fern bill and woods 

Tukupoto, M. S .. 45 Up ·waikato River 

Puehunui 37 Course of ,vmpa Rive1· 

Arowhena 25 Open 

Tuaropaki 28 Open bills and plain 

Tutakamoana 12 Do. do. 

Pakaunui 18 Do. do. 

Pukawa, on Taupo Lake 10 Do. do. 

Tauranga River on do. 12 Lake 

Tangoio: Hawke's Bay 1 60 Hills, woods 

A.huriri, M. S. 17 Beach, harbour, beach 

,vaimarama 19 Sand, ridge, sand 

Manawarakau 13 Do. do. 

Porangabau 30 Stones, sand, stones 

Pakuku 18 Fern hills, swamp, grass 

l\Iataikona 20 Stone, fern, sand 

Hangiwbakaoma . 15 Sand 

Leave Beach 
\Vhareama . Steep bare hills and valleys 

Ko.ikokirikiri . 30 Woods, hills, grass plain 

Burinui o rangi . 9 Short woods and plain 

Ahiernbe Grass plain 

Huangarua Ri'l'er Do. 
Rimutaka range 1 6 ,vood, hilly 

Mungaroa s, Cart-road 

Second Valley 8 Do. 
Hutt Bridge Do. 
Wellington 9 Do. 

541 

VI. Auckland to Wellington, by Taupo and Waikm·e Lakes. 

Auckland to 
Rotorua Lake . 
Ohinemutu . 
Rotokakahi Lake 
Ohaki, hot springs . 
Te Takapau 
Taupo Lake, N. end 
\Vaitahanui River 
Rangitaiki River 
Te Ngaere • 
Tututarata 
Ahikereru, M. S .. 

Miles. 

164 
6 
8 

25 
5 

11 
5 

20 
11 
15 
12 

Description of journey. 

See No. II. 
Lake 
Grass hills and wood 
Dry bills, plain 
Dry plain. ,vaikato. 

Do. 
Shore of Lake 
Dry bare plain 

Do. do. 
Do. hills. 

Hills 
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VI. Auckland to Wellington, by Taupo mi<l Jl"aikare Laku. 
(Continued.) 

.Aucklancl to 
*Oputao . 
,v a ikare Moan a . 
,vairoa River, M. S. at mouth? 
Wellington. 

Miles. Description of journey. 

15 "rood, steep hills 
16 Steep wooded hills 
60 Lake, river 

292 See No. III. 

665 

VII. Auckland to Kaitaia, by E,1at Coast. 

.Auckland to Miles. Dcecription of journey. 
Mahurangi 
"1rn,ngarei . 
Ngunguru 14 Open hills, beaches 
,vhangaruru Harbour (Owae) 35 
\Vaikare Ri'\"er, Bay of Islands 22 16 m. water, 6 m. land 

tPaihia, Mission Station 10 Course of ,Vaikare River 
!The Kerikeri, M. S. 16 Cross the Bay of Islands 

Whangaroa, M. S. 25 Opcn1 hills 
Mangonui 16 4 m. water, 12 m. land 
Ta.ipa Ri,er, Oruru 2 Open 
Kaitaia. 17 Open 

VIII. Auckland to Kaitaia, by Kaipara and Whangaroa . 

.Auckland to 
Head ofWaitemata River 
Head of Kaipara River 
Mouth of Kaipara River 
Te Otahi, Wesl. M. S. 

§Maugungu, ,v esl. M. S. ? 

Ma.ngamuka 
Raitaia 

:Miles. Description of journey. 

14 Tideway 
15 Open, hills 
40 Tideway of Kaipara River 
80 Tideway of ,vairoa. River 
70 River, wood 
15 Tideway of Mangamuka River. 
25 14 m. wooded ridge, 11 m. plain. 

259 

• Ruata1oma a11d Waid uillagts. 

Oputao to Whnkapapa 
Whakapapa to Toreatni • 
Toreatai to Tauaki . 
'J'uaki to Maruteane 
Maruteane to Waikne River 
Waikare village to Tunganui 
Tungnnui to Ruatoki • 
Ruatoki to Wakatane • 

MilPS. 
10 
14 

5 

Deaerip.ofjourney. 
Steep wooded hills 

Do. do. 
Do. do. 

12 Do. do. 
12 Do. do, 

Do. do. 
13 Bed of river 
18 Plain. 

+ Paihia to the Waimate, 15 m. t The Kerikeri to the Waimate, 10 m. 
t Mnngungu to the Waimate, ~0 m. 

D 2 
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IX. Auckland to Ste'l.uai·t's Island. 

A 1icl.:land to Mile~. D<:scrlJ)tion or journC')', 

•,v ellington . 437 See Route I. 

The ,v"'irau 30 By sea. 

Kaikoura 50 Beach, stones 

Matanau Island, ,vhaJing Stat-ion • 50 
Port Cooper 40 Beach 

Port Levy 4 Steep hills 

Pigeon Bay. 6 Do. 

Akaroa 12 Do. harbour. 
Pireka, ·whaling Station Do. 
Jkurangi, \Vhaliog Station Do. 

Taumutu 20 Shingle bed 

Te ·wai a 'l'e Ruatl 61 Grass plain, shingle beaches 

\Vaitangi River (dangerous) 54 Do. do. 

l\foerangi, "'haling Station 39 Do. sand 

\Vaikouaiti, " 7esleyan M. S. 23 Beach, hills 

Otakou 17 Steep hills 
Taiari, \Vhnling Station 30 
Molineux Harbour, Matau River 18 
Tautuku, \Vbaling Station . 18 
Awarua, The Bluff, Whaling Station . 57 F1at, beach 
New Rivet·. Do. 
Aparima, Ja.cob's River, Whaling Sta. 12 Beach 

Whakaputaputa . Do. 

1006 

X . .A 1teklm1<l to Stewal't's Island . 

.A 1t-ekland to 
Awarua, the Bluff 
Ruapuke 
Stewart's Is., the Neck, Paterson's R. 
Half Moon Bay . 
Horse Shoe Bay 
Port \Vil1iam 
:Murray River 
Saddle Point 
Raggedy Point 
Codfish. Passage Island 

Miles. Description of journey. 

982 
l 2 Foveaux Straits 

8 By sea 
2 

2 
4 

6 
11 

3 

1032 

The land d.istfmces in Uie above Itinerary were chiefly measured by Fame's Pedometer; but, as 
that instrument is liable to erron on billy and broken ground, the mell8urements cannot be entirely 
depended upon. 

• Wellington to Nelson, 150 m. 



IN NEW ZEALANO. 

LIST OF THE PRINCIPAL HARBOURS OF NEW ZEALAND.* 

NORTH ISLAND. 

1. Mongcmui Bay, in Doubtless Bay: a small harbour of easy access, and safe 
for medium-sized vessels; a resort of whale ships. 

2. Wangaroa lim·bou-r: a spacious, deep, and well-sheltered bru:bour, but very 
narrow nnd bold entrance. 

3. Bay of hlands: a small gulf, sheltered by several islnnds, of easy access in all 
weathers, safe anchornge at the head. 

4. TVatiganmi, Tutul.:aka, Wangari: small harbours, accessible and safe for 
medium vessels; H.M.S. "Calliope" once took refuge in w·angari. 

5. lloumi'i Gulf: into this large gulf vessels can obtain easy access: it h11s 
numerous anchorages, of wb.ich the principal are-

.Auckland: an estuary, three quarters of a mile wide, clear deep channel, 
accessible for all vessels; strong tide and strong winds blowing up and 
down the channel. 

Barl'ier Iitland (Port Abercrombie) : accessible and safe for all vessels. 
Kawau hland an.d Bay (Copper Mine): a good harbour for all vessels. 
Ooromandel Hatbour: accessible and safe for all vessels. 
The Thames Riiiel': is only accessible for boats. 

There are several otber anchorages in Houraki Gulf available in particular 
winds. 

6. Hokianga, River: like all the rivers and harbours on the west coast., it is 
barred or fronted with sand•banks, on which the sea rolls with unbroken fury 
in weRterly gales, rendering them uncertain of access except in moderate 
weather. '!'his has always been a great trading place in Kauri spars; vessels 
of 500 tons go several miles up the river: 19 feet the deepest draught of 
shipping that has been in.t 

7. Kaipara, see No. 6 : a lru:ge estuary formed by several small rivers, fronted 
with numerous sand-banks, and reported the most dangerous harbour to enter 
in New Zealand; n great trading-place for Kauri spars; vessels of 400 and 500 
tons can enter. 

8. Manukau Hm·bour (opposite Auckland), see No. 6: deep, tortuous channels 
through sand-banks, difficult of access from strong tides and heavy swell ; safe 
anchorage inside; a good point of communication for steamers from Australia. 
From Manukau canal communication might be made to Auckland Harbour and 
Waikato River, the isthmus in both cases being only one mile across, low land. 

9. Jlercury Bay: a small harbour accessible and safe in moderate weather for 
all ,,easels. Prom this point to Po1·t Nicholson there al't no safe hatbom·s for 
vessel.s of rnore than 200 tons, but numerous anchorages in off-shore winds. 

The principal small crnft havens are rLS follows :-
1 O. Ta,uranga Harbour: a small harbour, narrow entrance, for coaatersi accessible 

for steamers.t 
11. Jlid.:a' Bay (East Cape) : accesi1ible and safe in southerly weather for all 

vessels. H.M.S. "Driver'' took refuge here in a N.E. gale.§ 
l 2. Tokomaru, Tologa, Bay : small, accessible, aod safe in off-shore ,dnds. 

• Corl'eCtt>d by W. F."an'I, Esq., R.N., late master 1111d 11.1osistant--surveyor of H J\1.S. '· Acheron." 
t Col. Wakefield. t Capt. Henderson, R.A. ~ Capt. Henderson, Il.A. 
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13, p 011erty Bay has a sheltered haven with a bar eutrance1 accessible and safe 

for vessels in off-shore winds. 
14. Ahuriri has a small bar harbour, accessible and safe for coasters. No haven, 

bet1uw1, tltis and Pol't Nicholson. 
15. Waikato River, see No. 6: coasters only can cross the bar at low water; 

difficult of access from &'\lld-banks, navigable for coaster.! for 50 miles. The 

Waipa River is also navigable for coasters for a short distance. 
16. lVangaroa Harbour, see No. 6: for coasters only. 
17, Kawia Harbour, see No. 6: 2 fathoms on bar at low water, 12 feet rise; 

accessible, but difficult for all vessels; 1¼ mile wide. 
18. Mokau Rivet·, see No. 6: for coastera only. 
19. New Plymouth (Tarauaki): a roadstead, very unsafe in northerly weather. 

Waitera River, 10 miles north, accessible for coasters. 
20. Wanganui River: a bar river, 6 feet at low water, navigable 4 miles; for 

coasters only. The rive1·s on this side Coolts Straits are inaccessible fr1, lleavy weather. 
21. Manewatu River: a bar river, 7 feet at low water, navigable 20 miles; for 

coasters only; see No. 20. 
22. Kapitti Island (Entry Island) : small but secure anchorage on the east side 

for all vessels i sheltered from both N.,v. and S.E. winds, which are the prevalent 
winds in Cook's Straits. A common rendezvous for vessels going through the 

straits. 
23. Porirua: accessible and safe for coasters in all weathers. 
Mana Island at its entrance affords shelter close under its lee in N.,v. winds. 
24. Wellington (Port Nicholson) : accessible and safe for all vessels; difficult of 

ingress and egress in strong winds, owing to the narrow entrance, three quarters 
of a mile, lying parallel to the Straits. A lighthouse is very much required to 
mark the entrance, which is not easily distinguished in thick weather. There 
are constant strong winds in Cook's Straits from N.W. or S.E. 

MIDDLE AND SOUTH ISLANDS. 

25 . .bfassaore Bay: in this bay there is secure anchorage for all vessels near Tata 
(where coal is found). 

26. Blind Bay, Astrolabe, and Fisherman's Roads: safe and accessible for vessels 
in all weathers, but small. 

Nelson Haven: a very small harbour, formed by a natural breakwater, with a. 

very narrow entrance, strong tide, 1·ise 12 feet i difficult of access, but safe for 
vessels of 1000 tons. 

There is seldom bad weather at the head of Blind Bay. 
C1·oixille's Harbour: easily accessible, and safe for all vessels in all weathers; 

the best port in N.W. gales in Blind Bay. 
27. P<Yrt Hardy: accessible and safe for all nssels. 
28. Admiralty Bay: there are numeroUB good anchorages about thie bay, 

accessible in all weathers. 
29. Queen Ohm·lotte's Sound: accessible and safe in all weathers i deep except in 

the coves, where good anchorage is to be found. The tides are very rapid off 
the entrance. 

30. Po1·t l/ndei·wood: easily accessible and safe in all weathers; a frequent 
harbour of refuge for vessels to enter Port Nicholson, or to go through the Straits. 

F,·om Ca.pc Campbell to Bunks' Pc1~i11s1tla no liave,is. 
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Temporary anchorage under Kaikora Peninsula in off-shore winds. 
31. Banka' Peninsula, Port Coo~,· or Victorict (Canterbury}: accessible and safe 

in all weathers, slightly open to the eastward; northerly winds bring a heavy 
swe11 in. 

.Akal'oa: o. fine port, open to the south; no hidden danger, moderate depth all 
over, sometimes dangerous of access owing to violent flMvs of wind and heavy 
swell at entrance. 

There are other fair harbours in Banks' Peninsula. 
32. No safe anchorage between Banks' Peninsula and Otago except Moerangi and 

Waikouaiti, anchorage in off-shore winds only. 
33. Otago: n. bar harbour, inaccessible in easterly gales, 17 feet at low water; 

vessels of 800 tons have entered; anchorage confined and tides rapid. 
34. Molyneux Rive,·: anchorage with off-shore winds, rivet· dangerous to enter 

at all times; for coasters only. 
35. Bluff Ha.rbom·: formerly frequented by whalers; confined anchorage; 

difficult of ingress and egress from rapid tides at entrance (7 knots). 
From Bluff to Prael'va.tion Sound no harbours. 
36. Stewart's or S01tth hland, Po;·t William, and Paterso1b's Jn/,et: both safe for 

all Yessels in all weathers i the nearest harbour to the Bluff country. There are 
other good harbours in Stewart's Island. 

37. Chalky Bay, IJusky Bay, Milford H<11Ven: nll very deep harbours or 
estuaries; tempestuous weather; very mountainous, impracticable country; used 
by whale ships. 

No ancliomge between Milford Hai•en and Massacre Bay, t,"Ccept Jackson's Bay, 
and that not safe in northerly winds. 

GENERAL REMA.RKS. 

The above are the principal harbours and rivers in New Zealand j genera.lly 
speaking, the good harbours are on the east coast. Those on the west coast 
are generally ba1· harbours. There are several other small rivers into which 
coMtera can enter at high water. 

The flood-tide appears (speaking in a general manner) to strike the south end 
of New Zealand, and run northwards up both coast.a; but it is very irregular. 
In Foveaux Straits it runs from N.E. to s.,v., in Cook's Straits from S. to N. 
It is high water at full and change; at 12 at Stewart's Island; at 4 at Port 
Cooper; at 4! in Port Nicholson, but 9 in Cook'R Straits; at 7 in Houraki Gulf. 

An average rise of tide is 6 feet on the east coast, a.nd 10 feet on the west 
coast. About Blind Bay and New Plymouth it is 12 feet. 

Brief sailing directions 'for the principal harbours are generally to be found 
in the almanacs published in the colony. 

SECT. Vll.-DEFENCES. 

These in New Zealand may be divided into External and Internal. 
Of External defences against a foreign enemy, there are none worth mentioning. 

At Auckland there are some 32 pounders on Point Britomart, a military post ' 
in a very good position, being a cliff-point, commanding the harbour, and about 
60 feet above the water; but these guns are not mounted, and there is no 
protection for them or for any of the troops and stores against a. man of war. 
There are no heavy guns, or batteries, or forts, at any of the other settlemeuts ; 
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neither are there sufficient positions reserved for these oUjects at any of the 
settlements. There has been some difficulty experienced in oLtaining sites for 
ordinary b:u:racks for the troops; the proper military positions have not been 
selected, and have been sold to priYate persons. There are also one frigate1 one 
sloop1 one steam-sloop, all fully armed and manned, always upon the station; 
and the colonial brig of 200 tons, but carrying no guns. The station includes 

Australia. 
The Jntet'-nal defences against the natives consist at present (1851) of two 

regiments of the line, mustering a.bout 1000 men together, and 25 Royal Artillery, 
with some field guus, and 500 Pensioners, and about 50 armed Police, partly 
Europeans aud partly natives. 

J,~ Auckland there are about 500 men; there are some stone buildings, but 
ruost of the men are iu temporary wooden buildings1 on Point Britomart, and 
on the Albert Hill in the rear of it. This latter is a good position for defending 
the land front of the town j and it is enclosed with a flanked and loop-holed 
stone wall. There is only a slight enclosure to Point Britomart. There arc 
good magazines and storehouses. 

Tlte Pe11$ioners* anived from England in 1847-8, and have been located in 
six villages to the south of Auckln.ud, at 6 to 13 miles distant. They are 
armed, and are occasionally called out under their officers, but their villages are 
not defensible. There a.re about 25 armed PoNce iu Auckland, natives and 
Europen.us. They are employed on the ordinary duty of police, and in carrying 
the mails, and served during part of the military operations. They are on foot, 
and are armed with a cai:bine and bayonet. 

At the Ba_y of Islands there are about 100 men, They live in a hired building 
near Kororarika1 not defensible in itself or of any use to the town. 

At Wellington there are 400 men. They live in wooden barracks, on Mount 
Cook, a tolerably good position, commandiug that part of the town, but not at 
present defensible in itself. There are no quarters for officers and no storehouses, 
the Ordnance and Commissariat stores being in hired buildiugs. There is a good 
magazine; there a.re some detachments at Porirua, and in the Hutt Valley, left 
there since the war in 1847, but they are only temporary, and not now in 
defeusible positions. 

At lVanganui, there are 200 men, in a stockade, with blockhouses of wood, on 
a bill commanding the town, and containing magazines and storehouses. 

The Artillery are divided between Auckland aud Wanganui. 
There are 20 police in \Yellington. The remainder are at New Plymouth, 

aml other settlements. But there a.re no troops in any other settlement, and 
1w militia hi a,iy pa1·t of New Zealand, although there are some arms for them 
in possession of the Colonial Government. 

During the war in 1846-47-48, the strength of the two regiments was 2000, 
and there were a.bout 300 to 400 militia called out. 

There was a great want of a Field Eugineer Equipment, as well as of a 
compauy of Sappers, during the military opemtions, of means of crossing the 
numerous rivers, of cutting through the forest, of stockading and intrenching, 
and of portable powder magazines, all of which would still be wanted if military 
operations should recommence. 

• l\fartin'li Cols. 
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SEor. VIII.-GEOORAPilIOAL ADVANTAGES. 

New Zealand, though situated in a favourable position for eea communication 
with China and Australia, America. and England, ie not in the direct line of 
intercourse between any of these places, and therefore must depend upon her 
own resources for a cowmerce. Vessels will not call at New Zealand merely 
1m ,-oute, they must have some object to induce them to call there. The present 
intercourse consists as follows : 

\Vith England 

With Sydney 

[

To New Zeal•nd, via Cape of} 
Good Hope, 4 mouths, 
14,000 miles. British ma- 9 vessels per annum. 

nufactures. Steam 2 months 
To England ·viU Cape Horn,} 

4 months, 14,000 miles. 5 vessels per nnnum. 
Copper, wool, timber. !10 days from Wellington,] 
1200 miles. British manu-
factures and stock from 3 vessels per month. 
Sydney. Flax, barley, 
pork, timber to Sydney. 

{ 
15 days from Wellington, 

\Vith Hobart Town 1300 miles. British manu-} I vessel per month. 
factures and flour. 

\Vith Hong Kong { 2 m~nths, 6000 miles~ via} Occasionally from China. 
Pacific or Torres Straits Sca.rcely ever to China. 

\Vith United States { 4 months, 14,000 miles,} 5 vessels from United States 
American manufactures per annum. 

\Vith California 2½ months, 8000 miles. Occasionally to California. 
\Vith Tahiti { 30 days sail, 2300 miles, I 

11 days steam J 
And on to Pana.ma 22 daye steam, 4500 miles No trade at present. 
And on to England 20 days steam, 4600 miles 

There is no trade at present with South America or with India. 
In 1852 regular ateam communication was firdt established between Engla.ud 

and Australia; in screw steamer.a once every two montb!J, via the Cape of Good 
Hope, West Australia, South Australia, and Victoria to Sydney; expected to be 
done in two months from England. But as yet it does not extend to New 
Zealand, which is still therefore dependent on occasional traders for its mails. I 
do not thiuk there is any one greater boon (after the men and money necessary 
for its.defence) that the Imperial Government could confer on New Zealand than 
steam communication with Sydney. And I think that a. plan of communication 
might be arranged, by which the same steamer would meet the bimonthly mails 
at Sydney, and also communicate monthly between the principal settlements i.n 
the colony, thereby doing the double duty of conveying the mails from England, 
and establishing that intercommunication between the settlements which is now 
so much required, and for which New Zealand is so peculiarly well adapted. 
According to the Admiralty statement in the "Blue Book," 1846, the annual 
cost of a steamer of the size of the "Yolcano" is about 5G00l., which would 
lie in New Zealand, allowing for increased expense$, about 7000(. 
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THE MILI'J'ARY OPERATIONS 

SECT. 1:X..-RECAPITULATl0N. 

These are the principal characteristics which are to be borne in mind, in 
considering all points connected with New Zealand. 

1. Lo11g nan·ow islands with numerous smal1 harbours and rivers. 
2. Long nai-row mountui11, mn9es covered with forests and divided by flat grassy 

valleys, but all very difficult of passage for foot passengers, even by the footpaths. 
3. The six B1itish &ttlements planted on the coast with a small town and a 

little county of civilisation round each, and containing altogetbeL' 20,000 British 
settlers. 

4. All the rest of the North bland, filled with 80,000 savages, settled in 
villages about the coast and rivers. All the rest of the 1'fiddle Ialand almost 
uninhabited. 

5. The communicatiot1, about the islands (by small vessels) constant, with 
Sydney once a mouth, with England three or four times a year. Carriage-roads 
for a few miles only about the British settlements, foot-paths through the rest of 
the country. 

6. A British population slowly increasing, and stock farming spreading fast; 
agriculture increasing slowly; a native population slowly decreasing. 

7, ,vant of defence against the natives. 
S. The summary of the latest statistics of the Colony, contained in the 

following table : 

1. POPULATION, 1851,* 
B:-itish. Nativefll. 

Settlement of Auckland . 
\Vellington . 
Nelson 

Remainder 

New Plymouth 
Canterbury 
Otago 

9000 
5000 
3000 
1500 
2500 
1000 
1000 

Total . 23,000 90,000 

North Island . 
:Middle and Southern. 

Total 

2. EXTENT. 

British, 
At'res. 

1,000,000 
40,000,000 

41,000,000 

Native. 
Acres. 

30,000,000 
7,000,000 

37,000,000 

3. PRODUCTIONS, 1850. 

Total. 
Acres. 

31,000,000 
47,000,000 

78,000,000 

Wheat, mMze, and other grain (total quantity of land under cultivation in 
all the settlements by British settlers, 30,000 acres). 

Sheep, 100,000 ; horned cattle, 30,000; horses, 2000; pigs, &c. 
Fl:.u:, pine timber, copper, sulphur, iron, and coal. 

• M, Martin and Colonial Returns. 
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4. EXPORTS AND IMPORTS, 1848-50, * 

Clothes, &c. 
Flour, &c .. 
Iron, &c. 
Stock. 
Provisiona 
Spirits 

Imports, 
South. North. 

• £12,000 
5,000 
4,000 

40,000 
10,000 

8,000 

£79,000 140,000 

!British (manufactures) £52,000 
Colonial (stockaodra.w 

Total produce) . . . I 70,000 
Foreign . . . 3,000 

Total . . £225,000 

Exports, 
South. North. 

Whale oil and bone £14,000 
,vool 8,000 
Copper ore 
Timber . 

£22,000 

ritain Colonies 
Total Foreign 

Total 

20,000 

. £16,000 
22,000 

5,000 

. £43,000 

5. SHIPPING, 1848. 

To and from Great Britain 
British colonies 

No. of ships. 

10 per annum 
90 

Foreign countries 40 
Small coasting ve11sels belonging to the colony 200 

6. REVENUE AND EXPENDITURE, 1848.t 

Revenue. 
North. South. 

From colony . £28,000 £19,000 
Aid from Brit. Far!. 23,000 28,000 

51,000 47,000 
~~ 

Total . . £98,000 

Expenditure. 
North. 

Offices of Oovernmt. £36,000 
Public works . 15,000 

South. 
£26,000 

19,000 
------
51,000 45,000 

'----,---' 

Total . . £96,000 

North. South. 

Military expenditure of Great Britain in 1848 + . £90,000 £65,000 
~ 

Total £155,000 

• Martin's Cols. and B.B. t From B.B. t l\lartin'1Cols. 

END OF FART I. 
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1838. 

1810, 

THE MlLI1',\.RY OPERATIONS 

PART II. 

GENERAL HISTORY AND NORTHERN CAMPAIGNS. 

SECT. !.-GENERAL HISTORY TO 1844. 

*First visit of a Elli:opean, Tasman, a Dutch naval officer, sight<"d, but diJ 

not land. 
Captain Cook's first visit. He took posstssion for Great Britain j same year 

De Surville (French} .visited New Zealand, and also took possession. 
Captain Cook's second voyage, in which he paid three visits to New Zealand. 
Captafo Coal's third voyage, in which be visited New Zealand. 
Captain Vancouvei· visited New Zealand; and about this time the whalers began 

to frequent the COf!.St. 
Rev. M1·. Jfarsde:n, ·a Church of England missionary at Sydney, established a 

mission at the Bay ·or Islands; and Governor Macquarrie, of New South ,vales, 
appointed Mr. Kenda} as. a British magistrate at same place. 

Wesleyan Misaio1i esta.bli_shed at Hokianga. For ten years about this time, 
the chief, Hongi, was·~he head man in the country all about the Bay of Islands, 
and carried his wm:s as far south as Lake Taupo; and the natives began to obtain 
fire-arms. 

Iu consequence of the quarrels between the whalers and nath·es, the natives of 
the Bay of Islands petition~d Great Britain for protection (at the suggestion of 
the missionaries). 

Tu consequence, Air. Busby was sent by the gove111or of New South ,vales to the 
Bay of Islands as Resident; and a sort of protectorate was established, the 
national flag of New Zealand being acknowledged by Great Britain, and a 
declaration of independence signed by t,he chiefs at the Bay of Islands, under 
the direction of the mis.eionaries. But soon after some of the missionaries 
petitioned for greater protec~ion, the native rule being too weak. Speculators 
from Sydney began to purchase Yast tracts of land, twice and three times over, 
comprising altogether more th~n the whole islands. 'l'he English at the Bay of 
Islands formed themselves into a government, owing to the want of law, there 
being then about two thousand' English in all New Zealand. 

When, in consequence of the representation of all these things, the British 
Government sent out Captain Holnoii, R.N., in January, 1840, who, in accordance 
with his instructions, held a meeting of the natives at the Bay of Islands, and got 
the signature of the chiefs of that part to the tt·eaty of TI'aitangi, which gave over 
the sovereignty and the priority of the purcbnso of land to the Crown of England. 
There was a strong discul:!sion about this ~rtiaty; but no force was used, and many 

• )I. )lartiu'i,; '' British Coloni..:;;," 
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chit•f~ JU all parts of New Zealand afterwards signed it. The sovereignty of the 
Crown was dcc1ared, and lws never bren de1iUd by any lU?'[Je party among the natives. 

A Royal Charter was sent out, constituting New Zea.land a. British colony. 
Captain Hobson first established his sent of government at the Bay of Islands; 
but in November, 1840, moved it to .Auckland, where he purchased land from the 
no.tivcs, and resold it to the speculators, shop-keepers, and settlers, who flocked in 
great numbers from Sydney. 

In August, 1839, tho Tory o.ITived a.t Port Nicholson, in Cook's Straits, with 
Colonel Wakefield, the agent of the New Zealand Company, who sent him out 
without the consent of the British Government, nnd he, in accordance with his 
instructions, mado treaties with the natives, and got the sigoatw-es of some of the 
chiefs of the tribes on both aides of Cook's Straits to the purchase of a tract of 
country extending from a line drawn across the isla.nd, at about latitude 39°, to a 
line across the middle island, at about latitude 42°. 

In January, the settlers arrived from England, and the town of Wellington was 
established. But some of the natives began immediately to repudiate their 
bargain with Colonel \Yakefield, and would only allow the settlers to occupy some 
la.nd about Port Nicholson; and had frequent quarrels about parts of e'\'en that : 
and the pw·chase of "the ,vellington block was not satisfactorily concluded 
till 1848. 

In March, the first New Plymouth, settlers arrived at that place. The Plymouth 
Company in England bought 50,000 acres from the New Zealand Company, and 
their surveyor, Mr. Carrington, selected the site. But the natives there began 
immediately to repudiate thell' bargain with the New Zealand Company, and 
would only allow the settlers to occupy about 3,000 acres : and the purchase of 
the whole 50,000 bas never yet been satisfactorily concluded. 

In the autumn of this year Nelson was founded. The settlers bought land from 
the New Zealand Company in England, and Ouplain A. Wai:efield was sent out to 
select a site, nod fixed it at lVakatu, in Blind Bay. But the natives of the place 
repudiated their bargain with the New Zealand Company i and the purchase was 
not satisfactorily concluded till 1846: however, being few, they made no hostile 
opposition. But when the Nelson settlers proposed to occupy the Wairau valley 
as part of their purchase from the company, then some of the tribes on the north 
side of Cook's Straits, who claimed a right over it, came over and opposed the 
occupation. 

In this year also the first settlers occupied lVangan1ti (or Petre), as part of the 
\Vellington settlement; but the natives there also repudiated their bargain with 
Colonel ,vakefield, and would only allow the settlers to occupy the site of the 
town: and the pw·cha.s:e was not satisfactorily concluded till 1848. 

It appears evident, from the opposition of so many of the natives at these 
four different settlements commencing immediately on their establishment, that 
Colonel ,va.kefield did not take sufficient pains to satisfy the natives in pw-chasing 
such an immense tract as he endeavoured to do; for it evidently requires a long 

time and great pa.ins to purchase land from nafo·es, such as the New Zea.landers 
have been described to be in the former pa.rt of this paper. But he continually 
refused to have further treaty with them, and the dissatisfied pa.rt of the natives 
continually opposed the settlers endeavouring to locate themselves; and it finally 
ended in a war at ,vellington in 1846, and at Wanganui in 1847. 

In June this year, the colonial government at Auckland passed a law, establishing 
a commission for inquiring into the purchases oflan<l by British subjects previous 
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to tho treaty of JVaitangi. All the purcbnses in the north were examined before 
this commission: some were rejected, nud no person was allowed to retain more 
than 2,560 acres. There was no serious or continued opposition on the part of 
the natives in the north to the purchases of the Crown, or, after the decision of the 
commission, to the other purchaseB. The purchases of the New Zealand Company 
were also examined before the commission. 

In May, 1840,• Major Bunbury and 100 men, 80th regiment, arrived from 
Sydney, being the first British troops that arrh·ed in New Zea.land. Lieutenant 
Lugard, R. E. followed them. These troops were sent on the application of 
Captain Hobson. A detachment of them were stationed at the first capital, 
Russell, in a small temporai·y .house; and the remainder at the second capital, 
Auckland. In September, 1840,another companywns sent from Sydney to Auckland. 

Now here appears to me to have been one of the most serious errors in the 
formation of the Colony, and which assisted materially in bringing about its 
great difficulties. ,vhen the Home Government had finally decided that New 
Zealand should be colonised, they should have taken care that on the first 
establishment of military force in it the strength of that force should have been 
amply sufficient to overawe the nath·es; they should have been well equipped 
for the peculiar service, and well provided wit;h means for establishing themselves 
in a defensible position, such as would serve as a citadel for the capital. At that 
time, as Major Bunbury well expressed it, the uati,es had" an almost superstitious 
dread of encountering the military." t "The least check would dissolve the 
charm;" and "the natives are we11 provided with muskets and ammunition;" 
and '' the efforts of the Government and clergy tending to allay the jealousy and 
rivah-y of tribes/' would also, by combining them more together, "expose the 
European population to greater danger," and further, "the nature of the service 
requires an equipment somewhat different from that required by an ordinary 
detachment of infantry;" he further volunteers '' to make a descent on any part 
of the coast with 100 men;'' that is, properly equipped. I do not think he would 
have volunteered to march into the interior with 500 men followed by the 
ordinary baggage-train of a regular force. 

But New Zealand was yet of small importance in the British empire, and its 
necessities and wants were not understood: instead of this proper equipment and 
strength, they were sent one company at a time, and without means to form a 
military post. Captain Lugard states "he had about twenty-five men from the 
80th as artificers;" he waa obliged to build '' a rustic block-house at Russel], 
temporary, and not bullet-proof," owing to "the extreme paucity of means." :t 
Again, at Auckland, "we had no assistance from Sydney in the shape of materials. 
I had to make shingles and bricks-fe11 and saw timber-burn shells for lime
col1ect scoria for building-and none but soldiers to work with, and only hand
carts and a boat. I had no authority to purchase materials or employ civilians." It 
is wonderful what a good, substantial barrack he left behind him with such 
materials to work with. In February, 1842, Captain (then Lieutenant) Bennett, 
R. E., relieved Lieutenant Lugard. 

Captain_ ~obson saw t~e necessity of having a proper military force; he had 
asked for it m 1839, and 1t waa refused1 or, at least, sent in small numbers as above 
described. 

If the home Government, upon receiving such reports as the above from the 

• Capt. Lugard, R.E. t Major Bun bury, B. B., 1844. 
! Letter from Capt. Lugnrd, 1842. 
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colony, had sent out, in 1842, n regiment specially equipped for the service, with 
a train of suitable artillery, nnd a force of sappers well supplied with toola and 
materials, and ordered the whole force to be trained for their peculiar service, they 
would hMe saved the strength of two and o. half regiments they were obliged to 
send at last, o.od the moral effect of British power would have been undisturbed 
to this day. The weakness of the British power, in this respect, is shown in the 
first native diaturbance that the Government took part iu-Tam·anga, in 1842. 

SEOT. Il.-TAURANOA. 

The Taunrnga Ocrntpaign in 1842. 

There was no actual fighting in thfa affair, but it is considered worthy of record, 
from its affording au example of the character of the natives, and of their fortified 
villages, or palie. This was the first occaEion on which the troops were called 
out:-* 

Two native tribes, at Tamw1ga and Jifal·etu, in the Bay of Plenty, 130 miles 
S. E. of Auckland, fought upon an ancient quarrel; and the acting Governor, 
Mr. Shortland, wished to interfere to put down such wnrs, and obtained a pretext, 
from the two tribes having respectively seized two boats belonging to Englishmen 
trading there; so, being at Tauranga himself, be sent the colonial vessel, a brig of 
200 tons, called the l''ictoria., to Auckland, with orders to Major Bunbury, 80th 
regiment, commanding there; who thereupon embarked all his available men 
(about forty), and the following ordnance and runmunition :-

Two 18- pounder cannonades} 
100 rounds shot From H.M.S. Tottoisc, with seamen and marines, 
Fifty rounds canister 
7,100 musket-ball cartridges. 
126 round shot 
125 grape and canister 
And some engineers' stores. 

} ,Vith one 4-pounder iron gun. 

Lieutenant Bennett, R. E., then commanding engineer in New Zealand, accom-
panied the expedition. 

Having arrived at Tautcmga, the force disembarked at 11/011ganui, between 
Taurwiga and Maketu, and encamped. The natives objected to the right of the 
British to interfere in wars between themselves; and the acting Governor, finding 
that the expediency of interfering was a very doubtful question, and that he had 
a very small force, effected some kind of medii.tioo, and withdrew the troops. On 
this occasion the natives ate some of their native prisoners, being the last time 
such a thing has been known to have been done in New Zealand. 

Lieutenant Bennett, R. E., took the opportnnity of examining some of the 
native pahs, and made a report thereon to the Inspector-General of Fortifications, 
which report contains so exact and good an account of them, and of the me:ms 
necessary for their attack, that it is herewith given in full :-

Report on the Pah, of New Zealand. 

The strength of the pahs of New Zealand consists principally in the choice of 
position.t 

They are generally situated on pen.insular polllts, with three sides inaccessible; 
being steeply scarped towards the sea, usually from 50 to 60 feet in height, and 

• 8.8. 18!5. Lieut. Bennett's dispatch, Jan , 1843. 
t See plans to article Pah, showing lleki's Pnh, 1'01. ii. Aide Mero, 1\Iil. Sciences. 
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2, pn.li.saded at top : the depth of water round tliem being (generally) such as to 
TAunANGA. prevent any vessel larger than six or eight tons approaching them within rnnge of 

J,;~2. fielJ-guns; I consider the attack of these sides, except by surprise, impracticn.ble; 
the fourth side is always cut off by a deep ditch having steep scarps from 20 to 30 
feet in height, and oounterscarps from 6 to 16 feet; the nature of the soil being 
generally a stiff clay, or soft sandstone, retains the slope of 60°. 

The terrepleiu, from 20 to 30 feet broad, has a strong palisade in front, or the 
palisade is placed above the scarp with a low parapet and banquette, and the 
whole of the interior of the pah is intersected in e\'ery direction by fences, each 
hut being fenced around. These iuterior defences1 though low1 if not destroyed 
before the entrance of the troops, must entangle and confuse them, and totally pre
vent the use of the bayonet. The ditches are also flanked by a strong palisade. 

In addition to the principal pah, there is also frequently an outer work with a 
low ditch palisaded in front, and commanded by the main work; and should one 
part of the pah be considered weaker than anot.her, it is strengthened by a double 
palisade, 3 feet apart, with embrasures left in the outer one at the level of the 

ground, and a trench cut inside to afford cover. 
In short, the pabs assume every description of defence of this nature, of which 

they a.re capable1 and are sometimes strengthened by even three successive rows of 

palisades. 
The palisades themselveR consist of large trees about 1 foot in diameter, 

roughly hewn, and placed 6 01· 8 feet apart, and afford safe cover for a man ; they 
a.re from 12 to 20 feet in height, rudely ornamented at top; between these posts 
long stakes, from 8 to 10 feet high1 and 1½ inch diameter, and nearly tangent to 
each other, are strongly bound together; or, if greater strength is required, 
rough three-sided stakes about 9 inches perimeter are used. 

Should the pah not be situated on a peninsula, its front consists of one steep 
side towards the sea, with generally a deep and wide gully on each flank, and the 
gorge is protected by a deep ditch1 as before described. 

The section of the pah of Temutu, exemplifies the usual defences, but the 
natives evince considerable military knowledge, and I observed that several of 
their pahs had their counterscarps excavated, having small openings like embra• 
sures. These, I am told, are used for keeping potatoes, and I cannot learn that 
they have ever been used for defence. 

In illustr ... tion of their military knowledge, I may say that when I was ordere<l 
to prepare a plan of attack of the Pah of Maket1i, I consulted the chief Tupafri, of 
Otumaiti pah : he immediately sat down on the sand and erected a model of the 
pah and surrounding country, giving me the distances and command that each hill 
had over the pah and each otber1 and pointed out how it might be approached with 
safety. The plan I made from his model I was subsequently able to compare on 
the spot, and fouud his plan and ideas very correct. 

The number of men the pahs would contain varies from 300 to 800, and they 
possess a large supply of potatoes and kumera (sweet potatoe) in holes excavated fur 
the purpose. They have also a.n abundance of muskets and ammunition, the 
former very good, and nearly all double-barrelled: the latter made up into 
cartridges; and each man is supplied with a good cartouche-box. 

They have also their tomahawks for close quarters; I may add that they are an 
exceedingly active and warlike race, and few of them without the experience of 
several fights. 

1 have been informed that the pahs in the interior of the country are 
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con ... tructe<l on the same system, detached hills, or hills on the extremity of a 2. 
ridgfl, being tho site usual1y chosen. TAuaAJfoA. 

"'hat I ho.ve said relative to the choice of position of their pa.ha relntee only to 18-12. 
tbnt arm again.:it which they base hitherto had to contend-the musket. But I 
have seen no pah which was not commanded at distances varying from 200 to 600 
yards; consequently the method of attack is simple and certain. 

A couple of 12-pounder 4; inch brase howitzera to break down the palisades, 
nod with a few carcn.ses to set fire to the huts and interior fencing nJ.ready 
describerl, places the strongest pah at the mercy of a few men; but without these 
means, I conceive that the n.ttack of a strong pah must always be attended with 
coruiidcrable loss to tbe asP-ailants. 

Tbo howitzers must be light, as they will have to be landed generally on a. 
beach with a. surf, and will have to be got up a height of 50 or 60 feet to be placed 

in position. A few rounds of grape and canister fo1· the same guns would also 
be uecess,1.ry, and two or three Coehorn mortars and some hand grenades 
exceedingly useful. 

From the want of knowle<lge of gunnery by the soldiers of the line, it will bo 
necessary tl.iat a few a.rtillery men (or sappers and miners well instructed in the 
use of howitzers, and method of making up carcases) should accompany them ; 
the latter, I venture to suggest, would he the most useful in this colony, as their 
labour as mechanics would be very Talua.ble in the erection of ordnance and 
barrack buildings in New Zealand, where the price of such labour is high, and the 
mechanics of the detachment (of tho line) so few and indifferent. 

Shoultl it eventually be found necessary to disarm any tribe on account of their 
continued wars and cannibalism, I conceive that the ordnance above specified, with 

three companies of the line, would be sufficient to surround the pahs and force 
the surrender of their arms. 

I trust I shall be excused for making the above suggestions, as the insufficiency 

of ow· meaw1, from want of ordnance and gunners when the attack of :Meketu 
pah was contemplated, was severe]y felt, and was only overcome by the accidental 
presence of H.M. Store-ship "Tortoise;' and the assistance they afforded; without 
Ruch assh1tance I do not consider that our means (sLrty-five infantry) were such as 
to justify an attack, where a repulse must be attended with such serious conse
quences, in destroying the wholesome dread they at present have of British 
soldiers. 

(Signed) GEORGE BENNE'l'T, 

Feb. 10, 1843. Lieut. Royal Engineers, commanding. 

The subsequent experience of the pahs in the interior corresponds exactly with 
his description. Tltefr strength consi3ts iii tlte site. They are invariably placed on 
the ends of narrow spurs overlooking the sea, the ri,•ers, or the plains, and have 
all the same kind of ditches and palisades; and in addition to the difficulty he 
mention3, of having to provide artillery to take them, must be added the greater 
difficulty1 not contemplated by him at that time, of having to transport the 

artillery through the thickly-wooded hills; for he thought O!lly of pahs on the 
sea coast, accessible to shipping; a march of even ten miles inland, in such a 
country, would make the greate.st difference in his plan of attack; bei!ides, the 
pahs afterwards attacked by the British troops were expressly constructed against 
them, and were much stronger in the palisading than those he describes, and 
required heavier artillery. Captain Marlow considered that 12-pounder guns and 
51 inch howitzers would be required to make a breach in Ohaiawai pah. It does 
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not appear that Lieutenant Bennett'e recommendations were attended to, fur no 
equipment was proYi<led until the difficulties bad arri\'e<l at too great a height for 

them to be of the use expected. 
In September, 1842, Captain Hobson dieil in New Zealand, and Captain 

Fitzroy, R.N., succeeded him. In the interval before Captain Fitzroy anived, 

the Colonial Secretary, :Mr. Sho1·tland, acted as governor. 
The great mistake made by Captain Hobson at the commencement of the colony 

waa the selection of the site for the capital. If the whole British strength had 
been concentrated at"'" ellington, it would have been sufficiently powerful to have 
O\'erawed the natives there: the New Zealand Company fell also into this fault of 
scattering their forces. Both Company aud Government thought to colonise all 
New Zealand at once, totally forgetting the natives j and to protect these scattered 
settlements required a greater power in men and money than the Home Govern
ment chose to allow. Indeed, it was not altogether Captain Robson's fault in the 
choice of a capital; it was the want of concert between the Home Govemment 
and the Uompany, which placed the Governor and the Company rather in 
opposition in New Zealand than in conjunction. As it bas turned out, the 
formation of other settlements in the middle island have established Cook's 
SLmits to be, what a glance a.t the map shows it to be at once, the prope1· site for 

the capital of New Zealand. 
Captain Fitzroy arrived in N ovember1 1843. Captain Hobson had been some

wl1at aware of the strength and character of the natives; and if the Home 
Government had but sufficiently supported him with men and money, he might 
have saved the future wars. But Captain Fitz1·oy came with the predetermination 
of governing the natives by moral force, 1< He refused to use a military force from 
the commencement, and delayed asking for it until the moral effect of it had 
evaporated, and even then got rid of it again na soon as he dared. ,Yith the moat 
honourable high-minded desires for the benefit of both British and natives, be fell 
into the same error as the early missionaries did-of considering the natives as a 
semi-civilised race, which could be raised and amalgamated with the Europeans; 
and under his too lenient government the troubles with the natives, which might 
have been prevented in Captain Robson's time, grew to such a head that three 
yea1·s' war was required to put them dom1. 

He found the colony languishing for want of money, and the natives growing 
more and more outrageous: in the south they had come to open fight with the 
seLtlers. After the experience already obtained, and the reports that had been 
made, it is now evident that a strong military force was more required than ever. 
The first difficulty be had to meet was the massacre of TYc.dmu. 

SEcr. nr.-,YArnAu. 

t After the establishment of Nelson in 1842, the settlers of that district began to 
spread towards the Waimu valley, which was understood to have been purchased 
by Colonel ,vakefield in bis first purchase; but in :March, 1843, the chief, 
Rauperaha, being in Nelson, protested against this purchase, and some threats 
were exchanged between him and Cnpta.in Wakefield, the Company's agent at 
Nelson. Captain \Vakefield, feeling confident in tbe justness of the Cowp::mfs 
claim, sent surveyors into the ,vairau, which the chiefs Raupemha and Ru:ngiheata, 
considering as the act of taking possession, opposed by burning the but of the 

"' Nelson petition, 18~5. t D, B. 1844--45, Nel.'-On petit.ion. l\lRrtin's Col. 
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surveyors; upon le~rning which Captaiµ \YukefieM was persuaded to endeavour 
to seize the cbi~fa. It was thought to be a fa.vourahle opportunity for teaching 
the savages to respect English law. He took out a regular wa1Tau.t agA.inst 
llauperalta, and proceeded with several of the principal geutlemen of the settle
ment and about forty labourers, armed with muskets, on board the colonial brig 
"Victoria," from Nelson to the Waircw, in June, 1843, and marched five or six miles 
inland, to where the uafo·ea were encamped, expecting to be allowed to ta.ke the 
chief without resistance. Thero were about 100 natives. After some peaceaLle 
discussion, the magistrate of the party made some strong demonstration of seizing 
Rauperalia, which led to a sort of rush on both sides: a gun was fired from the 
British side,-the natives returned it i-a sort of fight began, and the labourers, 
being totally unprepared for, and unaccustomed to, anything of the kind, got into 
confusion and scattered each for himself. Nearly all the gentlemen leade1·s were 
taken and killed immediately, in what we should call cold blood. 

Now the disputes concerning land with these natives cannot be considered, upon 
tLe point of abstract la.w, as to whether the Company had a legal right to the lancl 
or not; it should rather be considered, whether the Company bad obtained tho 
consent of the majority of the native owners to the purchase, and whether they 
had the force to hold their laud against the remainder. Now, there were doubts 
at the time about the purchase of this ]and, and the lancl commissione1·a were 
investigating it at ,veUington: they were expected over at Wafrau, and the 
uati,•es would ha,e waited at least to hear their decision. Moreover, it might 
have been fully expected that the natives would have resisted; for they had been 
,·ery much excited upon this land question on both sides of Cook's Straits for a 
year or two before: therefore, I do not think Captain \Ya.kefield was justified in 
u .. ing force i indeed, he seems to have had doubts about 1t himself. But even if 
he had been justified, it was an act of the greatest rashness to attempt to arrest a 
chief in the midst of his own people with such a force. Knowing the savage 
character and the e:icited state of them, he should have b:id a baud of trained 
men sufficient to overawe them; a smaller number of whalers would perhaps 
ha.Ye put down a greater number of natives; but no body of undisciplined 
English labourers, acting without concert-even without leaders-could make any 
stand against savages, whose very appearance and mannera they had au ignorant 
fear of i and if New Zealand had been left to the defence of her settlers, notwith
standing the indiYidual bravery of the English colonist, as a body, there would 
have been no better result than Wafrau. 

The effect of this the first successful stand, made by the natives against the British, 
was felt and magnified in the native manner through the country, and g:.we a 
new confidence to all those dissatisfied natives who before had been deterred by 
fear from open hostility against the British rule; and this effect was increased by 
the conduct of Governor Fitzroy, in pardoning and making friends with the chiefs 
who did the deed before even they had acknowledged their fault or expressed 

any regret for it. 
He might surely have shown in some decided manner his condemnation of the 

deed, even if he did not feel himself strong enough to punish it. 
Immediately afr.erwards, he let off another native chief, who had committed 

some strong breach of Englit>h law at Auckland. Then he had to deal with the 
disturbances at the Bay of Islands, which fully proved to him the necessity of 
armed interference. 

Even now at this time, before the destrnction of Kororal"ika., if Captain Fitzroy 
F. 2 
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bad determined upon using force, he might lH\Ve s3.ved a. great p:-irt, of the 
subsequent wars. After the Wafrau, the time had gone by when the natives could 
be kept in order with the aroall force proposed by Major Bun bury. But still the 
prestige of the troops was untouched. 'l'he beat evidence of the mistake of the 
doctrine of moral force is in the annual report of the Chief Protector of Aborigines 
(nu officer established by Governor Fitzroy), in which he congratulatea the 
Governor (July, 1844,) on the tranquillity of the colony, and the prospect of 
permanent peace and security, the whole country from north to south being then 
ripe for explosion. Next year the wars began, nud continued fur two years. And, 
at the same time, most of Mr. Clarke's letters go to show the necessity be felt of 
having a strong police in the country, and the impossibility of preventing wars 

among the natives by moral force alone.* 

SECT, IV.-KORORARIKA. 

Tli~ Destruction of Koro,·arika. t 
The original settlers had coutiuued to occupy their settlement ri.t the Bay of 

Islands, which waa situated on the shores of the bay, and called Korora1-ika. They 
consisted chiefly of whalers, and persons engaged in trading between the natives 
and the whalers. There had always been a lawless, half-civilised system of dealing 
carried on there by the Europeans, which the natives were partly obliged and 
partly willing to put up with, being gratified with the great trade of the whalers; 
and also because their supremacy and their customs were never very violently 
interfered with. But when the British Government took possession, and a regular 
magistrate came to be established at Ko,·o,·arika, and a regular custom-house, the 
native chiefs found that they bad lost their supremacy, and that a new and 
unknown law was in force in pln.ce of their old customs; and moreover that they 
had lost their trade with the whalers, who deserted the harbour when the customs' 
dllties were established: and they began to be dissatisfied, and to believe in the 
reports of some of them (fomented by discontented Europeans)-that the British 
Government intended their destruction. There was no dispute about land ; 
,,ery little had been purchased there ;-it was the inevitable discontent of the 
savage at the sudden breaking down of his old laws and customs by the introduction 
of civilised law. 

If the civil power bad been at that time sufficiently supported by a military 
force to overawe both natiYes and settlera, probably no outbreak would have 
taken place there any more than at Auckland. But disputes between nativea and 
settlera occurred from time to time ; and the decisions of the police magistrate, 
being totally without force to support them, were not respected by either party : 
the natives took the law into their own hands, and from one aggression to another, 
finally in July, 1844-a body of them under the command of B<me Heki, a chief of 
the neighbourhood-pillaged part of the town, aud "carried into effect that which 
they had long been threatening-the destruction of the Government flagstaff. because, 
they said, it prevented the American vessels coming into the harbour."-New 
Zealan<la, June 7, 1845. 

Heki was not himself a chief of great rank; but he had married the daughter 
of the great Hongi, and was noted as a clever daring man, and was one of the 
losers by the desertion of the whale-ships. 

The Governor immediately sent to Rydney and Hobart Town for troops, being 

• B. B. 184:i, 46. t B. B. Loeal papers. Nelsc-n petition. 
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the first time that he had demanded them; a.nd in the first week in August a 4. 

roercbnut vessel arrived at the Bay of Islands with 160 men of the 99th Regiment KonoB.A• 
from Sydney, and on the 24th August the Governor arrived from Auckland with 
a detachment of tLe 06th Regiment under Lieutenant-Colonel Hulme, and with 
H.M.S. '· Hazard," Capt. Robertson, and the colonial brig" Victoria." The Governor 
held a. meeting of the natives, spoke to them, and took off the customs duties. 
This, and the appearance of force, brought even H cki into terms of friendship. 
And tlte troops retui-nccl immediately to Sydney/ instead of establishing a strong 
military post a.t Ko1·oran'ka. But the bad passions of the savages were rather 
stimulated than allayed by the too great leniency and confidence of the Governor. 
In October and in January further disputes occurred between the powerless civil 1844, 

power and the settlers and natives; in which the natives took the law again into 18-lS. 

their own bands, and Heki again cut down the flagstaff. And the Governor issued 
pL'OClamations for his apprehension. And between 16th January and 6th March 
t~ere arrived at the Bay of Islunds H.M.S. "Hazard," the "Victoria," two subalterns 
and 50 men of the 96th Regiment,* from Auckland. But the excitement and self
confidence of the natives had been by that time allowed to get to too great a 
hoigbt to fear such a force. The flagstaff was cut down a third t.ime, and the town 
of Kororarika attacked by 1,100 natives under Hcki, on the llth :March. The 
town, as will be seen by reference to the accompanying map, extends along the 
beach for about a mile, with a hill at each promontory. The hill on the south 
side is about 200 feet high; and on it two block-houses were placed, one on the 
top, and one below, closer to the houses. These block-houses were put up by 
Captain Bennett, R.E .. soon after the Government was established in the colony. 
There were twenty men in these block-houses, and the remaining thirty in a house 
in the town. They were one story high, twenty feet square, of solid S(1uare timbers.+ 

The natives having stated that they intended to attack the town, Captain 
Robertson posted himself with 150 men from the "Hazard," and a field piece, 
at the hill on the north side of the town at daylight on the 11th. He waa 
immediately attacked by 200 natives, whom he kept at bay. About the sawe 
time EU.Bign Campbell, who commanded the upper block-house, was absent 
with his men 200 yards from his block-house, making iutrenchments: the natfres 
surprised the block-house; and he retreated to the lower one. Upon this, 
Captain Robertson's party spiked their gnu, and fell back; and the whole 
force, together with the inhabitants of the place, some of whom were armed, 
and assisted in the defence, occupied the lower block-house and a house of 
Mr. Polack's near it, which was stockaded; and, with the assistance of the guns of 
H.M.S. "Hazard," defended themselves for threo hours against the natives, who 
fired from the neighbouring broken ground. At ten o'clock the magazine of 
powder in :Mr. Polack's house el:ploded by some accident1 and destroyed the 
house. Tlien the whole force and inhabitants went on board the vessels in the 
harbour i and on the following day the natives pillaged the town, without 
injuring the inhabitants, some of whom were still busy taking off their goods to 
the vessels. The vessels and inhabitants proceeded to Auckland.! 

There were killed on this occasion-
Naval. 

6 men. 
Captain Robertson was wounded severely. 

11Illitary. 

4 men. 

• 20 men. U, S. Journ,, Dec. 18H. t New Zr., Jon(', ls.15. Bishop Selwyn'e Journ. 
t Dito-patches of Cart. Marlow, Oct. 184U, Li11ut. l'hillpotU', H.N ., Lieut. Barclay and Ens. Camp

bell, 96th. Mr, Beckham, Pol. i\Iag, Bp, Selwyn. 
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H was impossible to defend such a straggling town, with 200 meu and only two 
block-houses, so situn.ted. If Ensign Campbell had not been surpri!>ed at the 
upper block-house, aud tbo magazine had not exploded, they might havo held the 
posts they occupied; but it would have required half-a-dozen block-houses to have 
protected the town from pillage with that force. rrhat body of men could not 
have prevented, by any skirmishing, 1100 natives, fighting after their manner 
under CO\"CI', natural and artificial, from destroying pnrt of a village three-quarteri3 
of a mile in length. But they might hrwe held their posts; and the posts were 

lost by the surprise of the block-house. 
Great praise is given in all the dispatches to Captain Robertson, R.N., of the 

"Hazard," for bis bravery; and the kindness and attention of Bishop Selwyn is 
highly spoken of; and also of Captain Mackeevor, of the United States frigate 
"St. Louis." 

After the destruction of KO'l·omrika, Governor Fitzroy came to the resolution 
he should have come to a year before-of attackiug Heki with a strong fore~. 
His want of deci!)ion previous to this affair was proved to be a mistake by the 
letters of Heki and Kawi.ti, after Koromrika, which show a kind of prevarication, 
as if they were still half-doubtful of t.heir success, and half afraid of British power. 

He then began to ask earne,;tly for troops from Sydney (that beiug the head~ 
quarters of this military division of our colonial empire); and he raised the 
militia, which he had before refused to do, on the ground that the colony could 
not affurd it, aud that undisciplined men with arms in their houses would do 
more harm than good. But bodies of English settlers, partially disciplined for a 
few years, would have been of. very great use, well supported by troops, especially 
as the settlers everywhere were anxious to enrol themselves. Aud the expense 
might have been borne in the first instance by the Home GoYernmcnt. Such was 
the alarm and the ignorance and fear of the settlers concerning the natives, that 
it was believed Held was coming to attack Auckland.* The barracks on Point 
Britomart were intrenched and two blockhouses built; (there were already some 
stone barracks;) 300 militia were armed, and picquets stationed about the tow11. 
But there were no defences capable of protecting the town; if there had been no 
troops, Heki would probably have appeared before it, and it would haYe shared 
the fate of Kororariht, and been deserted. l\Iany did leave. 

So the third expedition ago.inst ll(ki commenced. 
March 23. H.l\I.S. "North Star" arrived from Sydney with 250 men, 58th. 
April 21. The barque "Slain'R Castle" arrived from Sydney with 200 men, 58th 

(these troops were intended to ban been in time for Kororarika, but were delayed 
iu Sydney). 

April 23. These vessels and others sailed to the Bay of Islands with part of the 
58th and a detachment of the 96th. 

SECT. V.-OK,HIIU. 

Desc1·iption of Oo1mtry at the Bay of Islands. t 

As the military operations now began to be extensive, and to extend into the 
interior, it is necessary here to give some idea of the country and state of the 
natives of those parts. 

'l'be main range of hills runs down the centre of this part of the islan<ls, 

• Lieut. BalJJCavi~, 58th Rcgt. Local p.1pC>rfl, Ca1)t, Htzroy'll pamphlet, J84i. 
t Martin's Col, 
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dividing tl,e waters of llokicrngci from the waters of the Bay. It is about 1000 
feet bigh ou the :werage. Ou the llokiaflgl, side almost the whole country 
consists of steep ridges, deep valleys, with fiat alluvial bottoms, and all c>overed 
with thick Kauri fore.::1t. On the side of the Bay the hills stretch away towar<ls 
the co::u.t in the level plateaus with steep sides, that haYe been already described, 
and as they get nea.i-e1· the coast the fo1·est becomes more confined to the ravines, 
and the plateaus are covered with fern and low shrubs; the hills run right down 
to the promontories, forming bluff points on the coast, with low fiat valleys in 
between. Those arms of the sea which form the capacious Bay are the outlets of 
such fiat valleys, and the sides of them are steep and covered with wood. But this 
plateau fern land is almost as impracticable for military operations aa any other; 
the high fern and shrubs prevent even the settler fro~ leaving the beaten track, 
and that track, with the exception of a few cart-tracks worked by the missionaries, 
r,onsists of simply the uati·rn foot-paths, following generally the most difficult 
line for a traveller; and the ravines of these plateaus are very frequent and very 
abrupt, and generally wooded. 

As the bead-quarters of both Church and ".,.esleyan missions were in this part, 
thero was more English cultivation and establishments at that time than in most 
parts of New Zealand. Besides the whaling town of Ko1·01·arika (now, however, iu 
ruins), there was the Church mission station at Waimate, quite a village among 
fields, and se,·eral bush farms of the missionaries in other places. 

Through all the native wars, and through all the British wars, these missionary 
esta,blishments continued untouched, and the missionaries were allowed to pass to 
and fro amongst friends and enemies unharmed. 

* The natives were now pretty mm..:h divided into two parties; Tomati- Waka-Nene, 
a chief of the Ngatihao tribe, ma.y be considered as the head of the Government 
party: he had constantly supported the British side since the treaty of Waitan9i, 
and now openly opposed Hcki; Pomare, Kawiti, and some others, sided with 
Hcki. These divisions of the natives, both in this war as in all other British wars 
in New Zealand, ha"'e been produced partly by real desire towards British rule, 
and pa.i·tly by their old family feuds. Waka, and Heki bad been old enemies. 
Although these tribes were so much opposed to each other, their lands and pahs 
were intermixed; they had been fighting some years before, and each party had 
built fighting pahs, as they call them, on the occasion. These pa.hs were built 
eometimes on their own land, sometimes on their enemy's, and they would occupy 
them for months without coming to n. fight, until some chance brought on an 
engagement. Heki appears to have followed this mode of fighting in all his wars 
with the British, but against us he built much stronger pabs than they were 
accustomed to build in their own wars. The natives, both allies nnd enemies, 
were generally found to be well armed with guns, chiefly double-barrelled, and 
the enemy well supplied with ammunition; our allies were supplied by Govern
ment. Arms and ammunition had been the favourite barter with New Zealanders 
for pigs and potatoes from the first appearance of whalera among them; and 
the sale increased when there became a prospect of war with the British, and 
there were British subjects found disgraceful enough to sell arms and ammunition 
to the natives while the war \'l'<\S going on. t 

On May 3,:t the forces disembarked at Onewero, up the Kin'.J.:iri, river (see map 
No. 2), having been deln.yed for want of information about the country, and of the 

"' B. B. 1845, 16. t Col. Despard, U.S. Mag. 1846. 
! Col. Hulml"s dlllratcb, 8. B. 
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position of Heki. It was ascertained from the natives that ho had established 
himself in a pah at 01,:m'lw, a place about eighteen miles inland. They were 
entirely dependent on the natives for information nnd guidance to this place. 

The force consisted of part of the 58th, 96th, and seamen and marines, of the 
"North Star" and "Hazard,'' altogether a.bout 400 men, under Lieutenant-Colonel 
Hulme, 96th. Tomati.waka joined with about 400 natfres.* ,vith thia force, and 
without transport, without a g1.m, Colonel Hulme tmclertook to penetrate eighteen 
miles in a country almost unknown, but which bad been already reported im

practicable for troops,+ to attack a pab, such na had been pronounced Ly several 
authorities before to be proof against field artillery. 

Having no means of transport, the men carried thirty extra rounds of arumuni• 
tion and five days' biscuit, anU in heavy rain, without tents, they marched eighteen 
miles in two days, by a narrow path through a thick forest. Two-thh-ds of tbe 
ammunition, and all the biscuit, was found unfit for use.:t 

The pah was built expressly for this occasion; it had three rows of palisades 
and a ditch inside, the exterior row being coated with the leaves of the flax plant, 

to conceal the effect of musket-balls upon it. 
May 8, three storming parties adYanced within 200 yard.a of the pab, and 

some rockets were fired at it (they were brought from H.M.S. "Hazard," and were 
probably 3-pounders); but they bad no effect. Rockets would, however, be very 
useful to fire into a pah-they would destroy the houses. 

At the same time, the natives made a sally from the pah, and with another 
party, under Kawiti, which bad been concealed in the neighbouring forest, bad 
some skirmishing with the troops; the natives bad to retreat again, without much 
lo8s on either side.§ 

Colonel Hulme now finding that his expedition was in vain without artillery, 
marched back his force on the 10th the same way they came. They were not 
molested on their retren,t, neither had they been on the advance; and they had 
still greater difficulties about transport, owing to the ·wounded. They had been 
ten days on shore, and the medical officers said that any further such exposure, 
without cover or rations, would produce sickness. 

Killed on this occasion. 
NaYal. 

2 men. 
Military. 

12 men.II 

REM.ARKS. 

As this was the first regular expedition with troops against the natives, a.n<l as 

all the subseq_uent expeditious were much of the same character, this seems a 
proper place for making some remarks upon them. 

lst.-J think the mistake at 07.:ailm was in attempting such cm expedition at all, 
with such means,-cMefl!J because of the character of the country, which was known 

at the time to be such as has been described; necessitating a long, straggling, slow 
line of march; preventing the carriage of guns, ammunition, or provisions, except 
by making cart roads; permitting the baggage and the whole force to be cut off 
piecemeal by the natives in the forests; utterly impracticable for the evolution1:1 
of disciplined troops; indeed, that very country had been reported, in 1844, as 
impmcticable for troops: 11-

•"New Zcalandcr" p::ipcr. 
1 Col. llulmc's dii:,patcbcs. L')Cal 11apcr8. 
il lbid. 

t Lieut. Bennett, C'upt. F. p::imphkt. 
P. U.S. !\lag., Dcc. JIH7. 
~ Lif:ut. Bennett, C.1pt. F. 



l~ NEW ZEALAND, 

Secondly, because of tbe character of the natives and their pahs, which was also 
known at the time to be such ns l1a.a been described; the natives accustomed to 
the ::i.ttack and defence of pahs, and well armed with muskets; the pahs proof 
against field artillery, and situated in the moat difficult positions. 

I think the attack of such a stockade, eighteen miles inland, under such 
circumstances, was most unlikely to succeed; and we now know, from subsequent 
experience, that it could not have succeeded-that the pabs were all but proof 
against the heaviest field artillery-and, indeed, that it is chiefly owing to the 
unwarlike character of the New Zealander that any of our troops have retm·ned 
from their expeditions alive. 

2ndly.-I think it would have been better to haTe established a strong military 
post at Ko1·omrika, and to have waited until further information concerning the 
country was obtained, and until au equipment and a force suitable to such a service 
was provided. The description of force necessary to have reduced one of these pabs 
(judging from the experience of the subsequent expeditions) would have been 
about 500 infantry, four howitzers (two 12-pouuders and two 24-pouuders), with 
some rockets, and some sappers to make the road and batteries. Such an equip
ment would have required perhaps ten bullocks (including ammunition and 
provisions), a.s the howitzers might be drawn on their field-carriages by hand, and 
the ammunition and provisions on the backs of the animals; thie force might have 
moved at the rate of four or five miles a day through that open country. A 
breach should be made by such guns in two days, and the whole result of any of 
the expeditious would be obtained in a much shorter time. 

Or, the guns might have been dispensed with altogether, and the 500 men might 
have advanced with the bullocks alone in one day, and blown the pah in with bags 
of gunpowder. Four or five bags of 50 lb. each would make a practicable breach in 
any of the pa.ha we have had to deal with. Of course, the great question is the 
placing of the bags; but, from my experience of the natives, I believe that so little 
watch is kept by them during the night, that the bags might be laid without 
discovery juat before daylight. It would be a dangerous undertaking, no doubt 
(but not more so than the assault of Oltaiawa1), and its practicability would 
depend on situation and circumstances.* 

3rdly.-But even u11der any circumstances, with either of these equipments, and 
the best troops and guns in the world, I doubt if they would have succeeded in 
p1·oduciog a. much better impression on the natives. The advance even of the best 
equipped regular force would necessarily be slow. The want of information, of 
transport, ammunition, medicines, tents, would prevent them advancing above a 
few miles a day in such country; they would still be liable to be cut off on the 
m::i.rch; for although the general charncter of native fighting is to remain in their 
pahs for the attack, yet they do practise ambuscades when they see a favourable 
opportunity. And after all, when the troops had arrived a.t the pah, they could not 
"invest" it, so as to prevent the enemy's communicating or sallying out into the 
forest; and1 finally, when they had made their breach1 on the point of the assault 
the enemy would evacuate, and retreat ten miles further to another pah i leaving 
the troops to follow by another slow march, and make another breach, only to 6ud 
the pah again evacuated. For the loss of a fighting pah is a small shame to the 
1'faori; it wou1d be probably built only for the fight, and perhaps on another man's 
land, and it does not take them long to build- TVakc~ built a small one for the troops 

• Sec re1mrtof cx1icriments at Chatham at conclusion or Part III. 
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in one dn.y. It is only when the people are captured in the pah that a lasting effect 
is made; the Jlaori. counts tho uumbors slain or made prisoners, in 1·eckoniug up 

his wars. 
4tbly.-On the other hand, the colonists and native allies were urging on the 

commander to put an end to the distw·bed state of the country; and it was not 
thought that the natives would stand to meet such a force of troops, even behind 
a pab, and the pahs themselves were not well known (Lieutenant Bennett's 
description bad been buried in the nrcbives of some office, instead of being 
published to tbe officers); in short, the enemy was undervalued, and finally, there 
was no such equipment iu the colony as I have mentioned. However, on the 
whole, I think it would have saved the subsequent campaigns to have waited in a 
post at Koi·orarika until the proper equipment was ready. 

5thly.-It is very satisfactory to find that, with all these difficulties to encounter, 
the troops themselves behaved exceedingly well. They surmounted the difficultiP.s 
of the country steadily, and after going through them all they showed, when they 
had the opportunity in the sally and ambush, that they could drive back the natives 
hand to hand on equal terms. These are circumstances when the drill and whole 
education of the soldier is at fault; the discipline and manoouvriug of the parade 
are almost useless i each man is thrown on his individual resources; neYertheless, 
notwithstanding the totally new circumstances in which they were placed, I do 
not think there is any case recorded in the whole wars in which, with anything 
like a fair field, they did not easily drive back the natives. 

6thly.-The natiYo allies require some notice here. We have alwa,ys had native 
allies in our wars in New Zealand. They have generally acted as guides and 
followers; from their custom of having frequent communication with the enemy, 
the commanders found out where the enemy was, and tbe path to him, of which, 
otherwise, they would have been totally in the dark; they assisted (on being paid) 
in the carriage of stores ; and made buts for the troops. The commanders have 
accused them of being lukewarm, but they showed good fight on som.e occasions, 
and were, on the whole, faithful after their manner. 

It is not to be expected that they would put themselves much in the front in 
a foreign cause i it was a very gr·eat point gained that they did not oppose it i and 
it is not, I should think, a desirable thing that one tribe of natives shonlJ be 
allowed to fight another tribe for the defence of British interests; howe,,er this 
practice may haYe succeeded in other countries, in New Zealand it would only 
tend to breed suspicion, and sow such internal discord between tribes as would 
cost more to allay than the war which gave occasion for it. They should only be 
ca.lled upon to assist the forces; except as in the case of Ko,.ora,·ika, when a chief 
offered to come with 300 men to the defence against Heki, which was refused, 
unnecessarily, I think. 

SECT. VI.-OJI,HAWA!. 

Just before Okaihu Colonel Hulme took the chief Pomm·e prisoner; Pomal'e had 
come, under a flag of truce, into the camp of the British force, and the colonel 
kept him, a.s ho was justly suspected. He might eMily have been captured by 
force, and, after all, he was only detained a few weeks. You cannot fight savages 
exactly on the same terms as civilised forces, but stil1, the more openly the war is 
conducted, the more the Mao1·i will respect the civilisation.• 

• Dispatchc11 in local pap(!rs and B. B. 1846, 
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It wna unnecei.sary to <.h:$tl'oy Lis pah; but there is no doubt Colonel Hulme 
Wll8 actuatetl by feeliugs of humanity. 'l'he character for gallantry he obtained1 

even during this short campaign, is a sufficient proof of thu.t. * 
May 15th, Major Bridge, 58th, with 200 men, took the pnh of Waikari by night; 

the natives cvacuateU the pah with hardly any resistance i it was only an ordinary 
1lah of no grea.t strength. t 

The troops on arr-i-,iug at the Kmm Kawa re-embarked, and returned to 
A ucklm1d I It does not appear why the force was thus withdrawn, why they did 
not occupy Kurorarika, or some good military post there1 as a basis of future 
operations; no doubt it was under ot·ders from the Governor; but this apparent 

retreat from the country (for the third tiwe) must have given great encourage
ment to Ueki, and as much discouragement to our allies. Accordingly, we find 
that, on May 31, Ileki wrote such a letter to the Governor as showed that he felt 
very confiUent in his own strength, and elated with the general success of his 
former opern.tious.:t 

However, the Go'\"ernor waa now thoroughly aroused, and further reinforcements: 
(which be had continued to ask for) aniving from Sydney, he ordered the fow·th 
expedition against Heki to be undertaken immediately. 

June 1st, 200 men, 99th, arrived from Sydney, under Lieutenant-Colonel 
Despard, who took command of all the forces in New Zealand, as colonel on the 
staff. They iwmcdiately proceeded on to the Bay of Islands, with other troops 
and some volunteers from Auckland, and four field pieces, which were placed 
under the command of Lieutenant ,Yilmot, R.A., lately at-rived as a volunteer 
from Van Diemen's Land.§ 

It appears that Beki, nobvithstanding his boasting, must have been afraid to 
risk another siege in Ol.:aiku, for, after some skirmishing with the friendly natives, 

he retreated to a still stl·onger pah he had built on purpose at Ohaiawai, near Lake 
01,1apcre. 

Colonel Despard resolved to attack him there; and hero we have over again the 
same description of campaign as before. This expedition was certainly rather 
better equipped; the style of equipment had advanced from the fifty men at 
Kotoi·a1'ika on to the 400 and two rockets at Okailw, and now reached to 600, and 
four field pieces for Ohcdawai; but there were the same delays for want of iufor• 
mation and transport, and the same toilsome march through thick forests i the 
field pieces were such ns Lieutenant Bennett, two years before, had pronounced 
useless against ordin:u-y pahs, and this was known to be one of extraordinai-y 
strength. The evils arising from these wants, and bad organisation, are not all 
chargeable to the commanding officer: be was obliged to work with such equip• 
ments and troops as he found in the colony; the fault he can be charged with, is 
having undettaken such an expedition at all with such means. 

·we have the description of the faihu·e of these means from the commanding 
officer himself. 

On the Uth of June the whole force proceeded to the Kfri Ki,"i river in 

H.M.S. "Hazard," and the other vessels; one of these got on shore in going up the 
Bay of Islands; but there was nothing peculiar to the place or to the circum
stances in this accident; it might have happened anywhere j however, it delayed 
the advance two days; and on the 16th of June they landed at Onewel'o, at the 

• ni~patcht11 in local pnpcn antl B. B. 1846. t Ibid. 
t B. B. 1816. ~ N, Zr. paper, No\'. 1845, ancl U.S. M:ig. 1846. 
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mouth of the Ki1·i Kiri river (see page 55 for <lescription), and marched to Kiri 
Kfri missionary station. The following is an extract from Lieutcnrwt-Colonel 
Dei;pard's account of the campaign in the United Service Magazine, August, 

1846 :-
"Having reached om· destination about twehe o'clock the same day (16th), 

and everything having been previously prepared for disembarking, no time was 
lost in commencing it i but as there was a. considerable distance to go in boats 
before a proper place could be found for landing at, owing to the hilly and woocly 
nature of the banks, they were not all on shore till four in the afternoon. Tbe 
road to Kfri was a bad and difficult one, with numerous valleys, and each having 
a swamp or boggy stream at the bottom, which rendered our march slow and 
tedious. 

"At three o'clock the following morning, the boats with the guns, ammunition, 
and camp equipage, reached Kii-i Kiri missionary station (the river being 
~:wigable for boats so far), under the superintendence of that indefatigable 
officer, Acting-Commander Johnston, of H.:M.S. "Hazard." All these being landed, 
our next operation was to muster our drays aud carts, and to ascertain what was 
the amount of transport can-iage within our reach. Three drays were all that 
could be procured, and two carts with two horses each, which had accompanied 
us from Auckland. This obliged me to lea1.·e ltalf the ammunition behind~· no 
private baggage for officers 01· men could be taken, and the greatut part of our 
pnwisions was obliged to be placed in store at Kfri, and there wait for fa\'ourable 
opportunities of ha:ving them sent after us. 

"The officers hired natives to carry their baggage, each officer having only a 
knapsack, havresack, and blanket. 

"One of my greatest difficulties was the caniage of tl1e four guns," which was 
effected-" by attaching them to the tail of a bullock dray. Scarcely a rivulet 
was passed that some of the guns did not upset, and were sometimes lost sight of 
in mud and water. The troops left Kiri Kfri at one P.M.: in crossing the second 
rivulet, the bottom being unsound, the shaft of a horse cart broke, and as there 
was no possibility of repairing it, I was obliged to leave a captain and fifty men to 
protect it, as it was loaded with ammunition. 

"Two miles further on two more of our carriages broke down; it was then 
quite dark and raining in torrents; I made a general halt till the moon rose, and 
then about midnight passed through the wood; 100 men relllained to protect 
the drays-we arrived at Waimate at half past two .A.M., twelve miles in thirteen 
hours ! The fifty men with the first broken-down cart arrived at two P.M., having 
unloaded the cart and brought the things by hand." 

I consider this a fair specimen of the difficulties that have attended almost all 
movements of troops in New Zealand, and I think it shows the extreme difficulty 
of making successful campaigns against the natives in the interior with regular 
troops; for even supposing the commanding officer to have provided himself 
beforehand with means of transport (which he ought to have done), and to have 
been properly equipped with guns and engineering implements from England (as 
he should have been), there would still have been great delay in traversing the 
country-and such a country, where the ho1::1tile natives might have cut them off 
one by one; it is true the natives did not molest them, but kept to their strong
hold twenty miles inland, but they seemed to be aware of their opportunity of 
doing so, a.a they boasted (Colonel Despard says) of their forbearance in not 
<lestroying the mission:-i.ry cstablishmeut at JVailimte, which se1·ved a1::1 a depot fur 
the military operations, and also a bridge on the roa<l to it. 
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Eai. ::. en! chie~ Thi::.~ Colc.::Jel ~-,.r,i. and g-&'l"e • eir ;:.:upron: e 
~; amon; th,.....,.. T, J{_.;,. y_, ~-. p.,._ 
P- and I'--. - On the :'.3,tl of J=• :he f.rre """'1>ed :'rom If; · "' 

The ~ee 1'"'U only ~'\"e'D miles. ~t the ooo.ntrT bein::: o: the :ia::lfl 

impncticab!e m:ure a.;; bef'ort?. it occuried :hem the whole dai ~ 
The pah wa..s Snw.cd :in a dear len-1 '.'!ll&C'e in :.he fores-~ about 500 YL'"lis :e"{tl&l'e,. 

har..n:= on each We of :i.;; a n.ri:Je r..·· wooded ~: all ;;te tt:;:: c:' the COOlltl""\"" 

1n1.£ thic.k.ly wooded: :it had t U'ee rows of pafuades,. t.be tw-o ou:~r ro..-s bcin; 
c1.""5a t ;;etl.a-.3.!ld B:3: f,;,E::. !Nm the ~er l"QW' whieh .ta'.; !n.lde 0:' ~of~ 
9 in. c-0 ~O iD. d:iameur, anJ 1.5 :+ ... lc_gh. &tw'een the ro..-s wa.s a dit.:=h 5 ft.. deep 
w:i•h traTe.."'Se:S. fro= .. :ticl! ..he defe!c.dcrs £:red thro~---h loophole5 on a lel"el w:ith 
the _;round;. the ditch rommunioated lt':th. the irn:erior by ~-es under .he 
inner pafu---ad.e. There ~ a. ('08.t.:.n.; oi :::a.:t. lea>.?£ 0 :Il. thlcl: O!l ..he ou:-a
palli,a,i - The hu:..., in.side had a-can.::ions un-Jer the::n !or rro:«ricn ~~ 
,;,hc..t i but t.he n.a.ti.e;; are a.:~:-0::.:nl :o m.ll.e the5e for l.:crpi:r:i; r<,ta;oes ::1.. 
The pah ~ about ninety ya.rds by fifty, and had • ~U2I'e ftsnl proj~-=illg ~ 
~h5ide...:: 

There was a. mialJ r&L;e o! b.ill..s O'.'l the right .-hieh w.i.5 l..I::l.!:le-2....:.a:ely oceapied 
ly tl::.e na.ti~e alEe;:. :!i.e U'OO.f3 en.:-amped am,:-ng :be po:a.toe ~cD.5 of the pah 
in a sm,11 b.01!011r within t O yards of i:., but our of Tiew. On t!!e ~~t of·· e 
~3rd. a battery for Ue !our ;c..!15 wa.s made 100 yartl.:; in frci.nt oi the ca::np: i: 
fired all Jay on the ~!tb tn'.t1oat ef«t~ which was partly o1r'lll;- :..:t tl:e ine::5.c:i.en<"y 
of the carri:a.;~ and inoon,enienc-e c! :.he b..:.:eri~. which was on •e.ry l"OU.:--h 
ground. and co.ered by a bre:a..::c--r-wotl o:' t:.mber C'CIG.:.ed W:ili =.a.x le:a't°e$: bet 
l:!•pr. carronadfi and O-r~. ;u:i.5 w-ould no rroJuce much ~~t Nl mch a 
stockade e.en with the be-Et ~'9e:5 and platfo:n:J:.$.§ They were tried. ~-,in in 
another ba...-tery at ~50 yard,;,, and ~,in a:- 5:) ~ fro::n :.he r-h,, and ~ they 
producel no be:icr ef"oc'Ct e,e::i. at the- la.ner ~ta.nC"e~ and a.s • e na:i~ kept up 
a s,harp f.re upon them from the re,h.. ilAtM ,._, tra"t'fttaliy nt.ldnn:11. ADJ this 
force would t1rob&bk ba't°e been obl.:~ u, f,.,llow the ~pie of ~ if 
Commander J~h.n,,-:"V:::; had not brought ~pa 3~•pr. from the"' Huard.• w-hicli ~ 
efi'ened by the help o! a dray and a d · uble team of buU('CK5 in o::ie day. DnriL; 
the day and Dlfht of the 3Ctth a battery wa.s made for it at tl:e foot of 1r:M."'Q·.r 

• u,u. BLnea~-s. 5Sth. 
; Capt. llnknr'!o ~ 3.Dd pba. 

• Cot.~. r. $.. liar-. Atg. lH'S-
1 C'oL Oe,pud. r. - lh.g-, A"¥- lt"'t&. 
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hill, about 100 ynrds from tho pab, to fire obliqnely on the pa.lisades. It fired 
26 shot on the 1st, which, in Colonel Despnrd's opinion, so loosened the puli
s..'\d ing, tho.t he ordered it to be nss::i.ulted. Captain Marlow, R.E., did not think 
the breach practicable, and it proved not to be so.* 

About ten A.M. on the same day the natives made a sortie from the pah upon 
Tl'aka'li' position, taking advantage of there being only a few men on gu:i.rd there; 
our natiYe allies had half finished a stockade for themselves on this bi11; the 
enemy came so sudJenly upon them that the senior officers of the British 
force, who bnppeued to be there, were nearly captured. Tbe look-out could not 
have been very good, but two or three sentries in red coats are not a match for 
the movements of dusky savages, in broken wooden country. After the first 
surprise the enemy were soon driven back into the pah. 

'l'he assault was made at three .P.M. by 160 men divided into two parties under 
Brevet.major Macpherson, and Major Bridge, and followed by forty seamen and 
pioneers, under Lieut. Phillpotts, RN., with hatchets, ropes, and ladders. They got 
within eighty yards under cover of a gully, below Waka's hill, and then rushed at 
the pab. For ten minutes they tried rnnnfully to force a way through the almost 
unbr◊ken palisades with nothing but their swords and bayonets, for they had 
unfortunately thrown away the hatchets and ropes which might have been of 
some use, and they actually got through the firot palisade, and the natives inside 
ceased firing in fear, until they found thnt the inner palisade st-ill resisted every 
effort, nnd then the assaulting party, having lost two officers and half their force 
in killed and wounded, were compelled to fall back. 

From the 1st to the 9th July, little or nothing was done, there being no gun
ammunition in camp; and Colonel Despard entertained some idea of retreating, 
for be says, "The boldness of this attack (the sally) convinced me that he was 
gaining confidence by the little effect which our guns had hitherto had upon hiru; 
and I considered there would be every chance of his sending out a party secretly 
at night and cutting off all our supplies, which were brought up from the rear 
every two or three days, and, by destroying the few drays I had and carrying off 
the cattle, ha~e forced me to retreat, and leave everything behind." 

But on the 9th, some ammunition arrived for the 32-pouuder, and it re-com
menced, but fired only into the pah, the idea of a breach being given up. The 
natives, however, would not risk another assault; on the night of the 10th they 
cv.a.cuated the pab, retreating to a still stronger position at Jkorangi, about ten 
miles further. The pah was then destroyed. 

Killed in this campaign. 
Naval. Militarl". 

Lieut. Phillpotts, R.N. H.M.S. '' Hazard." Capt. Gra~t, 58th 

Eus. Beatty (died of wounds). 
36 men. 

REMARKS. 

Here is a. repetition of the Ol.:ailui campaign, with a rather better equipment, 
a.nd a rather better result : the same remarks apply, and in some particular parts 
rather more strongly, every step of the campa.ign showing the inefficiency of 
the means. 

" Col. D., F. S. l\fag, 18-IG, ancl U, R. Mug. l !l.-17. 
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G. gallantry of the ass.'l.ult (especially mentioning Ensign Beatty, of the 58th); and 
o,u.iAWA1. nl so to the patience of the wounded lying in tents in the midst of rain, mud1 

firing, :wd noise. Sure1y it proves not only that the fault of the ill•success is not 
to be laid to the men themselves, but even that these l'ery men, properly 
equipped and trained, would be n. match for any .1.llaories in a.uy part of New 

Zealand. 
l0thly.-ColonelDespard does not speak highly of the assistance he received from 

the native allies under Tomati-waka. * They acted as guides, and gave information 
and advice a.bout the country, and carried things on the march (for which they 
took care to get well paid) : but they acted entirely in accordance with their own 
tactics: long talking, exciting preparations, sudden spurts, daring skirmishes for 
a littlo, and then talk again for a week. They desired to be friendly to the 
British : it was not to be expected that they should take a prominent part in a 
quarrel they had not much personal concern in-and for strangers against their 
countrymen. Colonel Despard's recommendation, "to be able to act independent1y 
of the natives/' is worthy to be remembered by all officers. 

,vhen he proposed to retrea,t {before the 9th) they opposed it with g1.-eat 
excitement; for they would have been left to bear the whole force of a. campaign 
from the victorious Hel.:i. 

There was a great quantity of provisions found in tho pah ;-this ie the first 
point the natives look to in commencing a campaign, and a first cause for their 
retreating or making peace. 

There were also four guns found in the pab, but the natives never used them; 
in fact, they could not. 

July 14th.-The whole force returned to Waimati. Colonel Despard now 

prepared to follow up his success with spirit : he sent 200 men with two guns to 
attack Aratoa's pah about five miles from TT'ainuite; but ..4 ratoa had learnt a lesson 
from Oliaiawai, and he evacuated the pah as they approached. It was as well 
Colonel Despard was not obliged to try another siege, for there was a difficult 

stream on the road, with a broken bridge, which would have led to the usual delays 
for guns, &c., and the site of the pah was a very strong one. The difficulties in 

cutting paths through the forest, making rough bridges, batteries, stockades, &c., 
show the very great want of a company of Sappers and :Miners in these expeditions. 

But Governor Fitzroy put a stop to these energetic proceedings : willing to 
give Heki every cha.nee of repenting, he ordered Colonel Despard to Auckland on 
some minor duty, and prohibited further offensive operations until further orders. 
Heki and Kawiti employed the time in negotiating with the Go,•ernor for pardon, 
and building new pahs for defence, which led to the fifth and last campaign 
against them. 

There was a good deal said during this last affh.i.r about the interference of the 

missionaries. I fully believe that these gentlemen, deceived and misguided as 
they ,vere in their estimate of the natives, had throughout the most conscientious 
desire to maintain peace, and most honourable feelings towards their own 
Government. Several of their body were held in high esteem, and rendered 
good service to their country; but they went to the extreme of blaming the 
troops for fighting on Sunday, as if it was more humane to kill twice as many 
men by protracting the war. 

• U.S. Mag. 1846. 



SECTION VII.-RUAPEKAPEKA. 

After Oltaia1rcti, the greateRt part of the force remained in camp at Waimatc, 
nn<l employed themsclveR during four months of inactivity in forming an 
intrenched camp there. Colonel Despard put a stop to it when he returned. Jt 
is ,·ery possible that the intrenchments may have been much too large, a.a he sa.ys; 
nevertbelesR, it is a very desirable and necessary thing for troops to intrench or 
fortify themselves wherever t.hey nre encamped in New Zealand, in order that a 
small body may protect the magazines, leaving a larg-i force ::wailable for attack, 
to be secure against sm·prise, an<l it would have preyeuted the effect of alarms. 

Colonel Despard employed the time at Auckland in endeavouring to provide a 
little better equipment; some field gun•carriages were made; but he could only 
succeed in producing a force similar to what had been used before; there were 
better guns and drays, &c., but all of the same character, necessitating slow 
advance and cautious measures. He, however, received more men from Sydney, 
the result of the Governor's continllcd applicatiQns, and two more ships of war, as 
noted below. He returned to the Bay and Waimate August 27th. The Governor 
still endeavoured to bring the enemy to reason, and the letters from Heki and 
ltmciti, between Oltaiawai and Rttapekapel.:a, show them to have been only half 
confident in their former escapes and powers.* Heki had even separated from 
Kawiti, tm.d seemed inclined to wait the issue of Kaw-iti's pah, which be was 
constructing at Ruapekapeka. The fact is, that no savages (and especially 
no l>faot·ies) can carry on a campaign for any length of time together; their 
physical strength becomes exhausted, and their spll'it wears out; they like, 
according to their own system, to have a little fight and then a little peace, and 
then at a convenient season to commence fighting again. And at that season of 
the year they began to be short of potatoes, which has a great effect upon a Maori, 
although he is accustomed to feed on fern root in bis native wars. Hence Bel-i's 

followers began to des.ire peace, at the same time collecting food and building 
pabs for the future; but Heki himself was too conceited and bad too deep a dislike 
to British rule to give in, and Kawiti's pride and ancient feuds against our na.tive 
allies was roused; and they were both afraid of losing their land, for Governor 
Fitzroy had made the surrender of land one of the articles of peace, a condition 
which alone would have ever prevented a satisfactory issue, The natives them
selves seemed perfectly aware of these points in their own character; for at a. 
ko,·ero, or public meeting, Leld on the arrival of Nope1-a, a chief of the north, 
who joined the allies with 100 men in September, they gave very sound reasons 
for vigorous war, founded on Heki's character; and Kawiti, in a letter to the 
Governor, accuses Waka of fighting on account of old feuds; he was always 
"naming his dead of old times," and wa.s ti not fighting for our (the British) dead." 
This intelligence and quickness of argument which the ~Maori possesses beyond 
most savages, inclines strangers to place too much confidence in them, but I think 
the sight of the sagacious Waka, stamping the war dance in full post-captain's 
uniform, ought to make one cautious in relying upon so excitable a cbaracter.t 

It is evident that savages of this character are not to be subdued by occasioonl 
shows of troops, long de1mltory campaigns, with long intervals of inactivity n.nd 
negotiation; these are too much in their own style-they like such campaigns. 

• B. B. IS.JG, and U.S. l\bg. 1$4G. t U. S, l\I:lg. l!HG. 
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They should be tired out with incessant 1rnra.ssing surprises for weeks together, 
without a day n.t leisure; but Governor Fitzroy wished to spare bloodshed, so he 
ordered the troops from lVuimate to Koi·onm"l.:a (against Colonel Despard's 
opinion), and commenced a strong military post nt the latter place, Probably 
the Governor would baYe considered the establishment of this post a sufficient 
guarantee for future peace; but at this point he was recalled by the Home 
Go't"ernment, and Captain Grey appointed in his place. 

,tl In August, H.M.S. ''North Star," "Osprey," and "Racehorse/' arrived at the Bay, 
the "Ha.z:u·d" having been relieved; and a detachment of the 58th arrived about 
the sarr,e time. On the 4th of October, the head quarters 58tb1 under Lieutenant
Colonel ,vynyard, arrived in the transport "British Sovereign," and anchored in 
the Kiri Kfri river. She also brought six 24•pounders1 of 50 cwt., which Colonel 
Despard properly describes as useless; and 4 brass mortare 4½ in., weighing 
1 cwt. each, which were found useful. 

Nov. 4.-A detachment of the 99th arrived from Sydney, bringing three 
more mortars and thirteen bullocks; these latter were the most useful part of a 
field equipment that could have been sent, and unfortunately eleven more bad 
died on the passage; and their loss added at least a week to the campaign. Just 
a.a this (comparatively) large and well-equipped force assembled, Captain Grey 
arrived (Nov. 21) at the Bay from Auckland, in the East India Company's ship 
of war "Elphinstone." 

Captain Grey was appointed at a most fortunate time for the success of the prin• 
ciples he had laid down for the government of savages in South Australia. The sum 
of these principles were1t that all natives should be placed Ullder the control of 
British law, and not allowed to practise thell' own customs. Such principles 
could not be put in practice iu New Zealand1 without a considerable force in men 
and money, and Captain Fitzroy had neither of these; the absence of troops was 
his own fault in delaying so long to ask for them j but money was always denied 
him by the Home Government : t they did not sufficiently conside1· the absolute 
necessity of supplying a young colony very large1y with funds to start with. But 
now the continued difficulties, and Captain Fitzroy's uow constant demands, had 
brought Lord Stanley (then Colonial Secretary) to acknowledge the necessity of 
isupplyiug both; aud when Governor Grey took the command the tide had 
completely turned in favour of New Zealand. He bad 500 men, 4 ships of war, 
and 20,000l. His first act on lauding was to stop the forts building at Koromrika ,· 
l1e might, however, as well have allowed something to be done, as the troops are 
to this day wiLhout any defences at that station. He then gave Heki and Kawiti 
a fixed time to decide upon peace or war, which infused confidence into the 
natiYe allies; he perhaps carried the negotiations t\ little too fat\ for he finally 
got such answers as made him giYe Colonel Despal'd the orders to attack 
R1tapekapeka forthwith. 

Then commenced the usual slow advance of the regular forces; and here again 
we have the history of the delays from the commander himself. 

The following troops were engaged at Ruapekapeka :-

• Lieut. Balne:wis, 58th, and U.S. l\Iag, 1846, :md B. B. 1S16. + Nel11on petition, 1815. 
l Capt. I-'itzroy'il pamphlet aml B. B. 1846. 
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Lieut.-Col. Despal'<l, 99th, commanding. 

NAVAL, 

Seamen, HJ\I.S. ''Castor," "N. Star,"} Officer.!!. 1ll(•n. 
'·Racehori;ie,"H.E.I.C."Elphinstone" Commander Hay, R.N. 33 280..,. 

MILITARY, 

Royal Artillery, Royal Engineers. { Lieut. 'Yilmot. R.A. 
· Capt. :Marlow, R.E, . 

lfoyal J\Iarines . 
58th 
09th. 
H.E.I.C. Artillery 
Yoluuteers from Auckland 

Capt. Langfol'd 
Lieut.-Col. \Yynyarcl 
Capt. Reed . 
Lieut. Leeds 
Capt. Atkyna 

:} 2 

4 80 
20 543 

150 
15 
42 

Total GS 1110 
Native allies under Tomali-wd,:a, Noptl'a, Rcpa, lJioses, &c. 450 

8 32-prs. 
1 18-pr. 

l\Ir. Tm·ner was the D. A. CommIBsary General. 

ORDNANCE. 

2 12-pr. howrs. 4 4½ mortars 
1 6-pr brass gun 2 rocket-tubes. 

The enemy in the pah supposed to be 500. 

Dec. 8, 9.-These two days were occupied in moving the force in the men-of
war and transports up the Kawa Kawa, as far as the junction of the Waikaf'i, 
where they encamped (see l\Iap, No. 2). 

Dec. 10, 11.-These two days were occupied in moving the force on up the 
Kawa Kawa to Pukututu's pab. This was intended to have been done by the river 
in boats, but at the last moment it was found that the boats would not hold the 
force, so part of them marched by a native path on the left bank, which was 
shown them by a native. The country about this river appears to have been 
open, consli!ting of long ranges of hills a few hund.J:ed feet high, covered with thick 
fern and Manuka (the tea-tree of Australia, which when young is 1ike very tall 
heathel'); and with flat swampy valleys in between, through which the stream 
wound, and only timbered in ravines. 

Dec. 12-w·aa employed in bringing up the heavy guns by water, and 
collecting bullocks; and even now, a.t the last moment, after five months' prepara• 
tion, these indispensable necessaries for the mo-vement of troops were not provided. 
"In this branch of om· armament we were very defective; when all the bullocks 
which could be collected were brought into the camp, there were only sufficient 
for six. drays, and there was also one 3-horse cart."+ Sixty men, soldiers and 
sailors, under Commander Johnston and Lieutenant Holmes, R.N., were left to 
protect this situation at Pukututu's pah, a.a it formed a depot. 

Dec. 13 to 22-Were occupied in reconnoitering the country, and making a 
practicable path towards Ruapd:apeka. This very slow cautious progress is very 
certain, and was then unavoidable, but it presupposes that your enemy will wait 
patiently in his pah for a month or so until you get up to him; and that the 
destruction of his pah is all you desire. The enemy did fortunately l'emain in 

• ll.M.S. "Ca•tor" nr1fre<l on the ]5tb, and 100 men from her joined the force on the 20th. 
t U.S. 111:ig. JS-!r;, 
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his pah, but he escaped from it nt the 1ast moment, and the loss of it was of little 
consequence. To Juwe inflicted a real blow upon him, the comn:iander should 
have prepared his bullocks and reconnoitered bis road, and made his path before
hand; or elsewhere provided such a force that he could have advanced ~t once 
without any of these preparations. As it was, the slow progress was unavoidable: 

"we crossed a small river, and thence the troops were obliged to move in single 
file, the path being very narrow, and on both sides covered thickly with fern, 2 
or 3 feet in height, mixed with tea-tree 6 or 7 feet high.''* The country was a 
constant succe~sion of hills. Then, on reconnoitering another 1ine, '' we came to 
a ravine, not less than 150 yards across and 60 feet deep; the descent became 
perpendicular at bottom i the opposite bank thickly wooded with timber." And 
such hills and such ravines are rather easy travelling- for New Zealand. Reguhr 
troops, which are taught only to move as a body, and depend on the voice of one 
commander for every slightest move, are not fitted for such a country where every 
soldier ought to be independent in himself. One hundred men, chiefly the 
volunteers, were employed making the path practicable for drays for the first 
seven miles; and on the 22nd, the force advanced this distauce, and encamped 
and halted for three clays to bring up the rest of the stores, &c. 

At this camp '' the path from Heki's supposed present place of residence joined 
that to Kawiti's pah," therefore, "by our occupation of the position, his approach 
by that route was completely cut off"*-but it is impossible to cut off the march 
of natives by merely occupying their usual paths ; in war time, as each native 
carries bis clothing, arms, and ammunition, and the women carry the food, and 
they have no shoes to wet, and can hut themselves anywhere, they are inde
pendent of all paths. 

Dec. 27.-The force moved ou again five miles in a few hours, to within a mile of 
Ruapekapeka. + The pah was situated on the narrow ridge along which they had 
been advancing all the way from the Kawa Kawa, and which about here began to 
be thickly wooded, especially in the steep ravines on each side. The actual site 
of the pah was cleared of trees, and sloped towards the British camp, and the 
ridge took a bend between the pn,h and the camp, so that from the camp, which 
was on a high knoll, there was a good view of the pah across the intervening 
ravine. The native allies now went to the front and had some skirmishing with 
the enemy, and built themselves a pab at about 1200 yards from the enemy's: and 
on the 29th, they advanced to within 800 yards of the pah in an open space in the 
wood, and a detachmt:nt of troops followed and occupied this position, and the 
camp of attack was made here; where there was forest, of course a way for the 
drays had to be cut through; indeed, the difficulties of the transport were such, 
that notwithstanding his large force, Colonel Despard was glad of the arrival of a 
further detachment of 100 of the 58th (included iu the 1·eturn above), "as our 
men were beginning to be a good deal harassed from the difficulties of the road 
(i. e. the way cut by the pioneer8), which, being much cut up by the late rainy 
weather, it frequently required sixty men, in addition to a team of eight bullocks 
to each gun, to get it up the hills and through the woods, besides being after
wards obliged to stop till some large tree was cut down, perhaps 6 feet in 

diameter." They had even to cut lines of fire through the wood for the guns. 
No wonder it was the 31st December before the whole force were in camp, anrl 

the 9th January before all the guns and ammunition arrived : between the 1st and 

U. ~. i\fag, IR4R. t Lieut. Bo\n(':n·i~, 58th. 
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9th threo batteries wero made : first, in front of the camp, at about 650 yards,* 
or one 32-pounder and one 12-pouuder howitzer; second, at 300 yards from the 
pab, of two 32-pounders and the 4½ inch mortars; third, at 150 yarde, of one 18-
pounder and one 12-pounder howitzer; all bearing upon the same face (the west 
face) of the pab. The batteries were covered by stockades of rough timber. 

During this time some tdal shots were made from the 650 yards with guns and 
24-pounder rockets; the latter rather failed; they must have been bad rockets, as 
Colonel Despard supposes, otherwise these weapons are most useful in such 
senice-for firing iMo pahs; and from their portability, a great many can be 
ca.l'ried with a body of troops without dela.;ying them. 

This pah was about 120 yards by 70 (see Plan), and much broken into flanks; it 
had two rows of palisades 3 feet apart composed of timber 12 inches to 20 inches 
diameter, and 15 feet out of the ground. Inside these two rows was a ditch 
4 feet deep, with earthen traverses left in it, and the earth was thrown up 
behind to form an inner parapet : each hut inside wa.8 also surrounded by a stroug 
low palisade, and the ground excavated inside the hut, and the earth thrown up 
as a parapet; in fact, similar to Ohaiawai, except that the interior stockading 
and excavations were more extensive, though these would uot afford much 
defence after troops were once inside.• 

On the 2nd January the natives made a sally from the pab, and were beaten 
back with great spirit by the native allies alone; they had requested that the 
troops might not interfere, having found out, I suppose, that the soldiers could not 
well distinguish between friend and foe. 'l'hese native skirmishes consist in 
individual ski.J:mishing behind trees, led on by the shouts and example of some 
chief, and this must have been a sharp one, for ten of the enemy were killed. Our 
ally Repa bad been severely wounded the day before. t 

The guns had commenced firing and produced some effect, on the palisade, 
but it would have been throwing life away to have assaulted it a.t that time, 
of which Colonel Despard appears to have had some intention. 

On the 10th January lli.l the battel'i.es opened and fired all day, and made two 
small breaches in the outer stockade only; Colonel Despard says the 18-poundei· 
at 150 yards, bad nearly as much effect as the two 32-pounders at 400 yards: they 
kept up some firing during the night. The breach was described as difficult to get 
in, even without opposition; the small effe'ct of such heavy guns must have been 
owing to the bad carriages and slow firing. 

The enemy began to retire during the night of the 10th, taking their clothes, 
&c. with them, and early on the mol'lling of the 11 th, being Sunday, the natives 
were nearly all out behind their pah, perhaps not expecting any attack on that 
day; Tomati-waka's brother, perceiving the pah silent, crept up with some 
natives, and Colonel Despard finding them successful followed with a company of 
the 58th, under Captain Denny, and pushed through the breaches : they were 
received with a fire from the natives left in the pah, but reinforcements following, 
the troope were soon defending the pah itself against the enemy in the forest 
behind, au<l afte1· three houra' sharp firing against the natives endeavouring to 
retake the pah, some of the daring sailors and aoldicrs having rushed out of tL.e 
pah into the forest behind, the enemy retreated altogethe1·. 

Killed in this campaign. 
Na\'al nnd Military. 

12 men. 

C.:aJ>l, Marlvw, l{. E., di!ipatch. t l .• ~. ~lag. 11:HG. 
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Most of these were aeamen, who exposed themselves too much in the final 
skirmi1:1h. 

The enemy we1·e supposed to have lost about twice that number : they bad 
nearly exhausted their provisions. 

Governor Grey, Captain Graham, R.N., of the II Castor," Sir E. Home, R.N., of 
the "North Star,'' were all present dw·ing nearly the whole of this campaign. 

REMARKS. 

Thus, 1100 men were occupied a full month in advancing fifteen miles, o.nd in 
getting possession of a pah, from which the enemy escaped at the last moment, 
and escaped with the satisfaction to him of o. drawn battle. The quebtion is, was 
it worth while to go through ru.1 that laborious 1w.:i,rch to obtain such a result 1 
Something might have been done to strike a quicker and more effective blow eveu 
with that force; but no regular force, however well equipped, could advance fast 
enough to have taken the pa.h by surprise, and without such surprise the result 
would have been incomplete. 

W'ith respect to what might have been done to strike a quicker and more effective 
blow even with that force : I think1 1st. The bullocks for transport might have 
been provided beforehand; 2dly more information concerning the country might 
have been obtained beforehand; 3rdly1 and the quantity of ca.rriagetranaport r;:oquired 
for stores, tents, provisions, and ordnance, might have been reduced. Colonel 
Despard did send back the tents from Ruapekapeka, for he found that, with the help 
of the natives, the troops could build fo1· themselves buts out of the forest at each 
station, more comfortable than tents. Troops could hut themselves everywhere 
in New Zealand, except on the sandy country near the coast, and in the large 
plains; and provided they are instructed how to do it, The other sto1·es might, 
I think, have been packed on the bullocks' backs. 4thly. The great obstacle was the 
ordnance; 32-poundera and 18-poundera were unnecessarily heavy to breach such 
a pah; the weight of them and their ammunition would be a drag that would 
incapacitate any expedition in New Zealand. If 24-pounder howitzers could not 
be obtained from the men-of-war, it would have been even better to have tried 
bags of powder than have taken such heavy guns a mile from the ships. The 
palisade of Ruapeka1Jeka was not stronger than Olmiawai, or than stockades that 
have been so breached at Chatham; and to judge by the long unmolested march 
of the troops, the enemy did not seem to be much on the alert. 

But if this plan had been objected to, then I think it would have been better to 
have held the post of Ko1·01·cwika 01· Pukututu, until a suitable equipment was pro
,,ided; to have acknowledged at once that the interior waa impracticable for 
regular troops; and to have been content with defending the neighbourhood of 
the stations, even until application could be made to England for a proper equip
ment and force. The force and equipment I think desirable have been described, 
but I must again observe that even that equipment would not, in my opinion, 
make a. sufficient impression on the nativea1 to produce a lasting pence, unless it 
was assisted by a local corps speciaUy trained for the service. 

However, I am rather desirous of showing what is now still required to put the 
colony in a defensible state, than what might have been done; for, a.s before 
observed, there were circumstnnces on the other hand which forced the com
lllande1· to act at once; the chief of which was the alight opinion held by 
ever~body at the time of the strength n.nd resources or the native enemy. 

It IB true Lhat the war in the north came to an end after this last campaign. A 
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few days nftcr Ruapckapcka, both Hcki and Kmciti, wrote to the Oo,·0 rnor to 
ask for peace in terms n.t last trust.worthy, because they were short and decisive. 
And Governor Grey, on consideration of the power he now held in hand, granted 
it, n.nd with it wiijely uncnnditional pardon, without forfeiture of laud; which 

latter ru-ticle tentled materially to allay futm·e di~putes between the natives 
themseh-es and jealouay of the Government. And this peace bas never since 
been seriously diaturbed, and is less likely to be so now, since the death of Heki 
and Pomm-e in 1850. 

'l'hanks and rewards were given by Her Majesty to the troops fo1· this last 
campaign. Colonel DesparJ, Colonel Wynyard, and Captain Graham, R.N., were 
made C.B.'s; Captain Marlow, R.E., Captain Denny, 58th, Lieutenant W'ilmot, 
R.A., got brevet rank; and finally Tomati•waka got a peu.sion of 1001. a 
year. 

If the effect of the campaign did not seem to call for such rewards, when 
compared with a European battle, certainly the steadiness and cheerfulness with 
which the troopa went through the hardships of it deserved them; fo1· the 
individual labow-s and responsibilities were greater than in any civilised campaign, 
whilst the very best results that could be obtained were inappreciable by the 
public. 

Thus ended the northern campaign. It ha.d commenced in July, 1844, with the 
first cutting down of the flagstaff, and continued till January, 1846; each campaign 
hnd 1·equired au increase of force, and even at the last the equipment was inef
ficient, the natives undervalued. It is evident now, that a display of force at the 
beginning of the Colony would have prevented this war altogether, and that the 
leniency of Governor Fitzroy protracted it; and to this I think must be added, 
that it left but a very slight impression upon the natives of the real power of the 
British Government. 

For the peace that Heki and Kau:iti made at last was not so much forced on 
them by the fear of punishment from the British force, or despall' at losing two 
or three pahs, as it wa.s 1·atber the result of their usual native customs; a little 
blood drawn on each side satisfies their honour for the time; and if at any future 
time au accidental cause of war should excite them again against the British, there 
will be found plenty of young fellows who, having sel'Ved in these last campaigns, 
will not only be ready but anxious to try another campaign against the British 
troops. 

To make them really fear the British power will require another system i I do 
not think any regular troopl!l would ever succeed in cloing it. I believe the troops 
who have served in New Zealand have done as well as regular troops ever did iu 
any country against savages; and with the best equipment could have done very 
little more. It requires a. local corps of men so equipped and trained that they 
could go wherever the native goes, and for the time live as he lives, come npou 
him by surprise and take him prisoner. Such a corps would not require guns or 
drays, or even bags of powder. And judging from some of our troops which bad 
been in one or two campaigns, nnd from the habits of the settlers, I believe that 
a corpa composed of British soldiers and settlers, so equipped, woulJ after a year 
01· two's training beat the savage out of the field. 

'l'he native allies appen.r to have given more decided suppo1t to the B1·itish force 
iu this la.at campaign; they came iu greater numbera, and took an active part iu 
the councils of war, aucl gave very good information and sensible advice. TLte 
doubtful natives were, no doubt, encouraged to support our side by the evident 
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determination of the Goverumout to puniah Ileki. Tbcy were supplied with 
provisions, a very proper arrangement, and also with ammunition, which may be 
uecessary to some extent, but requires great caution in issuing, as they not only 
waste it, but sometimes, according to their own customs, supply the enemy. 
Governor Orey even persuaded one chief (i1Iaequarrie) to make a separate diversion 
with only his own natives against Heki, who was at lkmwigi, and which succeeded 
in keeping Hel.,-i away from Ruapekapeka until the very evening before the captur&. 
The unsteadiness of the native character, their custom of communicating with the 
enemy, and their rapacity for payment, made Colonel Despard distrust their g()od 
faith; but their presence probably prennted the enemy from disturbing him on 
tbc line of march; and without them he would have had no information. They, 
no doubt, wished to be friendly to the British Government, but it must be 
remembered that such allies may Yery soon be turned away by a few slight 
mistakes or unintentional offences. Perhaps, therefore, the safest system of using 
native u.llies wou1d be to employ them freely in assisting the progress of the 
forces, and pay t!teii'I, liberally, and at the same time show them, as Colonel Despard 
says, that you are prepared to act independently of them altogether. It seems at 
first curious how so large a force of natives and troops together should have had 
so much difficulty in defeating so small a body of natives alone: but the natives 
diJ not take a prominent part in the attack, it was not to be expected that they 
would, and the pah was far stronger than anything they had been accustomed to ; 
and of the troops, only a small part could be brought to the front in actual 
contact with the enemy, owing to the nature of the ground; the greatest part 
were occupied in overcoming the difficulties of the ground. 

Governor Grey thought so highly of the conduct of the native allies, that he 
laid the foundation of a native corps, by enrolling sixty natives and placing them 
under British officers. This was afterwards merged into the more useful and 
practicable corps of tlte m·med police, composed of English and natives indiscrimi
nately. I think it would be rather dangerous to raise a corps of natives alone, for 
no sa'\'age can be depended on at all times, and the ties of blood of the Mao'ri may 
cause him to fail in his duty at the very place and time when he is most wanted. 
But I believe tltc armed police to be the foundation of the most efficient corps any 
colony could have for the preservation of its internal peace. 

The majority of the troops returned to Auckland, leaving about 200 men at the 
Bay of Islands as a military post, which force has remained there ever since 
Colonel Despard 1·eturned to Sydney. 

Governor Grey then turned bis attention to the civil government of the colony. 
He restored the Crown's right of pre-emption of lands from the natives, the 
waiving of which by Governor Fitzroy was causing such an indiscriminate sale of 
lands in the north between natives and Europeans as would undoubtedly ha,1e led 
to serious disturbances; he established magistrates for the execution of British 
law in a summary manner between natives and Europeans : and under the pro
tection of the strong force now in the Colony he prohibited the importation and 
sale to natives of arms and ammunition, which former governors had not dared to 
do, notwithstanding that our enemies were thus supplied. The finances were in 
a very bad sta.te, partly from the troubles which prevented trade, and partly from 
the manmuvres of previous governors to raise money. In all these financial 
difficulties there was thi,; one great fact, which the governurs had been trying to 
get over by various schemes without success,-The want of ;110nciJ. It wa.i,i a 
difficulty which could be sohed in no other way than by a gra,nt froUl Engla.nJ. 
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And one of Governor Grey's first acts was to apply urgently for t.he men and 
money which Captain Fitzroy had not been able to obtain. Fortunately, as before 
said, the ti<le had turned, onU they were now both supplied.* 

But there were other military clifficulties yet before Lim. The land disputes in 

Cl,ok's Straits were still going on, and as far from settlement as ever; nod the 
threats and conduct of the opposing natives had become so violent that Governor 
Orey went to ,vellingtou in Feb. 1846, accompanied by a strong force. 

On the 20th of January H.:M. steamer "Driver" arrived at Auck.land from 
Sydney (being the first steamer that came to New Zealand}, and brought a 
detachment of the Royal Artillery from Engfa.nd, uude1· Captain Henderson, RA. , 
with two 3-pr. field guns, and two 12-pr. howitzers. 

• B.B.1846, 

END OF PAR'!' II. 
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PAPER III. 

DESCRIPTION OF THR STEAM BASIN, DOCKS, AND FACTORY, .A.ND 

O'l'HER WORKS RECEN'l'LT EXECUTED IN PORTSMOUTH DocKY.A.RD. 

By CAPTAIN Ii. JA.MES, R.E. F.R.S. l\I.R.I.A. F.G.S. &c. 

I. IN consequence of the introduction of steam vessels into the Royal Navy, the 
importance and necessity of enlarging the Royal Dockyards, and having factories 
in them for the repair of the machinery of the steamers, with basins, in which 
these vessels might always lie afloat uninfluenced by the rise and fall of the tide, 
and with docks designed to suit the peculiar forms of the steam vessels, was soon 
felt; and the Lords of the Admiralty were pleased to order designs and estimates 
for very extensive works. of the above description, to be prepared under the 
superintendence of the officers of the Royal Engineers, who were then employed 
under the Admiralty : they were-

Lieutenant-Colonel Braudreth, R.E., holding the office of Director in Chief of 
Admiralty work3, and having under him the following officers, as Local Directors 
of \V orks in the several Dockyards, viz. :-

Captain M. 'Williams, R.E., at Pembroke, 
Captain Burgmann, R.E., at Devonport, 
Captain Sir \V. Denison, RE., at Woolwich and Deptford, 
Captain Mould, R.E., at Chatham and Sheerness, 
Captain Beatson, R.E., at Portsmouth. 
Captain Hope, R.E., was sent to Bermuda, to superintend the works required 

there. 
The works first executed were those at Woolwich, under Captain Sir \V. Denison, 

where a most perfect factory establishment, with docks and building slips, have 
been constructed; and in consequence of the great experience that officer had 
acquired in the con.struction of the works there, the Lords of the Admiralty 
ordered him to Portsmouth to design the works required at that port: but soon 
after his removal he received the appointment of Lieutenant-Governor of Van 
Dieman's Land, and the appointment at Portsmouth being offered to me, I g:we 
up the appointment of Director of the Geological Survey of Ireland, which I then 
held, to accept it, and took charge of the works in that Dockyard, in June, 1846. 

II.--SITE OF STEAM BASIN. 

The selection of the best site for the steam basin and factory gave rise to much 
discussion: one proposition was to enclose the space B,* on the south side of 
Weavil Creek, and to have the factory close to tile Royal Clarence Victualling 
Yard; the supposed advantages of this site consist in its being on tLe windward 
shore, and in its having deep water along ita front; but the great inconvenience 
and cost which would result from having the steam·factory on tbe opposite side 
of the harbour fL·om the Dockyard, and from having two distinct establishments 

• ~cc General Plan of Pommouth, No. t. 
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for the ropair of steamers, which constantly require the shipwrights, the riggers, 
and the fn<'tory people to be employed upon them at tbo so.me time, was felt to 
overbalance any advantage the site had in other respects; ancl further grave 
objection was found in the probability that the works to be constructed there, 
would produce au injm•ious effect upon the harbours, by the deposits which would 
be caused by the deflection of the tidal currents from their present course. 

Another site proposed was that at A (see plate I.), where the timber ponds now 
are, between the Dockyard and the gun wharf, and in front of the Common Hardi 
this site possesses many great advantages; it, is near the mouth of the harbour; 
there is deep water along its front, and it would have connected the gun wharf with 
the Dockyard, but without projecting the works so far into the harbour as would 
be likely to produce injurious effects, it was found that this site did not afford the 
space required for the works then contemplated, and reserving room for further 

enlargement if hereafter required. 
The site, therefore, at the north end of the Dockyard was finally decided on, 

though it led to the necessity of purchasing some ground, and a considerable 

number of houses. 
The plan of the basin and docks, as designed by Sir ,v. Denison, will be under

stood from the Plan (plate II.); in this design the factory was placed on what is now 
called the Battery Ground between the two Inlet Docks; it was also intended to 
have a double dock, separated by a caisson, extending from the entrance to No. 7 
Dock, to the harbour, to serve as another entrance to the basin, and as a lock by 
which steamers might be taken in at a low state of tide. The supposed immedi.1,te 
side of the basin; the design for the double dock was also abandoned at the 
necessity for a factory in 1847, led to the abandonment of the projected site for 
it, the ground not being then enclosed from the harbour or made up, and I was 

ordered to prepare new designs for the factory in its present site along the west 
same time. 

It is greatJy to be regretted that any alteration was made in the designs 
prepared by Sir ,v. Denison,* as it provided ample room for the factory establish
ment, and for its enlargement if hereafter required ; and it was admirably 
aJ.Tanged in reference to the basin and the docks on either side of it. By altering 
that design, and building the factory on its present site, the ship-building depart
ment and the factory department ai·e brought together on a spot of ground which 
is much too small for them, and led to the necessity of remodelling the plan of 
every building on that ground. 

I II.-CoNTRacTS. 

A contract was entered into with Peter Rolt, Esq., for the execution of the 
greater part of the works required, and with Benjamin Bramble, Esq., who had 
previously executed a great deal of work in Portsmouth Dockyard for the remainder, 
Mr. Bramble's schedule of prices being amended to meet the class of work which 
was not included in his original contract. The schedules of prices were prepared 
with great care, but not sufficiently so to obviate many disputes na to the right 
interpretation of the items; and I quote one claim as a remarkable example of the 
importance of extreme care in preparing such documents, and because the mere 
omission of e. comma gave rise, in this instance, to a claim for the sum of near 
10,0001. :-

m:c~~c~.ich be hnd the nble assistance of Andrew Murray, Esq., C.E,1 the chief l'ngineer for 
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Item 95 of Mr. Rolt's contract is as follows :-" Riga, Dantzic, or Memel fir 
timber, in piles • . ls. 10d. per foot cube." 

A vast quantity of this kind of timber was required for the dam.a, and provision 
was made in the ecbedule.s, in Item 121, for returning the timber to the Contractor 
at a given price after it bad been used, if the Admiralty should not wish to 
keep it. 

Item 121-" All timber havlllg been used and not required by the Crown to be 
taken back by the contractor . 6d. per foot cube.'' 

The Admiralty decided on keeping the timber which had been used, upon 
which Mr. Rolt claimed, under Item 121, to be paid 6d. per foot for all the timber 
which had been ui;e<l, in o.ddition to the price of 11. 10d. it had been previously 
paid for nt; Mr. Rolt contending that because he had not been required by the 
Crown to take back the timber ns hie own property, he was entitled to the 
extra price of 6d. for every foot which had been used. 

Had there been a comma after the word Crown, this claim could not have been 
ma.de. The Admiralty submitted the claim to the arbitration of Mr. Brunel, 
the eminent Citil Engineer, and to the Law Officel's of the Crown, who gave it as 
their opinion that Mr. Rolt had no claim: but that gentleman has not yet aban
doned the hopes of getting his claim allowed. 

IV.-GEOLOGICAL NOTICE OF THE FO'C'NDATION ON WHICH TBE DOCKS AND 

WHARF WAI,,LS ARE BUILT. 

The lowest stratum of the section exposed in the excavation of the steam basin, 
is a bed of tenacious brown clay, which was identified by its fossils a.a one of the 
beds of the London clay. The u mottled clays," which ai:e below the London 
clay, crop out at Stamshaw to the north of the 
Dock Tard, and between it and the chalk at Ports
down Bill. This motUed clay, which is of a bright 
red coloul' (from the great quantity of the peroxide 
of iron which it contains) from its great tenacity 
and weight, proved to be a most valuable substance 
for filling the dams1 a.nd keeping out the water. 

The annexed section will explain the strata which 
were laid open in the excavation. 

No. 1.-The II London clay," on which the docks 
and wharves were built. 

No. 2.-A stratum of peat 2 feet thick, with the 
stumps of trees and their roots, in sit,~ a.a they 
grew : this stratum was in one place, nt No. 8 
Dock, 29 feet below the level of high wate1· spring 
tides ; and, ta.ken in connexion with the observa
tions made all round the coaats of England, Ireland, 
and the adjacent coast of France, prove a. general 
subsidence of the land over a very large ru:en, 
and, geologically speaking, within a very recent 
period ; but there is eYidence in the vast ma.sses of 
drifted materials, such as the flints and gravel and 
sand which have been accumula.ted upon these forests (at Cromer, in Norfolk, 
it is 400 feet deep). that these remains of fol'ests have been depre~sed and 
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submerged many hundretls of feet, and that they have been brought up to the 
present level by a subsequont eleva.tion of tho laud. 

No. 3.-A bed of estuary clay, 4 feet thick, similar to that in the harbour, and 
containing .shells of the same speoies of mollusks as now live. 

No. 4.-A bed of shingle, 18 in. thick. 
No. 5.-Another bed of estuary clay of the same character as No. 3. 
No. 6.-An irregular mass of chalk flints and gravel and rubbish. 

V.-DESCRIPTION OF THE DAMS. Plate V. 1. 

The entire length of the principal dam was 2256 feet: it extended from No. 4 
Slip to the circular tower at the ond of Frederick's Battery, and excepting in those 
places where there was a break in the line of the works, as at the entrance to the 
steam basin, was constructed parallel to the wharf wall at about 6 feet from the 

foot of it. 
The dam Wll:,8 constructed by driving a double row of piles, and filling in the 

intermediate space with Stamshaw clay. 
The inner row of piles were all of whole timber driven close to each other, and 

caulked to form perfect watertight joints; the outer row consisted of gauge piles 
of whole timber driven 4ft. 6 in. in front of the inner ones, and at intervals of 
12 ft. 9 in. from centre to centre, the intermediate spaces being closed with half 
baulk timbers driven so as to form close joints throughout. 

The inner piles stood 5 feet above the ordinary spring tides, and were about 
45 feet long, which allowed for about 10 feet in the ground when the excavation 
for the foundations was taken out. 

The outer row of piles were only at the level of neap tides, about 10 feet below 
the level of the inner dam: the gauge piles were 25 feet long, and the inter• 
mediate half timbers 21 feet. 

,valings were mu along both the outer and the inner dams, and the two dams 
were connected together with iron tie-bolts, through the gauge piles, 2! inch 
diameter; iron plates 9 inches square and i inch thick being placed under the 
heads and nuts of the tie-bolts, to prevent their sinking into the timber when the 
screws were hove up. 

All the soft mud and rubbish between the two dams was excavated or d1·edged 
up with a bag and spoon, and the space filled with Stamsha.w clay to the level of 
the outer dam, and formed up with a slope to prevent a lodgement of the water 
between the dams at low water. 

To obtain the space required for the construction of the wall, with its counter
forts, and backing of concrete, 21 feet wet·e necessary, at which distance from the 
inner dam, and opposite the centre of the F3pace between the gauge piles, piles of 
whole timber were driven to serve both for the abutments of the shores to the 
dam, and for supporting the retaining planks where the nature of the soil behind 
the wall required them ; the space between the direct shores was supl'orted by 
oblique shores to the piles in the rear, as shown in Plate V. 1; which shows the 
arrangement of the shores when the dam was at some distance from the work. 
There were four lines of waling, and rows of shores required. The first row wa.s 
at the level of spring tides, the others were at 8 feet apart. 

In those cases where the dam was at a considerable distance from the work 
intermediate piles had to be driven, through which the lines of shores were 
cai-ried till some sure abutment was reached; and such was the pressure upon 
these piles in some instances, that they were entirely crushed and twisted oft'. 
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As soou as the masonry was finished, the outer clam wna drawn and entirely 
removed, but the iuner dam wna cnt off with a circular saw at the level to which 
the d.J.·edging was canied; in case::; where the inner piles of a clam brwe been 
drawn, and a trench thus formed along the foot of the wall, the wall has settled 
and been much injured, as might be naturally expected. A 14 cwt. monkey was 
used in driving the piles in the dam, which, with a fall of 20 feet, drove from a! 
to : of au inch at each blow. 

COST OF THE DAlf, 

The prices paid were as follows :-
Fir in piles per foot cube 
Driving ditto 
Shoes, and hooping . per cwt. 
Fir in shores, wl\linga, braces, struts, all labour and 

waste per foot cube 
Screw bolts, nuta:1 and plates . per cwt. 
Spikes of sorts 11 

Excavating between dams and barging a.way, per ton 
Stamshaw clay puddled . per ton 
3 in. retaining plank fixed per foot superficial 
Excavation nnd barging away . per ton 

COST OF REMOVAL OF TUE DAM. 

Taking out and barging away clay . per fon 
Unbolting, cutting off or drainillg piles, and removing 

all iron work per foot cube 

£ s. a, 
0 1 10 
0 0 5 

2 0 

0 2 5 
5 0 

0 19 G 
0 1 
0 

7:j 
0 

The cost per foot run of the dam, and its removal, where it was of the simplest 
form, as before described, was 17l.12s. 6d., but as the nature of the ground varied 
in different parts of the work, so it was found necessary to vary the length and 
dimensions of the piles; so also, in some instances, the shores extended in lines 
upwards of 100 feet; the above cost must not, therefore, be taken as the average 

cost per foot run. 

ACCIDENT TO THE MAIN DAM. 

It could hardly be expected that a dam of such a great length as 2256 feet, o.nd 
with the pressw·e due to upwards of 30 feet of water against it, could be preserved 
from accident during the whole progress of the works, particularly when it is 
considered how constantly the shores have to be shifted; in truth, from first to 
last the maintenance of the dam in a perfect state wns a constant source of anxiety 
to all engaged upon the works, and called for ow· closest attention both by day 

nod night. 
I am induced to describe au accident which occurred on a Sunday, when there 

were no workmen in the Dockyard, which threatened to cause the filling of the 
steam basin long before the foundations were all in1 and which would not only 
haYe caused a very great delay in the progress of the works, but also the loss of 
several thou.eands of pounds, because the experience thus gained may be of service 
to others who may hereafter be engaged on similar works. 

It was reported to me that the dam, nt the circular part of the sea-wall, nenr 
No. 8 Dock, was falling outwards, a.nd that the piles were cracking and giving 
way. I ran to the spot a.a fast ns I could, turning in my mind what resources I 

0 
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could command in such an emergency. I saw that the report was correct, the 
dam bad fallen bodily outwards 3 ft. 6 in. from tbe perpendicular, and eight or 
nine piles in succession were cracked, the upper shores were fallillg out, or 

banging loose in the c1eets. 
If immediate steps were not taken it was clear we should have the most serious 

accident that could possibly happen to us, nnd this at a time when we were almost 
daily urged to press on the work with o.11 possible dispatch; I therefore went 
immediately on board the since ill-fated" AYenger" steamer, then commanded by 
Captain Dacres, and demunded the assistance of his whole crew, which he at once 
acceded to, and came himself with his officers to superintend them. Captain 
Ohads, also, soon afterwru:ds sent one hundred men from the "Excellent," to assist 
us. By the aid of the sailors we had :five lengths of chain cable passed round the 
dam, each length taking up a certain porMon of the dam, the ends being brought 
in and tightened up with double purchase tackles, leading from some piles which 
were standing in No. 8 Dock, near the centre of the cm·ve of the dam. 

Messengers had been sent round the town to get in, also, as many workmen as 
could be found, to place in additional walings and shores along the foot of the 
dam, to prevent its coming in; and in this way, by holding the head of the dam 
in its place1 whilst the foot was shored to pre~ent its coming in, and by working 
incessantly till two o'clock in the morning1 I had the satisfaction of seeing that 
we had passed the highest spring pide without further accident. 

"1hen I came to consider the cause which led to this accident, and the peculiar 
manner in which the dam gave way, I found that the third tier of shores were 
ab1:1tting upon the masonry of an old wall, and could not yield in the slightest 
degree, whilst on the contrary the lower tier of shores were abutting on baulks of 
timber against the clay under the foundation of the old wall, and n.s these abut
ments yielded in some deg1:ee whilst the tier above remained fixed, the piles of 
the dam turned, so to speak, upon fixed points1 throwing the upper pa.rt of the 
dam outwards-a movement which the weight of the clay in the dam would 
nccelemte when it was off the perpendicuhw. 

VI.-STEA:M BABIN AND SECTION OF ,vaARF w ALLS. Plate VI. 1. 

The length of the basin, meaaured along the front of the factory, on the west 
side, is 1000 feet, the side opposite is 600 feet long, and the breadth 400 feet. 
The area of the basin is 7 acres. The depth of water, at high water neap tides, is 
21 feet over the invert at the entrance, and 29 feet at high water spring tides; so 
that the largest steamers can be taken in on any day throughout the year. 

The breadth of the wharf wall at top is 5 ft. 6 in., and at the bottom 11 feet, 
the batter being! or 1½ in. to 1 ft. See plate VI. 1, for full details of construction. 
The beech bearing-piles on the foundation nre 14 feet long, but in conseqnence of 
the treacherous nature of the ground at the north-west angle1 outside No. 8 Dock, 
whole baulks of timber, 40 feet long, were driven for sustaining the wall at that 
part of the work. The courses of granite ashlar throughout the greater part of 
the work are bid with alternate headers and stretchers; but the late Lieutenant
Colonel Irvine, C.B., of the Honourable East India Company's Engineers, when 
he succeeded Colonel Brandretb, ordered the wall to be finished with two 
stretchers to one header, and that part of the wall outside No. 8 Dock, and the 
part near the circu1m· tower at Frederick's Battery is so built. This alteration 
wn.s made on the score of economy; the size of the stones in the granite facing 
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was ordered to be reduced for the same reason. Tbis alteration was made in 
oppoijition to my judgmeut, as the saxing in the cost was very tl'i.fling, and the 
stability of the wall was thereby endangered. 

The cost of the wall per foot run where it was straight was 
The coat of the dam and its removal per foot run, was 

Making a total per foot of . 

£ ,. d. 

33 18 6 
17 12 6 

51 11 0 

From the form of the entrance to the basin, vessela are taken in and out with 
great facility; the length of the wharves both inside and out give great accommo
dation for the steam vessels under repair, and for others bringing stores, &c.; 
these advantages will be fully appreciated whenever there is a great press of work. 

The form of the entrance to the basin is similar to that of No. 7 Dock. See 
Plate VIL It is closed with a.n iron caisson, .made by the Messrs. Fairbairn, the 
cost of which was 5260l. The groove for the caisson is 2 feet wide, with the 
sides perpendicular to the face of the work, and in a perfect plane ; this mode of 
construction insures a perfect contact with the keel of the caisson, even if the 
caisson is a little out of its true position; if a batter is given to the groove, the 
slightest deviation from the exact true position of the caisson necessarily forces 
the surfaces apart, and causes a leak : this is not of much importance for a basin, 
but leads to great inconvenience in a dock. The depth of the groove is 1 foot, 
and it is lined with iron plates planed perfectly smooth up to low water-mark. 
The fitting of a caisson requires extreme accuracy in the work, but once attained, 
the pressure of the water ensures the preservation of the perfect contact of the 
surfaces of the keel and groove. When the caisson to No, 7 Dock was fitted to 
its place, not one single drop of water leaked through the joiut. 

The estimated coat of the basin was 240,000l., and the time named for its 
completion was five years. The first atone was laid by Rear Admiral Hyde 
Parker, C.B., on the 29th May, 1843; the la.at atone was laid on the 25th May, 
1848, by Colonel Irvine and myself, in presence of Her Majesty, who came in state 
attended by His Royal Highness Prince Albert, the Duke of \Vellington, the 
Marquis of Anglesey, Lord Auckland, and the other Lords of the Admiralty, 
Admiral Sir Charles Ogle, the Commander-in-Chief, Rear-Admiral Prescott, 
C.B., the Superintendent of the Dockyard, and a great number of other dis~ 
tinguished persona, and a vast concourse of people assembled from all parts of 
the kingdom. 

The actual cost of the basin was 242,000l., and it was finished five days before 
the time named for its completion. So close an agreement between the estimated 
and actual coat of a work of such magnitude, and the estimated time for its 

completion, is almost without precedent. 

VII.-Docxs IN THE STEAM BASIN. Plates VII. 1, 2, 3, 4, 5. 

It will be seen by reference to the plan, that there are three docks leading out 
of the basin; these a.re known as No. 7, or Camber Dock, the North Inlet, and 
the South Inlet Docks. 

The entrances to the steam basin (see plate VII. 3), and to No. 7 Dock, have been 
ma.de with a sufficient breadth and depth for the largest steamers, with all their 
armament, stores and coals on board, to be taken in at the lowest neap tides. 
The great breadth of the steamers with paddle-wheels, and the proportionally 

G 2 
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still grcate1· length of tboso with screw propellers, hn.'3 led to the necessity for 
constructing the new docks with dimensions much greater than is required for 
those intended to receive the largest three•deckers in the navy; thus whilst the 
length of the largest of the old docks is 264 feet, No. 7 Dock is 292 feet long 
from the caisson to the head of the dock; and whilst the breadth of the entrance 

to the one is only 57 feet, that of No. 7 is 80 feet. 

No. 7, OR CAMBER DocK. 

The entire length of this dock is 323 feet, including the breadth of the invert, 

which is 46 feet broad. 
The length of the floor from the invert to the first altar at the head of the dock 

is 2H feet, the ·breadth 37 feet. The floor is slightly rounded from the centre to 
carry off the water to the gutters along the sides, and by which it passes into the 
reservoir. The continuous broad altar round the dock is 7 feet wide; this gives 
space for the paddle-wheels, and gives also great convenience to the shipwright.~ 

employed upon the repairs. 
It will be seen by the longitudinal section, that the floor of this dock is nearly 

on a level with that of the invert, whilst the usual mode of constructing docks is 
to keep the floor at about 2 feet below this level, by which means a vessel that 
can be just floated in is brought on blocks 2 feet high; this deviation from the 
usual mode of construction was necessary in consequence of the level of the 
reservoir iuto which the water from the dock runs when it is being emptied, and 
which is only a few inches below the level of the entrance. 

The breadth between the vertical faces of the broad altars is 70 feet, and the 

extreme breadth 100 feet. 
The depth of the dock from the coping is 32 feet, and the depth of water at 

high water neap tides is 21 feet, which is sufficient for the largest steamer in the 
navy. 

The detail of the construction will be best understood from the drawings :
No. VII. 1.-Is the plan of the dock, as finished. 
No. VII. 2.-Plan of the piling, transverse and longitudinal sleepers, and of the 

planking under the invert, and longitudinal section of the dock. 
No. VIL 3.--Section across the entrance, showing the construction of the 

inverted arch. 
No. VII. 4.-Transverse section of the docks through the altars. 
No. VII. 5.-Transverse section through the timber Rlides, and elevation of the 

end of the dock. 
The dock is built on the close tenacious "London clay" before described. The 

beech bearing-piles, under the invert, are driven at intervals of 4 feet from centre 
to centre; and under the floor of the dock, o.t intervals of 5 feet from centre to 
centre, they are 15 feet long; a g:rillage of longitudinal and transverse sleepers is 
framed on upon the heads of the piles, and secw·ed to them by oaken treena.ils. 
The clay waa excavated to the depth of 2 feet below the under side of the 
sleepers, and this space filled in with concrete to the level of the underside of the 
sleepers; the spaces between the sleepers were then filled in with bricks set in 
cement, and hoop-iron laid crossways to complete and strengthen the bond. In 
addition to the bearing piles, rows of close sheet piles were driven on both sides 
of the invert at the entrance, to prevent the passage of water under the work, 
aud fir planking 8" thick was also laid upon the sleepe1·s under the invert. Iu 
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this way o. perfect 8001· was prepared for the reception of the masonry, The 
lining of the dock is constructed entirely of the best Cornish granite; the radii 
for the curves of the invert, the forms of the blocks of stone, the nature of and 
the manner in which the backing was canied up, will be better understood from 
the sections than from nuy Yerbal description : I therefore refer to them for 
further detail. 

1.'he dock is closed with an iron caiseon, built by the Messrs. Fairbairn, the cost 
of which was 52601.; the inner face of the groove for the keel of the caisson is 
lined with cast-iron plates, secured to the mMonry by dovetails ruu in with lead; 
the plates were planed perfectly true, but the operation of bringing them into a 
perfect vertical plane across the whole invert was a difficult and tedious opera
tion; but this was so perfectly accomplished, that when the also perfectly plane 
face of the oaken keel of the calllson (which is secured to the iron keel) was 
brought up to it by the pressure of the water, not a ckop of water leaked 
through. 

The estimated cost of this <lock was 87,000l., but in consequence of the 
alteration in the design, to which I have before alluded, the actual cost was only 
63,2631. It was finisbet.l n.nd opened with the "Sidon" steam frigate, in August, 
1849, the first yessel which went into it for repair. 

'l'he following instance will prove the absolute and imperative necessity for 
having docks of this description in our Government Dockyards. H.M. steam 
frigate "Terrible/' shortly after the completion of this dock, struck on a rock in 
Plymouth harbour, which made it necessary that she should be docked; but 
there was not a single dock at that port of sufficient dimensions to take her in, 
and in consequence she had to bo brought to Portsmouth, where, though at neap 
tides, she was taken into this dock with all her stores on board, and quickly 
repaired and made ready for sea again. 'l'o be prepared for the casualties of war, 
it is il.llpossible to overrate the importance of having such docks; the new works 
at K.eyham are now rapidly advancing, and it id hoped this want of docks nt 
Plymouth will not much longer be felt. 

NoRTil AND SouTH INLET Doucs. 

'l'he chief engineer,* under whose superintendence nil the repa.ira to the 
machinery of the steamers are made, being of opinion that the two Inlet docks, 
between which, according to the original design, the factory would have stood, 
should be constructed in such a manner that the steamers in them should be as 
close as possible to the wharves, in order that the heavy machinery might be 
taken in or out with the greatest facility, these docks were designed in such a 
manner as to meet his views, and t,o serve as inlets from the steam-basin in which 
the steamers under repair might lie close to the factory, nnd to be used as docks 
ouly when repairs were required to any part outside the vessel which was below 
water, such as to the screw or propelling•shaft, pipes, &c. 

The breadth at the entrance of these docks is 70 feet at the coping, and 56 feet 
across the floor; the depth from the coping to the invert nt the entrance is 29 feet; 
thus it will be seen that the latter is as nearly as possible¼, which giveR a 9-inch 
step or altar for every 3 feet of rise, which will answer well for shoring the vessels, 
and for the workmen to get dowu to their work1 and for every purpose for which 

theee docks were designed. 

• Mr. Murray, C.E. 
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The entrances to these docks, and 70 feet of the floors, the sides being racked 
back, have been constructed; but in consequence of the change in the design for 
the factory, and a change in the views of the Lords of the Admiralty aa to the 
necessity for immediately completing these docks, they bnve been left unfinished, 
though a great deal of the material for completing them has been accumulated in 
the Dockyard.• 

VIII.-N o. 8 DocK. t 
The position of this dock at the north-west corner of the dockyard will be seen 

by reference to the plan. 
The dimensions of this dock differ materially from that of the others. It was 

considered desirable that it should be made in such a manner that all classes of 
vessels might be taken into it; and particularly that it should have sufficient 
length for the enormously long screw-steamera which are now being constructed. 

'l'he length of the deck of the iron steamer "Simoom" is 259 feet, whilst she 
b:is only a breadth of 4 0 feet. To provide for receiving such vessels, and 
possibly for even longer ones, the entire length of the dock had to be built 334 
feet long, or 295 from the invert, at the entl-ance, to the bead of the dock. 
The length of the floor inside the invert is 242 feet; the breadth of the floor is 
36 feet. The breadth of the entrance is 65 feet, with 23 feet depth of water at 
ordinary spring-tides, and 19 feet at neap-tides. This dock was intended for 
vessels having to undergo considerable repairs, and as, when lightened, the largest 
vessels can be taken into it (the paddle-wheels of the largest steamers passing 
over the coping-stones at the entrance), all the conditions retluired have been 
fulfilled, though the position of the dock is not a good one. The first ship taken 
into it was the u Britannia," of 120 guns. 

The sides and bottom of the entmnce to this dock are straight, with a batter 
of l½ inch in a foot, instead of being made with a curve, as in No. 7 
dock. This construction is more simple, and if the groove for the caisson is 
D1adc vertical, the fitting of the caisson is more readily effected; but the groove 
was ordered, against my judgment, to be built with a batter, so that the sides 
incline to one another like the sides of a picture-frame, and a movement of the 
caisson on either side must necessarily cause an opening. 

The detail of the construction of this dock ia so fully explained in the plates that 
I think it unneccessary to give it in writing. 

No. VIII. 1. Is the plan of the dock finished. 
,, VIII. 2. Is the plan of the bearing-piles, and sheet-piles on either aide 

of the invert and of the tJ:ansYerse and longitudinal sleepers, 
and a longitudinal section of the dock. 

,, VIII. 3. Is the section across the entrance. 
" VIII. 4. The section through the altars. 
,, VIII. 5. The section through the timber-slides. 

'l'his dock is so far removed from the reservoir through which the wate1· bas 
to be pumped, that, to find the requisite fall for the water through the long 
culvert from it, it was necessary to keep the level of the dock above that of No. 
7, and consequently there is not t"p.e same depth of water in it by two feet aa in 
No. 7. This is one of the consequences of its defective position, and makes this 
Ii- less useful dock than could have been wished. The culvert from this dock 

• Since the abo\"e was written I have learned that orders have been given for completing the South 
Inlet Dock, according to the section of No. i, and 300 feet long, 

t No. 9 in the Parliamentary Estimate5, 
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runs under the altars on the south side of it, and from thence a.long the bead of 
the building slips to the head of No. 7 dock, and from thence a.long the south 
side of that dock, entering the reservoir at the same point that the culvert from 
No. 7 does; a. branch from this culvert leads to the pump-well in rear of the 
factory. By this arrangement all the docks in the yard are put in connection, 
not only with the same reservoir, but all the docks may be emptied by the pumps 
at the factory engine, a.a well as by the pumps at the reseL·voir; an arrangement 
which I have no doubt will prove highly beneficial in the working of so many docks. 

The estimated cost of this dock, including a.n iron caisson, for which Mr. 
Fa.irbairn's tender was 3,5001., was 81,536l. The actual cost of the dock was 
77,341l. But a wooden caisson having been ordered instead of the iron one, at a 
cost of 6,680l., the cost was made 84,02ll., which includes the cost of the culverts, 
to the reservoir.* 

COMPAR.iTIVE ADVANTAGES Oll' THE SCREW AND PADDLE \VBEELS AS 

PROPELLERS, 

w·hilst engaged in executing these works, rendered necessary by the introduc
tion of steam-power into the navy, and seeing the daily progress made in 
introducing the screws for propelling vessels of every class, one could not but 
feel that we were executing costly and permanent works for a class of vf!ssels 
which, in a few years, may become obsolete. 

The great space occupied by tb.e pn.ddle-wheels prevents au effective armament 
being given to vessels of war with them, whilst their uncertain action in a cross 
sea, and their exposw·e to the force of the wa,es and of the wind, must 
necessarily retard their speed; but what is still of more importance, the wheels, 
the shafts, and connecting machinery, being necessarily high out of the water, 
expose them to the fire of an enemy, with the prospect of their being crippled at 
the very commencement of an action, 

The screw-propeller, on the contrary, leaves a clear deck for a perfect 
armament, whilst the propeller and all the machinery ia below the level of the 
water, and is thus protected from the effect of shot from an enemy, so that, 
supposing the speed of the screw-propelled vessels was equal to that of those with 
paddle-wheels, there seems no doubt as to which the preference should be given 
for vessels of war; and in this last particulru.· they are now scarcely, if at all, 
inferior to those with paddle-wheels. 

The necessarily fine run which has to be given to vessels with screw-propeUera, 
to ensure their full effect, leads to consequences not favourable to them, as the 
sterns of the vessels are necessarily left without that support which their own 
weight, the weight of the screw itself, and of the heavy guns now mounted on 
the quarter-decks of steamers require; the great length of the connecting shafting 
also, with the Ligh velocity at which it has to be turned upon numerous bearings, 
a.re objections to the screw-propellers which it is desirable should be overcome. 
Aud I look with confidence to the time when they will be overcome, by having 
propellers under water, near the centre of the ship, and in close direct connection 
with the machinery. Still, with the existing defects in the screw-propelled vessels, 
there cannot be a reasonable doubt as to their superiority over paddle-wheel 
steamers for vessels of war. 

• This dock was built by B. liritmblc, I::~q. 

11 . 
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IX.-FACTOl\Y FOR THE REPAIR OF STEAM ENGINES AND FOR MAKING ,\ND 

REPAIRING BOILERS. Plates IX. 1, 2, 3, 4, 5, 6, 7, 8. 

It wns originally intended that the factory should have been on the east side of 
the steam basin, between the two inlet docks, in which position four steamers might 
have Ja.id afloat close to the shops where the repairs of their machinery were 
carried on; but in consequence of the pressing demand fora factory, and the stnte 
of the works on the east side not admitting of its being immediately built there, 
the Lords of the Admiralty altered the original plan, and ordered the factory to 
be built along the west side of the basin. 

In this position we have a frontage of 800 feet from the entrance to No. 7 
dock to the entrance to the basin-this enabled us to appropriate 687 feet for the 
entire length of factory, but in consequence of the proximity of the buildings in 
the rear of this site, after reserving a clear wharfage of 42 feet along the front, 
we were only able to appropriate 38 feet 9 inches to the interior breadth of the 
building, which we should otherwise have made at least 45 feet broad. The 
factory is 48 feet 6 inches high from the ground to the spring of the roof, divided 
into two stories, the ground floor being 30 feet 6 inches high to the under side of 
the girders, and the upper floor 14 feet 9 inches to the tie-rods of the roof. By 
reference to the plan of the ground Boor, it will be seen that the building is 
divided into five equal compartments; the two northern, on the ground floor, are 
for the construction and repair of boilers; the centre is for punching and 
shearing the plates of iron used in the construction of the boilers; the southern 
compartment is for heavy turning, and that next to it for erecting the engines 
previous to tl1eir being put into the steamers. 

The upper floor is appropriated for the light turni~g and fitting shops, for the 
pattern makers, pattern store and mould loft, whe1·e the designs for the boilers 
are drawn to their full size on the floor. 

Cast-iron circular staircases (see plates IX. 7, 8), lead from the lower to the upper 
shops, in addition to which there are "lifts," by means of which the men, as well 
as the work upon which they are employed, are readily ra.isecl or lowered from 
one Boor to the other by the power of the engine. 

'l'he following is a list of the machiues in the several workshops, all of which 
are wotked by au eighty horse-power steam-engine, which is in tho building tu the 
rear of the cenh·e of the factory, from whence a shafting is led under ground into 
the factory, and from thence tQ every part, of the building where power is 
required. 
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DESCRIPTION OF MACHINES rn PUNCEIING AND SnEARING SHOP, No. 3. 

4 Punching and shearing machines, 18 feet bed. 
1 Small lathe, 12 feet bed, 9 in. headstock. 
1 Shaping machine. 
2 Radial dl'illing machines. 
2 Drilling machines (large). 
1 ditto (small). 
I Plate bending machine. 
2 Grindstones. 

BOILER Snor, No. 4. 

I Punching and shearing machine. 
1 Riveting machine. 
2 Travelling cranes to lift 20 tons. 

1 Shearing machine. 
1 Riveting ditto. 

BOILER Seo1•1 No. 5. 

2 Travelling cranes to lift 20 tons. 

FIRST FLOOR (SOUTH END), No, 1.-DESCRIPl'ION OF MACHINES, ETO, 

1 Lathe, 18 feet bed, 16 in. headstock. 
3 14 10 
1 12 9 

9 JO 

1 8 16 

1 " 12 

,, ,, 6 " 
1 Small lathe, 18 in. bed, 3 in. headstock. 
4 Screw cutting machines. 
3 Drilling machines. 
l Slotting machine, 9 in. stroke. 
l Shaping machine. 
I Planing machine, 9 feet bed, to plaue 3 feet 6 in. x 3 feet 6 in. 
1 4 feet bed, to plane 2 feet x 2 feet. 

LIGHT TURNING AND FITTING SHOP, No. 2.-DESCRIPTION OF MACHINES. 

I La.the with double headstocks, 30 feet (bed) long, 9 and 15 in. centres. 
I 30 feet long, 14 in. centres. 
1 24 9 
1 D in. headstock1 8 feet bed. 
5 7 7 

6½ 
9 

12 
20 

4 
30 
30 ,, 
14 
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4 Small drilling machines. 
1 Large ,, 
2 Slotting machines, 9 in. stroke. 
4 Shaping machines, 
1 Planing machine, 4 feet bed1 to plane 2 feet x 2 feet. 
1 Grindstone. 
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OCTOBER 18TH, 1850. PORTSMOUTH STEAM FACJTOR'i. LIGHT TURNING AND 

FITTING, NO. 3. 

1 Lathe, 8 feet 6 in. bed, 13 in. headstock. 
1 ,, 30 14 
1 

" 2 

2 

" 

" 
" 
" 

16 
14 

7 
7 

10 
12 
20 
14 
16 

6 

14 
,, 12 

7 

8½ 
8 
9 

"14 
" 13 

14 
,, 16 ,, 17 

3 Screw cutting machines. 
3 Drilling machines. 
2 Planing machines, 4 foot bed, to plane 2 feet x 2 feet. 
1 4 foot bed, to plane 11 inches x 18 inches. 
1 Grindstone. 

PATTERN SHOP, No. 4. 

1 Segment cutting machine. 
2 Circular saws. 
1 Lathe, double headstock, 24 feet bed, headstock, 13 in. centres. 
2 Lathes, 4 feet bed, 5½ in. headstock. 
1 Lathe to turn 6 feet. 
1 Grindstone. 
1 Glue kettle, heated by steam. 

No. 5 Room is divided, one half for pattern store, the other drawing floor for 
Ir..ying down boilers full size. 

The plans, ele'\"ations, and section of the building (see plates IX. 1, 2, 3, 4, 5), 
will explain the general construction. In taking out the ground for the founda
tions, it was found there had been so much making up of ground in this part 
of the yard at some former period, with chips, shavings, and rubbish of all kinds, 
upon which it was impossible to build, that it became necessary to remove it 
all until we came to the substratum of clay which at the southern end was at 
about the depth of 11 feet from the surface, and at the northern at no less 
than 27 feet 6 inches; we had, therefore, to use a vast quantity of concrete, to 
bring it up to the level for receiving the brick-work; but it is satisfactory to 
know, that although the brick-work was immediately proceeded with after the 
concrete was in, there has been no perceptible settlement throughout the length 
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of this great building. The plinth of the building is of grey Cornish granite; 
the cornice, window-sills, and rustica.tion round the doorways, arc of POLtlnnd 
stone; tho roof is of corrugated galvanised iron on a wrought-iron frame, with 
louvres for ventilation; the window and door-frames are of cast-iron, tl1e lower 
part of the doors n.re filled in with eon·ugn.ted iron platea,-the doors are 
14 feet broad and 19 feet high to admit the boilers and large machinery. The 
floors arc supported on cast-iron girders 11 feet 4 inches, from centre to centre, 
with smaller ones 6 feet 8-~ inches, from centre to centre, fitted into snugs or 
the main girders; the spaces between the gir<lers are filled in with brick arches, 
backed with concrete, upon which sleepers are bid for carrying the 3-inch plnuk 
floor of the upper story (see pln.te IX. 6), The main girders are 3 feet deep, the 
lower ,veb is 17 inches broad and 3 inches thick; the estimated breaking weight 
at the centre being about 100 tons, they were subjected to a proof of ~0 tons at 
the centre; the smaller girders are proportiou::i.J.ly strong, and although it mn.y be 
thought that an excessive amount of strength has been given to these girders, 
those who have seen the rows of iron columns n1ong the centre of the floor, and the 
enormous weight of the machinery, and the piles of iron which are sometimes laid 
on the floors, and consider that so much machinery cannot be set in motion 
without imparting a certain amount of vibration to the floors, will fee] that no greater 
amount of strength bas been given to the girders than prudence would justify. 

The estimated cost of the building was 50,5001., but owing to the great depth 
to which the foundation had to be carried, and the great cost of the foundations 
for the various large machines erected in the shops, not estimated for, the total 
sum pa.id to the contractor was 60,347l. 8s. 9d. 

In preparing the designs for tbiB building, provision has been mnde for au 
enlargement of the factory to nearly doub1e its presont size, at comparatively 
speaking a very small cost : this may be done by erecting sheds for making the 
boilers in, and then appropriating the north end of the present building for an 
extension of the factory, and as such lofty rooms would not be required in that 
part of the factory, corbels have been built into the walls, and landings provided 
in the staircases for intermediate floora in such of the compartments as they may 
be required; end considering the gradual increase in the number of steamers in 

the lwyal NaYy, and the great probability that many years will not elapse before 
auxiliary screw-prope1lers are introduced into all our men-of-war, this extension 
may be soon called for. 

X.-BRASS AND lnoN FOUNDRY. Plates X. 1, 2, 3, 4, 5. 

These are in one building (at N), the breadth of which is 90 feet, and the length 
ll0 feet; it is divided along the centre by a partition wall, against which the fires 

for melting the brass are ranged, and along which the flues are led to the 
chimneys (see plates X. 1, 3, 4). 

In the iron-foundry there are two cupolas and an air fumace ; in the lru·gcr of 
the two cupo1as 8 tons of metal can be melted, and in the smaller 3} tons, and iu 
the air furnace 5 tons. By means of three cranes, the large pot containing the 
liquid metal is transported from the cupolas to the casting pits, from whence the 
castings are afterwards raised, and carried to the trimming shop in the adjacent 
building. 

In the brass-foundry there are eighteen pot fires for melting brass, the flues 
£row which are led to the chimneys in the centre of the building. The chimneys 
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nre built on a cast-iron frame, supported on four cast-iron columns, which arc let 
into large blocks of granite, well cramped together and bedded on a foundation 
of brick-work, under which there is a mass of concrete. The chimneys a.re held 
together by means of augle-irons at the four corners with connecting rods; by 
this arrangement tho fire-brick lining is renewed as often as is required without 
disturbing or affectiog the stability of the chimney itself. 

This buihliug is of brick, with a granite plinth, the cornice, window-sills, and 
striog-courl:$e, beiog of Portland stone; the door and window frames arc of cast
iL·on, the doors are made to slide back by runniog on rollers, by which they aro 
suspended on a bar inside the building {see plate X. 5). 

The roof is of conugated galvanised iron, on a wrought-iron frame. 
This building was originally intended exclusively for a brass-foundry, but in 

consequence of the alteration in the general design for the factory buildings, aucl 
tho reduced scale upon which they have been cru.-ried out, it has been appropriated 
as described, but the pai-t for the iron-foundry, though it answers very well, is 
not so perfect in its arrangements as a building designed expressly for the purpose 
would bo; if, therefore, a la1·ger establishment should hereafter be required, the 
whole of this building should again be a.ppropriatcd as originally designed. 

The estimated cost of the building was 7,800l., and the total actual cost 
7, 7461. 7s. Sd. 

X.-IRON SMITHERY. Plo.tes XI. 1, 2, 3, 4. 

This building (at ru:), when first erected, was intended to be only n. temporary 
smithery for the factory, till the smitheries in connection with the factory could be 
built; it was, therefore, desirable that a.a little expense as possible should be 
incurred, and that all the materials employed should be again available-and as 
here were a number of cast-iron columns and semicircular girder8 in the victualling 
yard which had previously been used in a shed there, it occurred to me that I could 
design a smithery, making use of these columns, and the cast-iron window-frames 
of the pattern required for the permanent building, and with the simplest form 
of roof, which should afterwards serve as a timber-shed (see plates XI. 1, 2). 

The length of the building is 110 feet, the breadth 50 feet, and the height to 
the tie-rods 20 feet 6 inches; the ends of the building and the spaces between the 
columns are of corrugated galvanised iron, the roof is also of the same material, 
curved so as to give a rise of only 5 feet 6 inchei3 in 50 feet, and aa this material, 
No. 20 gauge, is hardly thicker than card paper, it was scarcely possible to enclose 
so large a space with less material. The window-frames are of cast-iron, and ru·e 
supported on dwarf walls half a brick thick. ,vith the view of ascertaining 
which would be the beat description of forges for the permanent smithery, trial 
was made of six according to Na.smyth's design, and six according to Hicks'; the 
detail of the latter is given (see plates XI. 3, 4), a.a after a full trial and exchanging 
the men from one to the other, those of this design were preferred. It will be 
seen by the p1an that there is a window between each of the forges, and that 
more than half the space along the walls is occupied by windows; in consequence 
of the great quantity of light thus obtained, the great height and perfect ventila
tion, and the ample space between the forges and through the centre of the 
building, it has been pronounced to be one of the best workshops that ever was 
erected. Aud though erected under the circumstances described, it is probable 

it will always continue to be appropriated as it now is. 
The total coat of this building, including the sum paid to Messrs. Nasmyth and 

Hicks, was 2,l 27l. 18s. 9d. 
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XII.-BOAT STORE, CH.UN CABLE STORE, AND SA w MILLS. 

In addition to the works already enumerated, the following buildings were 
erected under my superintendence, viz :-the boat-store, F, and the chain-cable 
store, o, from designs prepared by my predecessors in office, Captain Beatson and 
Sir W. Denison; and the new saw-mills, B, and eighty horse-power engine-house, I, 

from my own designs. 
In designing the saw-mills, I was apeciiLlly directed to provide for the reception 

of machinery for cutting crooked timber, as well as straight baulks, and for a 
joiner's shop over, with the machinery now used in the best conducted private 
establishments, for more expeditiously and economically performing all kinds of 
joiner's work; and to provide for fresh and salt water tanks on the top of the 
building, for a larger supply of water in this part of the yard, in the event of 
fire. It was a special object to separate the work and cost of building ships, from 
the work and cost of repairing them; the site of the building immediately in 
front of the centre building slip, and close to the eighty horse-power engine
house, was admirably adapted for carrying out these views, and the building was 
designed accordingly, with a basement story, into which the shafting from the 
engine was led ; the ground floor gave ample space for the crooked timber and 
baulks, whilst the first floor was designed for the lorge joiner's shop required, 
over which there are two tanks, each holding 250 tons of water, one of fresh 
and the other of salt water, which the pumps of the eighty horse-power 
engine fill. The importance of having a much larger supply of water, in 
case of fire, waa very strongly pressed by the late Rear-Admiral Sheriff, who 
was present at a fire in the dockyard at Sheerness, when the inadequacy of 
the supply there was very painfully felt, and he anticipated the same want 
would be found in the dockyard at Portsmouth on the event of fire there. 
The state of the old smitheries on the new ground, both as regards the 
dilapidated state of the buildfngs themselves, the want of light in them, and 
their almost suffocating state from the want of ventilation, made it necessary that 
these buildings should be removed and new smitheries erected; and, as I have 
said before, the bringing the factory on that side of the steam-basin, made it 
necessary to remodel the whole of the buildings on it. I was therefore ordered to 
prepare plans for this purpose, and the late Lieut.-Col. Irvine had other plans 
prepared at Somerset House, which were submitted to Mr. Fincham, the master
shipwiight, to Mr. Murray, the chief engineer in charge of the factory depart• 
ment, and to the other officers of the yard, who, from a knowledge of the 
requirements of the s1:1rvice, were presumed to be able to give competent opinions 
upon the subject. The following is the master-shipwright's report upon the 
plans submitted to him, addressed to Lieut.•Col. Irvine. 

"I have now carefully inspected the two plans furnished from your office, and 
have compared them ,vith that proposed by Capt. James; and I beg to say, that 
I give the preference to the latter, for the following reasons. I think the lines 
of road are better, as the plan provides for one principal line of communication 
tlll'ectly through the ynrds, an arrangement which is always of great importance 
where long and hen.vy timber is to be conveyed. The cross roads also form a 
better communication from the timber-sheds, smitheries, saw-mills, &c., to the 
different places to which the materials will have to be respectively conveyed. 

"The timber sheds are likewise better disposed for stowing and selecting 
timber, and there is better ingress to and egress from the saw-mills and saw-pita, 
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which are conditions of great importance. The number of saw-pits proposed in 
Capt. James' plan seems also essential to the duties of the yard, notwithstanding 
the help which may be 1·entlered by the mills in cutting straight and curved 
timbers. The smithery, J, too, is more compact, and the interior may be better 
arranged for supervision; and it will provide great facilities for carrying on the 
duties of that de!Jartment. Besides this, it will allow the engines to be more 
conveniently placed for working the pumps, fans, saw-mills, &c. 

"lVill you have the goodness to look through the drawings again, comparing 
them with reference to the points which have determined my preference? and I 
feel assured that you will appreciate the advantages which are indicated in the 
above observations. 

(Signed) "J. FINCHAbL'' 

This pla.n was consequently submitted to and received the approval of the 
Lords of the Admiralty, a.nd I was directed to prepare the designs of the buildings 
in conformity to the general plan, the elevations of which were designed in 
character with the factory which had been built, and the engine-house and saw
mills have been built; but, in consequence of the change of officers, and the desire 
of the present Board of Admiralty to save the coat of the permanent brick 
building, which, according to my instrnctions, I had prepared for the smithery, 
thiB design has been set aside, and an iron structure has been ordered instead. 

XIII.-EcoNOMY OF LABOUR IN THE TRANSPORT OF MATERIALS. 

In 1848, a committee of revision, coll.Sisting of the following gentlemen, viz.: 
Sir Henry "'l'ard, then First Secretary to the Admiralty i Capt. Milne, R.N., one 
of the Lords of the Admiralty; Ca.pt. Sir Baldwin \Valker, R.N., the Surveyor of 
the Navy; and Mr. Bromley, Secretary of the Audit Board, was appointed to 
visit all the dockyards at home, with the view of examining into the whole 
system of carrying on the duties in them, and for revising the then existing 
regulations respecting the receipt and issue of stores, the accounts and a.11 other 
matters which would tend to introduce more regularity and economy into every 
department. 

The heads of departments were invited by the committee to offer suggestions 
for improving the mode of conducting the business of the yards, nnd this 
appeared to roe the most fitting opportunity for pointing out the great waste of 
labour, time, and money, which waa incw·red by the want of proper facilities for 
landing and transporting heavy articlea or materials through the different parts 
of the yard. I therefore submitted for consideration designs for railroads and 
tram-rods through the yards, rails and trave1lers for laudlllg and stacking a.nchors, 
rails and travellers for landing and stacking timber, &c. &c. 

To those who are accustomed to visit large private establishments, and to see 
the facilities which the proprietors provide for landing and transporting heavy 
materials with celerity and economy, it will appear incredible that proper means 
for effecting the sa.me object should not have been provided ages ago in the 
Government establishments. 

XIV.-RAILROADS. 

In the plan for the railroads, I had to consider that the lines should be so laid 
out na to give the greatest facilities for communication where there would be the 
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greatest traffic, ancl nt the same timo so to arrange the lines that n communication 
could be readily made with tho projected branch into the dockyard1 from the 
South-Western aud South Coast Rnilways (which these companies, in the year 
1847, were most nux.ious to make), to lead as straight ns possible to the wharfs. 
The gauge, therofore, was made the same as that of the public rail ways, and the 
rails laid in such a manne1· as not to be above the ordinary level of the 
pavement of the yard, or to impede the crossing of the lines by ordinary 

cart.s. 
The plo.n of the railro&.ds will be seen by reference to the genera.I plan j 

thus the branch from the public railroads would come throngh the fortifica
tion uear the centl'e of the curtain to the right of the sluice bastion, K, and 
proceed straight along tho south side of the basin to the wharf facing the harbour, 
From this line the railroad is carried round the basin and into the foundry, and 
factory, and other parts where required. 

It is of the greatest importance that branch lines should be made into the dock
yards, connecting them by this means with each other and the coal and manufac
turiug districts of the kingdom. The circumstances of no former war afford any 
precedent for the requirements of a futw·e war. In all former wars the con• 
centration of any considerable force by land or by sea was foreshadowed by 

euch preparation, that the intelligence of any contemplated movement was long 
known before the event : but by the aid of the electric telegraph, the steamer, and 

the ra.ilroad, movements of fleets and armies can be made with a secresy, celerity, 
and precision, which no vigilance, however watchful, can give warning of, and, 
therefore, it behoves the Government to provide, by the same means, for the 
most rapid concentration of all the resources of the country, in men* and material, 
upon any given spot. The loss of an hour in any future war will be more 
seriou.sly felt than the loss of a week at any former period. If branches were 
ma.de, for example, into the dockyards of Deptford, ,voolwich, and Portsmouth, 
the cost (even supposing the companies would not themselves now make them) 

considering the importance of the object to be obtained, diminished by the saving, 
which would be effected by doing away wHh part of the :flotilla. of victualling 
hoys, and dockyard lighters now employed, would not be worth consideration, 
if, as is possible, a positive saving would not thereby be effected. At all events, 
the power of combining, in the course of a. few hours, the resources of several 
dockyards, and the country at large, would be secured; and in the event of our 
having to fit out a fleet with the utmost possible despatch, or to repair the 
disasters of war or storms, this power would be found of incalculable advantage. 

The section of the railroad is given in plate XIV. I; the gauge is four feet eight and 
a half inches j the rails are laid on longitudinal sleepers, which were saturated 
with Sir ,v. Burnett's solution, chloride of zinc. The cost of the line of railroa.d 

is 12,. 6d. per foot run, exclusive of the cost of the timber which was taken from 
the old dams. The cost of the turn.tables fixed was 1091., and of the pits 26l. 

TRAMWAYS, 

A portion of granite tramway was laid some years ago in a part of the yard 
principally for the purpose of facilit..'ltiug the transport of ma.sts, but as it did 
not extend to the shops where the masts were made, its utility was iu a great 

tb: !~~~::;s-~1::e t;o;i~~ si:0~:i~{~t:~t ti%e~b~e ~~i:~;~ns, nnd in barrack>J close to the railways, is 
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measure defented; I therefore recommended it to bo extended to the shops, M 

hns now been done. A section of the tramway is given in plate XIV. 2; the cost 
was ll. 4s. 6d. per foot run. The wheels of the carts and trucks I designed so as 
to run either upon the railroad or upon the tramway or the pavement. 

XV.-TR.\NSrORT OF ANcnous. 

The weight of a large anchor is about five tons. As an example of the waste 
of la.hour in the transport of anchors, let one be traced from the barge which 
brings it to the wharf, till it is placed in store in the old stack. A party of six or 
eight men proceed to the crone to land it; next a team of horses, accompanied by 
five men, is brought down to draw the anchor on a sledge over the rough pavement 
of the yard to the weigh-biidge; it is next brought back to nearly the same place 
where it was landed, to be "tested 1' by the hydraulic press; after remaining there 
a. few days, the team of horses and men again proceed to draw it to the far end of 
the yard to the smithery, to Ulldergo the "fire-proof," where, after lylng about for 
a few days more, it is drawn back through the Jllrd to the anchor-rack, and there, 
by brute force, turned up iuto its place. To those who know the painfully slow 
manner in which a dock-yn.rd labourer and a dock-yard horse can move (it requires 
considerable practice to clo it), the waste of money by this system will be under
stood, though it is difficult accurately to estimate the amount; but as the same 
rude method is followed in taking the anchors from the stack to the ships to which 
they ai:e issued, and that between four and five hundred have to be moved 
annually, the cost cannot be less than l000l. per annum. This system has now 
beeu done away with, in great measure, at Portsmouth, though it still exists in 
other dockyards. 

R,UI.8 AND TRAVELLERS FOR LANDING AND STAOKING ANOHORS, Plates xv. 1, 2, 3. 

I have given in plate XV. 1, 2, 3, a plan, elevation, and section of the anchor• 
rack, and the rails and travellers which I designed for economising the labour of 
transporting anchors. The tmveller commands three racks for the anchors which 
are stacked in double rows on their crowns; each rack is 100 feet long, which 
gives room for 250 anchors of all sizes, which is sufficient for the current service. 

These racks are placed on the ,v atering island, close to the test-houses, and so 
placed that the anchor, when landed by the crane, is commanded by the traveller, 
by which it can be placed at once into the rack, or, if required, can be placed on 
a truck or a branch of railway leading into the test-house, and weighed by passing 
over a weigh-bridge on its road; it is then placed again on its truck by the 
hydraulic crane in the test-house, and taken to the annealing furnace or fire-proof 
forge, which is only a few yards distant. 

By this a.rra.ngement the whole labour can be done with ease and celerity by six 
01• eight convicts. The anchors are never t.aken above sixty yards from the place 
where they are landed; and it is almost as easy to place a five-ton anchor into its 
place, as it is to put a walking-stick into a stand; and it is as easy to take out any 
one particular anchor as another; whilst, by the old ruethod of stacking them, 
leaning one against another, all the outer ones must be removed to get at an 
inside one. The leading man who superintended the stacking and ti-ansport of 
the anchors, stated, that to move one of the inside anchors, he would require four 
horses and four men to assist him, and that it would take three days to get it to 

R 



-- - -- - ~--

98 NEW WORKS A'f POJt'L'SMOUTll, 

the water's edge. The cost, therefore, would be 3l. 138. 6d. ; whilst, by the plan 
I hnve introduced, any anchor that may be required can be put into a barge in 
less than half an hour, and at a. cost, if convicts are employed, of less than 
sixpence. Nine-tenths of the cost of moving anchors will be saved by this 
arrangement; and if the same system is ca.rried out in the other dockyards, the 
saving under this bead alone will be very considerable. The dimensions of the 
mcks, travellers, and rails, are given in the plates. The cost of the rails and 
traveller, exclusive of the cost of the timber, which was taken from the old 

dams, was 4501. 

XVf.-LANDING, STACKING, AND TRANSPORT OF TIMBER. 

To understand the advantage of the mode I have introduced for landing and 
stacking timber, it will be desirable to describe the method followed up to the 
time of its introduction, in the same manner that I have described the old method 

of moving the anchors. 
A timber ship arriving v.rith a cargo for her Majesty's dockyard, is anchored 

opposite the Common Hard, at a considerable distance from the place of landing. 
There, as the baulks are launched out from the bow-ports of the ship, they are 
formed iuto rafts, several men being in attendance to perform this duty, and 
waiting for the tide to float the rafts up to the landing-place. At the landing 
place several teams of horses and gangs of workmen are then employed in drawing 
up the baulks to some open space for inspection, where, after having been laid 
out for measurement and inspection for some days, teams of horses and parties of 
men are again employed to draw the baulks over the stones to some, generally 
out of the way, inconvenient place, where, by means of a "pry-pole," they are 
piled up in stacks. 

The cost of landing and stacking timber in this way in this one dockyard, in 
the years 1847-8, was 1682l.; and as the same process is followed in taking the 
timber from the stacks to where it may be required, as at the saw-mills, saw• 
pits, &c., the further cost of t.ransport cannot be less than one-third of the above 
sum-making a total of at least 2250l. per annum. The same process is followed 

in the other dockyards; and the expenditure under the one head cannot be less 
than 10,000l. per annum. 

RAILS AND TRAVELLERS FOR LANDING AND 8TaCKINO TIMBER. 

I submitted to the committee, therefore, plans for two parallel elevated rails and 
travellers (see plate XV. l, 2, 3), like those for moving the anchors, to be put up on 
the Battery-ground; being perfectly persuaded that at least three-fourths of the 
expenditure under this bead would be thereby saved, and I was in consequence 
ordered to put up one. The double rail is 800 feet long; the distance between 
the rails which is spanned by the traveller being forty-five feet; this enables the 
traveller to stow two parallel rows of timber the whole length; and 88 the rails 
project over the wharf, so that the traveller can pick up the timber either from 
the water or barges, and the whole labour can be done by a gang of convicts, it is 

obvious that I nuderatate the saving tbat can be made, when I say it will not be 
more than one-fourth of the cost of the olu system. 

The timber ships not drawing more than 13ft. 6in. can lie afloat at this spot 
even at low water at spring tides : so that each baulk, as it is launched out of the 
how-port, can be immecli:'1.tely picked up by the trin-('ller, laid d0wu for inf'lpediou 
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and again picked up for stacking; and ns a brnnch of the rai1road passes under 
the rails, the baulks can be readily placed on a truck and drawn round by the 
convicts to the saw-mills, or wherever required. 

I recommended that two para1lel rails should be put up, but I was ordered to 
put up one only (at L); and by the trial that has already been made, employing 
ordinary free labourers for the work, one-third of the cost of landing and stacking 
timber has been saved; but to reap the full benefit of this plan, it must be carried 
out to such an extent, as will enable all the timber to be landed in a similar 
manner; and a.s this is a duty peculiarly suited for convicts, who may have tasks 
set them, and it is at the very door of their barracks, the whole of this labour 
should be performed by them. The cost of the rails and travellers which have 
been put up, exclusive of the cost of the timber, which was taken from the old 
piles used in the dams, was 7501.; but even if the cost of the timber was added 
to this, it is obvious that the outlay, in the first instance, would be very trifling 
when compared with the annual saving to be effected. The plan should, therefore, 
be adopted in all our dockyards. A glance along the wharfs of the Thames 
shows that no private merchant would hesitate a moment about it. 

XVII.-LANDINO AND STOREAGE OF COALS. 

In constructing Frederick's Battery, I pressed upon the attention of the Lords 
of the Admiralty the importance of availing them.selves of the space under the 
terreplain for the guns, by converting it into arched stores for the coals required 
for the dockyard. I was urged to propose this from a knowledge of the great 
want of proper coal stores in the yard, and the great waate of money incurred in 
receiving the coals, and the damage and waste done to the coals by the system 
in practice. 

In receiving the coals, it was whipped from the collier into earls, and horses 
employed firat to draw it to the weighbridge, which is at a considerable distance 
from the wharf, and from thence either to the underground arches, were it was 
thrown down twenty feet, or ta.ken to open places temporarily prepared for it, 
where it had to be piled up nearly twenty feet high; in the one case requiring a 
great amount of labour :µid unnecessary cost in getting the coals up again from 
the subte1Tanean stores, whilst the temporary stores occupied spaces which 
interfered with the labour of the yard. 

The quantity of coals received at the dockyard in the year 1847, was 15,000 
tons, of which 6000 was for the dockyard, and 9000 for steamers; the cost per 
ton of receiving and delivering the coal for use is ls. per ton, which gives a cost of 
7501. for the year. By the present arrangement a short piece of railroad is run 
from the wharf at the end of Frederick's Battery to the stores under it, which are 
twenty in number, and will each hold 150 tons, giving storeagefor 3000 tons, which, 
considering that the coals are not all delivered at the same time, ,vill be found 
sufficient for the service of the yard, and steamers fitting out; and it is to be 
hoped the more effectual means which I have submitted to the Admiralty for 
coaling the steamers will make it unnecessary to receive any considerable quantity 
of coals at the dockyard for the use of steamers coaling at the port. A weigh
bridge is placed on the line of rail, so that the coal is weighed, either on receipt 
or delivery, in passing over it; and as the whole of this labour may be done 
by the convict.'!, ::i. conRiderable economy in this branch of work will thue be 
also ~ffected. 

R2 
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XVIII.-COALINO OF STEAMERS. 

Whilst the Government has with a proper foresight very wisely provided an 
efficient factory, with a basin and docks, for expeditiously repairing our steam 
vessels, the want of proper means for expeclitiously coaling them is a cause of 
delay, which, in the event of war, will very seriously detract from their efficiency; 
and the time may come, as has been said by a distinguished naval officer, "when 
the safety of England may depend on the celerity with which our steamers can 

be coaled." 
This is, therefore, a most important question. The supply of coals at Ports

mouth and Plymouth is at present received from Newcastle or South " Tales, and 
is brought round the Land's-end or through the Straits of Dover in colliers i it is 
obvious, therefore, that no reliance can be placed ou our receiving a regular supply 
brought in this manner during a time of war, and that the coals must be brought 

by railway. 
I therefore submitted to the Lords of the Admiralty a design for a jetty at D 

(see general plan, plate I.), connected with the South-,Vestern Railway, where it 
enters the Royal Victualling yard at Gosport, with a store at E foi· such a supply 
as it might be thought necessary to keep, which I estimat.ed at 10,000 tons, which 
would be sufficient for about twenty steamers. The advantage to be derived from 
this arrangement I enumerated as follows. 

1st. That it provided for the supply being received as at present by colliers at 
the most convenient spot in the harbour for them to discharge their cargoes at, 
or for the steamers to receive their coals from. Their lordahips were pleased to 
order a committee of officers to inspect and report upon the proposed site for the 
jetty; and they confirmed by their report the superiority of the site over any 
other in the harbour. 

2ndly. That in the event of war the arrangement would be already made for 
receiving the coals by railroad direct from the collieries, and when, if the subject 
was merely viewed in its economic bearing, the coals could be delivered at a 
very much less cost than they could then be brought by sea. 

3rdly. That gas and water pipes could be brought to the end of the pier, and 
that the steamers could receive their water and provisions from the Victualling yard 
at the same time that they received their coals, and this as well at night as by day, 
-and thus, that the cost as well as delay of taking provisions to the steamers in 
boys or barges would be saved. 

4thly. 'l1hat the steam-power and the people required to work the engines for 
coaling would have constant employment, aa the engine could be so placed as to 
be able to work the pump in the Victualling yard, for doing which horses are now 
hired, and for sawing barrel staves and other work now done by manual labow· in 
that department. 

5thly. That the officers in charge of the Victualling yard could also take charge 
of the coal depot, issuing and receiving coals like any other stores under their 
charge. 

6thly. That as compru·ed with the proposed plans for floating depots it was 
the most economical, and that it would meet all the requirements of the service. 

The late Lord Auckland, the First Lord, and Sir Henry ,vard, the Secretary to 
the Admiralty, and Lieutenant-Colonel Irvine, the Director of \Vorks, fully 
approved of the proposed plan, and intended to carry it out. 

In the meantime a seventy-four gun ship, the '' Malabar," has been converted 
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into a coal hulk, with a steam engine lllld machinery in her, for hoisting in and 
out the coals, but the disndvauta.ge of this arrangement, and its inadequacy for the 
wants of the service has been strongly felt. 

1st. Bcca.uRe the steamers cannot be coo.led sufficiently expeditiously from her. 
2ndly. Because sbe holds only sufficient coals for three large steamers, which 

is quite inadequate to the wants of the service, so that when the colliers 
arrive in any numbers together she is soon filled, and her machinery and men a.re 

i<lle whilst the colliers are discharging their cargoes on the wharves of the dock
yard, or into other hulks. 

3rd1y. Because the coa1s are much injured by being thrown down into the lower 
hold of such a large ship. 

4thly. Because taking the value of the ship, which is built of teak and perfectly 
sounJ., she bas been more expensive, than the more complete permanent work I 
proposed, and 

5thly. Because there is not sufficient work for the engine and people on board 
her, and, consequently, the system is unnecessarily expensive in its working. 

6thly. That this large ship occupies a space in the harbour which even now is 
found to be very inconvenient, but would be found to be most seriously so in the 
e"Vent of war. 

There are many situations in which coal depots will be required, where we can 
only have floating depots ; and, consequently, it is to be hoped that the system 

of conling from the "Malabar" will be made as perfect us it can be from a 
ship, that it may be adopted for all the floating depots that may hereafter 
be required, but for the reasons which have been enumerated there are radical 
defects in floating depots which make them quite unsuited for such a station as 
Portsmouth. 

The "A nnger" steamer carried 550 tons of coal, and, when steaming, burned 
thirty-six. tons per diem; her e-tore therefore would last fifteen days; now if we 
assume that such a steamer was stationed in the Channel during a time of war, 
with her steam constantly up, and that she expended thirty tons per diem, and 
that her store would last eighteen days, and that by one system of coaling it took 
three days, and by another half a day every eighteen days to renew her stock, it 

is obvious in one case that one out of every seven steamers in the Channel would 
be constantly coaling, whilst in the other, one out of every thirty-seven would be 

so occupied; and, therefore, any plan by which the operation of coaling can be 
expedited is virtually equivalent to an addition to the numerical force of the 
steam navy: for assuming that thirty-seven steamers were stationed in the 
Channel, in the one case five, and in the other one only, would be alwaya coaling ; 
that is, we should have thirty-six instead of thirty-two steamers always efficient
or, the entire cost of providing and maintaining four steamers might be saved to 
the country. But the absence of a steamer from her station at a critical period 
may be attended with consequences of much greater importance than any 
consideration of mere cost i there is no port, or town, or siugle point upon the 
coast which in the absence of an efficient guard would not be liable to attacks from 
an enemy"s steamers; au<l, therefore, it behoves us to make arrangements for 
gi"ing the utmost posi3ible efficiency to our steam power, which we cannot be 
said to have done, as long as the present inefficient system of coaling exists. ,ve 
must provide for receiving the coals by railway, and we must provide for our 
steamers receiving their coals, provisions, and water, in a few hours, either by 
night or by day. I feel it is the duty of every one to press upon the Government 
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the importance of so doing. I have supplied the pla.118 by which I have shown it 
can be done, and feel perfectly certain that the arrangements I have proposed 
will be found the least expensive in time of peace, as they will be found impera

tively necessary in time of wru:. 

XIX.-Cosr OF ,voRKS EXECUTED. 

The total expenditure upon the great works executed under my direction in the 
dockyard, on the • barracks and batteries for the Royal Marines, in the Victualling 
yard, in the hospital, and on the breakwater at Haslam 1 was 732,239[. The cost 
of superintendence was 11,500l. for the four years, or one and a-half per cent. 
upon the expenditure; the u.sual charge for designing and superintending such 
works by private engineers is seven and a-half per cent., or five times more. 

In the report upon the ,vorks which bad been executed under my super

intendence at Portsmouth, which I forwarded at the time I resigned my 
appointment, I stated, and have now great pleMure in repeating, that "I should 
neither do justice to my own feelings, nor the merits of those who have served 
under me during the execution of these works, if I were to oroit to state the 
great asaistance I have received from them, and more particularly from 
Mr. Wood, the clerk of works in the dockyard." 

I think myself fortunate in having been selected for the arduous duty entrusted 
to me; and although in my anxious desire to complete what I had begun, I was 
induced to refuse two more lucrative appointments than the one I held under 
the Admiralty, and, consequently, made pecuniary sacrifices which, in a worldly 
point of view, I was hardly justified in doing; still I look back with pleasure to 
the time I wa.s employed in the service of the Admiralty, and to the many kind 
friends it was the means of introducing me to; and I take this opportunity of 
tendering my grateful thanks to Rear-Admiral Hyde Parker, C.B., and to Rear
Admiral Prescott, C.B., the,superiutendents of the dockyard, for the many marks 
of personal kindness, and the support I uniformly received from them in the 
execution of my duties. 

Sept. 29, 135 l. 

~ Destribei.l in \'OL ii., uc"· S('ries, of the Corps rapcrs. 

H. JAMES, 
Captain R.~. 
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PAPER IV. 

ON THE RELATffE VALUE OF SPECIMENS OF NATlYE GOLD 

:ntOM TJI.E nn~FERENT COUN'fRIES WHENCE IT IS BROUGHT TO 

llfARKE'r IN THESE COLONIES, COMMUNICATED TO THE ROYAL 

SOCIETY o>' VAN D1nrnN's LAND. By His ExcELLENOY Srn 

"\V. •r. DENISON, R.E. , F.R.S. [Read 22nd Mm·cli, 1852.] 

THE circuUlstances in which these colonies are now placed give a special 
interest to communications which may in any way tend to elucidate the structure 
and combinations of the metals generally, more especially of that precious metal, 
the discovery of which on the Main-land of Australia has been productive of such 
serious effects upon the inhabitants of Yan Diemen's Laud. 

The extent to which Gold is daily bought and sold renders it very desirable to 
estab1ish, within as narrow limits ns possible, the Talue of a commodity whose 
intrinsic worth, great in itself, is very liable to deterioration by admixture with 
foreign bodie8. 

I propose in this communication to bring before the Society the results of a 
series of experiments which I have lately made, the object of which has been to 
ei3tablisb, as far as possible, some simple mode of determining the relative value 
of the nati"e Gold from the different countries whence it is brought to market; 
and, secondly, after having established this point in a satisfactory manner, to 
point out also a. simple mode of determining the value of mixed specimens 01· 

samples of Gold, such as are brought to market, containing generally some 
portions of quartz, or other extraneous material, mixed with the Gold, but not 
chemically combined with it. 

I do not brillg these experiments before the Society as in ony respect perfect, 
but merely as indicating a. course of investigation which may be pursued with 
advontage; and I trust that others will not only follow up the course herein 
marked out, but will turn their attention to the chemical analysis of the materials 
found in connection with Gold, for by this only can positive and definite results be 
obtained; although by the mode in which I have worked, the deductions are 
sufficiently accurate to serve as a guide to persons engaged in the purchase and 
sale of Gold, as a. matter of mercantile speculation. 

The firBt object to which I turned my attention was the establishment, if 
possible, of the average value of the pure native Gold from the different fields,
and when I use the tenn pure, I mean only that the specimens were free from 
any admixture of extraneous matter, as quartz, &c. It ia evident that if, by a 
well-conducted series of experiments, it could be pro,ed that the Gold from any 
given locality was chemicnlly combined in some fixed proportion with some other 
metal, while that from o.notber locality was alloyed, not only in different propor
tions, but perhaps with a. different met.a}, keeping yet its own combination uniform 
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anJ reguht.r, withiu certain narrow limits, much would be done to establish the 
mercantile value of the GolJ from each of these districts. Again, should the 
result of the experiments go to prove that the quo.lity of the Gold varied very 
much in the same district, it would be of use, inasmuch as it would prove the 
necessity of a special invostig,1,tion into the quality of each sample. 

I think that the experiments which I have made are sufficient to prove, at aU 
events with regard to the Mount Alexander diggings, such a uniformity of 
sh'ucture as is quite sufficient to form the basis of some calculations which will 
very much facilitate the operations of those who are engaged in the sale or 
purchase of Gold i but-to this I shall allude more specifica.lly hereafter. Before 
I enter into the detail of these experiments, it may Uo desirable that I should 
give some brief explanation of the different forms under which the Gold 
generally presents itself. Gold is found in aU cases iu a. metallic form, or, 
as it is c:i.lled, native Gold. In this state, however, it is by no means pure, 
beiug generally combined chemically with somo other metals, as pfo.tina, silver, 
copper, &c. 

In many instances it is brought to market in lumps, or u nuggets" as they are 
c.Llled, which contain, besides the Gold alloyed with some metal, portions of 
quartz or other extro.neous material, forming the matrix in which the Gold waa 
originally deposited, or with which it had become combined accidentaJly. In 
other cases it is brought to market in dust, or grains of a greater or less 
degree of fineness, the product of the washing of the eatthy strata in which 
the Gold had been deposited, this dust of course containing more or less 
extraneous matter, in proportion to the care with which the washing had been 
conducted, and consisting very commonly of iron ore, sand, earth, pru-ticles of 
quartz, &c. 

The object of the experiments which I am now about to loy before the Society 
was to discover the quantity of the alloy combined with the native Gold, in the 
first place; and, having established this, to ascertain the amount of the extraneous 
matter either in the lumps or the dust. Should I be able to show that this can 
be do~e with facility, I shall have done something towards establli!hing a standard 
by which the dealers in Gold may regulate their transactions. 

Now, every material whose structure is definite has a given specific gravity; 
that is, a given bulk of such material will weigh a certain number of ounces or 
grains. The standard of comparison in all cases is water: a cubic foot of distilled 
water, at a temperature of 60° of Fahrenheit, the barometer standing at 30 inches, 
will weigh 1000 ounces; and this is taken a<i the specific gravity of water. 
Tables of specific gravities are given for a variety of other substances, and 
these tabular values are, in point of fact, the actual weights of a cubic foot 
of each: for instance, the specific gravity of pure Gold cast is 19258; of pure 
Gold hammered, or laminated, 19361. lu point of fact, these numbers represent 
iu each ea.so the weight in ounces of a. cubic foot of this material; the greater 
weight of the hammered Gold being due, as may be easily imagined, to the 
compression of the particles, a. greater number having been crowded into the 
same space. 

Gold, with the exception of platina, is the heaviest metal with which we are 
acquainted : any admixture or alloy of the Gold with other metals will diminish 
its specific gravity, and, as a matter of course, its value in some proportion to the 
quantity, weight, and valne of the metal with which it is combined ;-for instance 
Standard Gold, as it is ca1led1 that is, the Gold of which the circulating medium 
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in England is composed, contains 2 parts of copper in 24; and the admixture of 
this proportion of copper, a metal whose specific gravity is 8878, reduces the 
specific gr,wity of Standard Gold to 17486, if cast; and to 17589, if hammered, 
or laminated, as it is when in coin. 

These are facts which have been carefully examined a.nd recorded, and they 
afford the principal elements which are required in discussing the subject, 
afforcling a standard of comparison not only as regards the specific gra,•ity 
of meta.Ilic compound.e, but as regards the exchangeable value of the precious 
metal 

In carrying out a series of experiments as to the specific gravities of various 
metallic compounds, my first object was to ascertain the degree of confidence 
which I could place on a delicate apparatus which I have used on several occa• 
sions for the purpose of ascertaining the specific gravities of bodies. A careful 
comparison was first made of the various weights employed, and an experiment of 
the amount of Accuracy with which the specific gravity of a known material could 
be determined gave me every reason to be satisfied with the character and 

condition of the balance. The following detail will enable the Society to judge 
how far this confidence was well founded. The standard value of Gold is 

£317s. l0!d, per ounce, and according to this a sovereign should weigh 123·27 
gl'a.ins, au<l its specific gravity should be, as before stated, 17589. 

Every day's circulation, however, must diminish tihe weight of a sovereign, 
though it does not affect its specific gra'\'ity. A sovereign, not of a very old 
date, being placed in the scale, its weight was found to be 123·12 grains, 
showing a. loss of ·15 of a grain, while its specific graYity appeared to be 17588, 
a dift"ercnce from the standard specific gravity of too trifling an amount to 
merit notice. Having thus shown that confidence might be placed in the 
iustrumenh employed, I will explain the mode in which the experiments were 

couJucted. 
'1'he specimens were first weighed very carefully, the balance being delicate 

enough to turn with a very small fraction of a grain when loaded with upwards 
of 2 ounces. The smallest weight employed was the ~ of a grain. The weight 
being noted, the specimen waa then suspended by a fine hair to a hook on the 
underside of the scale in a glass of distilled water, care being taken to free it 
from any bubbles of air which might perhaps exist in cavities on the metal, or 
adhere to it.s surface. Allowance was made for the hair used in suspending the 
specimen, and the weight with the necessary deductions was recorded. The 
difference between the weight in air and the weight in water is in point of fact the 
weight of a quantity of water equal in bulk to the specimen, and a simple pro· 
portion will thus give the specific gravity, or the weight of a cubic foot of the 
material e;,;perimented on, aa follows :-As the difference between the two 
weights is to the weight of a cubic foot of water, or 1000, so is the weight of the 
specimen in air to its specific gravity; or, more shortly, if'V be the weight of the 

w 
specimen in air, w that in water, G the specific gravity G = w=--; x 1000. 

Where the specimen consisted of duat, a small silver scale was suspended by 
fine hairs to the under part of the principal scale, and exactly ba]anced when in 
the water by weights, the amount of which was recorded. The dust was then 
placed in the scale, and when the whole was accurnte]y balanced, the sum of the 
weights in the opposite scale, less the recorded weight of the scale itself, gave the 

weight iu water of the dust. 
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The first experiments were made on coin :

No 1, a sovereign weighed in all' 
in water. 

Difference 

Thus 123·12 x 1000 = 17588 specific gl'll,vity. 
F 

17589 tabular specific gravity. 
----r difference. 

No 2, a Napoleon weighed in air . 
in water. 

Differe:ice 

;~;: x 1000 = 17304 specific gravity. 

Grain11, 

123·12 
116·12 

7· 

Graint. 
99·5 
93·75 

5-75 

French standard Gold is said to contain fu of Copper, in which case its specific 
gravity would be 17316 : the difference between this and the specific gravity, as 
determined by experiment, is very trifling. 

3. An American gold coin of the value of 50 dollars from the Californian Mint
Grains. 

Weighed in air 
,v eighed in water 

Difference 
1310 
75 x 1000 = 17466 specific gravity. 

1310 
1235 

75 

4. An American gold coin of the value of 20 dollars from the United States 

Mint-

\Veighed in air 
\Veighed in water 

Difference 

~~5~~ X 1000 = 17453·5 

Grains. 

515·75 
. 486·20 

. 29·55 

On reference to Table No. I, showing the value of alloys of Gold with Silver, it 
will be seen that these American coins are not worth more than lOZ. 5s. 3d. and 
4l. Os. Sjd. respectively at the mint price of Gold and Silver; and therefore in 
these colonies, where deduction must be made for freight, insurance, and other 
charges incidental to the transmission of these coins as bullion, their market value 

will be very much reduced : indeed, they appear to be inferior in value to the 
ordinary California Gold, if we may judge from the sample, an analysis of which 
is given further on in the proportion of 75s. 3d. to 77s. 2d. per ounce. If these 
coins are to be taken as the representatives of a given number of dollarc, the value 
of that coin in sterling money would appear to be 4s. l'jd. and 4s. O¼d, The 
specific gravities of these two coins approximate very nearly to each other, but 
their actual value dependc upon the character of the metal with which the Gold 
is alloyed. This is a matter of importance, and the more so as an impression may 
very probably exist that the more valuable the metal combined with the gold the 
more valuable the compound will be ; whereas the reverse is the case. 
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I have shown before that the specific gravity of pure Gold which, when cast, is 

19258, and when hammered 19361, is reduced to 17486 in the one cuse, and to 
17589 in the other, by au admixture of one-twelfth part of Copper at a specific 
grovity of 8878. Now the value of Copper in the state of coin as compared with 
Gold may be ta.ken at Ttftilr i and a.a the value of 480 grains of Standard Gold, 
consisting of 440 grains of pure Gold and 40 of Copper, is 77s. 10·5d. the Gold 
in the compound is worth 77s. 10·42cl., while the Copper is not worth more than 
·08 of a penny. Pure Gold may then be taken to be worth 2·1237d. per grain, and 
in all the calculations into which the value of Gold enters this will be used a.a 
representing it. 

,vhen, however, Gold iB alloyed with any other metal, of course a separate 
calculation will be required; and as the Gold of California and Australia iB 
combined very generally with Silver, it will be deai.rable to determine the amount 
of that metal which, when mixed with pure Gold, will bring down the specific 
gravity to that of the standard, viz., 17 486. The specific gravity of Silver is given 
in the Tables as 10474; and the following formula will, when the proper substitu
tions are made, give the amount of Silver contained in any specimen of mixed 
Silver and Gold whose specific gravity is known. Let x be put for the weight of 
Silver in the compound, S the specific gJ."&vity of Gold = 19258, s the specific 
gravity of Silver= 10474,/ the specific gravity of the compound in this case 
17486, c the weight of the compound, or 480 gra.ins-

x = ~~~; c .. x in this case will be equal to 58 grains i there will therefore 

be 422 grains of Gold and 58 grains of Silver in a specimen of mixed Silver 
and Gold weighing 480 grains, and whose specific gravity is 17486. In this 
case the Silver is pure; and in order to decide as to the market value of this 
ingredient, it will be necessary to ascertain the amount of alloy by which pure 
Silver is reduced to standard, the value of which, at the established ratio which 
it bears to Gold, namely, l to 15-a-%, is 60·78d., or about 60¾d, per ounce. The 
proportion of Copper which is introduced in order to lower pure Silver to standard 
is -lr1; that is, 37 parts of pure Silver and 3 of Copper make 40 parts of Standard 
Silver: the value of this compound is, as we have seen, 60·78d, per ounce, of 
which 444 grains consist of pure Silver, and 36 of Copper. The value of the 
Copper is 36 x ·002 = ·072. The value of the Silver is equal to 

60 '78:~~·072 = 60~:~8d·= 0·13678 of• penny per grain. 

As there are 58 grains of pure Silver and 422 grains of pure Gold in an 
ounce of the mixed metal, whose specific gravity is 17486, the actual value of the 
compound will be-

Graim. 
422 at 2·1237 = 

58 at ·1367 = 
And as the value of the same quantity of} 

Standard Gold alloyed with Copper is · 

d. 

74 8·2 
7·93 

75 4·13 

77 10·5 

The difference, or s2 6·37 
is the meaaure of the inferiority of the value of this alloy of silver as compared 
with that of Copper in the Standard Gold coin of England. . . . 

This result is easily explained, for it is evident that the lighter t~e 10ate1:1al 
combined with the Gold, the less amount will be required to reduce its apec1fic 
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gl·twity, and, theroforo, that the compouucl will contnin more of the most 
valuable metal, and less of the inferior. 

Silver, with the exception of platina, is the heaviest of the metals usually found 
iu combination with Gold; and as the value of platina is equal, if not superior, to 
that of Gold, it is not of imporl.'Ulce, in a mercantile point of view, to attempt to 
determine a matter which c1m ha.ve little or no effect upon the market price of a 
commodity. I have therefore assumed that Silver is the alloy generally found 
with the native Gold both of California and these colonies. It is known to be the 
case as regards California; and in taking it for grnuted here, any calculations 
which I may make will err in defect rather than in excess. 

The following experiments we1·e made for tho purpose of determining the 
specific gravity of different specimens of Gold completely free from extraneous 
mattero :-

5. A specimen of California Gold, apparently crystallised

Weighed in air 
,veighed in water 

Difference 

2~::5 x 1000 = 17272 specific g.-avity. 

Gmius, 

28·5 
26·85 

1·65 

6. A specimen of California Gold containing a quantity of Quartz-

,v eighed in air 
,v eighed in water 

Difference 
279·87 

19.62 x 1000 == 14264 specific gravity. 

'fhis Gold was fused into a button-

257·68 

,v eighed in air "r eighed in water 

Difference 

14 .62 x 1000 == 17625 specific gravity. 

7. Specimen of gold from Mount Alexander, apparently pure

\Veighed in air 
\Veighed in water 

Difference 
16·0 
---:gg x 1000 == 18181 specific gravity. 

8. Specimen from Mount Alexander-

,v eighed in air 
Weighed in water 

Difference 
64-80 
~ x 1000 = 18253 specific gravity. 

Grains. 

279·87 
260·25 

19·62 

Grains. 

257·68 
243·06 

14:62 

Grains. 

16·0 
15·12 

·88 

Grains. 

64 ·80 
61·25 

3·55 
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9. Specimen from Mount Alexander-

,voighed in air 
\Veighed in water 

Difference 
228·80 
12.55 x 1000 - 18231 specific gravity. 

10. Same specimen-

Grains. 
228·80 
216·25 

12·55 

Grains . 
,veighed a second time in air . 228·32 
,veighed a second time in water . 215·75 

Difference 12·57 
228·32 

12.57 x 1000 = 18164 specific gravity. 
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11. A specimen of Gold cast from some clean-looking nuggets from Mount 
Alexn.nder-

,v eighed in air 
\Veighed in water 

Difference 
231-75 

12.75 x 1000 = 18176 specific gravity. 

Grains. 

231-75 
219.00 

12-75 

12. Five specimens which were experimented on separately, and the details of 
which will be given hereafter, were fused into a button. In their original state 
they weighed 365·1 grains; when the button came out of the crucible with the 
slag adhering to it the weight was 365·185, this increase of ·085 being due 
probably to the borax used as flux. The slag was removed, and the specimen 

then 

'\Veighed in air 
·weighed in water 

Difference . 

361·625 "fi . 
19.355 = 18688 spec1 c gravity. 

13. Gold from :Mount Alexander cast and then hammered, 

'\Veighed in air 
'\Veighed in water . 

Difference 

2~!:~: x 1000 = 18703 specific gravity. 

Graim1. 

361·625 
342·27 

19-355 

Grains. 
238·28 
225·54 

12·74 

If then this be reduced in the proportion of 17486: 17589, its specific gravity 

previous to being hammered would be 18703-103 = 18600, 

14. A quantity of Gold-dust, apparently very clen.n, and weighing 962 grains, ':as 
carefully examined, and iron-sand and quartz to the amount of I ·57 gra~s 
removed i the whole was then carefully experimented on, and the specific 
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gravity determined : the Gold was then fused into a button, and the specific 
gravity again determined. 

Gmin11. 

Original weight . 962 
Iron-sand and quartz removed I ·57 

,veight of Gold apparently pure 960·48 
WeigU when cast into a button and cleaned 

of the slag 955·00 
Loss in melting. 5·43 

,veight in air 955·00 
,veight in water 903·13 

Difference 51 ·87 

9:~:~~ x 1000 = IB4U·4 specific gra,1ty, 

It may fairly be assumed from these experiments that the specific gravity of 
the Gold from Mount Alexander ranges from 18176 to 18703, and, therefore, that 
in its pure state, unmixed with any extraneous matter, its value exceeds that of 
Standard Gold; while, as far as can be judged from the few experiments which I 
have been able to make, as well as from the returns which have been furnished to 
me of the actual chemical analysis of certain specimens, the Gold from California 
will range in its specific gravity from 17272 to 17809. I have not data. at present 
to determine the matter more closely. The following Table has been computed 
in order to enable any person to ascertain at once the amount of Gold and Silver 
contained in au ounce of mixed metal of various specific gravities ranging from 
18500 down to 17100, and at the same time the actual value of the compound at 
the rates before stated. The range of the Table is limited, but it is hardly 
probable that any native Gold will fall below 17100, or exceed materially 18500. 
It would, however, should such a case occur, be easy to extend the Table, for it is 
eYident from an inspection of the column of differences, that there is a steady 
law of progression, the differences being nearly constant. 

TABLE. 

Specific Total Weight Wei~bt Ynlueof Value of Value per 
Gravity of Weight. of Pure of Pure Gold at Sih·er at Ounce of Difference. 

Sample. Gold. Silver. i711.10-42d. (35·65. Mixed Metal. 

,. d. 
18500 480 456·55 23'45 BO 9·58 3·20 BI 0·78 

12·99 
18300 450·05 29·95 79 7-77 4·09 79 11'79 

14·01 
18100 443·38 36·62 78 5·6 5·00 78 10·6 

13·5 
17900 436·58 43·42 77 3·17 5·93 77 9·10 

13·86 
17700 429·6! 50·39 76 0·36 6·88 76 7·24 

14'12 
17500 422·5 57'5 74 9·26 7-86 75 5'12 

17300 415·22 64·78 73 5·8 
15·45 

8·85 i4 2·65 

17100 407-77 72·2~ 72 !·98 
14-80 

9·.-!7 'i2 ]1·85 
----- -· -
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Having thus arrived at the value of specimens of Gold alloyed with Silver, but 
unmixed with any earthy or stony particles, upon the supposition that the 
specific gravity of such specimens can be obtained to a moderate degree of 
accuracy, the next step is to determine the amount of extraneous matter in 
specimens containing evidently masses of quartz, or other analogous materia.11 and 
the reduction in value consequent upon such an admixture, 

In order to arrive at a reasonable amount of accuracy in such a calculation, it 
will be necessary to assume an average specific gravity aa that of the unmixed 
native Gold of any given district:-

Bp.Gr. 

No. 7 181&1 

" 
8 18253 

" 
9 18231 

,, 10 18164 

" 11 18176 
II }2 18688 
,, 13 18606 
,, 14 18411 

8) 146710 

18338·75 mean specific gravity. 

For instance, from the above experiments, it may be assumed that the average 
specific gravity of Mount Alexander Gold is 18338·75, or say 18300. If, then, 
this be ta.ken as the starting point, it will be easy to calculate the reduction in the 
specific gravity caused by the presence of extraneous matter, on the supposition 
that the specific gravity of such matter be known. Now, as a general rule, this 
matter may be taken to be quartz, or some material nearly allied to it. Clay and 
sand can be removed by washing, and need not, therefore, be noticed. The 
stony particles imbedded in the Gold are of such a character as to differ little 
from quartz in weight. The following experiments were made in order to deter• 
mine the average specific gravity of auriferous quartz:-

15. Quartz from the Turon-

Weigbed in air 
Weighed in water 

Difference 
535·5 

205_35 x 1000 = 2607 specific gravity. 

Grains. 
535·5 
330·15 

205'35 

16. Veined Qua.rtz, with a trace of Gold from Mount Alexander-

\Veighed in air 
Weighed in water 

Difference 

~::~~ x 1000 = 2fi!H ~pecific grn.vity. 

Grains. 
639·5 
396·5 

243·0 
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17. Veiuetl Quartz from the spurs of Ben Lomoud, near Fingal
Gr11ina. 

,veighed in air 
\Veighed in water 

Difference 

2!~:~~ x 1000 = 2623 specific gravity. 

18. Quartz from Finga.1-

\Veighed in air 
\Veighed in water 

Difference 
1201 
460_25 x 1000 = 2606·6 specific gravity. 

19. Second specimen of aame-

\Veighed in air 
Weighed in water 

Difference 

:::.6 x 1000 = 2624·6 specific gravity. 

20. Third apecimen-

\Veigbed in air 
\Veighed in water 

Difference 
284·25 
108.75 X 1000 =.: 2614-7 

234-75 
145·25 

89·50 

Grainfl . 

. 1201 

. 740·75 

, 460·25 

Grain~. 

899 
556·5 

342·5 

Grain!'. 
284·25 
175·5 

108·75 

There is but a trifling difference in the result of these experiments; the mean 
of the different specific gravities may therefore safely be taken a~ the standard 
specific gravity of Gold.bearing quartz. 

Sp. Or. 

No. 15. 2607 
16. 2631 

,, 17. 2623 
., 18. 2606·6 

19. 2624·6 
20. 2614-7 ----
6) 15706·9 

2617·8 mean specific gravity, 

Which agrees very nearly with that given in the Tables. 

Adopting, then, the former expression x == (SS--'-f) ~ when x ia the quantity of 
( •) t 

quartz-S specific gravity of Gold as settled by the experiment, 18300, a the 
specific gravity of quartz similarly determined, 2618,-c=480. or the number of 
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grains in an ounce, f varying number from 18000 to 7000. The following Table 
will show the deduction to be made for the impurities existiug in Mouut 
Ale:xanJ.er Gold when the specific gravity of the sample falls between the numbera 
in the Table, the scale of which is sufficiently extensive to embrace all the 
average specimens, and which can easily be carried lower if necessary:-

Specil'lo w,i,ht I Quantity Quantitv or 
Value of Gold. I Gravity or o of E:i.traneOus Loss. 

8ample. Sample. Gold. Matter. 
------- ,. d. ,. d. 

18000 480 478·66 1·34 79 9-1 0 2·69 
17000 473·87 6·13 78 IJ ·53 1 0·26 
16000 468·48 11·52 78 0·75 1 ll·04 
15000 462·37 17'63 77 0·53 2 l!-26 
14000 455·39 24"61 75 10·58 4 1·21 
13000 447·34 32·66 74 6·48 5 5·31 
12000 437·93 42·07 72 ll·66 7 0·13 
11000 426·82 53·18 71 H5 8 10·34 
10000 413-49 66·51 68 10·79 11 l·O 

9000 397-20 82·8 66 2·23 13 9·56 
8000 376·83 103·17 62 9·5 17 2·29 
7000 350·65 129·35 58 5'14 21 6·61 

This Table needs but little explanation : the value of the Gold is deduced from 
that given in the former Table opposite the specific gravity 18300, which is here 
taken as the point of commencement. It will be seen on inspection that a large 
decrease in the specific gravity of a sample does not produce a corresponding 
diminution in its value; for instance, a decrease in the specific gravity from 18300 
to 12000, or upwards of 33 per cent., only takes off about 10 per cent. of the 
value. 

The following experiments will show the extent to which the Table may be 
trusted in determining the quantity of Gold in any mixed specimen :-

21. \Veight of specimen in air 
,veight in water 

Differeuce 
1375 . . 
~ x 1000 := 13994·9 specific gravity. 

Grains. 
1375 
12i6·75 

98·25 

By referring to the Table it will be seen tha.t a specimen whose specific gravity 
is 14000 contains 24·61 grains of quartz in an ounce; as this specimen weighed 
1375 grains, the quantity of quartz, according to the Table, would amount to 70·49 
grains while by independent calculation the quantity was found to be C,9·835 graius, 
a difference not worthy of notice. 

22. Weight of mixed specimen of Gold and Quartz

In air 
Iu water 

Difference 

11!:~; x 1000 = 12231·1 specific gravity. 

\Veight of Quartz according to Table 
,, by calculation 

Grains. 
111'75 
102·60 

9·15 

9·26 
9·22 

I 
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23. :Mixed Bllecimen of Gold and Quartz

\Veigbed in air • 
\Veighed in water . 

Difference 

2;:.25 ,I( 1000 = 8990·4 specific gravity. 

Grains. 
236 
209·75 

, 26·25 

\Veigbt of Quartz by Table, 82·8 grains to the ounce, or 40·7 grains in the 

specimen. 

24. Specimen of Gold and Quartz-

\Veighed in air 
\Veighed in water 

Difference 

103· 
~ x 1000 = 16480 specific gravity. 

Quantity of Quartz by Table, 1 ·95 grains. 

25. Specimen of Gold apparently clean-

\Veighed in air 
\Veigbed in water 

Difference 

175 10 x 1000 ::= 17500 specific gravity. 

Quantity of Quartz I ·41 grains. 

26. Largo specimeu from Mount Alexander-

13ll·06 

\V eighed in air 
\Veighed in water 

Difference . 

9l·2S x 1000 = 14367 specific gravity. 

Quantity of Quartz from Table, 60·22 grains . 

27. Specimen from Mount Alexander-

Weighed in air 
,veighed in water 

Difference 

ti.J.·815 '< 1000 == H-872. 

Quantity of Qunrtz from Table, 37·05 grains. 

Grninii. 

103· 
96·75 

6·25 

Grnin11. 

175 
165 

10 

Grains, 

13U·06 
121 9·81 

91·25 

Gr:iin~. 

963·93!> 
S!lfl 12 

64-815 
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28. Five emo.11 pieces of Gold from Mount Alexander apparently clenu and 
free from qno.rtz-- ' 

,v eighed in air 
"'eighed in water . 

Difference 
365-1 
20.87 x 1000 = 17494 epecific gravity. 

\Veight of Quartz by Table, 2·92 grains. 

Grain@. 

365-1 
344-23 

20·87 

These same specimens on being fused in a crucible, and when the slag which 
adhered to the button was removed, weighed 361·625, the difference, 3·475, being 
the actual amount of the impurity contained in them. The specific gravity of the 
metal being 18688, instead of18300, will explain this difference. 

29. A quantity of Gold-dust well cleaned-

\Veighed in air 
\Veighed in water 

Difference 

960·43 
55T3 x 1000 - 17337 specific gravity. 

Quantity of Quartz per Table, 8·68. 

Grains, 

960'43 
905· 

55·43 

This Gold-dust being fused into a button of Gold, and cleaned from the sfag, 
weighed 955 grains, the difference between this and the original weight being 5·43 
gra.ins,-thereforc the allo~ance in the Table is in excess. In this case it is 
possible that the specific gravity of the matter in combination with the Gold was 
inferior to that of quartz, in which case it would less to require bring down the 
specific gravity to the point shown in the experiment. 

30. Twelve specimens of Gold crystallised in various forms

\Veighed in air 
,veighed in water 

Difference 

8!.805 x 1000 = 17273 specific gravity. 

31. Small specimens of Gold in the form of a crystal

,veigbed in air 
,veighed in water 

Difference 

2~:~~ x 1000 = 17323 specific gravity. 

Oraim. 
83·0 
78·195 

4·805 

Grain11, 

29'45 
27'75 

1·70 

I 2 
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32. Golden crystals-

Weighed in air 
,veighed in water 

Difference 

152·75 
~ x 1000 = 17086 specific gravity. 

Grains. 
152·75 
143·81 

8·94 

These specimens being apparently clean, it would appear that there is something 
in the arrangement of the particles in a crystalline form which tends to diminish 
the specific gravity of tbe mass; or, what is perhaps more probable, that, there is 
a central nucleus round which the particles of Gold have arranged themselves in 

a crystalline form. 
The previous experiments and the deductions from them, especially as regards 

the comparative amount of Gold and extraneous matter in mixed specimens, apply 
in strictness only to Gold from Mount Alexander: but there is much that will 
apply to Gold from California and New South Wales; or, indeed, to that from 
any part of the world which is alloyed principally with Silver. 

I have not been able to procure specimens from California or from Sydney 
sufficient to enable me to carry on a series of experiments with regard to them, 
but I am in possession of the analysis of a considerable quantity both from 
California and Sydney; and it will be interesting to compare the results obtained 
by analysis with those which I have deduced from my experiments,-and the 
Society will then be able to judge of the amount of confidence which can be 
placed in the Tables which form part of this communication. 

First, with regard to the Gold from California. 
The quantity of metal forwarded to the assayer was 21 lb. 9 oz. 6 dwts.; this, 

when melted and cast into an ingot, weighed 21 lb. l oz. 0dwts. 12 grs., showing 
a loss from the presence of extraneous matter of 8 oz. 5 dwts. 12 grs. Upon 
analysis this quantity of metal was found to contain 527 dwts. of pure Silver, or 
at the rate of 21 dwts. 13 gra. in the pound; or the proportion of Gold to Silver 
in metal was as 9·3 to 1. 

If a reference be now made to the first Table to ascertain the specific gravity of 
a specimen in which the Gold bears to the Silver the proportion stated above, 
which, when ounces are taken n.s the total weight, will be equivalent to 433·4 
grains of Gold to 46·6 of Silver, we shall find that it lies somewhere between 
17700 and 17900; and by making the proper allowance for the difference, the 
actual specific gravity will be 17809. 

Now, the value given in the Table of an ounce of Gold alloyed with Silver, 
whose specific gravity is 17·809, is 77s. 2·79d.; and in reference to the return of 
snles it waa found that 21 lb. 1 oz. 0 dwts. 12 grs. of mixed metal was valued at 
960l. 5s. Bd., which is at the rote of 75s. I0·8d. per ounce: the value of the 
Standard Gold, however, ia taken in this return at 77s. 9d., whereas in the Tables 
it is calculated at 77s. 10·5d., or lid. per ounce more. The value too of standard 
Silver is taken at 60}, whereas in the Tables it is taken at 60 Making allow• 
ances for these differences, the value of the mixed metal will be 77s. 0·4d. per 
ounce, which approximates very closely to that given in the Table. :F'rom this it 
appears that Gold from California, having a specific gravity of 17800 or there
abouts, ia inferior in value to the Standard Gold coinage of England to the extent 
of about ls. per ounce. 
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\Vith regard to the Sydney Gold, the data in my possession are not so precise 
as with reference to Californian Gold : they consist of account sales extracted 
from the "Sydney Morning Herald," and republished in the" Courier" newspaper 
of 17th March. From this it a.ppell.l's that eleven large pieces of Gold weighed 
before melting 4 lb. 2oz.j after melting 31b. 6oz. 15dwts. 12gr.:1., showing a 
loss of 7 oz. 4- dwt. 12 grs. On assay these were found to be equal to 3 lb. 7 oz. 
17dwts. 9grs. of Standard Gold. The quantity of Silver contained in these 
specimeM is not given, but it may be got at by reference to the Table :-thus, 
3 lb. 7 oz. 17 dwta. 9 grs., at the tabular value of 77s. l0ld., is worth a certain 
sum, but 3 lb. 6 oz. 15 dwts. 12 grs. of native Gold is of the same value,-there
fore one ounce of tho latter will be worth 79s. 8·79d. i and on reference to the 
Table the specific gravity of Gold alloyed with Silver, worth 79s. 8·79d., is 18255, 
and the quantity of Silver contained in an ounce 31 ·47 grains. 

Some small pieces of Gold weighed before melting 11 lb. 3 oz. 18 dwts.1 a.nd 
after melting 10 lb. 8 oz. 14 dwts. 12 grs., showing a. loss from the presence of 
extraneous matter of 7 oz. 3 dwts. 12 grs. On assay these were found to be equal 
to 11 lb. 0 oz. 7 dwts. 15 grs. of Standard Gold; and the value of an ounce of 
metal is from this 80s. l·04d.1 and its specific gravity 18319. 

Again, two lumps of Australian Gold weighed before melting 5 lb. 4 oz. 0 dwts. 
12 grs. After melting 4 lb. 9 oz. 16 dwts. 12 grs. 

The difference, 6 oz. 4- dwts., is the amount of extraneous matter. The assay 
showed these specimens to be equal to 4 lb. 10 oz. 12 dwts. 22 grs. of Standard 
Gold; and the value per ounce will therefore be 79s. 11·6d., and the specific 
gravity 18300. 

These latter results, agreeing as they do with each other, and with those 
deduced by experiment upon the Gold from Mount Alexander, establish beyond 
a doubt the relative value of the Australian Gold. It would be desirable of 
course to ascertain whether the Californian Gold, of which the assay ha.a been 
given, was a fair average specimen; but this can only be arrived at by more 
detailed experiments. The only two specimens which I ba.ve been able to 
procure gave specific gravities of 17272 and 17625 respectively j the former 
probably containing some small amount of extraneous matter. \Ve have no exact 
information as to the character of the extraneous matter in these specimens of 
Gold submitted to analysis, but if we assume it to be equal in gravity to 
quartz, we shall not be far wrong; and the following comparison will be 
interesting :-

The weight of all the specimens of Australian Gold was 20 lb. 9 oz. 18 dwts. 
12 grs.; the weight after melting 19 lb. 1 oz. 16 dwta. 12 grs. The weight of 
extraneous matter 1 lb. 8 oz. 1 dwt., equal to 38·6 grains to the ounce. On 
reference to the second Table, it will be seen that the specific gravity of a mixed 
specimen containing 38·6 grains of quartz to the ounce will be 12369, and its 
value 73s. 6·6d. per ounce. The value given in the return as that of all the 
specimens is 913l. 10s. ld.; but Standard Gold is taken at 77s. 9d., while in the 
'fable it is valued at 77s. lO~d. Making allowance for the difference, the return 
from this Gold would be 914l. 9s. 4d., or at the rate of 73s. 4·46d.-a result very 
slightly different from that given in the Table. 

The conclusion which I should be disposed to draw from the experiments which 
I have here submitted is, that the value of specimens of Gold, carefully was~ed 
and freed by the use of the magnet from magnetic iron ore, can be estimated with 
every necessary degNe of accuracy by means of delicate sea.lea ; the specific 
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griwity being an accurate test not only of the amount of extraneous matter 
mixed with such Gold, but also of the chnracter nnd value of the metal itself. 

The subject, however, is far from being exhausted. Accurate experiments on 
the specific gravity of Californian Gold are much wanted : analysis of AUBtralian 
Gold, showing all the elements which enter into its composition, will be most 
valuable: inquiries into the molecular arrangement of those specimens which 
appear to be crysta.lliaecl will be very interesting. 

I trust, therefore, that other members of the Society will turn their attention 
to these pointa, and to such others as may appear to them to be of importance, 
and communicate the results to the Society; while I for my part will continue 
the series I have already commenced, extending it so as to include Sydney and 
Californian Gold, or that from any other country from which I am able to procure 
specimens. 

NoTE.-The abol"e papel' was communicated by his Excellency Sir William Denison to the Royal 
Society of Van Dicmen'9 Land, and published in their '.fralll!actions. The Editors h&\"e much 
pleasure in reprinting it in the present volumo. 
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llf1morn AND ESTIMATE FOR A BREAKWA'rER FOltlllED 0>' DIAlllONlJ

SILl..l'ED PIERS OF l'tfAsoNRY AT INTERVALS. Probable expense, 
156,2321. 7s. for One l\Iile in Length. By Lrnu•1•.-CoL. COLE, 
Royal Engineers. 

MEMOIR, 

TuE enormous expense of a. breakwater of loose stones; the virtual impossibility 
of forming a firm continued line of masonry in deep water; and the danger of 
filling up the anchorage by any continued line in harbours or bays where there is 
much silt, form a sufficient excuse for any feasible proposition tending to obviate 
the objections, and reduce the expense. 

The subject has been suggested by propositions on foot for the security of the 
anchorage in Table Bay, which is unsafe about the months of June, July and 
August, from the force of the north-westerly winds. 

Present opinions appear to be divided between an isolated loose stone break
water, or a mole from the shore, wholly or in part ofloose stones. In either case 
the line would be nearly as laid down in the subjoined plate No. III, as embracing 
the whole of the usual anchorage without getting into deeper water. Large 
quantities of sand, sea-weed, and other substances ru·e drifted into the bay, and 
thrown ashore by these winds, and, it may be apprehended would fill up the 
anchorage close behind a continued line, as in all harbours having much silt 
where islands or other obstructions form dead water, both on the surface and under 
current; which latter, or o. more superficial one on the north shore of this bay, 
carries a large portion of the silt to sea again. At Plymouth no formation of a 
spit or bank has occuned, owing to the cleru· river-stream passing through the 
harbour. At Cherbourg, the breakwater is not continuous, and its situation as 
regards the shore allows, apparently, a current in rear of it in the along-shore tides 
and winds. It is said, however, to have partially filled up towards the east end. 

A mole would here ca,uae, probably, the filling up, not only of the anchorage but 
of the boat harbour. At present, the wave, during the north-west winds, takes a 
l.'.:ircular direction round the Chavonne Point, and on arriving at the boat harbour, 
comes head-on to the existing jetties, quickly filling up the space on the west side 
of them, when, solid, but not on the east, on which a free passage exists along shore 
for the current a.nd silt in suspension; but this could not be the case round a 
mole, from the end of which a similar curved direction of the wave would leave 
the anchorage in dead water, and a spit would form, inside na well as outside. 
The return under•current, which probably prevents the silting up of every bay not 
having a river to clear it out, would be proportionally weak and inefficient. 

A mole would likewise intercept the direct passage of boats nnd small craft 
along shore, and cause a mischievous, as well as useless expenditure for the first 
t.i00 yards. The site is too distant for a landing place, and n. jetty for ships, 
to discharge, where convenient, would be prcforable if made with timber, or 
bridged opening:!'\ of maRonry. 

Presenl pro
jects for 
Table Bay. 

Prnbabi\ityof 
silting up. 
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The expense of a loose atone breakwater in To.ble Bay would probably equal 
that for Plymouth, the depth being here less, but the price of labour and its 
efficiency being in tbe opposite scale; the price of large building stone here, 
delivered in t,he town, being 4a. 5d. per ton, which exceeds the general Plymouth 
prices for placing stonea of from one to five tons weight in the breakwater. A line 
with f1equent interwt.ls clear to tho bottom and of cheaper construction is therefore 
desirable. If formed of cribs filled with loose stones, it would be liable to the 
same fate as the Cherliourg Cones, although on the Canada canals such cribs 
Lave endured many yeara. 

\Vith the exception of the screw pile, in cases where there is sufficient depth of 
soil, there is no existing mode of meeting the above requirements, but by building 
in coffers of convenient size, and sinking them as hereafter shown. The proposer, 
undersigned, has arranged their plan with a view to destroy the action of the wave 
by its own force,as shown in the accompanying plans, sections and model• adapted to 
Table Bay as being more convenient for illustration. The size is adapted to six fathoms 
at low water, and allows the foundation timbers of the coffer to be framed without 
scarfing, but there is no material objection to any manageable size, especially as a 
larger one would possess more buoyancy in proportion to the first masonry wall 
built within it; would require less proportionate distance from front to rear of 
pier, and a greater interval might be allowed. The salieuts of each diamond pier, 
as shown in diagram in corner of plate No. 3, would receive the wave and glance 
it off right and left to meet a. similar oblique action from the adjoining ones, 
continuing along the faces and their prolongation. The interval waves would be 
intercepted by these oblique ones, and neutralized. They would be further 
dissipated by the subsequent side expansion along the rear faces of the piers, and 
by the water falling obliquely from the top of the masonry piers in a heavy sea. 
Since the idea of this arrangement wa.s conceived by the undersigned, he has 
endeavoured to find practical exemplifications of it, and has examined such pie1·• 
heads and sea,.walls which meet the waves obliquely, and finds that it is fully 
confirmed as far as a. parallel can be found, but the difference of size, site, and 
depth of water, and want of mutual reaction, prevent a perfect parallel. The 
continuance of the oblique action, however, ha.a been found to continue three 
times the length of the face giving that action, its completeneM being in 
proportion to the force and depth of the sea.. Taking this observation as a 
guide, the sa.lients of the trapezia are drawn at a distance equal to about three 
times that of the two faces of adjoining piers, viz., 200 feet. Each front face 30 feet, 
forming an interior angle ofl20"' at the salient; tLatofthe rear may be more obtuse. 
The top is angular, as being cheapest and fulfilling its requirement3 better, as 
well as avoiding the full fm·ce of the wave. The shoulders, however, should be 
rounded as in plan and model, within the action of the wave. The left face of 
the diamond may be retired so as to preserve an angle of 30" beyond the 
perpendicular to the line of wind when from the west. In this case the gorge 
would require modification. 

Twenty.seven of such piers would be required for one mile of breakwater, as in 
plate No. 3 and its diagram. The effect of these piers might be proved by tho 
constructiou of two or three; and modifications, if necessary, be wade; but it is 
pl'Obable that a contraction of the interval or the formation of a second line in 
chequers would be unnecesaary. Even in this case the expense could be many 

• The model may be seen at the office of the ln!'-pector General. 
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times le,:s t.brui that of a loofle stone breakwater or mole, which latter might be 
maile if necc&;ary on the plan now proposed with bl'idged intervals. 

Inn cou,·cnient soil, the screw pile would, it is presumed, be much cheaper by 
disposing them in a similar mwner, with grooves to receive a plank facing to a.bout 
six: fc('t below low wnter to act on the sea., and be removed when decayed. The 
durntion of the iron screw-piles itself in sea-water is a matter of experience. 

The difficulty of building in deep water it is to be hoped may be met by 
the mode proposed as in model, and plates Noa. 1 and 2, and in specification 
subjoined, by the exertion of unremitting care and judgment in buoying and 
loading the coffer so as to sink it as required. No precedents are known to assist 
in such depths in the sea. 

"~ith respect to intervals, the same want of precedents exists, though it is 
believed the subject has been mooted, and perhaps the Cherbourg Cones may have 
been constructed partly with the same views. As it is, however, they afford no 
guide, except as a warning a:;ainst trust in timber as a permanent support, 
pa.t·ticularly where exposed to the action of the sea. 

Piles, however, framed and notched in the coffer, so as to be driven by the 
weight of the masonry, are propos:ed as an assistance to the buoyancy in steadying 
the coffor when the points reach the ground, and aa permanently securing the 
foundation both as ordinary, and, iu part, as sheet piles. They should vary in 
length below the coffer from one foot to fourteen feet, or more, according to the 
depth and consistency of the soil, and its freedom from rock or large stones. 
Table Ba.y is said not to have more than five or six feet of soil over the rock. 
The compressed soil would pass out between the pairs of piles, till a uniform 
bottom were formecl The coffl;;!r may remain to p of section below low water, 
when the pier is finished, and secure; and the top of timber, cut off and sloped 
n.s iu model and section, so as to afford no bold to the rising and falliog wave 
(p of section). Flat iron ties, rounded at the screw-heads, as shown in Plate 
No. I, Fig. 3, will be requisite, as they must remain until the whole masonry be 
finished, and timber ties throi.1gh the masonry would be prejudicial by their size in 
Jecay. Temporary timber struts from the framework, fJ g, of plan aud section, 
prevent collapse of the coffer, and might be removed to the back of wall as it 
progrei:;sea; g fl, however, may remnin. 

'fhe heads of the iron ties exposed to sea, water may be galvanised or zincked 
O\·er, for one foot into the wall, or as some authorities propose, tarred over, or 
covered with anti-corrosion, if danger be apprehended to the masonry by oxy• 
dation of the iron, as in the case of exterior cramps, &c. It may be in this case, 
that ns the end only would be exposed, it would not separate in flakes, as usual, 
but iu powder, which would fall to the exterior, and cause no expansion. They 
wuukl be preferable, also, as bending, in case of a slight settlement of the masonry, 
without stmiuing the coffer. 
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As a. further support to the piers, a. slope of stones, of large size, may be thrown Broken 

outside the salient and rear angles; on the salient, sufficient to form a slope of ;;~:f\~td 
three to one, with ten feet high at the angle; two to one at the rear angle, ,,ith . rcnr angles. 

fifteen foet at the apex, forming buttresses in shape of a section of a cone, as 
shown in plan aud section, which, with the oblique action of the sea on the pier, 
seems to make it more than equal to any probable force. The intervals should 
be free to the bottom. 

l,uch a pier would, with modification, form the foundation of a lighthouse, LighthoW!e. 

battery, 01· other appendage to the breakwater, whether of masonry or screw-pile, Battery. 
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wherever rock or moveable sands do not exist. Even in the latter case it might 
be found that very long piles to the coffer mi.ght bite in the solid ground below. 

Piers of bridges, in very deep water, might, it is conceived, be constructed in 

the same coffer. 
In the ca-;e of haL·bours of refuge, the intervals might be stopped, in war, by 

booms and chains, secured so as not to injure the piers. The booms might be 
made 80 as to act as a :floating breakwater, which might be moored to the piers. 

Tho regularity of the winds affords peculiar facility of execution in Table Bay, 
during eight months of the year, when easterly winds prevail off-shore, or a light 
south-westerly eddy round the Cape, if the easterly wind has much southing, 
affecting the hru:bour only, while an easterly wind blows on the north shore. No 
wave rises to affect a large body, anchored or moored. A westerly wind during 
these mouths is rare, and generally light. To limit the chances of difficulty, the 
foundation of coffer may be put together in-shore, and floated out, as required, 
making use of previously constructed piers as a shelter, if necessary, till the piles 
are near the ground; after which a pier of the size proposed may be secured in its 
site in a few hours, and finished in about three weeks. 

Large casks fixed to the coffer guards would be the safest and most convenient 
floats to assist in buoying the coffer, with lighters or other vessels to assist in 
steadying it. It may, however, be dangerous to trust much to cables or chains as 
suspenders. In variable climates, or wherever there are dockyards, variable 
winds may be guarded against by large vessels as shelter or floating power. The 
buoyancy of the coffer itself will admit (in its first, ten feet of height) of building 
a well all round, six feet six inches high, and five feet thick, of the nature shown 
in plans and specification. The addition of a second ten feet of coffer will allow 
six feet additional of wall. The whole coffer will float about twenty-four feet of 
wall, or two•thirds of its height, without the assistance of casks, &c. 

\Vith submission to the great authorities, who place returns at each end of the 
breakwater, I would not advise their use, as the set from each end would 
neutralise each other, and the two would prevent the formation of absolute dcad
water, and formation of a spit. They are, at all events, uunecessru-y in an interval 
breakwater. Any trace, however, would suit these piers, with the precaution of 
throwing back the faces about thirty degrees from the wind. 

No wave in Table Bay exceeds six feet perpendicular from the trough to the 
crest, so that the masonry would never be exposed more than three feet below 
low water; beyond this depth the sea would lose the momentum of the falling 
wave, and at six or eight feet the disturbance would be immaterial, according to 
ProfesBor ,vhewell and other authorities. 

The exaggerated accounts of the height of waves a.rise, perhaps, from taking the 
slope instead of the perpendiculru.•, or from want of consideration that when two 
vessels are bidden from each other, the deck is frequently at the bottom oC the 
wave, in pitching and rolling, and that the observer's eye and the crest of the 
next wave make a great angle with the horizon. In the experience of the 
undersigned, in mo,ny voyages, no wave of the Atlantic exceeds eleven feet 
perpendicular. These questions and others present themselves for consideration 
in weighing the feasibility of this project, though the height of waves is of minor 
importance, as well as the depth of disturbance, except as regards the depth of 
plank-facing requisite, if screw-piles be used. 

The destruction of timber by the worm below low water, does not apparently 
take place, a.nd, as well as the duration of the timber, is also of minor importance. 
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8.l'EOIFICATION. 

Goffer. 

Lay a <t, as shown in plan and section, of round pine, 1 foot in diameter, 
about 5 feet apart, so as not to interfere with the subsequent inse1tion of the 
piles, the ends to be flush with the outside of ff, against which they should 
be firwly wedged. Into a lt notch nud pin bb, which form the faces of the bottom 
of sound square timber, l ft. 6 in. square, strapped and bolted at the angles: 
Through b pass a bolt with a bar-nut outside. Pin c c on a a of half round 
timber, 1 foot in diameter, breaking joint with each other. Over b b and c c lay a 
solid flooring, ll, in two thicknesses of 6 inches each, breaking joint, and caulked, 
pitched iu the joints, notched and pinned on b b at the ends; and on c c, heads 
flush with outside of/ f, but not to interfere with the insertion of the latter, 
against which they are afterwards wedged. Lay the course of half round timber, 
e e, 1 foot in diameter, dovetailed and pinned to each other, and between each pair 
of piles,//, the angles of the frame to be strapped and bolted together; the front 
ties of hard wood. To be filled flush with concrete. The piles, ff, to be next 
inserted against the dovetails of e e, and on b b, of 1 ft. 19 in. timber, and round 
points, and shod below the bottom. The bar-nut of the bolt through b b will then 
be turned across the piles, between each pair of which there will be straining pieces 
of timber, at convenient vertical distances; strap round each pair of piles below 
a a. The piles must be perfectly vertical, to prevent strain in driving, which is 
done by the weight of masonry, &c., to be of length, according to the soil below, 
and about 10 feet above bottom, forming the ribs of the coffer, which are 
continued upwards, as required. All bolt-heads nnd nuts to be countersunk and 
covered; the angle-tie in front to have a pile on each side, and, as on each angle, 
to have bulks vertically to fill in between the piles, and be pinned, strapped, and 
bolted together: The two-inch planking to be laid over the piles and rails, or 
straining-pieces; caulked and pitched. The coffer to be 5 feet above spring tides, 
to h of section. All the masonry is secure. Girders outside, as shown in section, 
and strapped and bolted together at the angles. The sides of coffer to be 
supported as in memoir and plan and section. 

Ma.soowy. 

An average thickness of 5 feet to be built round the interio1· of eoffer, of 
hammer-dressed granite, well bonded, the stones not less than 3 feet to 6 feet 
in length, and 2 feet depth of bed and face, with thorough stones, every 10' of 
each, 2' higher, uncoursed, and bounded vertically as well as horizontally; to 
be rebated and checked; cramped and dowelled with oak or teak dowels, as shown 
in plan, elevation, and section. The dowels of the surface-stones to be fox-wedged, 
and perfectly dry when inserted. Thin 5' work to be laid in cement of water and 
common lime, mixed with puzzuolana, or Portland lime, for face-joints and beds, 
to a distance of 2' from the face, and the ,vhole 5' grouted with cement every 
2 feet in height, using as little water aa possible. The foundation of the masonry 
to be laid and grouted with the same. Tail bond to be left as efficient as possible 
at the back of the outer wall, to bond with the heart of the pier, which may be 
of ordinru·y rubble masonry or concrete, mined or grouted with water-cement. 
This work, as well as the wall, will bo flushed occasionally, to receive the flat 
iron ties mentioned in Memoir. The quoin stones to be dovetailed and cramped, 
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as shown iu plan, without interfering with the usual bender o.nd stretcher course. 
The masonry to be ca.rried up, as stated in memoir, according to the buoyancy of 

the coffer, and its assistant casks, or other floats. 
In carrying up the wall, the struts from !I g. to support the sides of the coffer, 

will be shifted to the back of the wn.11, and finally removed, as the heart of the pier 

is carried up. 
Iron-work, as in memoir and in plan and section. 
Lowe stones outside the salient and rear angles of each pier, ns detailed in 

memoir. 
ESTIMATE OF THE EXPENSE OF ONE PIER. 

14,529 cubic feet of timber in coffer wrought, framed and fixed, 
strapped and bolted, as in specification, at 311. 

19,360 cubic feet of granite masonry, laid in cement, wrought and 
dowelled as in specification, at 2s. 6d. 

12,408 cubic feet of rough rubble masonry, or concrete in heart of 
pier, at 10d. 

560 tons of granite stones from 1 to 5 tons ea.eh in weight, thrown 
in at salient and rear angles, according to specification, at 4s. 6d. 

Add one hundredth for contingencies 

Tota.I for one pier . 

£ •· d, 

2197 7 0 

2420 0 0 

517 0 

126 0 0 

5260 0 
526 0 8 

5786 7 8 
27 

Total for 27 piers, forming 1 mile in length of breakwater . 156,232 7 0 

The probable expense of a diamond breakwater, formed with the screw pile 
according to memoir, from such data as are authentic, appears to be about 
£18,000, for Algoa Bay, or others having deep soil. 

P. COLE, 
Lieut .-Col. Royal Engineers. 

Jan. 10, 1851. 

LLEUT.-COLONEL COLE, ROYAL ENGINEERS, TO THE !NSPECTOR·GENERAL OF FORTI

FICATIONS, SUBMITTING TO HIS JUDOMENT A PROPOSITION FOR A BREAKWATER ON 

A NEW PRINCIPLE. 

Srn,-
CAl'.lt: TOWN, Ja11uary 10, 1851. 

1 have the honour to inform you that I have forwarded, under the charge 
of Capt. Howarth, Royal Engineers, who goes home in the ship "Jane Briton," 
by which this letter is also posted, a memoir, specification, plans, estimate and 
model of a breakwater on a new principle, as fa1· as I am aware, which I submit 
to your judgment, and should it be approved by you, I request you will be 
kind enough to have it brought forward in the exhibition of this year, if suitable 
to it, in which case Colonel Reid's usual kinllness will, I feel confident, assist 
its introduction, or if not, in such other roa.nner as you both may judge beat,, 

I have not proposed it here, although framed with reference to the sounding 
a.nd nature of this bay, because I wish to avoid competition with other projects, 
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and because it will meet with a. better ordeal at home, even if it does not go 
beyond your office. I have, however, mentioned it to such persons as are best 
qualified to judge of its usefulness, and they all conceive it practicable, and 
a.dapted to its proposed end. 

For Algoa Bay and other deep soils or bottoms, the principle if carried out with 
the a.id of the screw-pile, would be still easier and cheaper; the masonry coffer 
and pier being about one-tenth the expense of the ordinary breakwater, and with 
help of the screw-pile and plank facing, aa stated in memoir, it would be one-seventh 
the expense of the masonry one--aa far as I am able to judge from what I have 
read of that pile. 

I am indebted to Lieut. Smith for the drawings and to Mr. Penketh for the model, 
and for their kind nssistance in framing them from my rough plans and specifica
tions. I have endeavoured to make the memoir as short as possible, but in 

considering the feasibility and difficulties to be encountered, aB well as the principle 
on which the proposition is founded, I have been forced to enter on several subjects, 
the results only of which I have transcribed. 

I have the honour to be, 
Sir, your most obedient humble servant, 

J. COLE, 
To the Inspector General of Fortifications. Lieut.-Colonel, Royal Engineers. 

29th Sept. 1851. 

This system of building to sink as the work proceeds, does not appear new, and 
I believe the practical difficulties in the execution especially in deep water and 
uncertain sea, ho.a been the cause of its not being more adopted. 

The proposition of the diamond shape to the piers would lessen the action of the 
wave against them, but with intervals of 150 feet I doubt whether the wave 
would be sufficiently broken to secure the anchorage behind. The piers also 
appear small to stand perpendicular against such a swell as often occurs at 
the Cape, on a base of only 30 feet at the widest part, and a foundation not 
well ascertained. If on sand, which appears probable, they would be very 
insecure, with a height of 40 feet. It might be suggested to Colonel Cole 
that, a.a there is stone on the spot, the alternate piers might be connected by 
loose stone to nearly their height in addition to what he recommends at 
their ba.ees. 

(Signed) G. J. H. 

29th Sept. 1851. 

I quite concur in the above remarks :-1 believe the Caisson system has been 
generally rejected by engineers. 

The question is not one requiring the consideration of our corps at present, 
and I am not sufficiently confident of the advantages to wish to bling it forward; 
but there can be no objection whatever to Colonel Cole putting it into the 
Corps' Papers, or laying it before the public in any wo.y he pleases. 

(Signed) J. F. B. 

30th Sept. 1851. 

Returned to Lieutenant-Colonel Cole, with the plans, memoir, specification, and 
estimate, and transmitting for his information, copies of minutes on t~e s~bject 
(above) from the Assiata.nt Inspector General and the Inspector of Fortificatwns. 

~;. MATSON, A,A.G. 
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PAPER VI. 

'l'o THE EDITORS OF THE ROYAL ENGINEER PROFESSIONAL PAPERS. 

GENTLEMEN,-

Having seen in a pamphlet published by Lieutenant•Colone1'Vaddiugton, 
that he has requested of you to insert in both yom· works his reply to my 
strictures on bis battle of Meeanee, I hope you will do me the favour to 
append the following comments if you comply with his request. 

1st. Lieutenant-Colonel Waddington has shown that I mistook the time he 
meant, when he said the Shikargah wall was crowded with matchlock men; I 
apologise for the e1Tor, but was misled by his own expression, which he has in his 

reply inadvertently misquoted as being "tlie app1·oach of om· colunm," whereas the 
original passage, repeated at page 'j of his pamphlet, is simply "on our approach" 
and it was natw-al to suppose that referred to the advance in order of battle. 

2nd. For the duration of the action it would appear Lieutenant-Colonel 
Waddington reckoned only from the arrival of the troops on the bank of the 
Fullailee, whereas I reckoned from the first shot, and that was about nine o'clock. 
But we differ also as to the duration of the band-to-hand fighting; and upon 
that point I will give an illustration of the difficulty of agreement. Five officers 
assw·ed me separately that they had looked at their watches when the first shot 
was fired at ·waterloo; and yet all differed-not by minutes, but even as much as two 
hours ! Wherefore I must be pardoned if, with respect to Meeanee, having the 
opinions of three officers, besides the General-in-Chief, in opposition to Lieutenant
Colonel \Vaddingtou's opinion on a. point so easily mistaken, I adhere to my 
own statement. 

3rd. For the numbers killed, Lieutenant-Colonel \Vaddingtou relies on his 
own observation, made the day after the battle,-tbe General judged from the 
observation and counting of several officers, and I find the following marginal 
note in his handwriting, on the Colonel's pamphlet:-

" I remember that the enemy sent to me for leave to bury their dead, which 
I granted. This, as I recollect, was the morning after the battle, and would 
account for Colonel VVaddington's seeing so few. Numbers would have been 
carried away or buried." 

There remains this question: \Vho originated the ca,,alry charge1 Colonel 
M'Phersou's or Captain Thompson's notes, given in my former stricttu·es, would, I 
thought, h[we been sufficient on that head; but Colonel \Yaddington still offers 
evidence in favour of Captain Tucker's claim, and thinks that officer deserves 
the highest praise. I will presume to say, that for a captain to carry off a general's 
reserve in the midst of a battle without ordera, deserves, not praise, but severest 
censure, and happily the following letter from Captain Thompson shows that 
Captain Tucker was not guilty of that impropriety: that bis letter and that of 
Captaiu Ba.zett wei'e written under a misconception of what harl passed, an<l 
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thn.t Colonel ,vacldington has mistaken Captain Thompson's second nrrival, 
to enforce the first orJer, for his first arriw1.l to give that order. 

EXTRACTS FROM CAPTAIN TRO?.fPSON'S LETTER. 

"CALCU'M'A, Feb. 21, 1852, 

"My dear General,-! ha.ve just received n. pamphlet from Colonel \Vaddington, 
in which he makes out that at Meeanee, Colonel Pattle never received any order 
to charge from you, or if be did, it was after the cavalry had charged; the facts 
are as follows. 

",vhen I was 8ent by you to order the advance, the cavalry were considerably in 
rear oftho infantry; Major Story gave the order to 'advanC'e by threes from the 
right of squadrons,' and marcllcd up to the infantry, where I am told he halted, 
but by whose order he did halt I clo not know; it was at this time that the regi
ment in front 'fell into some confusion and came to the right-about'-when, 
according to Captain Bazett's account, Captain Tucker urged Colonel Pattle to 
charge, although the Colonel had received the order to do so from Jlif'Pherson nnd 
myself some minutes before. 

"In Captain Bazett's letter (page 35) he says the advance was made, without any 
order to that effect having REACHED Colonel Pattle from the General, on the 
urgent entreaty of Captain Tucker; Captain Bazett, being with the left troop of 
the left squadron, was not in a position to know what order I conveyed to 
Colonel Pattle, as I met him between the cavalry and infantry (as stated in my 
letter of the 22nd May, 1844) and Colonel Story was in front of the centre of the 
regiment, when I gave him your order. 

"Captain Bazett is so far correct when he says, 'I heard that an officer came with 
the order a few minutes later,' for you AGAIN ordered me to hurry on the cavalry, 
but by the time I reached the left of ,the line they had dropped into the Fullailee 
and charged. Had the 9th not halted close in rear of the Infantry, there could 
have been no dispute as to who ordered the cavalry to advance; for Colonel Pattle 
was not with the regiment but between the cavalry and infantry, when Colonel 
Story received the order from me-and advanced by threes from the right of 
squadrons. 

"I have not written to Colonel Waddington, neither do I intend to do so, 
but I think it only fair that I should let you know the facts of the case, as 
Sir William Napier may wish to reply to Colonel Waddington." 

This I think conclusive, and I remain, gentlemen, 
Your obliged servant, 

W>r. NAPIER, 
Licut.~Gcncral. 
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PAPER VII. 

SIEGE OPERATIONS, ANcrENT. By LIEUT. YuLE, Bengal Engineers. 

THE classical manner of siege, by means of great wooden towers, UEed as 
moYable cavaliers, exactly as it is depicted in the sculptures of Egypt and 
Nineveh, continued to be practised in the miJ.dle ages, when these cumbrous 
machines are often spoken of under the name of belfreys, or cat-castlu. • The 
advance of these was backed by a mechanical artillery, which, however slightingly 
we may be disposed to think of it, was directed with sufficient force and accuracy 
to effect practicable breaches.+ The latter object was frequently attained, a.sin 
ancient times, by running mines under the walls, which were propped up with 
dry timber, ready to be fired at the right moment. The use of cannon must soon 
have abolished the system of attack by movable wooden towers,! but the old 
mode of mining continued to be employed for a century and a half after the 
introduction of gunpowder. Mines charged with powder were first tried by a 
Genoese engineer at the siege of Larza.nella, in 1487, on which occasion they 
failed.§ Peter Navarre, one of the earliest modern engineers of eminence, had 
witnessed the attempt, and repeated it on several occasions in the service of Spain j 
till, in 1503, his efforta were crowned with complete success in the capture of the 
Castel del Ovo, at Naples-a fortress of which Froissart had remarked, a century 
before, that it was "impossible to take it but by necromancy, and the help of the 

devil." II 

• Bejfrois and da6 chasteils. The latter name was given te this engine, according to 
Geoffrey de Yinsauf (iii. 8. :Bohn'e edition), because like a cat it crept up and adhered to 
the walls. Eatze is still the technical German term for a cavalier. As an early example of 
the use or these engines in medieval history, may be mentioned the attaC'k or Paris by the 
Northmen in the ninth century: see Daniel's HMt. de la Jlilice F1·antaise; and, as a later, 
the campaign or St. Louis in Egypt, where we find them used on both sidM in the attack 
and defence of field entrenchments even,-Join'Mllc'8 Jln,wirs, 

t Acre when besieged by the Crusaders was breached by engines ea.sting stones. At that 
siege also, a single stone from one of King Richard's mangonels was known to kill twehe 
of the garrison.-T"inaau/. In one of the English sieges in Scotland, the carcases of dead 
horses were cast into the town from the be.!'ieger'11 E:ngincs. So al~o Froi.ssart tells us 
(book i. chap. 106), that the French bMieged Auberocbe (1344), having c:i.ught an English 
messenger, tied hi11 letters round bis neck, thrust him into one of the machines, and shot 
him into the fortress, At the same i;iege the vertical discharge of stones was so heavy that 
the garrison were confined to vaulted rooms on the ground-floor. 

t So late, however, as 1453 we find the Turb at Constantinople, using the ancient towers 
and b:ittering-ram!! in combination with heavy artillery.-Giblnm, b::nii. An attempt was 
made to revive the use of the ancient wooden towers when Steinwyck was be,ieged by Princ,e 
Maurice of Orange in l 592. The engine as devilled by a certain Captain Cornput, of 
Breda, was of nine stOriM, each story tweh·e feet high. It was moved on rolleTI!I np to the 
edge of the ditch, where at firP.t it enablt'd the musketeers to drive the defendeTI!I from the 
ramparts, and even from the streets of the town. :But two guns brought to bear on it soon 
knocked the two top stories to piece-s, and then no one would venture on it.- tan Mtttn-en, 
Hist. dt8 Pay8b<U, liv . :ni. The Royalists, during the civil war in 1645, made a !!imilar 
engine for tbe attack of Canon Frome, near the Malvern Hills; but it was captured by 
the Parliamentary troops before it could be used.-G,..o.,e's Jfil • ..J.ntiquitiu, l'Ol. i. 38~. 

~ The theory, at least, or mining with gunpowder Seic'ms, howenr, to have been suggel!ted 
by Francesco, of Siena, the father or modern fortification, some years previo1111ly. 

0 Froi.uart, book ii. eh. 87. We find the old and new modes of mining used in combination 
by Peter Navarre, at the siege of the Castle or Milan about 1515. 
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The attack of places in the 16th rmd early part of the 17th centuries, when not 
confined to blockade aided by elaborate cbaina of forts,* appears to have consisted 
generally of two approaches indifferently defilacled, sometimes by a. zigzag trace, 
but oftener by frequent redoubts; by short pla.ces of arms parallel to the front, 
the po.ra.petf:I of which were made high enough to cover the direct trench in their 
rear, or by traverses at right angles to the trench; sometimes the approaches 
consisted of two long defiladed lines starting from distant points of the intrench
ment, and crossing one another near the glacis. t In both cases the approaches 
were united near the counterscarp by a parallel or crowning lodgment. The 
principal battery waa established with the earlier part of the approaches and 
between them, sometimes having another on each flank. These batteries directed 
their fire on the town aucl works indiscriminately1 and were usually contained in 
redoubts or forts carefully strengthened.t In the earlier part of the period 
mentioned the batteries were raised to a great height1 in order to command the 
attacked mm parts; hence they are frequently termed mounts.§ 

As the works of approach drew near the place the saps appear to ha,e been 
either carried on as regular galleries blinded with timber,11 or masqued at short 
intervals by wooden frames (called chandeliers) filled with faacines, placed from 
side to side a.thwart the trench which pas::ed beneath them1 or planted in advance 
of each other in direct tclulon. ,r But for these we see substituted, as early as 

• As in Spinola's celebrated cnpture of Breda in lG25, 
t All these modes of approach are de,;cribed by the Chevalier Antony De Ville, in bi~ 

book or Fortification (1628). We give an early example of zigzag approaches in fig. I, 
plate I., which represents the attack of Groningen by Prince Maurice in 1594, from a 
contemporary Dutch history of the Revolt of the United Provinces. Approaches defiladed 
by redoubts arc shown in fig. 21 which is a part of the attack on Breda by Frederic Henry 
of Orange in 163i. 

t Sec in fig. 3, plate I., one of Spinola's batteries against Breda (1625), from the Latin 
narrative of the siege by the Jesuit Herman Hugo (Antwerp, 1629). 

~ See these mounts represented in fig. 2, plate II., which has been traced from a large 
plate of the siege of Grave by Alexander Farnese, Prince of Parma, in 1586, contained in 
the Dutch history before referred to. The method of constructing these great cavaliers 
is described by De Ville. At Steinwyck, in 1592, some of the batteries were nineteen 
feet high. They were used up to a h1te period by the native Indian powers. "At the 
siege of Tellicherry in 1782, conducted by one of Ryder's generals, after several vain 
attempts in the usual strle of attack, he constructed a cavalier battery of the nature alluded 
to. It was formed or trunks of trees and earth rammed between the intervals, with guns 
at the top which were eleYated to a sufficient height to oYerlook the place. The fate of 
this lJllrticular work is not recorded, but as the siege was raised, and most of the besiegers, 
with their guns taken in a sally by the garrison, it is fair to conclude that it was not found to 
answer the end proposed. Another ex.ample occurred about thirty years before, when Clive 
was besieged in Arcot by Chnnda Sahib. A house in the Pettah near the rampart, sencd as 
the base of a mound, which was made by the besiegers sufficiently high to see into every 
1mrt of the fort. The garrison waited until it was completed, and then a few shots brought 
down the whole maas."-Lake's Sieges of the Madras .• frmy, p. 222. 

I "Les galleries sont ccrtains chcmins couverts qui sont faicts pour poul"oir veuir aux 
tosses et remparts de la TIile ; ce sont des entrees vout(-es, lesquelles sont si larges qu;u_u 
chariot y peut entrer. Elles sont faictes de terre, et en haut clles sont couvertes d a~s 
[plrmka] soustenus de masts et gros bois et puis com·ertes de terre. Elles servent pour vemr 
jusquesaux fogs(is de la ville, et ll cette fin les ouniers jettent tousiours la terre dcmnt eux 
par un trou qu'on y laisse, et par ce moyen allongent tousiours Jes ga.llerieil Jusques A cc 
qu'ils aoyent ,·enua jusques aus. remparts ou boulevarts de la l"ille . • • ce que nous avons 
veu avec grande admiration, devant la Yille de Grave."- Va,t J1Iettl!1'en 1 Hist de3 Payibaa, 

liv~ X:!;b of these methods of sapping are indicated in the attack of Groningen, fig: l. plate[. 
For the chandeliers in De Ville we find substituted traverses formed of large gab10M placl'd 
on baulks which cross the trench from side to side, fig. 4. Chandeliers were al~o often 
planted at different points where no real work was intended, to distract the attcnt101;1 and 
fire or the garrison. Lake mentions them as being u~ed by Hyder Ali's French engmPen 
at the ~iege·of Vellore, in 17 81 ; p. 208. 
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1629 in the attack of Bois-le-Due, by Prince Frederic Henry, a regular double sap 
with' overlapping traverses, exactly such as is now taught in our military acbools.* 
On the cl'est of the glacis we find counter-batteries against the flanks, as well as 
breaching batteries. Breaches were however generally completed by miuin~; the 
gallery of descent into, and passage of the ditch, accomplished very much lU the 
manner still taught-the latter, however, being blinded as well as the former. t 
The works of actual attack bore no proportion to the auxiliary lines of circum• 
vallation. On these vast labour was expended. Those of the Princes of Orange 
we find fraised and palisadoed, with imposing relief and double ditches, and 

flanked at intervals, not by mere reda.ns, but by bastioned forts, horn works, and 
c1·ownworkB.:!: It seems to have been usual partially to employ the peasantry on 

these works i at the first investment they were set in large numbers to dig a 
ditch roughly marked out round the place,§ and meantime the engineers traced 

the elaborate niceties of the proper circumvallation within. 

• See plate III., which is a facsimile of the original engraving to be found in a na1T:1.tive 
of the siege written by the Dutch historian Daniel Heinsius. Rerum ad Sylvam-Ducia atque 
alibi fo Bcfgio aut a Befgis amw MDCXXIX. gestarum Historia. Lugdm1i Batavorwn, ex offici11il 
El::etiiriorum, MDCXXXI. 

The Vinea, or sap here exhibited is stated by Heinsius to have been then employed for the 
first time, and to have been called Porciana after the inventor. But the country or verna
cular name of this ancient Jebb does not appear. 

The single tier of g11.bions which seems to form the whole parapet of the sap in this case 
must have been some six feet high. Indeed gabions as large as, or larger tbau our present 
saprollers were commonly used, ci.pecially in batteries during the sixteenth, seventeenth, and 
beginning of the eighteenth centuries. Maggi (Fort. delle Oitta iii. 25.), speaks of the French 
at an attack of Perpignan using a double row of gabions, six feet in diameter and eight feet 
high. Sir Francis Vere ( Oo11onental"ies, p. 14), describes a Spanish field-fort which he assaulted 
in 1590, as "reared of a good height with earth, and then with gabions set thereon of six 
foot high." In most of the prints of sieges during the seventeenth century, and in as late 
a work as the Jlifitary History of Bu,qene aml Marlborough, li3G, one finds.all batteries 
represented as formed of these large gabions, generally one to each merlon. See for example 
the lofty batteries illustrated in fig. 2, plate II. 

t These galleries and similar works were frequently executed on contract by the 
Engineers, who seem to have borne all risks of damage by the enemy. "That same night," 
says Lithgow, in bis Experimental Discourse of this Last Siege of Breda (1G3i) "the Scots 
began their gallery whereof one James Lecky was chief workmaster who was to have for 
perfecting the same 36,000 gilders." In the same siege (where the English, Scotch, and 
French auxiliaries each carried on an independent attack) the price of the English gallery 
was fixed at li,000 florins, that of the French at IG,000. Should the work be finished 
before the appointed day the engineer was to receive a bonus of GOO florins 11cr day for each 
day up to the fourteenth, but should it be destroyed by the enemy he was bound to restore 
it, and should the gallery not be ready by the fixed period he was to forfeit 2000 florins. 
'fhese details are from a Latin narrative of the siege by M. z. Boxhorn. At Groll, in 1627, 
where also English and French are found working in rivalry, a bonus of 4000 livres was 
promised to the party which should first finish their gallery, The English gallery having 
been twice burnt by the enemy the French gained the prize, but our countrymen succeeding 
in first effecting a loclgment on the ramparts of the place were handsomely rewarded by 
Meaaei[JIMlffS lea Etats.-Hist. de la Vic et Actes memorables de FrCdfric Henri de .Nassau, 
Amstel'dam, 165G. 

t Frederic Henry's double lines round Breda each exceeded 18 miles in es.tent, "by 
whi~h," Lithgow ~ays, 0 Breda stood in the centre like a maypole in a market-place, 
or like to a theefe m a common hall condemned to die." Spinola's circum'\"allation of the 
same city (1G25) bad 52 miles of parapet, the contravaUation 16 mile@, flanked by 96 redoubts, 
37 forts, and 45 batteries. At Bois-le-Due (1629), the entire extent of Frederic Henry's 
works was nearly 70 miles. 

§ Till about the period referred to siege trenches appear to ha'f'e been generally executed 
by labourers pressed from the surrouncling districts, or by bands of professed pioneer11 
~called by tJ.ie Italian :writers guastatores), who accomJ)anied the army. At Gertruydenberg, 
m 1593, Prmce Maurice appears to have introduced the practice of making the troops handle 
the spade and pick with extra working pay, according to our present system. Thirty years 
befo:e we find Maggi (.Disco11rse on Fief<J .&1t,·enchme11ta), recommending that those or the 
so~c.hers who were not ashamed should work, according to the practice of the ancients· 
endently not considering it binding on a soldier. "Les Espagnols" says Antony DeYil\e' 
"n(' ,,eulentjamaill faire aucun tra,·ail; ils e11timcnt que cela e1:1t ind'igne de Jeur grandeur..'• 
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PAPER VIII. 

MEMORANDA oN TITE UsE OF AsPJULTE. Communicated by 
CoL, 0LDFIET,D, 11oyal Engineers. 

HAVING heard and read much of the efficiency of the Seyasel asphalte iu 
covering arches, as well as its utility for other purposes, I was disposed to test 
its qualities, and consequently obtained the sanction of the Master-General and 
Board to introduce it, in my command in the Canadas, by covering the terrepleiu 
of the ramparts, at Fort Henry, over the caaemates, the arches of which were not 
impervious to the wet. 

The materials, with the necessary implements for working them, were sent 
from England, as also a person experienced in the use of asphalte, to superintend 
its application; it wru:i laid on early in the autumn of 1842, but, exposed to the 
frost, it was a failure. Had I remained in Canada, I had proposed to test it the 
following year, by removing the soil over the arches, cove1-iug the arches with 
the asphalte, nnd then replacing the soil, much in the way I have since proceeded 
at Plymouth. 

In the year 1846, it was decided to restore, for the occupation of 
troops and stores, the casemates in the citadel of Plymouth : platforms were to 
be laid in Cumberland Battery, for the heavy armament recommended by the 
committee on the Harbour Defences, in 1844. and the Master-General and Board 
(to avoid the necessity of disturbing, in the succeeding years, the platforms about 
to be laid) authorised the casemates on this front to be at once proceeded with. 
The restoring the casemates commenced on the 1st of June 1846, and they were 
in a state for occupation on the 26th of February, 184 7. The estimated cost was 
23651. 5s. 7¼d,: the actual cost, 2,156l. 13s. O¾d. 

The number of casemates restored, ten. 
The accommodation gained, eighty-three non-commissioned officers and men, 

with a guard-room and artillery store. 
Although previously uninhabitable from damp, they have since their com

pletion been almost constantly occupied, and not a drop of ·water bas been 

admitted through the arches; in fact, the aspbalte, as a covering to the arches, 
has in this case completely succeeded. During the working season of 184 7-8, 
the rest of the casemates, twenty-five in number, with two magazines, a guard
room and artillery store1 have been covered in like manner, and as far as yet 
known, with equal success. 

The floors also, in a.spbalte, have not sustained injury from the barrack 
bedsteads or furniture; they are impervious to wet, and consequently require 
that all water spilt on them should be immediately mopped up. 

Asphalte was used as a coping to the top of the parapet of Cumberland Battery, 
on concrete, upon rubble; the fillets were of cement; the bea'fy frost of 1846-7 
destroyed the cement; the wind bad access and broke ft.way the asphalte; it was 
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restored with bl'ick at the outer n.nd inner edges, n.ud has not only withstood the 
winter, but the concussion from the fire of si:x: rounds of a thirty-two-pounder, 
fired successively. 

'l'he efficiency of aspbo.lte, M far as I bad tested it in the citadel, and the failing 
of the masonry embrasures, into which the morning and evening gun had been 
in succession removed, upon tbo old saluting battery being armed with heavy 
ordnance, induced me to suggest the adoption of asphalted brickwork in the 
construction of an embrasure : its efficiency, as far as the test has gone1 bas been 
complete ; the morning and evening gun has been fired daily since the afternoon 
of its completion, except during the two or three days when a thirty-tw0+pounder 
was run into it, to try the effect of its fire with a service charge; the report of 
this test is annexed, as al.so that of four other embrasures of different construction. 

The charge made by the Aspbalte Company for the construction of the 
embrasure was 66l. ; the cost1 had it been in granite1 in block1 according to the 
schedule prices-

£. ,. d. 
At Plymouth would be 71 4 7! 
In lime-stone in block 63 19 9 
Brickwork in cement 33 3 2¼ 
Brickwork in mortar 26 10 2½ 
Limestone rubble masonry in courses scabbled on 

exterior face 26 18 Bj 

I think it probable that an embrasure built with bricks, of the very best quality 
set in, but not coYered with asphalte, might prove equally efficient, at a less cost, 
and i.s at all events worth the test. 

During the last season aaphalte has been used in covering arches and towers at 
Staddon Point Battery. 

At the buildings connected with the battery at Picklecombe Point1 it has, as far 
as we can yet judge, proved efficient. 

Asphalte apparently adheres well to brick and wood; of the latter there ia a 
case in point in the pump-trough in the lower fort of the citadel; the wood 
trough was asphalted in June, 1847. The pump has since that been in constant 
use by a. garrison averaging, say 600 men1 without the slightest damage. To 
masonry and iron it has foiled to adhere. 

From what I have seen of the use of the Seyssel asphalte, I am of opinion that, 
if the materials and workmanship are une:eceptionable, it is most efficient for the 
covering of arches, and the floors of tanks1 ablution rooms, stores, and many other 
barrack buildings; but that the slightest deficiency in workmanship or materials 
will cause a failw·e. 

The efficiency of aspbalte should be severely tested in every possible way 
before it is extensively adopted in the service. 

J. OLDFIELD, 
Colonel Royal Engineers. 

24th March, 1848. 



(Copy.) 

REPORT OF TESTS OF EMBRASURES IN PLYMOUTH CITADEL, JAN. 24, AND ST. NICHOLAS ISLAND, FEB. 2, 1848, IN 
REFERENCE TO M. G. & B. 0. OF JAN. 14, 1848, E 41, FORWARDED WITH INSPECTOR GENERAL OF FORTIFICATIONS' 
}IINUTE OF JAN. 17, 1848. 

---+---

PLYMOUTH CITADEL. 

No.of I From whence. Construction of Embrasure. Nature of Charge. Effect on Embrasure. Rew.arks. Test. Gun. 

1 No. 2 The thickness of the parapet (at the em- 32-pr. Service. The first fire shook the outer part of sole 

Embrasure, bra sure fired through) is 6 ft. 5 in.1 exterior or embra1mre, the second increased the 

Cumberland opening 7 ft. 9¼ in., and interior opening damage and blew out the centre front stone, 

Battery. 3 ft. The cheeks and sole of the embra- which was about 3 in. thick. 
sure, as well as the merlon!, are formed The damage to the role increa~ with 
of common rubble masonry, the tops of the e,ery fire; when, after the t1ixth, about 
merlons being covered with asphalte on one half of the sole was much injured, the 
concrete, and a row of asphalted brickwork top stones {about 3 in. thick) being shaken 
half-brick thick on top of each cheek; the off. The front top quoin stonea of both 
sides of the embrasure arc pointed with cheek8 of embrasures appeared to be a 
Roman cement. little disturbed on the third fire, and after 

the !llth fire were much shaken, and the 
pointing in cement of a considerable portion 
of each face cracked. 

The merlons were not lnjured, and thin 
coatings of aspbalte at their top, and the 
asphalted brickwork, only half-brick thick, 
on top of each cheek, were not in the least 
degree cracked. 

lnspecto1· General of Fortifications. 
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PLYMOUTH CITADEL (continued). 

r-- I ~~sr From whence. Construction of Embroeure. N~~i:. of Charge. Effect on Embrasure. Remarks. 

Right flank of 
Old SA.luting 

Battery. 

Left flank of 
Old Saluting 

Battery. 

The thickness of the parapet (at the em
brrumre fired through) is Oft. 2 in., exterior 
opening 6 ft. 7 in., nnd interior opening 
3 ft., with throat only 2 ft. The sole and 
cheeks of the embrruiure are formed of 
Mphalted brickwork, the sole being one 
brick thick laid on concrete, and the cheeks 
two bricks thick, with counterforts {aa 
they may be termed) 1 ft. 6 in., and adjoin
ing the merlons, which merlom are of 
rubble masonry (see plate). 

The thickness of the parapet (at the em
brasure fired through) is 6 ft. 6 in., exterior 
opening 8 ft. 2 in., and interior opening 
2 ft. 6 in., with throat only 2 ft. Sole of 
granite blocks, cheeks of limestone in block 
or a!hlar work with the stones dowelled 
into each other. 

The merlons of rubble masonry. 

32-pr. 

32-pr. 

Service. I This embraaure sustained no injury 
whatel"er from the six round! fired through 
it. The portions of the merlons of rubble 
masonry adjoining the asphalted brickwork 
appeared to heaYe up on each fire, and are 
much shaken by the explosions. The sod.
work on the to;> of the cheeks of the adjoin
ing embrasure was shaken. 

Service. j On the first fire the outer stones of right 
cheek of embrasure sustained a. shake; the 
second fire increased it; and so on till the 
sixth round, when it appeared that all the 
blocks of stone1 were considerably shaken, 
but still retained their places. Had not the 
blocks or stone been dowelled into each 
other, some of them would in all probability 
have been displaced and thrown down, The 
sole of embrasure i8 slightly shaken at the 
firstcrosejoint. 

The merlons nre a good denl shaken to 
3 or 4 ft. on each side or the cheeks of 
embrasure, 
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No. of ·1 From whence. Te11t. 

Battery. 

Battery. 

ST. NICHOLAS ISLAND. 

Construction of Embrasure. Nature of I Charge, I Gun. 

:~~s1rft.~-!~nt.h~uffo~c:8 e~~·rfo~'\:!n1if~ gun on d ~'arf 
The thickness of the parapet <?f the ero-18 inch shell I Service. 

12 ft. 6 in. Interior opening 4 ft., with tra.versmg 
throat 3 ft. 2 in. Sole of embrasure formed platform. 
of large blocks of limestone, about I ft. 6 in. 
thick, dowelled at the meeting-joints. 
Cheeks of limestone in lar~e blocks, dowelled 
into cheek stoma. Merlons of limestone 
!'ubble m:isonry undc-r coping of 1 rt. thick. 

The tbicknc11s or the par::apct of the em
bra~ure flrctl through i.s 19 ft. 8 in. at Pole. 
Exterior opening 9 ft. I½ in. Interior open
ing 2ft. 6 in., with throat 1 ft. JO in. :Sole 
of embrasure formed or~od.work. Chetks 
and merlons of brick, conred with sod. 
work about 2 ft. 3 in. thick. 

32-pr. on 
common 
wooden 
garrison 
cnITiage. 

Service. 

Effect on Embr1LBure. 

The explosion from the first fire produced 
no injury. 

Do. from fecond fire disturbed n little 
pointing of right cheeks, muzzle of gun 
pretty cloae to right cheek. 

Do. third fire further disturbed the 
pointing. 

Do. fourth fire still further disturbed the 
pointing, and shook out much or the point~ 
ingofthe sole 

Do. fifth fire produced but trifling shake 
of pointing, muzzle of gun pretty cloar to 
left cheek. 

Do. sixth fire produced still further 
shaking of11ointing, m_uzzle of gun do. do. 

F1:om the six exploa1ons the merlons re. 
ceived no injury whatever. 

The explosion from the first fire caused 
no damage, muzzle of gun pretty close to 
right cheek. 

Do. second fire, do. do. 
Do. third, fourth, and fifth fi res, do. do. 
Do. sixth fire a portion of the brickwork 

of right cheek, at about 2 ft. 6 in. from 
tbront was cracked, but the bricks retained 
their po~ition. 

The merlons were not injured by the 
six explosicns, and the granite platform, 
12ft. ll in. broad, with elope of I½ in. to I rt., 
was not diaturbed further than the pointing 
under the gun being blown out. 

Remark&. 

The pointing had pre
viously suffered injury 
from the recent frosts 
preceded by heavy rains. 

Pebr1ta1·.11 9. 1848. 
(Signed) J. OLDFIELD, 

Colonel Commanding Royal Engineers,Wcstem Di6trict. 
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DETAIL OF WORK REQUIRED ON INSPECTION AT PLYMOUTH CITADEL, 

What pnrt of the Works. Description of Workmanship and Materials. 

Right Flank of Old I CONSTRUCTING AsPBALTED BRICK 
Saluting Battery. EMBRASURE. 

t~it~~l::Ja~;:: .· .' .' .'.' ~.- ... -_- _· _-.- _· _· .' .' .' .'.'.- ,'_' _· _· .' .' .' .': .' .' days 
Cauldron men .... 
Asphalte ..................... ............ tons 
Mineral pitch . ...... cwt. 
About l½ ton of Coke and½ ton of wood . 

Bricks. . . . . . . . . . ... . . . . . . 
Lime. ......... bushels 
Sand . 
Cement. 

............. 'days Masonry and labour .. 

Deduct 6 per cent. ......... 

No. 

28½ 
53 
50 

2¾ 
2 

2700 
20 
60 

3 
18 

t 
3 

Dimensions. 

_.; 

~ 

.. 
~] 
l~ 

,i 
,i 
8 -~ 

" 

4s. 6d. 
3s. 6d. 
2,. 4d. 

SI. 
ll. 

11.10, 

60s . 
5½d. 
2½d. 

3s. 9d. 
5s. 9d. 

Data and Rcmarke. 

Here insert any remarks lhat 
may be necessary, and cs
peciallyas to the price, whether 
it be an agreed or contract 
price ; and if not, gi"e the 
analysis of how it is made up. 

£ s. d. 
6 8 3 
9 5 6 
5 16 8 

22 0 0 
2 0 0 
1 10 0 

47 0 5 

8 2 0 
0 9 2 
0 10 0 
0 11 3 
5 3 6 

14 15 11 
0 17 9 

13 18 
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DETAIL OF WORK, &c. (continued). 

Dimensions, 

What part or the Works. Description of Workmanship and Materials. No. 

i t~ Data and Remarks. 

j "0 8 § 0.11 
QI•;;: 

~ .., 
""" £ ,. .. Right Flank of Old Carpenter ············· ·· ••··· 3 3,. 0 9 0 Saluting Battery. ½ Deal ........................................... feet 10 2d. 0 1 8 

Nails, Clout, &c ...............• .• . 250 4d. 0 0 10 

£0 11 6 

Total cost, wit/tout profit, on Asplialte TV01·k-
Aaphalte ,v ork ... . 47 0 5 Masons' ditto 13 18 2 Carpenters' ditto 0 11 6 

Total ···• •···· £61 10 1 

J. W. SHINAS, 
Feb. 1848. Clerk of Works. 

The work commenced, Jan. 22, 1847; completed, Dec. 14, 1847; the gun replaced in the embrasure that evening, and daily fired as 
the morning and evening gun. The embrasure tested Jan. 24, 1848, by six rounds from a 32-pr. gun: rounds l and 2 along the curtain 
of the embrasure, 3 to 6 sharp to the right, depression as much as could be given. No injury whatever sustained by the embrasure; the 
masonry beyond it slightly but perceptibly distw-bed. 
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ROYAi, ENO!N£.ERS' 0FPIC:E, 

DEVONPORT, July 4, 1840. 

Description of the manner in which the cnsematee at Plymouth Citadel were 
rendered dry by the application of Ola.ridge's Seyesel asphalte as approved by 
the Board's order, 25th May, 1846, 1 i.- with expense, time of execution; and 
report upon its efficiency up to the present time, accompanied by an explanatory 
plan, as called for by the I. G. F.'s note of the 3rd ~fay, 1849 :-

The rubbish forming the solid parapet and filling-in ovc1· the arches having been 
removed, about one-half of the dos d'.\ue were found covered with strong rag 
slate bedded in mortar, quite decayed; sun\ half-circular drains were formed 

between in Purbeck stone to lead the water that soaks through the filling-in to the 
water trunks. 

The remaining portion of the dos d'tl.ne over the arches were covered with clay, 
about six inches thick; drains formed between as before described, and the whole 
surface over the clay was co,ered with coarse shingle or pebbles, averaging from 
four to six inches thick; these coverings were removed from over six or eight 
casements at one time, down to the solid masonry which formed the dos d'6-ne 
of the arches. 

The whole mass of masonry was thoroughly saturated with water. 
The masonry was exposed to the sun to dry for several weeks previous to filling 

in the rubble masonry and concrete to form the proper slope for the covering of 
Seyssel asphalte. 

Ventilator flues, &c., from the casemates were cut out and formed in the 
solid masonry of the parapet, as shown in transverse and longitudinal sections. 

The steep slopes of the dos d'dnes were reduced by filling-up between with rubble 
masonry, built in Plymouth lime and sand-mortar well grouted, marked a a a a a, 
in longitudinal section: where the masonry got sufficiently dry a coat of concrete 
six inches thick was laid on over the whole surface, properly floated to receive 
napbalte. 

The concrete was composed of five-sixth shingle and coarse sand, and one-sixth 
ground Aberthaw lime properly mixed together. 

When this concrete had become th{'lroughly dry the asphalte was laid on in 
two coats, each about three-eighths of an inch thick and from two and a half to 
three feet wide; the upper coat breaking joint over the lower; these two coats 
being united into one solid body by the heated state of the asphalte at the time 
it was laid, marked c c c c c, on longitudinal section. 

A cast-iron gutter marked k on transverse section, seven inches diameter, three
eighths of an inch thick, coated inside with fluid nsphalte firmly built in the 
masonry of the front wall, and connected with the aspbalte coating over the 
dos d'One and between the arches, and the asphalted brick lining up the walls to 
convey the water that may soak through the filling-in from the brick drains to the 
water trunks. 

The bricks for the asphalted brickwork were sound hard-burnt and perfectly 
dry (those of a rough sand surface are to be preferred). 

The bricks for this work were prepared in the following manner: a common 
wood bench about ton or twelve feet long, from four to five feet wide and about 
three feet high, placed in a dry store, a frame of deal one and a half inch thick, 



140 MEMORANDA ON TH1' USE OF ASPHALT1'. 

from eight to ten feet long; the sides were half an inch higher than the bricks 
when placed edgewise in the frame; the dust was well brushed off the bricks i 
a coat of hot fluid asphalte was ]aid on over the whole suiface of the bricks 
between the two sides of the frame, floated over, leaving a covering of aspbalte 
about half an inch thick on the edge of the bricks; one side of the frame being 
removed, the coating of asphalte was cut through and the bricks removed separately 
and either stacked, or cal'l'ied at once to the place where the work was in 
progress; the fast course of bricks were laid in the hot fluid aspbalte on the 
coating of aapbalte over the arches, nnd each brick bedded and jointed separately 
in hot fluid asphalte, the full width of the brick throughout the whole work j 

the coating of asphalte on the edge of the bricks being united by tbe hot 
asphalte in bedding and c1·oss-jointing the bricks in each course, the joints were 
flat drawn during the heated state of the asphalte-forming one solid and smooth 

surface. 
The asphalted brickw01·k is continued up to the height of the grooves shown in 

transverse section, finished by a slope formed in concrete on the last course of 
bricks, which is covered with asphalte from the face of the brickwork to the back 
of the groove formed in the masonry, shown in transverse section marked i i. 

The vacuity between the back of the asphalted brickwork and masonry of the 
parapet being flushed up with good common mortar and small chippings of bricks. 

The asphalted bricks in the grooves are finished with a. gutted surface and a fillet 
of asphalte stopping toward the outer edge of the bricks; tha m:uionry over being 
set and pointed with cement, marked ff///. 

Brick drains five inches square are formed between the spandrils of the arches; 
shown in longitudinal and transverse sections, set in uspbalte and covered with a 
brick on flat, leaving an opening of one inch between the butting ends of each 

brick, to give full effect to the drainage, from the filling-in through the shingle 
and rubble stone. These drains are covered over with rubble stone laid in dry 
round the sides and over the tops, and a layer of coarse shingle or pebbles from 
four to six inches thick over the rubble stone, to allow free percolation and to 
prevent the filling-in from choking the drains. The space between tbe parapets 
is filled in with rubbish to the proper level, leaving the asphalted brickwork to 
appear in the grooves six. inches above the finish level on each side, sho,n1 in 
transverse section, marked J f 

The superior slope of the parapet is also covered with Seyssel asphalte, laid 
five-eighths to three-fourths of an inch thick in two coats, broken-jointed, on 
concrete three inches thick, and floated as before described; the out and inside 
edges are finished with a course of bricks laid on flat in cement, bedded and 
jointed with asphalte, and finished with an asphalted gritted surface, the coating 
on the slope being connected with the brickwork, prevents leakage and secures the 
asphalte to the parapet. 

The whole of the casemates are covered and finished in the manner described 
and shown in plan and sections forwarded. 

Ten casemates under the Cumberland Battery were commenced on the 1st June, 
1846, and completed the 14th February, 1847. 

The remainder of the casemates were commenced on the 1st March, 1847, and 
completed the 12th Febrnary, 1848. 

The total expense of covering these casemates amounted to £8265 Sa. 3¼d. 
The Seysscl asphalte covering has rendered the whole of the casematCB and arches 

pafectly dry; not the slightest failure or damp can now be traced throughout the 
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whole of the iuterior. 'rhey have bl'<'ll generally occupied by troops since the 
complet.ion of the work. 

Juf.v 3, 1849. 

July 4, 1849. 

Srn,-

F. W. SHINAS, 
Clerk of Work!'. 

THOS. H. RIMINOTON, 
Captain Commanding Royal Engineer;,. 

Rov Al, ENOlNElrns' OPPICE, 
POR'l'SMOUTH, March SI, 184s . 

Iu reporting on my e-xperieuce of Seysael aapbalte ns a material for 
building purposes, I beg to state it is rather limited, as far as my own super· 
intendence is concerned, it being confined to the several small buildings anrl 

officers' quarters at the Round Tower Fort, where it is used as a material for 
roofing and floors; it is also introduced in the footings, one course above the 
ground level, to prevent the rising of damp, in which latter case I am convinced 
of its great utility; great care shoul<l be taken to ensure its efficiency where 

eloping ground ia to be built on, or where the footings nre steepened, to connect 
the asphalte. The annexed sketch will 
convey the plan adopted at those buildings 
before refen·ed to, where the street and 
parade levels were very different. 

In its adaptation ns flooring, I think it 
should be limited to buildings such as 
store.rooms, cooking and washing houses, 
and other buildings, where a cold damp 
surface is not very objectionable, but for 

r 
a Parade Le,·el. b Street Lc"el. 

living rooms, as soldiers' rooms, I think it most objectionable, and nry unhealthy , 
it always during a damp, humid, atmosphere, presenting a moist surface, from 

its non-absorbing quality. 
As a material for roofing it is very difficult to give an opinion from its recent 

introduction; I should, however, think it rather objectionable, without further 
trial, for very large framed roofs, where there is great liability to shrink and 
expand in the timbers, and from observation I think it has not sufficient elasticity 

to resist that liability. 
There are very many purposes in the service of the department where it may 

be advantageously applied, such as covering the arches of casemated batterie!3 
and barracks, also arches of magazines and other buildings constructed of 

material not liable to the previous objections. 
From observations made during a visit to Plymouth in July last (during my 

leave of absence), I saw the material (asphalte) used with great advantage in 
covering the arches of old casemates in the citadel of that place, which were 
olways very damp~· the ground was taken out and epandrils of the arches cleared, 
leaving the arches bare, on which was laid a elighfthicknesa of concrete, and on 
which was laid a coating of aspbalte. The annexed rough sketch from memory 
will convey some idea: the walls were lined with 3f:.phaltecl brick work from 
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the arches nearly up to the parapet, the asphalted bricks were put togcthe1· 
in patches of about tbreo bricks in 
length, aud four courses in height, 
which admitted of gl.'eat dispatch 
and greater efficiency ; the aspbnlte 
was laid in a sloping direction to 
carry off the water that may filter 
through the earth above, which met 
and formed itself into a drain to 
lead it away. I saw some of the 
cnsemates which had been served 

in the manner described, then in occupation as soldiers' rooms, and it wna 

found to have had the desired effect. 
But from the little experience I have had of the material, I find a difficulty 

in reporting very favourably for its extensive use in exposed situations. 

I have the honour to be, Sir, 

CoL. LEWIS, C.B. 

Your most obedient humble servant, 

CHARLES GOODYEAR, 
Foreman of ,vorks. 

Commanding Royal Engineers, Portsmouth. 

Srn,-
GOSPORT, March 29, 1848. 

,vith reference to your memorandum of the 26th inst., on the subject 
of aspbalte used at Block House Fort, I have the honour to state that the 
roof of the soldiers' barracks bas been covered with asphalte for about two 
years, and the officers' quarters for a year and a half, and that it has proved au 
efficient and perfectly dry covering, no water having been admitted by the roof 
at any frne, or in any part, in either of these buildings. 

The platform of the new bastion has been covered with the same material 
for nearly a year, and with the same successful result. 

COL. LEWIS, C.B. 
Commanding Royal Engineer11, &c. &c. 

Sm,-

I have the honour to be, Sir, 
Your most obedient servant, 

J. S. SERV ANTE, 
capt. R.E. 

ROYAi, ENGINEEns· 0FFJCE, 

PORTSMOUTH, Marek so, 1848. 

In reporting on the Seys.sel nsphalte, which bas come under my 
immediate superintendence in the Royal Engineer Department, I beg to say 
the quantity is very limited, viz., covering a portion of the main arch at King 
\Villiam's Gateway, covering two expense mngazines, and soles to four embrasures 
nt the King's Bastion and Curtain. 
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A portion of the main arch at King \Villiam'a Gateway was ~ 

covered in 1846, '\'.ith fine Seyssel asphalte, three quarters 1i//>k 
of an inch thick, and a skirting of the same run into a groove 1~/ 
in the masonry, cut for that purpose (see margiual sketch). W~ -'-' 

The covering answers very well with the e:x:ception of the ~. ; -~ -~ 
skirting, which I found on close examination this morning 1~ '2..;.!.'-1. 
is drawn slightly off in places from the masonry, and on 
pouring water into the interstices found it gradually diminish, and in a few 
seconds disappear. 

The roof of the first magazine in the Curtain was covered 
with fine Seyasel aaphalte, five-eighths of an inch thick, with ~~• 
a fillet of the same material under each joint as a precaution 
against leakage at the joints (see marginal sketch). 

The next done was soling four embrasures in the King's Bastion with coarse 
Seyasel aaphaJ.te, averaging one inch in thickness, two of which were blown 
over into the bastion by the wind; the other two were removed by order of 
Colonel Lewis. 

The second magazine in the curtain was covered with the asphalte that 
came from the soles of the embrasUl'es, with the addition of a small quantity of 
the fine material laid on in two half-inch thicknesses, taking care to break joint 
with the second course. The two thicknesses were thought necessary as the 
material was of the coarser quality, and better adapted for paving than roofing. 

I consider the fine Seyssel asphalte admirably adapted for covering arches 
or roofs of magazines, as being impervious to water, where the material is always 
covered with earth, &c., and not exposed to the changes of the climate, but 
where asphalte is exposed, such as on wood roofo of buildings, the contraction 
a,nd expansion of the material roust be considerable in such cases: when exposed 
due allowance should be made for the two extremes, and I would suggest that 
lead flushing to parapets and chimneys should be used in preference to the 
aspha.lte skirting now adopted. 

The coarse Seyssel asphalte is well adapted for street pavement, floors to 
kitchens, washing-houses, &c., where the contraction, &c., of the material is of 
little consequence, but for floore of sleeping apartments I should not recommend 
it, being always damp and wet when the atmosphere is moist; the asphalte, being 
less porous than brick or wood, causes the moist air to become condensed, and 
I have seen floors of aaphalte streaming with water in damp weather. 

I am, sir, your most obedient humble servant, 

To Cot. LEWIS, C.B., 
CommnMding Royal Engincert1, &c., Ports.mouth. 

GEORGE FABIAN, 
Foreman of Works. 
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Srn,-

ROYAi, El'fGINF.t:RS' OFf'ICF., 

ron.T8ll0UTK, March 30, 1848. 

lu obedience to your order of yesterday, communicated to me by Lieut.
Col. Portlock, R.E., respecting my experience or knowledge of tho qualities 
of the Seyssel asphalte (Claridge'a patent}, I have the honour to report that the 
undermentioned servicea under my notice have been performed:-

Remarks. 

Colewort Barracks, bedding store. } 
Roof covered with asphalte about two No appearance of leakage. 

years and three quarters. 

Colewort Barracks' cookhousc. } 
Pavement in front laid about two years. Appears to wear wel1. 

Ordnance Hospital. 
Kitchen floor laid about ten months. } " 7ears well. 

Cambridge Barracks. } 
Pavement in front of guard house laid ,v ears well. 

about three years. 

,vomen's washing house. 
Floor laid about eight montfo1. } We..1.rs well. 

Portsea officers' barracks. 
The roof covered about nine months. } No appearance of leakage. 

The pavement in front laid about six} 
months. Stands well. 

Layer of asphalte above ground line,} .. 
laid about fourteen months. Appears to keep the damp from 11.smg. 

Kitchen floors la.id a.bout ten months. Stands well 

From my observation of the material in question, it appears well ada.ptetl for 
the purposes for which it has been applied. 

I have the honour to be1 Sil', 
Your most obedient humble ser,ant, 

JOHN EVANS, 

Cot. LEWIS, C.B., 

Cornman.ling Royal Engineer!!, Portsmouth. 

Foreman of Work!. 
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The officers' quarters o.nd soldiers' barracks at Block House Fort; the brick 
Rt>androls aro carried up to within one foot of the crown of the n.rch, and the 
remainder with ahiugle, and the surface formed with a bed of coarse concrete 

Section of Officers' Quarters, Block House Fort. 

1 foot in thickness, with a fall of I¾ inch in ten feet towards the front, and then 
a bed of fine concrete l;¼ inch thick, and floated smooth to receive the a.spba.lte. 
The a.aphalte is prepared by boiling with a portion of tar, and stirred until 
properly incorporated, and poured on in a liquia state, and troweled with wooden 
floats until thoroughly set, and then fine grits rubbed over to give it a smooth 
surface. 

- ------------------- 33' s• ---------------------. 

Section of Soldiers' Barracks. 

The ingredients for the officers' quarters and soldiera' barracks were 2Ub. of 
Stockholm tar to 1 CIVt. of Asphalte without grit. 

For the New Bastion, 2½lb. of tar and 121b. of grit•, to 1 cwt. of Asphalte. 
The whole of the buildings were covered j in. thick. 

J. HAMMOND, 
Foreman of Workd. 

11 171b. of grit is co,.., substituted, by which n flrmerconeistence is given to the o.sphalte. 
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MEANS AGAINST DAMP JN CASEMATF,S, 

The system now pnraued in the engineer department nt KOln, with the view 
of guarding the casemates against dampness, is to cover them with asphalte. 
This mineral subsfance has been extensively used for this R.nd similar purposes 
for some years past.. It is obtained in the "Val de Travers," near Neufcbatel, in 
Switzerland, whera a company bns an establishment for the preparation of this 
m3.terial. It is found in an earthy coudition1 and undergoes certain processes to 
fit it for use, four per cent. of earthy bitumen or mineral pitch being added to it 
at this time. It is sent from the mauufactory in cubical blocks, weighing from 
300 to 400 lbs. each. 

The arches of the casements are brought to a general level, by filling in of the 
vnlleys with brickwork, the surface retaining only such slope as is sufficient to 
current it. The top is then paved with paving tiles, or bricks which are rubbed 
to give them a smoother surface; but either import.'l.nt is laid in 'l.'rass current, 
and carefully pointed. It is important before the a~phalte :.S la.iJ on the brickwork 
should be dry; otherwise the impervious cover which the asphalte forms wilt 
retain the moisture in the masonry, witbout its being able to escape. 

An iron tripod, carrying a furnace and kettle, is brought to the spot where the 
work is to be executed; the Mphalte being cut into pieces about two inches 
square is t.hen put into the kettle, together with another proportion of six per 
cent. of mineral pitch, and the mass is hea.ted and stirred up till it becomes fluid 
and boils. The proportion of mineral pitch, therefore, amounts to ten per cent. 
The mineral pitch gives to the asphalte a greater fluidity. The time required for 
boiling takes two and a half or three hours. 

An iron flange, about three feet long, one inch broad, and of the same thickness 
as that proposed to be given to the aspbalte is used. Beginning from an end 
wall or other point, the flange is laid on the brickwork in the direction of the 
slope, and about one foot or fourteen inches from the wall; the boiling prepara
tion is brought in a ladle from the caldron, and poured out on the brickwork in 
the intervening space; it is then floated and rubbed with wooden trowels until 
it is cool. The iron flange is then moved forward, and the operation repeated 
until the whole surface is covered. 

In the pL·ogress of this operation, the porous structure or condition assumed 
by the asphalte when cooled bas been considered as a serious defect. The st.'\te 
of it is this; when examined after it baa become cooled, it is found to contain a 
number of bubbles of air, or other gal!leous matter, whose surfaces are only 
covered by a thin film which is easily broken, and the brickwork underneath 
thereby exposed. The source of this evil is not unanimously ascribed by the 
Pruesian officers to the same cause. It is assumed that the air contained in the 
paving tiles being heated by the contact of the boiling asphalte expands, and, 
baving no means of escape, forms through its expansive force the bladders and 
vesicles alluded to; or these defects may a.rise from some gases generated by the 
asphalte itself. In my opinion, it is occasioned by those changes in the bulk and 
strncture in matter, which ever accompany a trangition from a fluid to o. solid 
state. In this way lavas are found which, not having cooled under pressw·e, 
have every degree of vesicularity from bladders the size of almonds to incon
eiderable and imperceptible pores. It appears to me the most effectual remedy 
against the evil complained of (and it certainly ie: a very serious one), would be 
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to subject the composition to as heavy o. pressure ns practicable while cooling, 
either by massive iron trowe1s, or rollers, which might yet be preferable. 

It is usual, on the principal ca.semates, to place two coats of nsphalte, each 
coat a.bout one-eighth of an inch thick. In the first coat1 all the bladders a.re 
looked for, and opened and again stopped with hot asphalte i when this has been 
completed, the second coat is applied. 

In some of the smaller caaemates, with a view to economy, the first coat 
consists of boiled mineral tar, with a proportion of asphalte, to which also a small 
quantity of lime is added. Their proportion& a.re not fixed. The lime, I believe, 
is given with the view of hardening the composition. The latter is placed on the 
caaemates with a common tar-brush, and afterwards the upper coat of asphalte 
is applied. The scarps receive also a coat of boiled mineral tar, and nspbalte for 
a breadth of two feet, commencing from the cordon; the remaining surface is 
covered with Trass current. 

The rear of scarps, when built "en dechnrge/' is sometimes paid over with 
mineral tar, to add to the dryness of the cas:emate. 

Asphalte, when prepared, is a very dense substance. ,vith regard to the 
quantity used in covering a given space, and the expense thereof, the following 
statement, drawn up by the executive officer in Fort 1, will afford the required 
data:-

Total service of redoubt, 6227. 

CONBUMFTION OJI' MATERIAL. 

Asphalte 
Mineral Tar 
Coke 

ESTIMATE. 

30,800 lbs. Asphalte, at 3 tb. 10 qr. per 107 lbs .. 
750 lbs. Mineral Tar, at 12 tb. 15 qr. per 107 lbs. 
3350 lbs. Coke, at 16 qr. per 100 lbs. 
Labour in la.ying on, preparing, &c. 
Transport, Tools, &c. 

30,800 lbs. 
750 ,, 

3,350 ,, 

Th. sg. P· 
959 15 1 
87 18 16 
17 26 
97 
19 

Total Thalers 1180 29 

The expense per square foot is, therefore, about five silver groschen OL' about 
sixpence English currency, per square foot. It follows a.Ieo, from the above dnht, 

that each square foot requires of the composition-
Asphalte . , 4!-¾ } about 5 lbs. to the 
Mineral Tar . . A: square foot. 

Mineral tar is also used in the joints of the stonewol'k of the cordons, and 
other cornices. It is likewise ueed for pa.'\"ements. About one-third gnwel is in 
the latter caee thrown into the a.sphalte when boiling. 

In Caponniere (prin.), in Fort No. 5, the caaematee a.re covered with a sort 
of baton, composed of one and a ho.If measure Trass, one and a half unslaked 
lime, five of screened gravel (the pebbles nbout the size of a pigeon's egg), and 
sufficient water to mix them. It is laid on the smface four inches thick. It is 
brought to a general surface by a straight edge, and when the ma.as begins to 

L 2 
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boat from the sin.king of the limo, it is beaten by tho hand ,vith sma.11 wooden 
and flat hammers till it is quite cool; subsequently it will recoivo two coats of 
asphalte. It seems advisable, after such a m3l's of concrete has been laid on a 
building and allowed to dry, to give it a good thick coat of whitewash. 

As regards the npplica,bility of asphalte as a covering for caseroatea, its use haa 
not hitherto been sufficiently extended to enable a decided opinion to be given 
either as to its durability or its capability of keeping out wet. It was used 
in the engineer works in KOln in 1840, and those buildings which were n.t that 
time asphalted remain dry, 

The redoubt in the Weisson Auen Lage, in Mayence, is entirely co~ered with a 
timber roof, sJn.ted. Several other redoubts are also there similarly protected. 
This is undoubtedly the most effectual way of guarding against the effects of 
weather. The expense, however, in the first instance, after my views, would 
exceed greatly that of asphalte, while a constant outlay would be 1·equired to 
maintain it. 
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PAPER IX. 

DESCRIPTION OF A SIXTY TONS HOPPER BARGE, USED AT TllE 
JL.1rnouR WoRKs, ALDERNEY. From Drawings, &c., by JAMES 
MAY, Esq., C.E., Ilarbour Works, Alderney. Communicated by 
CAPTAIN HASSARD, Royal Engineers. 

THE HULL. 

THE accompanying drawings (plnn, elevation, longitudional sectiou, and two 
cross sections), represent the Barge aa originally constructed for the purpose of 
conveying small rubble-stone to the base of the breakwater. The stone was brought 
from the quarries in waggons by the railway, and tipped into the Hopper from a 
shoot supported on timber framing, and thence conveyed to the breakwater by the 
Steam Tug, and emptied through the Hopper by the two trap-doors and gearing 
shewn in the drawing. 

'l.1he Barge is built of Dantzic fir timber, with the exception of the keel, the 
longitudinal floor pieces, the stern, the stern posts, and the Hopper doors, which 
nre of elm, and the apron pieces and knees of the atem, atern posts, which are 
of oak. 

The bottom of the Barge is flat on account of g1:ounding each tide; there arc, 
in addition to the keel, five longitudinal floor piecea of the same scantling, running 
from end to end except under the well. The planking and deck is 3 inches thick, 
and the planking round the well 4 inches thick, caulked watertight. 

To prevent the Hopper from being destroyed by the atone descending from the 
shoot, the planking is covered with malleable iron bars 4 inches thick by i inch, 
laid on flat, and about 1-! inch apart, care being taken to avoid the seams of the 
planking, so as to give access for caulking when necessary. 

The trap doors are worked by a single purchase double crab, with a barrel, 
wheel pinion, ancl S inch chnin for each door; the two pinions constructed t o 
throw out of gear by means of two clutch levers, which move the two pinions in 
opposite directions along the centre shaft, and each chain from its barrel passes 
along two horizontal caat-U'on sheaves placed on the gunwale, and thence over a 
sllllilar vertical sheave in the centre of the cross-beam, which lends it direct, with 
two branches, to the shackles on the sides of the trap-door. 

The loaded Barge being conveyed from the shoot to the desired point by the 
Steam Tug, the crab is thrown out of gear by the bargemen, the doors descend 
from the weight of the material bearing on them, and the stone is at once 
discharged. The trap-doors are then heaved up as the Barge returns to the shoot. 
The crab is also fitted with a. break for each barrel, worked by a single handle, 
by means of which n. breaksmau can hold on, with sixty tons of stone in the 
Hopper, the machinery being out of gear, if required. 

For the purpose of warpiug to and from the moorings, the Barge is provided 
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with a winch on the after-deck with a barrel of elm worked by single purchase 
gear. The stern-post is fitted with a rudder. ,vith three Barges of this descrip· 
tiou, and the Steam Tug, as much as two thousand tons of stone have been 
deposited in one day, at an average distance of three hund1·ed yards from the 
shoot. 

THE DIMENSIONS OP THE BARGE, AS UNDER:-

Length of keel 
Length over all 
,vidth of beam 
\Vidth below . 
Extreme height from keel to deck, fore and aft . 
Ditto, in centre 
Sheer 
Length of well at top 
Ditto, at bottom 
" 1idth of well at top 
Ditto at bottom . 
Keel and floor pieces, 9'' >< 6" 
Kelson 12" x 12" 
Timbers 9" x 8" 
Planking 3 in. thick, 4 in. round the well, deck 3 in. thick. 
Stem and sternpost, 10" x 9" 
Doors two thicknesses of 3'' elm planking. 
Draft (light) 3 feet. 
Ditto loa.ded with 60 tons, 5 ft. 6 in. 
Fastening all of iron, 

Ft. In. 
49 2 
53 0 
18 
14 8 
7 
6 
0 

21 0 
10 0 
16 

6 0 

Pitch of spur wheel and pinion of winch 12" 
Ditto of double crab for working hopper 1~" 
Ditto of single motion for large stone crab I!" 
Ditto of double motion for ditto 1~" 
Ditto trovelling gear of large stone crab 1r 

LARGE STONE APPARATUS. 

In the course of last sea.son (1850) it became necessary to remove large pieces 
of rubble-atone, averaging each from four to eight tons in weight, from the 
accumulated beach inside the breakwater, and place them in front of the found• 
ations of the sea aud harbour walls, for which purpose the apparatus distinguished 
in the elevation and section, and supported by fram&work above the general 
level of the deck of the barge, was erected. 

The framing consists of six uprights of Memel timber 12" square, secured to 
the deck beams by cast-iron knees, and supporting two longitudinal timbers of 
same scantling, 50 feet in length and 6 feet apart, projecting 7 feet clear of the 
stern. The longitudinal pieces are secured to the uprights by wrought-iron straps 
bolted through. The top of the longitudinal timbers is elevated 7 ft. 3 in. abo,·e 
the deck in the middle of the barge, and each timber carries a line of flat-bottomed 
rail spiked to the beam and turned up at the ends, as shown in the drawings. 
'l.'he centre openings over the well and the ends projecting beyond the stem, are 
further supported by the diagonal pieces 8" x 81', and the extreme ends of the 
roadway beams are tied together by two cross pieces 121' square. 
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Ea.eh roadway beam carries for its whole length a footway, 30 inches wide, of 
21 iuch plnnkiug, restiug on three cast-iron brackets bolted to the uprights. 

Near the fore end of the staging a cast-iron friction 1·oller is placed, 6 inches 
diameter, 1·esting on plumber blocks bolted to the under side of the roadway 
beam. 

Along the line of rails on the top of the beam, a double pw·chase travelling 
crab traverses, which is shown in the elevation in two positions, marked E and F . 

The process of conveying large stones from the beach to the base of the Break· 
water, is as follows :-

The erupty Barge being moved stern ou to the beach, a sling cha.in is pa&Sed 
round the atone, which is hooked to the ¾-inch cha.in from the crab in the position 
F, and to prevent the chafing of the timber in cases when the atone may happen 
to be at some distance from the vessel, the chain passes under the friction-roller. 
'l'he crab thus brings the atone unde1· the bows of tho barge, and thence by 
traversing the line of rails places it in the Hopper; when the barge is loaded it 
is moored to the staging at the face of the wall. The hook at the end of the crab 
chain is then passed round the stone in the Hopper, and hooked into a Bpring
hook suspended from a shackle on the bight of the chain. The stone being thus 
hoisted from the Hopper is again taken by the crab into the position shown in 
the elevation, and dropped over the bows by unhooking the spring-hook with a 
small rope attached to it, by a bargeman on the deck. 

The crab, E, with the chain passing under a cast-iron sheave on the cleck, ancl 
over a similar sheave at the fore end of the staging, represents the position 
proposed for lining blocks of fourteen to six.teen tons. 

The object being to remove the stones without bringing them into the Hopper. 
1u this case six or eight tons of ballast are necessary in the afterhold to trim the 
Barge. A manrope runs round the side of the Barge, passing through ten iron 
ataunchions placed to ship and unship, in sockets on the gunwales. 

The coat of a new Barge of this description, fitted with staging for large atones, 
hawser, anchors, cha.ins, crabs, and machinery, complete, would be about 600l, 

All the barges used nt the Alderney ,vorks are built of timber; but from 
experience of the wear and tear by frequent grounding, loading from the 
shoot, &c., it is thought that Barges built of strong boiler-plate, with angle fron 
ribs, knees, &c., commonly used in iron ship-building, would be preferable. 

F. C. HASSARD, 
Capt. Royal Engineers. 

&p. 29, 1852. 



PAPER X. 

OBSERVATIONS ON GROINS, DURING FIVE YEARS AT EASTBOUltNE 

ON 1·HE SUSSEX COAST, AND FIVE YEARS AT HYTIIE IN KENT. 

By Lrnur.-CoL. GORDON, Royal Engineers. 

1st. I am of opinion that a Groin ought not to be constructed perpendicular to, 
or in immediate contact with, the work which it is intended to protect from the 
violence of the winds and waves; or if its object be the accumulation of sand and 
shingle at its base. 

2ndly. In all cases two groins at least are required for the defence of one work, 
and their positions will be on either side of and at such a distance from it, as 
observation and local experience may suggest. 

3rdly. The groins should not be placed perpendicular (1,ide b) to the usual 
flowing of the tides in fine weather; but they ought to be en echelon to the 
periodical high seas and winds, which threaten the destruction of the work : tha.t 
is to say, the sea shou1d strike upon, and wash over, a groin in an oblique direction, 
having the obtuse angle formed by the groin and the wave on the land side (vide 
angle a), so that the sea on its recession will leave the ejected sand and shingle 
on the opposite side of the groin, which in time will accumulate at the foundation 
of the work by means of the land-ties, and these form the steps suggested at 
page 61, First Volume of" Corps Papers." 

4th1y. All groins should have land-ties of rough round timber, similru.· to those 
at the Circular Redoubt at Eastbourne, Suasex, and at Sandgate Castle, Kent; the 
beads, or larger ends of the ties, will be best placed projecting through• the 
groin towards the advancing combined effort of the high winds and seas. The 
tails of the ties wil1, therefore, be on the opposite side; and as the sand and 
shingle collect over these ties, the weight of which will tend to strengthen and 
consolidate the whole of the groin. 

5thly. The end of the groin towards the laud ought to be about the height of 
the beach, formed by the spring tides; and the edge of its upper planking ma.y 
be directed on, and graduated to, a point at low water mark, at spring or neap 
tides. The length of groins, and their intermediate distances, are points which I 
must leave to the experience and judgment of those who may be engaged in 
groining operatiom1, because there are mruiy reasons which preclude the possibility 
of giving fixed or arbitrary data thereon. 

6thly. A groin constructed of hard wood costs about one pound sterling per 
running foot; but there is another description of groin, designated "Wicker
work, which I constructed for the defences of the Martello Towers, &c., in Sussex 
(under the command of Sir John Burgoyne, Com. R. E.), composed of posts, 
fascines, poles, and wicker-work, which completely answered the purpose for 
which it was intended. Tho expense of this description of grofo cost about eight 
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or ten shillings per running foot; this, however, waa in a locality whero the 
material~ were pretty abundant, therefore the cost will va.ry in proportion as 
the 1J1aterials are to be fouu<l on, or a.t a distance from, the intended site of the 
work. 

Finally, to me, it has been clearly demonstrated that if a groin of tho latter 
description answered the purpose equally well as tho more expensive one of hard 
wood, that the former might, in many cases, be safely adopted; because a hard 
wood groin having answered the purpose for which it was constructed, and 
becoming buried in 83.lld and shingle, which cost the Government 800l., is only 
as efficient as n. wicker-work groin in a similar position, the cost of which was 
about 120l. A wicker-work groin has one evident advantage over that of one 
constructed of wood, viz., its almost non-resistance to the sea., as the water flows 
through its countless interstices, but the wooden groin baa only the joints or 
openings between its planks for the water to pass through : and hence it will be 
apparent, that the united force of wind and wave on a wooden groin is one of the 
great causes of its destruction; and another great cause is, that of the recession 
of the tide taking the line of the groin, on both sides, by which it becomes uudel'• 
mined and rooted up.-Vide Note by Editors, at page 61, First Volume of 1' Corps 
Papers." "If the shingle be watched, it will be seen to move obliquely upwards 
under the action of the impelling waT0, and then, as the wave recedes, to roll 
almoldt perpendioulru·ly to the line of beaoh downwards; and it therefore follows 
that the tide would roll down both sides of an ill-placed groin, rmch as at b, which 

is perpendicular to the beach, and ·without land-ties." . 
Need I add, that a slight and flimsy substance bas often been the cause of 

parrying the deadly effects of a bullet; and it is also well known that a pebble or 
stone has directed shot and shell from their original objects : hence the same 
reasoning holds good as regards the efforts of the high sea and wind, where 
defensive obstacles aro judiciously placed in their way. These remarks I beg to 
submit with much diffidence, and I trust they will be accepted at their value ; 

that is, the result of ten years' practice and experience of 

Your obedient humble servant, 

To the Editors of the" Corps Papeni/' ,voolwich. 

ALEX. GORDON, 
Licut.-Col. Royal Engineer&. 

Kingston, C. W.1 8th UfC. lSSI. 

•. ( 



PAPER XI. 

REVJ<TMEN'l'S 011 RETAINING WALLS. BY LIEUT.-GENERAL Sm 
JORN BURGOYNE, Inspector General of Fortifications. 

REVETMENT is a term used in ForWl.Cation, and usually comprehends other 
requisites besides that of merely sustaining the bank of earth: the following 
memoranda have only reference to the latter quality, nnd therefore the subject is 

to be considered as of retaining walls. 
Elaborate treatises, founded on abstruse mathematical reasoning, have been 

published on the pressure of earth, and the proportions to be given to retaining 
walls under different cll'cumst.ances; they ru:e proper elementary studies for every 
engineer, and may be consulted in framing projects for very great works; but a 
few simple rules, easily retained in a note-book, or even in the memory, will be 
very useful for ordinary practice and observation: of this kind are the data given 
by General Fanshawe, in the First Number of the "Corps Papers," namely, for a. 

medium thickness of a retaining wall, of brick, to multiply the height by ·25 
where there is a. batter of one-sixth, and by ·31944 (say ·32) when the wall is 
vertical in its exterior face and countersloping within j or, what might be more 
easily remembered, take one-fourth of the height for the mean thickness of wall 
with the batter, and one-third very nearly for the vertical; always assuming the 
backing of earth to be of the same height as the wall, and no more. 

This calculation is full and secw·e, provided the foundation, the material, and 
workmanship be good; but it is worthy of consideration, whether such rules are 
to be adhered to rigidly in all cases, or whether under a variety of circumstances 
and arrangements, the proportions might not be reduced without risk. 

Very precise data from fact8 are much wanted; records of failures with minute 
particulars would be most interest.iug, but ru·e not to be obtained; experiments 
have rarely been made,• except on small models, which latter are anything but 
satisfactory; these models ru·e made of one rigid substance (wood), cut into the 
shape of the entire wall, and being loaded at the back with sand, bullets, or small 
shot, are proved ns to the relative weight or force required to turn them bodily 
over on a pivot at theit· toe. Many useful analogies may be drawn from such 
trials, but as the action on a wa1l loaded with earth is very different, they might 
in some cases mislead, and cannot be considered in any as quite conclusive. 

Under this impression, when Chairman of the Board of Public ,vorks in 
Ireland, I took a favourable opportunity that presented itself at Kingstown, of 
entering upon a series of experiments on actual walls, which, unfortunately, 
circumstances did not admit of being continued to the extent contemplated; the 
first made however are interesting, as far as they go, and are exhibited in the Plate 
which accompanies this paper. Four walls were constructed of equal length, 
height, and mass, but of different figures, and then loaded at the back with 

" A few were mnde by Lieut. Hupe, Royal Engineer.i, nt Chatham, under the orders or Colonel 
Sir Frederic Smith, rcpo1ted in ,·ol. vii. Profei;sional Papcu, and ure interc11ting. 
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CA.rth, as nenrly as could be under the same circumstances; a medium thickness 
of one-sixth of the height was taken as a minimum, that would afford a chance of 
obsei-ving the rolatiYe order and manner in which each would successively give 
way, without couteruplntiog tba.t nny would entirely resist, as it proved that one 
(the leaning parallel figure) did. 

The intention was to have made further trials on those which had failed, by 
increasing their solidity in an uniform degree, when probably, at one-fifth mean 
thickness, the wall {of that peculiar description and weight of stone) with a batter 
would have been found to have sufficient stability, and in succession that with a. 
counterslope would have shown its advantages over the parallel vertical wall. 

It wns also in contemplation to try the effect of applying counterforts, as part 
of the mass of masonry. 

It may be observed, that a.s to the positive power of resistance, these experi
ments may be considered as having been somewhat trying. They were made in 
winter, the soil wet, and the weather unfa.vow-able; the filling was of earth, 
thrown in loose and without any precaution of ramming or otherwise; the walling 
without mortar, and each portion of 20 feet in length, not connected or tied in at 
the ends to any other suppo1-t; the only favourable circumstance was, being 
based on a thoroughly unyielding foundation-rock. 

There are differences of opinion relative to the advantages of applying pa.rt of 
the masonry in the form of internal buttresses or counterfo1-ts, even as regards 
the stability of the wall; that is, independent of the military consideration of the 
resistance it may afford against being breached. The first matter for experiment 
and decision, however, is the beat form of cross section for the facing of the wall. 
as that will not be affected by the question of the counterforts. 

There are two points worthy of notice regarding the counterfort principle, that 
are not taken into consideration in mathematical reasoning, or in the trials with 
wood models; one is, the additional cost of the workmanship by the increase of 
surface lines to be wo1·ked to,-and the other, the tendency of the pressure to 
tear the facing from the counterforts; which, where the wall gives way, it always 
does more or less, showing a weakness in that point not exhibited in the models, 
which, on the contrary, p1·oduce an increase of power in that part, by the 
lengthened leverage of overhanging weight opposing the effort to overturn it. 

Independent of the reasoning on the abstract relative advantages of particular 
forms and ilimensions for the section of a retaining 
wall, there may be peculiar circumstances of 
locality or nature of the work, that may lead to 
a deviation from any uniform rule; of which the 
following are examples:-

1. In Sir Henry Parnell's "Treatise on Roads," 
containing many valuable details of that magni
ficent work, the great Holyhead road, will be 
found a section descriptive of the mode in which 
it was carried along the side of a precipitous 
rocky mountain; in which it will be seen bow a , 
good rule for ordinary circumstances may be 7 
carried too far in special cases. Telford considered 
a. curved batter and of certain dimensions a good 
form for a retaining wall, and this seems to have been followed here without 
reference to circumstances, for thel'e can be no doubt but that a vertical wall, as 

. { 
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shown by the dotted line, would much sooner find its bnse, and with far lcBl!l 
work and material, would have been quite as efficient; and very great strength 
of wnll was tho less necessary, as the filling must have been, not of enrtb, but 
of the pieces of excavated rock1 gh'lng no elastic pressure, but merely dend weight, 
and even that capable of being very much relieved by a little pains given to 
packing them. 

2. In another case, a road in Ireland was to be carried across a rnvine, by a 
high ombankmout with retaining walls; the road was rcqull'ed to be 21 feet wide 
between the fences, and 30 feet above the bottom of the valley. The reta.iuiug 
walls wore planned on the ordinary rules, as a, b, c, d, in the figure, with an 

external batter of one-sixth ; these, 
therefore, were calculated to resist a 
pressure of a filling included in the 
section c, e, f, c', e', p, whereas it will 
be seen bow much short of that bulk 
the real filling occupied, and which 
bore upon each wall; but by altering 
the shape, and adopting a wall vertical 
externally, and removing the front pro
jection of batter to the counterslope in 
the interior, that is, to the lines 9, lt, c, d, 
it will be found that a great part of the 

filling would have been of the masonry, to a great saving of labour in filling, and 
of pressure on the walls; and a saving of laud by the projection f/, a, for their 
entire length. 

3. Another ea.use of occasional failure in retaining walli, or of an excess of 
masonry to avoid it, arises from their being built almost universally under Tery 
unfavourable circumstances, that occasion a violent presslll'e on them of short 
duration ; and that when they are in their weakest state: thus, these walls are 
usually constructed rapidly, and while green and their mortar unset, backed with 
earth, which for a period is gradually settling, and exerts a powerful effort on 
them; they consequently require to have a ma.ss proportioned to resist these 
tcr,1pora1·y disadvantages, whereas ,.,hen the backing is well consolidated, n.ud the 
wall dry, much smaller proportions would be ample. I have witnessed tlie case 
of a considerable retaining wall, of propo1tions somewhat less than the rules admit, 
which very soon after being backed with earth began to bulge, and showed signs 
of giving way, but was at once strongly shored up with timbers, which were left 
for several months, and then removed; since which the wall remained firm, and 
is standing to this day. The same of the two abutments of a bridge, of a single 
arch of 18 feet span, and immediately backed with earth; the walls in a similar 
mo.nncr began to yield, but being well strutted with stout timbers and p]ank for 
some months1 until the whole was thoroughly settled, remained firm ever after. 

A splendid instance of this kind of remedial measure, judiciously applied, may 
be seen in tbe cuttings near the Eu8ton Square Station of the North ,vestern 
Railway, where the walls were found to be insufficient to support the pressure of 
the London clay, probably as trying a substance as any in the world; and those 
fine curved ca.~t-irou girders that may be now observed, were fixed from wall to 
wall spanning the entire road. I have no doubt, however, but that even that soil. 
nfter so many years of being cut through and sustained, ,vi11, with the walls, have 
acquired imch a consistence, as not now to require that precaution; aucl as it is 
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in some degree a.n eyesore, in interfering with the simplicity of the work, and 
would appear to be superfluous, it is to be expected that some cla.y a single girder 
will be removed, a.nd others in succession, and gradually in alternate order to try 
the effect, and that finally the whole will dis.1,ppear. 

The power of resistance of the leaning parallel wall has been long known, and 
that form might be generally applied instead of the ordinary batter given to the 
external face Only, but for one great inconvenience, which is, the necessity for 
caITying up the filling behind it, at the same rate as the wall rises, in order to 
support it from falling inwards. 

The results- of the single trial at Kingsto,vn may lend to a belief that the wall, 
vertical in its face and countersloped in rear, affords Ieee resistance in proportion 
to one with the ordinary external batter, than is commonly calculated upon; and 
it would be a matter of peculiar interest to have decided by thorough actual 
experiment; at the same time it would still be in very many cases the better 
form to adopt, in consequence of the serious disadvantages and evils of the external 
batter, particulru·ly in brick. 

The internal counterslope is usually carried up by offaeta, which (the courses 
being horizontal) are quite as easy in building, and they give a slight increase of 
resistance, and perhaps might give more, if by their means the greater thickness 
of wall was adjusted, on experiment, to the points where the pressure is greatest 
rather than by the usual regular gradation. 

For instance, a, b, c, being within the angle of repose of the filling, has scarcely 
any pressure upon it, and consequently only serving aa 
the base of the wall above, no extra thickness, as shown 
in the figure, need be given to it j but the line being 
brought clown from the next offset above (as to d), the 
portion d, b, might be suppressed, and given to increase 
the strength of the wall above. 

It may not be superfluous to add a reminder on two 
or throe well-known circumstances, that never must be 
lost sight of in the construction of retaining wa1ls :-

1. The absolute necessity of securing a thoroughly 
good foundation, as any yielding at the base will peculiarly 
influence the stability of such walls. 

2. To provide weep holes through the wall, to allow a 
the water, as it drains from the filling, to escape freely. 

/ 
/ 

3. To allow in the calculations for the ---·~-- ------
strength of wall, for the nature of the ma• 
terial employed, its specific gravity, &c. 

4. To avoid (what is the cause of many 
fo.ilures) the not proportioning the retaining 
wall to the height of the earth which it has 
to support, instead of merely to that of the 
wa11; thus a, b, c, d, being the lower portion 
of a. wall calculated to the full height of the 
embankment, will be the section required to 
support the foot of it. 

Eacarps in fortifications are frequently 
given a form and strength exceeding tbo 

' 
' 

' 
' 

: ! 

:L 
dimensions required of them, as retaining walls only, and nt con~i,lemble more 

I 
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expense, in order to obtain a prolonged resistance from the effect of an enemy's 
breaching batteries; but this precaution may be carried too far; if applied 
generally to the whole contom· of the place, it will add very importantly to one 
of the most costly items of expense, and will be Ruperfluous on every part but 
those that present the greatest facilities of approach to a besieger. 

In general it will be more advantageous to adapt the esca.rps to a system of 
masonry, that will in the most economical manner retain the mass of ea.rth behind 
them, reserving the e:r.tra means for adding to the difficulties of being breached
for nny part that may be peculiarly liable to be attacked, and making that as 
strong as possible by arches carried through to the external face, in the manner 
designated by the French engineers as en dichar[Je. Ou many occasions, this 
valuable accessory for defence may be obtained without extra expense, by making 
these arches part of the necessary bomb-proof cover for the accommodation and 
use of the garrison. 

,Vhatever reasonings may be held out for reducing the dimensions of retaining 
walls, that are not confirmed by actual experience or trial, must be 1·eceived with 
caution. 

The old rule of making everything stronger than strong enough, must be 
particularly attended to by our military engineers; at the same time let us 
anxiously look out for every possible improverr.ont, that will tend to stability in 
the first instance and to economy in the second. 

J. F.B. 
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REFERENCE TO PLANS AND SECTIONS OF REVETMENT WALLS. 

The m11sonry of the leaning wnll, section A, and the earth falling at the rear, commt>nced 
20th of Octob(>r, 1834, and proceeded, pal"i pas,11, until the wall was carried to its full height. 
At this date (3 1st of December) the wall remains unaffected by the lateral pre~sure of the 
earth filling, although kept to its full height, from time to time as subsidenee occurred. 

The masonry of the slo1iing wall, ~ection e, commenced on the 20th October, 1834, and 
was cnrried to its full height on the 2ith of the following No¥ember. The earth filling 
in the rear was begun on the 20th of No,·ember, and completed on the Gth of December. 
The deficiencies from sub1ddence, in the filling, were made good from time to time, as in the 
preceding e;lse. Since the completion or this section the slope in front is diminii.hed 
2! inrhcs, and there are some slight fisi.urcs in the face of the wall indicath•e of instability. 

'l'be m1u1onry or tlie counter sloping wall, section c, was commencecl and completed 
concurrently with section B, The earth filling in the rere was commenced on the 20th of 
November, and on the 6th of ~cember, when the filling attained the height of 17 feet, 
the wall was overtumed. The overseer reports-" nt one o'clock, 1•.v., the counter.sloping wall 
fell, the filling 17 feet high behind the wall; it overhung 10 inches, was greatly convex on the 
face, and rending in e¥ery direction; it overhung lh·e inches in the first 5 feet of its height. 
In falling it burst out at about S feet 6 inches from its base, and two.thirds of the wall from 
the top, downwardB for its full length, kept in an upright position, until it reached and was 
crushed on the ground." Sec diagram c, fig. 2. 

The masonry or the rectangular wall, section D, was built at the time sections Band c were 
prected. 'l.'he earth filling in the rear was commenced on the 20th of No¥ember, and on 
the 6th of December, when it attained the height of 17 feet, this wall was also overturned. 
The m·erset'r reports-" at four o'olock, P.H., the rectangular wall fell, the filling 17 feet 
high behind the wall; it OYerhung l foot 6 inches, con¥exity on the face more than 4 inches; 
it fell like a board, having increased in the overhanging from 1 foot to l foot 6 inches, from 
half.paitt three till four o'clock, when it fell." See Diagram D, fig. S. 

'l'he se¥cral walls were founded on solid rock. 

A TABLE 

STIOWING TllE HEIGHT TO WHICII THE CLAY.FILLJNG WAS CARRIED EACH 
DAY DURING TIIE PROGRESS OP TUE WORK. 

ALSO A DIARY OF THE WEATHER. 
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PAPER XII. 

SoME AccouNT oF THE FIELD Worurs THROWN UP FOR TTIE 

DEFENCE OF SICILY IN 1810, WITTI A PL.!.N BY MAJOR

GENERAL LEWIS, ROYAL ENOINEERS. With a plan illustrating 

the works. 

THI·: C',\~TI.E 0.1-' S!'\1.1.\ 1-'Hll,',1 Till: FAklJ 

PRELIIDNARY REMARKS. 

MANY circumstances rendered the possession of Sicily apparently an easy task 
to the French army, in Naples, at the commencement of the year 1810. The 
conquest of the kingdom of Naples was complete, the island of Capri taken, 
dislike of the Sicilian Court to the English open if not avowed, and the retreat 
of the Anglo-Portuguese forces in the Peninsula, probably induced the Emperor 
t.o sanction Mm-at's making the attempt on Sicily. 

Accordingly that distinguished general commenced preparations early in the 
spring of 1810, strengthened his force in Lower Calabria, and he collected a large 
fleet of boats in the Bay of Naples. Wl1en he, Murat, had completed his arrange
ments, the flotilla., many of them armed as gun-boats, moved southwards in 
sciuadrons, keeping in Rhore as much n.s possible, protected by moycal,le columns 
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of troops. The lighter or trausport boats, if pmsued, were dra.wu up on the 
beach in the bight of ihe several bays iu the Neapolitan coast, flanked by the 
armed part of the flotilla and the field artillery of the moveable columns i and by 
these precautions from day to day, six hundred vessels were brought down with 
very littlo loss to the coast opposite Sicily, and there planted until a suitable 
opportunity arrived for the attack. And this wa.s effected without a single 
harbour or shelter of any kind between Scylla and the Mole of Naples. 

Colonel Sir Alexander Bryce, who commanded the engineers of the Anglo
Sicilian army, in his official reports, dated Messina, July, 1810, describes these 
operations as follows: "I snatch a moment from professional duties, which have 
been very severe, to say that King Murat is now endeavouring to put in execution 
his long-threatened invasion of Sicily, 

"He is encamped between the Point of Pizzo and Scylla, where the straits are 
only two miles wide, with o. force, as nearly as we can learn, of about 25,000 men. 
His naval means are, I believe, about eighty heavy gun-boats, as many lighter 
armed boats, four galleys, and about 450 transport boatR for troops. 

11 ,Ye now ha.ve about 120 armed boats of various descriptions; two ships of 
the line and two frigates a.re moored in convenient situations for protecting the 
beach, whilst the Admiral, with two others, is cruising outside the Faro. 

"All our troops are collected here, excepting the garrisons of A ugusla, Syracme, 
JJfelaz=o, and Trapani. The whole coast on each side of Messina bas been fur
nished with sea bu.tteries, on traversing platforms-emplacement for fielcl 
artillery and troops. And an important point, the extremity of the great ridge of 
mountains, which terminate near the Faro, and the key of the whole of the 
narrow part of the straits, has been strongly entrenched with field works, wit.h a 
redoubt on the top, which in a short time will, I trust, be capable of sustaining a. 

ebort siege, should we be forced to leave it, for two or three days, to its own 
resources, whilst we are concentrating our means for a general attack, before he 
can establish himself firmly at the Faro. 

"Roads of communication h..we been formed in all directions, and an entrenched 
camp for co.ering Messina marked and forming. 

"I think I may now venture to say that we are, as far as Mumt's jol'cc is 

concerned, in a very good state of defence, and I assure you the fatigues and 
exertions of the corps here have not been small, weakened as we are by the 
necessary detachments." 

The annexed plan to this subject will explain the relative position of both 
armies, with a description of the fortifications constructed for the defence of the 
coasts. The success of the enemy in bringing so large a flotilla opposite Sicily 
was not continuous, for the reinforcements brought down were attacked by our 
cruisers. And Sir Alexander Bryce in another report, dated the 22nd August, 
1810, remarks, u that our ships of war had destroyed one part of a convoy with 
reinforcements, a.nd captured the whole of another with artillery and provi.sions." 
The success of the early squadrons of boats arose principally by surprise, our 
crui.sers not having information of their departure from Naples, in the first 
instance, and having been blown off probably by adverse winds for a few days. 

Nevertheless in another report, dated Messina, October 24tb, 1810, Sir 
Alexander Bryce informs the Inspector General of Fortifications that King Murat 
bad retreated to Naples. Ho observes, "You probably know ere this, that we 
are DO longer threatened with an immediate attack by Murat, who has broken up 
hie encampment opposite us, and sent bis troops into winter quarters. Bia 

·. { 
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flotilla has retumcd to Naples without having been much harassed by our ships 
on itt:i voyage, aud our troops are enjoyiug a little rest after their long continued 
labour and watcLings. I must, however, except myself and officers, who are 
still busily engaged in rendering mol'8 permanent our field defences, and taking 
advantrtge of the time to construct several additional works for the bettel' defence 
of the straits, which I trust will be finished before it is probn.ble that l\furat 
shoulr.l return in the spring. He has left his depots of heavy artillery ancl stores 
at Scylla, and those of a lighter nature in the Bay of St. Euphemia, which circum• 
stance, coupled with the ease with which be bas sent and withdrawn bis armament, 
would seem to indicate a repetition of his attempt. I however believe that he 
has found the expenses very gre<~t and burdensome on his dominions. It is, 

therefore, not improbable he may he prevented by a want of the necessary funds 
from returning soon. Indeed it is difficult to assign any other reason for his 
having withdrawn the other day, as the winter would, in my opinion have been 
rather more favourable to his chances of passing the straits, whilst our fatigues in 
guarding agaiust it during the long and dark nights of winter would have been 
greatly increased. 

"Altogether we have had a very novel and curious kind of campaign, not 
without considerable instruction, and as the result has been satisfactory and 

honourable to the army, I cannot regret having had some share in it. I have 
every reason to be satisfied with the zeal and intelligence of the officers under my 
orders, and as Sir John Stuart has on all occasions admitted me to his foll 
confidence1 and expressed much satisfaction with the various and extensive 
opern,tions of the corps, I have no doubt he will take the oppo1tunity of his public 
Jespa.tch to manifest his sentiment8." 

In perusing the narrati\'e of events in Sicily during the summer of 1810, the 
unsuccessful descent on the coast a few miles south of Messina has been omitted 
to be described for the sake of perspicuity. But it should have been stated that 
in September the attempt was partially made with the Neapolitan troops and 
repulsed. This was, in fact, meant as a diversion in favour of the real attack as 
proposed by Murat, which did not take place j for it appeared by information 
obtained about that time that General Grenier, in immediate command of the 
French or auxiliary troops of the Neapolitan army, objected to their embarking: 
upon so rash an attempt; he having in his possession a veto, giving him the 
power from the Emperor, of refusing to employ the French troops in the event 
of his seeing it proper to make use of that power. 

In this case it would have been the Leight of imprudence to have attempted a 
landing between Messina and the Faro, and probably have caused the destruction 
of the naval and military forces employed, and perhaps the loss of the kingdom 
of Naples. In an intermediate report, however, from Sir Alexander Bryce, dated 

Messina, 22nd September, 1810, he thus desct·ibes the debarkation of the Nea
politan army on the shores of Sicily: 

"Conceiving that a good delineation of the military works, and the positions of 
the armies in this neighbourhood would be interesting, I have had one prepared. 
And a reference to Zanoni's chart of the Straits of Messina will supply that 
portion of the coast to the southwards which our sea.le would not admit of 
including. 

"Our force here comdsts of about 13,000 troops of every description,* that of 

• Tb!11 d0<'~ not include Sicilian, a~ the whole 8icili:m army wii11 concentrated at Palermo, for !lie 
1irotC'1!hon of the court 11nrl that city, 150 mil<"11 we11t of MeMina.-G. G. T,. 
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the enemy from 23,000 to 25,000. But there is atrong gronude for believing that 
a French corps of 10,000 ha.s nl'ril'ed at Rome on its way to Calabria. 

"On the morft.ing of the 18th, after three mouths' preparation, Murat made his 
first attempt at, landing about eight miles to the southward, where our numerical 
force did not aUow of our having more than a few videttes on the beach, and a 
amnll corps of light infantry on the rising ground over it. But the straits here 
being about eight miles broad, the brigs of war, appointed to cruise off Reggio, 
were supposed to afford an adequate degree of protection. The enemy howe,•er 
sei:ted with much decision the advantage afforded him by the effect of a gale 
which forced the brigs into the harbour, and before their return crossed in boats 
during the night, and lande<l at four in the morning to the number of 3000 and 
upwarJs, advancing immediately his light troops into the mountains; our 400 
light infantry, however, move<l beforehand in that direction, occupying the higher 
ground. And three battalions o.dvanciug on his flank from Contcsso, he took 
fright and re-embarked, leaving 900 prisoners in our possession. His loss may be 
computed at 1100 men.• 

"From what we can learn of this ill-executed plan, the enemy seems to have 
intended throwing a corps into the mountains in our rear as circumstances 
permitted, knowing probably that we could not detach a sufficient force to 
dislodge them without unfurnishing our own defensive line, and leaving it expose<l 
to bis more direct front attack. He also probably reckoned on the assistance of 
the .natives : but in this he has been disappointed, as the lower classes uniformly 
assembled with such arms as they had, and either joined our troops or by 
themselve$ defended the passes into the mountains. 

"Indeed this good disposition of the inhabitants so unequivocally evinced on 
this occasion, seems to me the only consolatory circumstance in the affair, for as 
the enemy has been able not only to throw a force on shore but to re-embark 
and escape ,with the whole of bis boats during a September night, we must 
naturally contemplate with much anxiety tbe greater facility with which he wiU 
be enabled to concoct such an operation in the long nights of the approaching 
winter. And should he be able to place a corps of 5000 men in the mountains 
sufficiently strong to overawe the Sicilians and procure p1·ovisions, our situation 
here would be very embarrassing."t 

THE "~ORKS FOR THE DEFENCE OF THE COAST OF SICILY BETWEEN MESSINA 

AND TBE F.~RO, 

It will be seen by the plan that the shore open to invasion was about twenty 
miles, ex.tending from the Faro Point SQuthward beyond Messina, that portion 
being within the distance by which boats could cross the straits in sufficiently short 
time to escape our cruisers. For the coast itself is open to a debarkation thirty 
miles south of Messina, but this involved a long sea. voyage for open boats 
unprotected; therefore little fear ,-ras entertained ofan attack, beyond the twenty 
miles explained above, the passage llere being only from two to eight miles wide. 
The means of attack were open boats, supported by armed vessels of a P-imilar 
description, the former being able to carry upon au average fifty men. 

• Aided by the armerl peasantry of the mountaim~, who turned out with great alacrity and spirit, 
actrd with our troop~, and assie.ted and guhled them o,·cr the rugged paths, and tbllil enabled them 
to intercept the enemy.-G. G. L. 

+ Tt ~hou\d be oh~rved, thnt tbC'rc were ho1w1 on the 1iart of Murat that the French fle<>t in 
Toulon would co-operate in the attack of Sicily.-G. G. L. 

\I 2 
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The troops of the hostile force in Lower Calabria, opposite Messina, were 
encamped or hutted, principally upon a promontory between Rezzio and Scylla, 
the transport boats hauled up on the open beach, and covered by mounds of 
shingle thrown up iu front to secure them from a cannonade, and flanked by 
batteries with heavy artillery, mounted on traversing platforms, and protected 
likewise by field artillery attached to the troop'3, which frequently moved down 
to meet our gun boats if they approached too near, and by the accuracy and 
celerity of their fire always drove them back with some loss. The enemy's armed 

boats were in the bight of the bay, under the castle of Scylla. 
In this position tho French Neapolitan force was frequently bombarded by 

Anglo-Sicilian gun-boats, supported by the ships of war, and a heavy cannonade 
was a constant occurrence on both sides, with very little apparent effect. And for 
three months Murat kept us in a state of excitement, sometimes launching his 
boats and embarking his men, for exercise and by way of threa'teniug us, aud his 
enterprising character led us to expect that his intentions some night woul<l be 
canied into execution. The beautiful climate, scenery, and close approximation 
of the hostile forces, and every naval action in sight of both armies, rende1·ed the 

time most exciting and interesting. 
The artillery and engineering means of the British army were mostly supplied 

from Malta as regards the material, and the expenditure of powder and shot was 

enormous. 
The artillery used on shore for the armament of the batteries were 12, 18, and 

24-pr. iron, and some foreign guns of 36-pr. calibre, to fire across the Straits. (See 
Plan.) The 24-pr. guns were mounted on traversing platforms en ba1·bette, over 
a 7 ft!et parapet. Tbis heavy ordnance placed in battery was independent of the 
field artillery, horsed and perfectly equipped in reserve in Messina, consisting of 
three brigades of six pieces each, in excellent order in every respect. 

The batteries placed at the salient points of the coast, were all open battei1.Cs, 
with parapets of earth, interior revetment of stone or brick, banquettes, curbs 
and pivots of masonry. Two only were supported by towers, aa keeps, each 
mounting a carronade. 

Every regiment, posted for the defence of a particular line of coast, provided 
for its security, by thro}ving up an epaulement in its own front, for pro
tection against a cannonade from the enemy's gun-boats. The rear was cleared 
to afford ample space for the regiment to parade under arms. Here, every night 
during the three summer months, it was fhed until dawn, when there was light 
to see whether the enemy's boats were launched, alld when found otherwise, the 
men marched to their encampments, and took such repose as was necessary during 
the day. 

This precaution was esseutial, the distance across being so short, that a debarku

tion could have been effected before the troops were under arms; and flanked as 
these epaulements were by heavy artillery, a. debarkation, with the arrangements 
described, seemed impracticable, and in fact was never attempted. 

The coast, for about 20 miles, as shown in the plan, was perft!ctibly accessible 
in every part, with sufficient depth of water, and a rise and fall of tide of 3 feet; 
hence the only impediment to the landing of an enemy in force, were the 
precautions taken of having a body of troops on the spot, flanked by the coast 
batteries to keep him in check, and a sufficient reserve of all arms ready to 
support it. 

In the event of a. successful debarkation being effected by surprise or opeu 
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force, roads of communication were made, ao that the troops which might be 
separated from the line of retreat, or the intrenched camp, alluded to by Sir 
Alexander Bryce, bad the means of retreating to the mountains or heights parallel 
to the sea-shore, and thus offer a second line of resistance in the works thrown 
up, as shown ou the plan. 

The engineering resources consisted of a detachment of British sappers and 
miners, n Maltese company of the same force, nnd a small staff of Sicilian civilians 
organised as overaeers, &c. The native artificers were good, as the beautiful city 
of Measina could testify. The engineering tools and stores were English, of which 
there was an ample supply, and about fifteen officers of British engineera super
iutendecl the several works. 

'l.1he citadel of Messina is a hexagon of entire masonry, casemated throughout. 
The bud front bas counterguru:ds with casemated flanks, corresponding with 
what is termed Vnubau'a Third System of Fortification, and deep wet ditches, 
the tide flowing through them from the harbour to the sea. There is excellent 
bomb•proof cover for 2000 men, besides hospital, sto1·es, and magazines. Five of 
the fronts ham :1. fau.sse bra.ye. The casemates appropriated to barracks are wide, 
lofty rooms, with semicircular arches, and well ventilated; and the interior 
space of the hexagon is unincumbered with buildings of any sort. 

Notwithstanding the disadvantage of being commanded at the distance of 
1200 yards, and of having large substantial buildings within 500 yards, the citadel 
of Messina stood two sieges, in the War of Succession, of sixty days each, about 
the middle and early part of the 18th century. And this work certainly saved 
Sicily to the present Neapolitan government in the late insurrection of that 
i1:1lancl, having a safe and easy communication from the sea. 

The object of the author, in framing this paper, bas been to show the great 
difficulty of effecting the debarkation of a considerable body of troops, when 
opposed on la.ndiog, if those precautions are taken, adopted in Sicily, of throwing 
up a breast-work to secure the troops from a cannonade, which usually cover the 
boats as they approach the shore, nod placing the defence batteries on the salient 
points to play upon the flotilla in its advance; and on touching land, to prevent 
the enemy forming by repeated charges of cavalry and infantry; for no creature 
cau be more belpleSB than the soldier when he scrambles out of bis boat up to bis 
waist in water, under a heavy fire of musketry, the flotilla probably in confusion 
by many of the vessels being damaged by the fire of the artillery, first with 
cannon shot, and then with grape and canister. 

It bas been stated in the 8th paper of the second volume of Professional Papers, 
New Series, that with the facilities given by railroads running paralltll and near 
the shore, a body of troops could always anticipate au attempt to laud, and be 
ready to oppose au enemy; and as it seems impossible that a naval armament can 
be of that light nature to run on shore at once, but must anchor and then prepare 
for debarkation by the use of boats, there iB sufficient time for the opposing force 
to move from the railroad carriages to the beach, and there construct the 
necessary cover for its artillery, ca,,alry, and infantry. 

It is likewise considered that the experience gained in the attempt against 
Sicily, and many other cases, shows that no country open to invasion cau depend 
wholly upon its naval force, even if a supremacy at sea was a. matter of certainty; 
and every nation must depend upon its land forces, and not upon the capricious• 
ness of the winds aud the waves. 

Hence it has been suggested, that a few posts ought to be established on the 

. ( 
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southern coast of England, with ba.rracks, stores, and railway carriage~, from 
whwce the garrisons might be com·eyed by rail to the points threatened, and 
thus ren<ler expensive fortification uuuecesp;ary; nnd it has been stated that, 
a fleet hoYering upon the coast, and threatening to lu.nd a force, must anchor, 
prep,.'\rc their boats, and make such prel}miuary ro~ngem~nb, as wi~l give time 
to the garrisons of the several posts to prepare to resist a d1sembnrknt1on • 

.And if there was any uucerta.iut.y when the attack would bo made, the railway 
carriages way move as the hostile fleet moves, and the troops march to the shore 
when the fleet has anchored. 

Consequently no large force ought to ta.kc the country by surprise, and a small 
one would be overpowered at once; and hence it has been assumed, with the 
precautions recommended, and an adequate land * force t o meet any danger, :m 
nttack on the English shore will never be attempted. G. G. L. 

THF FA.H.() ,\N]) CU.\ST OF C'A.l,>\BRT A 
}'ROM TIH; T()\\"N {'}, Mt•:SSINA 

" Many persons may remember General Mooro's Brigade nt Shorn Cliff, in the rears 1804.5, 
which became the Light Dh'i.11ion in the Peni111;ularWar, This brigade wa.s organised as a moveable 
force for the protection of the coast of Kent, then threatened by inva11.ion from the opposite shore!! 
of France; and by its equipment, discipline, and tactic&.l instruction as light infantry, was rendered 
peculiarly efficient by it-5 readiness to move at a moment's warning. 

The adaptation of steam to navigation bas now placed the whole of the south coast or England 
under similar circumstances to Calais and Bou\ogne, should war be decl:ired with l~r:ince. Instead 
of one post, like Shorn Clift', it i11 proposed to have six, and organize a similar force to General 
Moore·s, of all arm11, ready and accustomed to move together, either on railway·carriages laterally, 
or by marching to the sea.shore and prepare for defence. 

The suggestion of brignding the troops, and consequently augmenting the land force!<, and 
prepariug quarters and railway carriages, bas been repeated in tbis article for the obsen-:ition of 
non-military readers, to induce the sanction of the neces!!ary outlay before the danger occur11; for 
no pre1)aration is requisite on the other side of the water when once hostilities are decided upon. 

And the means suggested, if prepared beforehand, will cert.I.inly prel'ent any succt:sslul inl'a11ion 
on the @bores of the Briti@h Channel; the more distant 11hores must be left to the co.operation of 
the naval forces, but the gouth coast would require no other protection than the moveable brigadeg, 
with 11uitable dc!cnce11 for the security or the harbours, 
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PAPER XIII. 

MEMOIR ON THE POLYGONAL FORTIFICATION CONSTRUCTED IN 

GERMANY SINCE 1815. BY A. llL!.NGIN, OAPI'rAINE DU GENIE. 

T11ANSLA'fED BY CAPTAIN J. WILLIAMS, RE. WITII NOTES. 

A WORK was published during the Jast year, in Paris, under the authority of the 
Minister of ,var, "Titteu by Captain Mangin, of the French Engineers, entitled 
'' Memoit'd sur la ForWication Polygouale coustruites en Allemagne depuis 
1815." The ol,ject of the Author is to show the little value of these fortresses 
by directing imaginary attacks against them, agreeably to the rules la.id down by 
111. :b"ourcroy with the view of testing their absolute force. 

The attacks are directed ostensibly :-lst., Against a salient ha;ving on one side 
a front of Germersheim, a Bavadan fortress, on the Rhine, and on the others a 
fort of Foit Alexander, at Coblenz (See plate, fig. 1). · The fronts are assumed to 
be composed of a simple enceinte, flanked by a central caponniere which is 
covered by a small ravelin, detached escarp, and a glacis en contrepente. 2., 
Against the same fronts strengthened by counterguards (See plate, fig. 2). It 
must be observed, however, that the first supposition does not accord with the 
trace of Gerroersheim, nor is the trace of Fort Alexander correctly given in fig. 1. 
The front of Fort Alexander is essentially composed of the double enceiute, 
-the inner enceinte flanked by caponuiCres, and a gla.cis en contrepente, repre• 
sentecl in fig. 2 of the plate. But it must be borne in mind that, from advantages 
of position, it would be impossible to breach from a distance the caponniere that 
flanks the only front of this work that can be attacked, nor to ricochet the same 
front, and that these advantages would greatly modify the attack. 

It would be inferred from the general tenor of M. Mangin'.!! remarks that the 
omission of the covered way and revetted cotmterscarp was a general feature in 
the fortres.ses lately constructed in Germany. This supposition, however, it is 
considered, would be incorrect. It is considered also that, in by far the majority 
of cases, the revetments of the new fortresses in place of being detached walls, 
would be found retaining revetments, built en decha1'ge or counterarched. It 
does not seem a fair mode of testing the value of the polygonal system to take 
the trace M. l\.fangin has selected, and which must be considered to be a defective 
type of the original, and then to infer from its inferior power of defence that the 
whole system should be peremptorily rejected. It is considered, however, that 
the work of M. Mangin is both interesting and instructive, and a translation of a 
portion of it is giyen in the following paper:-

From the time that Vauban, by the organization of parallels, and by the 
introduction of ricochet fire, brought the art of attack to its present perfection, 
the defocts of the bastion syotem have bean illliii:;ted on by many engineers. 
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Even Yau ban himself seems to have been the first to have acknowledged that 
some modifications in that system were necessary, as iu the later works which ho 
constructed at Belfort, Landau, and Neuf Brisach, he departed considerably from 
the dispositions which he had at first adopted. 

His example, ne\·ertheless, was not followed by his successora; Cormontaingne 
anJ. his school, instead of improving on the last systems ofVauban, adopted his first 
trace, mid applied themselves to the improvements of the outworks, by construct
ing a. redoubt in the re-entering place of arms, by augmenting the sa1iency of the 

ravelius, and by a few other details. 
It must be, howe\'er, admitted that these improvements, valuable as they are 

in themselves, are not commensurate with the progress made in the attack; nor 
do they introduce into the defence any power which can at all neutralize the 
organization of parallels and the employment of ricochet fire. •rhe imperfections 
which notwithstanding Cormont-aingne's improvements still belong to the bastion 
system, have had so much weight with some engineers, as to induce them to 
reject the bastion system altogether. The defects more particularly chargeable 
on the bastion trace, and which those engineers who disapprove of it propose to 

rectify, are the following :-
1. It neither offers on the ramparts, nor in tho interior of the place, protection 

against vertical or ricochet fire. 
2. This latter fire takes in reverse the flanks and renders them untenable; 

although those flanks are the very lines fi-om which are derived the peculiar 
adYantages of the bastion trace. 

3. The communications with the country and with the outworks are badly 
arranged, and aro unfavourable for sorties, 

4. The ditches of the outworks lay open the escarp of the body of the place 
down which the besieger can b1·each the wall before he has crowned the 
covered way. 

5. The parapets are defectively supported, inasmuch as they are brought down 
by the fall of the escarp. 

6. Interior retrenchments do not form an original part of the system, and are 
difficult to construct during the time of siege. 

7. 'fhe operations necessary to place the fortress in a state of defence, and to 
maintain it so duriog the siege, are difficult to execute, and cause much fatigue to 
the garrison (palisades, tambours, retrenchments).* 

Among the detractors of the ancient fortification who have more particularly 
insisted on the defects we have enumerated, Montalembert and Carnot are among 
the most emiuent. Condemning the systems hitherto adopted, they reproached 
the French engineers with not having placed the defence on an equality with the 
attack, and asserted that this equality can only be attained in making a radical 
change in the bastion system both in its trace and relief. 

:Montalembert considered that the artillery of the fortress should always 
preponderate over that of the attack, and for the purpose of protecting this 
artillery, he proposed to construct caponnieres or caaemated bastions, situated in 

the middle of the front to be clef ended, and containing several stages of bomb
pt·oofs protecting an overwhelming armament of artillery and gunners from 
Yertical and ricochet fire; be considered, therefore, that this artillery would remain 

uninjured till the conclusion of the siege, and that the besieger, in presence of so 

'/',-:,,!t~'t',~,~:"·-To thci,e Ill:!}' be a<ldcd that it docs not a1,ply itself rc-atlily to the ground. 
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formidable o. fire, would neither be able to establish his counter nor breaching 
bnt.tories, nor ma.kc the passage of the ditch. 

The introduction of these capouni~res with their sweeping fire would dispense 
for their mutual defence with the separation of the flanks by a curtain, and thus 
the bn.stion trace no longer became necessary. 

With regard to the profile, Monta.lembert made marked modifications: in the 
grentel' number of his projects be employed detached escarps and added caaemates 
to them, so that, not only in the caponnieres but also in the body of the place, 
the artillery was protected from ricochet fire. 

Carnot, while he adopted many of :Montalembert's modifications, founded his 
system of defence on quite another principle. He proposed to annihilate tho 
besieger, should he venture to approach the glacia, by an overwhelming vertical 
fire. The besieger's operations would become, if not impoaeible, at least so 
perilous as to expose him to enormous losses. If to a void these losses, the besieger 
retired the guards of the trenches; and but weakly supported the heads of his 
attack, then frequent sorties would destroy the boyau.x and kill the working parties. 

To secure the continuance of vertical fire, Carnot established in rear of the 
body of the place, casemates open at ea.eh end, in which the mortars and artillery• 
men were protected from the missiles of the besieger. 

To facilitate sorties, Carnot cleared away all obstacles between the enceinte and 
tbe besiegers' approaches, and therefore did away with the counterscarpa and glaci.s, 
replacing them by a glacis "en contrepente," which permitted the troops of all 
arms to pa.ss rapidly from the ditch to the country. 

To prevent the besieger also from ruining the parapet at the same time that he 
breached the revetment, Carnot detached the latter from the parapet, gave it a 
defensive profile by piercing it with loop-holes, and thus obtaining a raaante fire, 
he was enabled, like Montalembert, to renounce the bastion system. 

The trace Carnot seemed to prefer was the tenaille form, which bad been some 
time previously proposed. both by Montalembert and former engineers, based 

however on a different principle. 
The suppression of the counterscarp and covered way obliged Carnot to cover 

his scarps by earthen counterguard.s, which were not, however, like the body of 
the place, defended by escarps, and thence arose dead angles ·which rendered the 

syatem defective. 
Such is the spirit of Montalembert and Carnot's systems; they have been totally 

rejected in France, while the German engineers, selecting and combining portions 
of each, have introduced a mixed system which ha.a been employed in the 
construction of the fortresses in Germany built since 1815. Their trace, as 
borrowed from Montalembert, is nearly as follows:-

On an exterior side of about 54 7 yards a ca.ponniere is placed, whose flanks 
base a saliency of 33 yards, and whose faces intersect at an angle a little larger 
than 60". These faces are themselveA defellCled by two other flanks, or brisurea, 
placed in the body of the place, and united by a sort of curtain. The aboYe 

disposition forms the trace of the body of the place. 
As to the caponniere, sometimes it is connected with the body of the place by 

the prolong .... tion of the flanks, or it is closed at the ~orge, and is ~etacb.ed from 
the encciute; or otherwise it is connected by a wall with the batter1.ea which flank 

their salieuts. 
A counter-guard or rnselin is usually placed in advan~c of the capou.ui~rc, 

whoso branches termiuate at the main ditch; sometimes, also, a. smnhtr 
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Even Vaub:m himself seems to bavo been the first to have ackuowle<lged that 
some modifications iu th!\t system were ncceesnry, as in the later works which be 
constructed at Belfort, Landau, and Neuf Brisach, he departed considerably fl·om 
the dispositions which he bad at first adopted. 

His example, nevertheless, was not followed by bis successora; Cormontaingne 
auJ bis school, instead of improving on the last systems ofVauban, adopted his first 
tmce, and applied themselves to the improvements of the outworks, by construct,. 
ing a redoubt in the re-entering place of arms, by augmenting the saliency of the 
ra"elins, and by a few other details. 

It must be, howe\"cr, admitted that these improvements, valuable as they are 
in themselves1 ru·e not commensurate with the progress made in the attack; nor 
do they introduce into the defence any power which can at all neutralize the 
organization of parallels and the employment of ricochet fire. •rbe imperfections 
which notwith8ta.nding Cormontaingne'8 improvements still belong to the bastion 
system, have had 80 much weight with some engineers, as to induce them to 
reject the bastion system altogether. The defects more particularly chargeable 
on the bastion trace, and which those engineers who disapprove of it propose to 
rectify, are the following :-

1. It neither offers on the ramparts, nor in the interior of the place, protection 
against vertical or ricochet fire. 

2. This latter fire takes in revel'f!e the flanks and renders them untenable; 
although those flanks are the very lines from which are derived the peculiar 
advantages of the bastion trace. 

3. The communications with the country and with the outworks are badly 
arranged, and are unfavourable for sorties. 

4. The ditches of the outworks lay open the escarp of the body of the place 
down which the besieger can breach the wall before he has crowned the 
covered way. 

5. 'fhe parapets are defectively supported, inasmuch as they are brought down 
by the fall of the escarp. 

6. Interior retrenchments do not form an original part of the system, a.nd are 
difficult to constmct during the time of siege. 

7. The operations necessary to place the fortress in a state of defence, and to 
maintain it so duriog the siege, are difficult to execute, and cause much fatigue to 
the garrison (palisades, tambours, retrenchments).* 

Among the detractors of the ancient fortification who have more particularly 
insisted on the defects we have enumerated, Montalcmbert and Carnot are among 
the most eminent. Condemning the systems hitherto adopted, they reproached 
the French engineers with not having placed the defence on an equality with the 
attack, and asserted that this equality can only be attained in making a radical 
change in the bastion system both in its trace and relief. 

Montalembert considered that the artillery of the fortress should always 
preponderate over that of the attack, and for the purpose of protecting this 
artillery, he proposed to constl'Uct caponnieres or casemated bastions, situated in 
the middle of the front to be defended, and containing seYeral stages of bomb
proofs protecting an overwhelming armament of artillery and gunners from 
ve1·tica.l and ricochet fil'e; he considered, therefore, that this artillery would remain 
uninjured till the conclusion of the siege, and that the besieger, in presence of 80 

7',·:,1!,::~1~;:k.-To these mar be added that it doe11 not ap11Iy itself rc,atlily to the ground. 
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formidable a fire, would neither be able to establish bis counter nor breaching 
batteries, nor make the passage of the ditch. 

The introduction of these cnpouniereg with their sweeping fire would dispense 
for their mutual defence with the separation of the flanks by a curtain, and thus 
tho bastion trace no longer became necessary. 

With regard to the profile, Montalembert made marked modificationa: in the 
greatet· number of hia projects he employed detached escarps and added casemates 
to them, so that, not only in the caponnit:res but also in the body of the place, 
the ::u-Wlcry was protected from ricochet fire. 

Carnot, while he adopted many of Montalembert'a modifications, founded his 
system of defence on quite another principle. Be proposed to annihilate the 
besieger, should he venture to approach the glacis, by an overwhelming vertical 
fil'e. The besieger's operations would become, if not impm,eible, at least so 
perilous as to expose him to enormous losses. Ifto avoid these losses, the be~ieger 
retil'ed the guards of the trenches; and but weakly supported the heads of his 
attack, then frequent sorties would destroy the boym1x and kill the working parties. 

To secure the continuance of vertical fire, Carnot established in rea.r of the 
body of the place, casemates open at each end, in which the mortars and artillery• 
men were protected from the missiles of the besieger. 

To facilitate sorties, Carnot clenred away all obstacles between the enceinte and 
the besiegers' approaches, and therefore did away with the couuterscarps and glacia, 
replacing them by a glacis u en contl'epente," which permitted the troops of all 
arms to pass rapidly from the ditch to the country. 

To preYent the besieger also from ruining the parapet at the same time that be 
breached the revetment, Carnot detached the latter from the parapet, gave it a 
defensive profile by piercing it with loop-holes, and thus obtaining a rasante fire, 
be was enabled, like Montalembert, to renounce the bastion system. 

The trace Carnot seemed to prefer was the tenaille form, which had been some 
time previously proposed both by Montalembert and former engineers, based 

however on a. different principle. 
The suppression of the counterscarp and covered way obliged Carnot to cover 

his scarps by earthen counterguru:ds, which were not, however, like the body of 
the place, defended by esca.rps, and thence arose dead angles which rendered the 

syatem defecti-ve. 
Such is the spirit of Montalembert and Carnot's systems; they have been totally 

rejected in France, while the German engineers, selecting and combining portions 
of each, have introduced a mixed system which has been employed in the 
construction of the fortresses in Germany built since 1815. Their trace, as 

borrowecl from Montalembert, is nearly as follov.-s :-
On an exterior side of about 54 7 yards a caponniCre is placed, whose flanks 

ha.Ye a saliency of 33 yards, and whose faces intersect at an angle a little larger 
than 60°. These faces are themselves defended by two other flanks, or brisures, 

placed in the body of the place, and united by a sort of curtain. The above 

disposition forms the trace of the body of the place. 
As to the capouniere, sometimes it is connected with the body of the place by 

the prolong.~tion of the flanks, or it is closed at the ~orge, and is ,detacb.ed from 
the enccinte; or otherwise it is connected by a wall with the batteries which flank 

their salient.a. 
A counter-guard or ravelin is usually placed in advan:c of the eapou_ni~rc, 

whose branches tcnuiuatc at the ma.in ditch; sometimes, also, a s1m1hu-
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counterguard covers tbe nugle of tho polygon : occnsionally this latter work is 
omitted, antl a c:v~eron.t.ed redoubt occupies the re-entering formed by the ravel in 

and the body of the place. 
In these different traces, a casernated traverse shuts the opening which is formed 

by the ditches of the outworks. 
Lastly, in some fortresses beyond the ditch, in pince of a counteracarp and a 

covered way, a glacis "en contrepente" is substituted; to which is added, at the 
ronndings opposite the ealienta, a small redoubt, intended to defend the ditch, 

and to give access to the galleries of mines.• 
Ju the interior, the cnseroates proposed Ly Carnot, are introduced to protect the 

mortars, and to secure the continuance of the vertical fire. Occasionally, how
ever, in place of establishing special ca.sema.tes to receive these mortars, tbc 
German engineera place them in the caponniCre which defends the ditch, or 
towards lhe salients of the fronts, in batteries conveniently arranged for tbe 
purpose. Thus, at Germersheim, the escarp grtllery is detached from the revet
ment, and forms at the salient a court 23 yards by 7 yards, on which open five 
casematcd mortar batterie8. The detached escarp in front of the mortar case
mates is crenelled, and a pastern leads into the interior of the place. Two powder 
magazines are situated on either side of the pastern, the walls of which being 
raised above the rampart, form the sides of a small bomb-prnof battery capable of 
covering three guns, while at the same time it acts as a traveri;e. In Germersheim 
there are also other batteries on the ramparts of the same description, placed near 
the angle of the shoulder; but in these positions they are preceded by a ditch on 
the side of the salient, thus forming a coupure for a retrenchment. (Fig. 1, dotted 
lines, saillants, B and C.) The height of these small ca.semates, or hollow 
traverses, is about 7 feet above tho adjacent traverses. 

The profiles of Ca.root's system have been employed, consisting of a. detached 
ea.carp and chemin de ronde. Nevertheless, in some of the fortresses recently 
constructed-in Germcrsbeim for instance-the detached revetment has been 
abandoned, and a revetment "en d8charge," or counterarched revttment bas been 
substituted in its p1ace.t 

As to the caponniCre on which the flanking of the fronts depends, it is com
posed of one or two stories of casemates, each being about 28 feet Jong and 16 feet 
broad. Those in the flanks which sweep the ditch are intended for artillery, 
while those on the faces are confined to musketry. The casemate on the salient 
frequently contains a mortar. To allow of vertical fire, the casemate instead of 
being brought up to the exterior wall of the caponniCre, has in its front a small 
triangular space by means of which the mortar placed in the casemate is able to 
maintain its fire. Sometimes, as already described, a similar arrangement is 
made at the salients of the body of the place. 

All the casemates of the caponniere open on nn interior court more or less 
spacious (16 yards by 21 yards), in order to facilitate the escape of the smoke. 
The floor of the casemntcs, as also that of the chemin de ronde, is placed about 
6 or 7 feet above the bottom of the ditch. The glacis is raised sufficiently high 
to cover the masonry. The construction, however, given above, principally taken 

" Many impro,·cmcnts have been introduced by the German engineers into the trace 
described by Captain Mangin, which, indeed, cannot be considered to represent tbe 
110\ygonal trace as employed by them, more than the trace of Errard or his cont('mporarics 
represent the present bai<tion system.-Tr. 

+ 'l'his comtruction, it is considered, has been adopted in the greater part of the fortrc~bCt
rccently constrnctcd in Gcrmany.-1'r, 
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from Coblentz and Oermcrsheim, does not apply in its details to all the fortresses 
recently constructed: these details, however, do but affect in a very secondary 
n1nuner, the efficiency of that system whose value we are a.bout to test. 

The method which we shnll adopt will consist in following in detail the march 
of the nttack directed against this new system of fortification, and in comparing 
tho difficuHies it woultl meet with those experienced in the attack against the 
bru:;tion system, we sha.11 discuss the principles of each in the order which they 
mny present themselves. ,v e shall suppose, iu order that the conditions may be 
similar to those which might be expected in a siege, that our attack is directed 
flo<'.'PU.inst a marked salient; as for exa.mple1 that of a hexagon whose opening is 
equal to the mean of the angles attacked in more than sixty sieges1 the plans of 
which we have examined. 

""e shall adopt on one aide of the salient the trace of Germersheim tfig. 1), 
and on the other the trace of the enceinte of Fort Alexander at Coblentz i • 
nevertheless, in this latter trace we shall suppose that the traverses which close 
the openings of the ditches of the ranlina, are connected with the casemated 
redoubts established in the re-entering angles, as at Germersheim. These redoubts 
are replaced at Fort Alexander by counterguards, which cover completely the 
body of the place, and which form as it were the first enceinte; but these counter
gua.rd8 cannot be considered as forming an essential element in the polygonal 
fortification; they have been established at Fort Alexander to give to it the 
degree of force which its importance demands, since it is the key to the whole 
position. \Ve shall return, at a subsequent period, to the attack of those fronts 
which are furnished with these additional works. 

The early stage of the attack, against the system we have described, would be 
executed in the ordinary manner. No loss nor inconvenience would be experienced 
from the guns in the casemates, which have no dll'ect action on the country, and 
which could not see the works of the besieger till he had crowned the glacis. 
The approaches previously to the crowning would only be exposed to the artillery 
on the ramparts, as in ordinary attacks; indeed it will be seen, there is less to 
fear from cross fire than from the ancient trace. 

Montalembert maintains that the polygonal system allows of a larger force of 
artillery being placed on the ramparts than the bastion system does, and that it 
oblige.a the besieger to give a. greater development to his works, in order to 
embrace the front of attack. It is easy, however, to see that these advantages 
are but small. Thus, in the example we have chosen (fig. 1, pl. 1), we can 
nominally place on the ramparts of the polygonal trace, 390 t pieces of ordnance 
at a. maximum, which would see the batteries of the besieger. In the bastion 
trace, pru!sing through the same salients, 260 guns could only be placed in battery 
fulfilling the same conditions ; but this last armament is already on so great a. 

· It has been alread,· stated that the traces gi""en in fig. I of the plate do not represent 
Germersheim nor Fort Alexanclf'r, nlthoui;h both the!lc fortrl!sses are constructed el!sentin\ly 
on the polygonal system. Germersheim. on its. J)rin~ipal fronta has its escar~ constructed 
en dcchargt' : it has also a covereil way vnth glac1s, "'It~ r:veted countcrs:arps m stone (the 
el!cari> being composed of brick) and a maeonry rebuilt m th~ re-en~ermg plac~ of nrms. 
The faces of the ravelins are flanked by 3-gun casemated 1xittN1es clrn;mg their d1tclH'I", b~t 
not connected with the recloubts in the re-entering place of arms. Fort Alexander is 
composed of double enceinte, the detached cscarp being protec~ecl by n counteri;~1ard agreeably 
to the profiles or Carnot. (See PapcrP. connected. with th~ duties of ~oyal Engmeers, Y~I. 2.) 
M. :Mangin's attackP., therefore, must be cons1dc1·cd directed ag:unst an asl!umed S)stem 
rather than against the particular fronts alluded to,-Tr. 

t This appears an c:<cessi,·c armament.-Tr. 
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scale as not to be realised in any siege; in fact, it would be necessary in order to 
construct the embra.sures, platforms, &c., which such an amount of artillery would 
require, and to ma.n the guns, to mainbin such a garrison, a.nd to collect such :\ 
materiel, as would far exceed the ordinary resources of the state; the reasoniugs 
then of Montalembert are nothing more than abstractions, without value in a 
practical view, and may be fairly met by asserting that the attack is equa1ly 
susceptible of increasing its resources as the defence; besides, it has the advantage 
of being able to renew them, as well as the power of employing them in a more 
efficaciou.s manner by directing against the place a converging fire, from which 

arises its uniform superiority. 
With regard to the extension of tho works of attack resulting from the trace of 

the fronts, we shall remark that the extension does not apply to the zig-zags, 
which a.re difficult of execution, but only to the parallels which would require to 
be a little longer than in the bastion trace. But considering the mode of executing 
these works, such an augmentation (870 yards for the second parallel, and 164 
yards for the third) would not, in a well-conducted siege, retard the progress of 

the attack by a single day. 
The extension,* it is true, would oblige the besieger to spread his force over a 

greater space, or to strengthen his guard of the trenches; perhaps he would find 
it advisable not to ricochet the collateral faces, in order to shorten by 450 yards 
the length of his parallels. BUt in this case the flanks of his attack would be 
more exposed, than when he both ricocheted and counterba.ttered all the faces 
which bear on the ground, over which the attack is carried; but whichever 
alternatirn he might adopt, while, on the one hand, it is conceded that the 
besieger would experience before the polygonal system a little more difficulty 
than before the bastion system; on the other hand, these difficulties appear so 
uoimport.a.nt that they would not cause any delay in the progress of the attack. 

The second parallel then would be traced and commenced 327 yards from the 
most advanced saillants on the third night, and completed on the night following. 

The fourth day the direct and ricochet batteries would be traced; the besieged 
being unable to direct against them a more powerful fire tbau usual, they would 
be completed in thirty-six houra; they would be ready to open their fire on the 
morning of the sixth day.t 

• If the besieger's battery were placed at the flank of the extended parallel, would it not 
be brought under the fire of the collateral faces of the fortress, which being unopposed would 
silence the battery!-Tr. 

+ It is a question whether a besieger would succeed without great loss in time and men, 
in establishing his first batteries at 327 yards from the most ad,·anccd salients, if the ramparts 
were armed with an effective artillery, It is not till the third night after breaking gro1md 
that the second pamllel is executed, and thus time would be gi.Yen to the garrison fully to 
arm the fronts of attack, as well as the collateral fronts. The position of the besieger's 
batteries being known, the garrison could not fail to discover the precise moment at which 
they ,,ere commenced, nnd would direct such a destructive fire of grape and case shot upon 
the working parties, as must prove disastrous to the besieger, if it did not compel a cessation 
of the work. The batteries would be within point-blank of large howitzers (8 in. and 10 in.); 
the ramparts nre unmolested, and under such favourable circumst..'Lnces e,•ery shell fired 
from such pieces by the besieger must hit the besieger's batteries and produce its effect, 
It is related in the ,·alnab\e record of the Sieges of the Peninsula, bequeathed to us hy 
Major-General Sir John Jones, that at the siege of Ciudad Rodrigo the besieger's batteries 
occupied an unusual length of time in throwing up, in consequence of the enemy's 
directing against them an incessant fire of shells filled with powder; three or four of 
such missiles it would appear, occasionally exploded in the middle of the parapet of a 

:;:~fth1i~,,~~;, ~~~::~i:~. anN!:1rit e:::~:~:n:01~~= ~:e:i~~ ~i::n~~:~::~{::'at1!c~~:~:~ii°:b:~: 
ile~cl'ibed was produced by vel'tical fire: thl" chance of the @hell being lodged on the 
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Jn our project of at.tack there is nothing extraordinary or unusual in the 
composition of these batteries; but in general it may be remarked that it ia not 
necessary to ricochet the covered way, since this outwork does not exist, although 
batteries will be found in the prolongation of the ditches of the enceinte and of 
the ravel in. ",.. e shall now explain the reasons which influence their position 
and the effects which may be expected from them. • ' 

The batteries established against the caponnieres are about 660 yards from 
them, which is the point-blank range of guns of large calibre when laid by the 
line of metal.* But we know that in a gun fired under such circumstances, the 
projectile first rises above the line of metal, attains the culminating point of its 
path, and then descends and strikes the object precisely at the point where it 
again intersects the metal line of the gun prolonged. If between the object and 
the mouth of the gun a glaci.a is interposed, whose crest is not elevated above the 
rath described by the projectile, it is clt:ar that nothing would be changed in the 
effect of the fire described above; it would be a direct fire;* although the object 
fired at not being visible would give it the appearance of ricochet fire. But from 
a consideration of the data, combined with artillery experiments (.Aide-Memofre, 
1844, page 412), it appears that the caponniere to be breached, the crest of the 
glacis, and the battery established in the second parallel, precisely answer to the 
conditions implied in the hypothesis. The effect of these batteries will, therefore, 
be the same as if the wall were exposed at a distance of 660 yards. But under 
such circumstances the penetration of 16 and 24-pounders shot into good masonry, 
is from 10 to 12 inches. Such a. fire, prolonged a short time, will soon ruin the 
exterior wall of the caponniCre, already weakened by its embrasures. 

On this point experience -verifies theory; the history of sieges furnishes 
numeroua examples of breaches opened at this distance in walls much more solid 
than those under consideration; breaches which might not have been practicable, 
but which still pro,e the facility of destroying masonry at a distance, which is 
the point here contended for. 

This result appears so much the more certain, since the caponni~re cannot 
escape receiving the whole of the fire directed against it. The main ditch is 
32 yards wide ; the base of the slope of the glacis en contrepe11te is 22 yards wide, 
nnd all the shot which struck it would, from its inclination, be deflected inwards : 
the breadth of the ditch may, therefore, be taken as if it were in reality 54 yards 
wide, forming an opening on a caponniere whose height does not exceed 30 feet. 

parapet of the besieger's battery being most uncertain .. But in a direct fire from, say a 
10 inch howitzer, placed at point-blank range at the ob~eet fired .at, every shell would be 
buried in the ma«siYe parapet of the besieger's batteries, and 1.11 place of three or four 
shells per hour, six times that number from a l!ingle gun would be lodged there •. Indeed 
the power of projecting large shells horizontally must greatly retard the establi«hment 
of the besieger's front batteries, and it is considered o~ great adl"antage to the def~nce. 
The only siege that bas occurred since the power of throwmg large shells has been obtained, 
or at least U!<ed, has been the siege of Antwerp, and in this siege this nature of fire was not 

emf1;~:!;;-:;· but en blauc des pieces de gros calibre. Sec English Aide-illimoire, '\'ol. iii. 

p. ,~i~;~~i~l~n!o~nat;:;:r"~u singlement but en blanc, la plus eloigne des deux po~ts de 
rcncontre de la trajectoire avec l::i. ligne de mire natureUe. Portee de but en blanc, d1stan~e 
du but en blanc a Ja bouche de Ja pi~e." Colonel Dundas obser:,·es '.' the but_ en blanc m 
F'Tcnch nomenclature is the range of the projectile from 11 gun la1d _",th the ~ne /' meta~ 
elevation or angle de mire, 800 yards being gil"en as the _ra~ge WJ.lb t~a~b e t~~:°~::rt 
o:: t~!:d ::~b:ei~!\s~ra:~~ 1i~, ~:!e:»:e:h:iiech;~::; ~} ~~ep;~~;i;_e Fren;h a_n~ 32-pr. 
kngfish ~,early e:ual. "Jn the French sen-icc th<l tangent scale, or the hau1u, 1s d1\'1ded for 
distance«, and not for an)' definite angl".'' 
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It would be impos:>ible for artillery, eYen when badly served, to miss nn object 

placed under such circumstances. 
All the shot then fired by the besieger would strike the face of the caponniere 

with a momentum due to line of metal range, which already weakened by 
cmbrasur11 would soon be infallibly ruined i * after which, traversing the capon· 
niere, they would take in reverse the ru:tillery and the defendere of the opposite 
flank, splintering the masonry, and rendering the work entirely untenable. 
w· e do not doubt that the place would be deprived of flanking defence from an 
early period of the siege, and be ex.posed to all the danger such a serious defect 

occasions. 
The fire from the ricochet batteries would have also another effect eti11 more 

disastrous to the defenders. Experiments made in England have shown, that the 
detached escarp of Carnot can be breached even almost to their foot by ricochet 
fire. w·e shall cite here the results of these experiments, in order that we may 
more fully appreciate their important bearing on tbia new description of fortifi

catiou. t 
Carnot's wall, against which the experiments were directed, was 30 feet long 

and 20 feet high; its thickness at top was 6 feet and 8 feet at the base; at each 
extremity it was strengthened by a counterfort 4 feet square, which made its 

whole length equal to 30 feet. 
An earthen counterguard was placed in front of this wall, the crest of which 

was as high as the revetment, and 60 feet from it. In rear, an earthen mass, 
preceded by a che1nin de ronde, represented the ma.in work, and rose 5 feet above 

the summit of the wall. 
This wall which had been carefully constructed, was ex.posed a year after it 

was built to the fire of two batteries, one of which was armed with eight 
68-pounder carrouades, placed at a distance of five hundred yards from the crest 
of the counterguard, and the other armed with three 8-inch, and with three 
10-iuch howitzers, at a distance of four hundred yards. In six hours each gun 
had fired 100 rounds-making a total of 1400 rounds,!: the carrouades throwing 

We believe, in practice, it would be found a Ycry long and difficult operation to silence 
the caponniCre in the manner proposed by Captain Mangin. It must be remembered that the 
piers of the cascmates, extending 30 feet backwards from the wall, and presenting their 
ends to the besieger, are not more than 12 or l4 feet apart. How would it be possible, 
without enormous firing, to ruin these piers concealed from the battery by the intervening 
glacis ! Should the besieger succeed in damaging the mur de masque or front wall of the 
ea.ponniCre between the piers, in which the embrasures are pierced, the defenders have still 
the po,l'er or rendering the work secure from assault and capable of defence. In the 
construction of the caponniCre provision is alwa;ys made for barricading the front wall in the 
event of its being breached; and thus flank defence would still be preserved for the 
defence of the ditch. 

It should also be remarked, that by breaking the side of the polygon, so as to form a very 
obtuse 1mlient angle at the position of the caponnihe, the difficulty of taking up the 
prolongation of the ditch is greatly increased, if not altogether prevented. This arrangement 
b:i:1 been adopted at Radstadt. See Captain Meurice de Sellon's work on that fortress. 

t See Vol. 2 of "Professional Papers," and Vol. 2 of" Aide-Memoire." 
:t. 1'he effect seell\!I hardly commensurate with such an expenditure of ammunition and 

in the siege under consideration, it would appear more advisable to await the crowni~,.. of 
the glacis previously to establishing the breaching batteries. 0 

With ~espect t~ d~tached escarps co,•ered by counter-guards, the besieger might accidentally 
succeed m estabhshmg, at a. great cost of ammunition, a small breach in them from batteries 
in the second parallel. 'l'he experiment at "'oolwich, in 182-1, certainly tends to i<how that 
~uch an operation is practicable, although the conditions under which the wall was de!-tro\'ed 
m the experiment will not bear a parallel with thoM: which must exist in an aciual 
sieg_e, But the attack o? such a br1>ach from a distance must be considered a dangerous 
mo,ement, as the garrison would ha,·e the power or barricading and clo~ing b,· ,·.:iriou~ 
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soliJ shot, and the howitzers 1oaded shells. Tbe wall was then examined and 
was found to present a practicable breach 14 feet wicle; the counterforts also' were 
much shaken. 

The next day the fil'iug was resumed with thirteen pieces during two hours 
and after au expenditure of 50 rounds per gun-or 650 in all, the breach becam~ 
pei-f1:1ctly practicable and the counterforts were almost destroyed. The rubbish 
w~ thee c1e~red from tho wall, and 5 feet of it were found fltill standing. 

In conclus10u, to sbow more conclusively the effect of plunging fire against 
naked walls, the next day the cannonade was recommenced, and l] 00 rounds 
w~re ~red _in three houra, and reduced the remainder of the wall to a heap of 
rums, rn spite of the counterguard which protected it. 

The a.bO\'e experiment shows the weakness of detached revetments, since it 
pro\·es that they can be destroyed rapidly by a battery at a greater distance from 
them than the second parallel is usually traced. Here the fire was highly 
inclined, more particularly towards the closing of the experiment, when it became 
nec~ssary to elevate the gun considerably in order to strike the wall, which was 
only 5 feet high. In the fortification which forms the subject of the present 
consideration, the crest of the glacis instead of being 60 feet from the escarp ia 
60 yards distant from it. The level of the besieger's batteries is much more 
elevated than in the experiment above recited; the fire will be therefore con• 
si<lerably less curved, and will therefore be much more effective. 

There can be little doubt, then, that the fortress would be exposed from the 
earliest period of the siege to have its detached escarp and its flanking caponniere 
destroyed by the besieger's distant batteries-a most serious defect, which 
deprives the new system of what ma.y be considered the most essential condition 
of fortification, that of not being taken by a coup de main.,.. These <lefocts, more
over, are the more serious, from the consideration of the mode in which they are 
brought about, viz., by cl.istant parallels and batteries, easy to establish on every 

obstacle.'! a breach of 14 feet opening. Moreover a storming party who should attempt to 
as.~ault such a breach before the lower guns of the caponnihe were silenced, (and we do not 
think they could be 11ilc_>nced from the second parallel) must suffer great loss and be 
repulsed. The bottom of the ditch is swept by five guns, and it would be most hazardous 
for the besieger to venture into it. The loss of interior space caused by deU\ched re,·et
ment!'I, the little resistance they offer to the 1.>reaching batteries when established on the 
glncis, and the facilities in storming the breach, are the great defects of such an escarp, 
and we believe in the later constructions in Germany detached escarps ha-ve been abandoned. 

Referring to the experiment at Woolwich in 1824, and to the cond.itions under which it was 
carried on, it is a que~tion whethel' it would not have been advisable to have opened the 
counterguard from the shells of the 8 inch and 10 inch howitzers, and then to ha,·e breached 
the wnll by a direct fire; no experime-nts have hitherto been made to ascertain the power of 
shell!'I to open counterguards. Some information on this point is very desirable, Bousmand in 
his project of attack on Coebom's first system, proposes breaking the earthen counterguard!'I 
and lower faces of the ra-velins and bastions by howitzers and mortars mounted so as to 
enable the besieger to fire them directly. He says, iu speaking of the establishment of 
his first batteries in the crowning of the glaci11, that as their fire must be directed in the 
first instance against eartbcn.workl!, "iz., the counterguards and lower faces of bastions 

:::r1:;;:1::~~ !~:~~s a;;i;:~~~!/h~~:h cs~~e~~s~o:;e:0 7~1:;;s c~:!t:;:t:;; ;o0u~~~~~~~c:
11

~1~ 

effect of a small mire, varying according to the qll;antity of powd:r.cont~med m the shell, 
Jess the quantity required to buri;t it. Thus the 12 mch shell contammg l I lb. of powder, of 
which Sib. is the bursting charge, would act a!l a mire loaded with ~ '.!lb. of ~owdcr, and 
ai;suming the shell to ha"e a penetration of 5 feet, would produce b)· its explosion n crater 
of 10 feet diameter. In this way Bousmand computed that each discharge from n_ battei-r 
of large mortars would blow away 4 or 5 feet of the counterguard. Some expcrm~ent to 
a~ccrtain the time and amm\mition required to open earthen counterguards of different 

profl~;r~:c c:~rt/~~:::i~:·t such protrction on an open rarnpai·t i"' in,·alnable.-Tr. 
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front of tbo furtreas. The besieger will not fail to nvail himself of this power to 
open the eucointe at different points, and then the besieged would find himself 
expo~cd to a general assault, which could scarcely fail of success. 

The power, also, of being able to breach the enceinte at any given point from a 
distance, renders nugatory the interior retrenchments, unless they receive I\. 

considerable development. In the ancient fortification interior retrenchments 
may be constructed in chosen positions with regard to those parts of the glacis 
which will be crowned by the besieger; but in the new system the point of attack 
is everywhere; and it would be necessary, therefore, to construct retrenchments 
to each front. In a small fort it is easy to conceive one central redoubt would be 
sufficient; but if the work hnd much development, to retrench it would be 
equivalent to constructing a second enceinte. It is stated, and with force, that 
the position of the wall in the experiment carried on at ,voolwich was accurately 
known; nnd the effect of each shot being marked, an accuracy of fire was arrived 
at which would be impracticable to attain in practice. It is further objected 
that it would be necessary to reconnoitre the breach previously to giving the 
assault, and thia would be impossible from the distant position of the besieger's 
works. This objection, to a certain degree, is well founded, if applied to 
Carnot's system, where the body of the place is concealed by counterguards, 
which might be strongly occupied until the besieger bad taken them by 
regular approach ; but the objection haa no force when applied to an enceinte 
which has neither counterguard, nor reveted counterscarp, nor palisaded covered 
way.* The difficulty of reconnoitring a breach depends on the material obstacles 
of the resistance that would be found in approaching it. Here the obstacles have 
disappeared, and with them all possibility of organising any exterior resistance. 
The besieger finds himself only 330 or 440 yards from the ditch; and as only a 

few minutes would be required to clear this distance, he would be able, at any 
moment of the night, nod without being exposed to a single ehot, to close with 
the detachments of the garrison placed in advance; the caaemated fire would not 
aesist the latter, since its effects would be equal1y disastrous to both parties. 
Hence the ditch would offer no position for the besieger's advanced guards ; and 
it may almost be said that be would not be able to place a single sentinel there, 
without the danger of his being carried off by the small detachments which the 
besieger would throw forward either for the purpose of reconnoitring the breach, 
or to alarm the garrison. Unless, then, the body of the place should be sur
rounded by exterior works, there would be no difficulty in the reconnaissance of 
the breach; a condition which limits singularly the employment of a g]acis en. 
contrepente. But under this hypothesis the breaches made in the detached 
escarps of the advanced works are of very serious moment to the besieged i their 
access not being defended by any material obstacle, the armament and the garrison 
of these advanced wo1·ka are open to the assaults of the besieger, and must, 
therefore, be ready at all times to resist them, and is thus placed from the com-

• I( the glacis be sup1iressed it ,viU be necessary to supply its place by a counterguard, 
(which is admitted, indeed, lo he an indifferent substitute,) otherwise the detached escarp 
would be exposed. Should the profile consist of a glacis, a covered way would be implied 
although it might not be of normal dimensions; but it would afford an advanced position t~ 
the fortress, which ,vould prevent access to the besieger into the ditch. In the plate to tbit 
paper, containing the project of attack, it will be obsened that the glacis is figured a fen. 
above the country, but its interior slope is brought into the st1me plane as the slope of the 
glacis en contrepcnte, ,ve do not believe that the profiles of any of tht.' worka constructed in 
Germany since 1815 accord with the profile a~sumecl in the plate, 
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~1enc~ment of tb~ aiC'ge in a difficult and uuyuiet position. In short, rapid 
s1lenc111g of flaokmg fire, destruction of the escarp, composed, as it is, of a 
fr:l.g1le wall ; suppression of the obstacles which prevent the reconnofflaance of a 
bl'cn.cb, nnd render its access difficult: all these defects combine in subjecting this 
s,\'Stcm to bo carried by the besieger immediately by assault. 

Thus, in the greater part of the new constructions, the glacis en contrepcnte and 
the detached escarpa have been given up : at Gcrmersh,dm, for instance, the 
place is surrounded by a revetment en dt:chai•9e, with a reveted counter.scarp, and 
with a covered way ; there remains in the new systems only the casemated 
caponniere8; and already is much anxiety felt from their exposure to the fire of 
the ricochet batteries. ".,e are convinced that these works will be rndically 
changed, and will have eYentually the fate of the other innovations already 
abandoned. 

The defects which we have commented upon are, iu our opinion, fatal to the 
new system of fortification. ,ve shall continue, however, our discussion of its 
properties in continuing the attack in advance of the second parallel; we shall thus 
have occasion to bring the foregoing defects into 1,tronger light, and to point out 
others which were not so apparent in the rapid attack which we ha,e described. 

Let us first commence by completing the examination of the effects produced 
by the fir8t ricochet batteries. "., e have seen what may be expected from them 
relatively to the masonry of the enceiute and caponnieres; let us see, now, 
what their effect will be on the earthen masses of the ramparts. Perhaps they will 
appear, in this point of view, less efficacious than in the bastion system. The 
salient angles are, in reality, more open than in the bastion trace, and it has been 
already remarked this circumstance would prevent the ricochet of the collate1·al 
faces of the front of attack, or otherwise would oblige the besieger to give a 
greater development to bis paullels; the interior space is, besides, less limited; 
and also, in some places, the traverses or small bomb•proof buildings on the 
ramparts, guard better than ordinary traverses against the effect of ricochet. But, 
on the other hand, the lines to ricochet nre longer, while the traverses, although 
more effective than those thrown up du1-ing the siege, yet, from their paucity 
and their little relief, leave pretty nearly the rampart under its usual condition. 
These traverses a.leo are intended to protect a fe,v guns; and if the latter were 
considerable, they might possibly be able to compete with the distant batteries of 
the besieger; but as these guns are extremely limited - 7 per front-the 
besieger, in directing against them a converging fire, would soon ruin the masonry 
cheeks of their embrasures and the front wall of the casemate. Under these 
circumstances, no great importance can be assigned to them. It is only when the 
artillery have abandoned thPm that they become really useful to the defence,* in 
affordi~g to the troops ,vho are upon the ramparts better cover than the blinds 
a.nrl other temporary works thrown up during the siege; and under this point of 
vie,v, joined to the advantage they give of better protection against ricochet fire, 
it would be as well to adopt them more frequently, notwithstanding the expense 

of their construction. 
In conclusion, the remaining advantage which is claimed for the. Polygonal 

fortification is, that it has not flanks, which, like those of the bastion syst~m 
diminish the interior space, while they are taken in reverse by the same fire w~1ch 
ricochets the adjoining face. Thi~ defect in the bastion trace, appears at first sight 

5 There can he no rloubt, FUCh protection on an open rampart, is in~aluable.-Ta. 
N 
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a very serious one; it is one of those on which the opposers of that system have 
chiefly dwelt. It is, however, sufficiently manifest, that if this defect operates 
disadvantageously towards the conclusion of the siege, it ia scarcely felt a.t the 
commencement of its operations. The flanks have, in fact, little influence in the 
distant attack : the early batteries and approaches of the besieger must be opposed 
by the artillery of the faces of the bastion and of the ravel in, while it cannot be 
maintained that this artillery is at all more exposed by the existence of the flanks. 
The distant defence then will not be the less vigorous, and the bn.stion trace will 
not present less obstacles to the works of attack between the second parallel and 

the crest of the glacis, thnn the polygonal trace does. 
Thus, then, between the fifth and sixth night, zig-zags in front of the second 

parallel would be executed in the usual manner; on the seventh night, the 
demi-places of arms would be commenced; on the eighth, the approaches would 
be continued, and on the ninth night the third parallel would be commenced at 

55 or 65 yards from the crest of the glacis. 
Thus far the approaches have been carried on in the ordinary way; but from 

this period of the siege, the attack is not in the same conditions as when directed 
against a bastion fortress; on the one hand, it sees before it a glacis en contrcpente 
which is presumed to expose it to sorties, but then on the other, it bas nothing to 
fear from a low and close fire from the covered way. It is necessary to examine 

then what will be the effect of this change. 
And firstly, in regard to the fire of the covered way, it must be remarked that 

it is to this fire that must be attributed the slow advance of the attack in advance 
of the third parallel; up to this place of arms the besieger advances rapidly, and 
executes bis approaches by the flying sap. But arrived at 65 yards from the 
salients of the glacis, obliged, as it were, to work under the eyes of the besieged, 
who can distinguish his movements and hear the noise of his tools, the att:.ack 
necessarily is reduced to advance with caution, and must have recourse to the 
single sap. The covered way forms then a formidable position against the besieger 
and compels him to change entirely the nature of his attack1 while it permits the 
garrison to couuneuce an active struggle against an enemy superior in force. 
In suppressing this outwork, the musketry fire is retired 65 yards, while it 
is deprived of its sweeping property which is the chief cause of its efficacy; the 
besieger has no longer the means of closely watching the besieger, who would thus 
be enabled to crown the glacis by flying sap. An inspection of fig. 3 will show that 
there is nothing exaggerated in what is here advanced. In the first place, the 
third parallel is placed more than 130 yards further from the salients it is intended 
to envelope. The approaches also in front of this parallel are 82 yards, removed 
from the salient when they anive at the crest of the glacis, and at this distance, 
greater than that which usually separates the third parallel from the covered way, 

means have always been found to employ the flyingsa.p, or at all events, the regular 
sap can be so accderated as to progress almost at the same rate. In this instance 
the acceleration would be the more practicable, since there is scarcely anything to 
fear from the fire of the works, against which the approaches a1·e directed-their 
faces, in fact, make too acute an angle with the capital to allow of any fire in the 
direction of the latter, and the fire of the collateral works is 240 yards distant from 
the heads of the attack; the approaches are then exposed to no other musketry fire 
than that proceeding from the pan coupe usually placed at the salient of each 
work. Tbis latter is not a formidable obstacle, but it forms the only musketry 
defence received by the glacis; yet the German engineers have not be.sita.ted to 
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substitute this rlefeuce for that nfforded to the raking 6re of a covered way, 
which costs nothing, and whose trace throws a converging fire on the heads of 

the atta<'k. If such a transformation does not greatly accelerate the attack, it 
will be necessary to renounce all a,sgumptions ~s to the probable duration of a. siege. 
Be.iides, at the same tiwe that the approa.ches would become more easy, they 
woul<l become more simple; thus no cavalier of trenches would be required to 
drive the garrison from the covered way. In approaching the crest of the 
glacis the double sap might be dispensed with (See f, fig. 1, and n, fig. 2), and 
the boyaux be adrnnced directly to the salients without danger of being enfiladed, 
which could not be done if the crest of theglacis furnished a plane of fire. Here the 
inclination of the glacis, howe'\"er gentle it might be, would shelter the approach 
from the fire of any work on the other side of the capital. These approaches 
thUB simplified would be executed on the tenth night, or on the eleventh at latest. 
If, howe'"er, this mode of approach sh01;1ld appear too dangerous, and it should 
be thought neces:sary to advance by single sap, the besieger would break out 
of the third parallel by circular portions (salient g, o, p, 6g. 1 and 2) which 
would be finished on the tenth night; the double sap would be driven to the 
rounding of the counterscarp on the following night. But even in thus con• 
ducting the attack, it is clear that the works would be less impeded by the 

fire of the garrison in the new fortification than in the old, whose covered way 
afforded a cross fire on the approaches, and obliged the besieger to advance 
with the greatest precaution. 

It remains now to consider what other defects the suppression of the covered 
way and the introduction of the gla.cis en contrepentc occasion, in addition to 
neutralizing the advantages of the covered way, and to see if these dispositions 
are of a nature to facilitate sorties in the degree which Carnot asserts that they 
will do. 

Let us fll'st, suppose, admit that we are considering a strong garrison, as that of 
Genoa, in 1800, or of Dantzig, in 1813, capable of keeping the besieger at a 
distance. Under this supposition the immediate disposition of the outworks is 
immaterial. It is not, in point of fact, on the glacis that the garrison will form 
their order of battle, nor even will this order be formed within the range of the 
guns on the ramparts, but rather beyond their reach. The troops will attack in 
column, and the difficulty the besieged will experience will not be in debouching 
from the place, but in their march to the besieger, in deploying before him, and 
in attacking him. The disposition of the ditch, whatever it may be. will have 

no influence on this operation. 
It is not, then, so much for these distant attacks that a fortification ought to be 

atTanged, as for the ordinary defence, being able to extend in the latter case the 
circle of action, if the extension be desirable, by means of advanced works which 
ought to be so traced as to allow of being defended by a small garrison. 

Under this hypothesis, and when it is no question of meeting the besieger band 
to hand, but only of impeding the march of the attack, sorties can in acco~an~e to 
Vauban's divisiou, be classed under exterior sorties, or those whose _obJect 15 to 
close with the guard of the trenches, to spike the cannon of the bem.eger, and to 
destroy his works; and into interior sorties, or those whose object i~ to regain 
possession of an outwork which has fallen into th~ bands of the _beSieger, or to 
attack the latter when making the passage of the ditch, or executing other work 

interior to the counterscarp. 
Strong exterior sorties, made when the besieger's works are still distant, would 

N 2 
l 

lJ 
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certainly be facilitate<l by the dispositions proposed by Carnot. But since the 
introduction of parallels this mode of defence bas become very perilous i and the 
same efft"cts cannot be expected from it now as when the approaches wc:re badly 
traced, and ad,anced towards the place almost without protection. Then, in 
point of fact, the gar1·ison were able at any given moment to enYt!lope the beada 
of the attack, and to destroy both the defenders and their works : sieges were 
attended with great losses to the besieger, and advanced slowly. The org::mi
zation of parallels bas, however, changed everything ;-in connecting the attacks, 
hitherto isob.ted1 in affording the besieger a strong position opposite the place, 
aud in enabling him always to support the heads of his attack by a considerable 
force, it has ruade a complete re\"'olution in the operations of a siege. To pretend 
to attack the besieger under such circumstances, to encounter troops superior in 

number, conveniently posted and co,ered by a parapet, would be extreme 
rashness on the part of the garrison. Sorties in force cannot, therefore, be 
recommended but un<ler particular circumstances, and not as an ordinary means 
of defence. Nevertheless, the necessity for a strong sortie may occa.~ionally arise, 
and the fortification should be so disposed as to admit of its being executed. But 
for this purpose it is not necessary to suppress the covered way. It is manifeat 
that its traverses afford cover to the garrison, ready to debouch in an instant 
on the glacis. A sallyport, or even some steps arranged between the traverses, 
would allow the besieged to issue out in force, almost with the same facility, and 
in the same order, as if no covered way existed. It should be remarked, also, 
that it is almost always from the collateral fronts that the greater part of the troops 
employed in exterior sorties debouch : in this way they take the besieger in 
flank, and gain his works without being exposed to his direct fire. But it is not 
necessary to palisade the covered way of these fronts; and it is easy, therefore, to 
place as many points for debouch as may be required. What we here maintain 
is in conformity with the experience of sieges both ancient and modern. 

Formerly the covered way or coITidor was defended in time of siege by a double 
rvw of palisades. It was narrow, and its re-entering place of arms was restricted 
in size; nevertheless, even when so disposed, not only could sorties be made, but 
they were frequently attended by import&nt result-a, 

At the present time the co,ered way is broader; its re-entering places of arms 

are more spacious, and it is only separated from the country by a single row of 
palisades. It is eviJently, therefore, better adapted for sorties tbau formerly. 
Thus in modern sieges, sorties have formed on the glacis with facility, and 
ad,anced without impediment; but the besieger, whose attacks are well supported 
and well connected, rapidly deploys his force; and the sortie, repulsed with lo:os, 
is obliged to retire without ha,ing obtained any further advantage tba.u the 
overthrow of a few gabions, which are soon replaced. The difficulty, then, of 

sorties of this nature docs not lie in debouching from the covered way, but in 
gaining any advantage over the besieger; and it is this difficulty which makes 
~ortiee less resorted to than formerly, although their execution has become more 
easy. 

".,.ith regard to the r~treat of sorties, it can be made easily, and without disorder, 
by all the barrier<:!, which may be arrouged at a few yru·ds interval: the retreat would 
also be protected by the musketry of the collateral works. :Moreover, there would 
be nothing to fear from the pursuit of the beaieger who would suffer great loas 
should he attempt to press on the sortie. For, under any circumstances, the 
tmrauit must be arresteJ before it arrives at the palisades and redoubts of the 
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co,·ercd way; it would be more than temerity for the sortie to attempt to force 
the outwork~, or e-v-eu to penetrate into the ditches; thia would be to "'enture 
into a 13.byrinth, from which it wouh.l be most difficult, inJeed, for the besieger 
to extricate himself. 

The <lifficulties of the pursuit would not, however, be tbe same with n. glacis t:n 

colltrt]1t1tle: the sorties would pa.qs, it is true, more easily into the ditches, but 
the a<h·antage of being protected by the musketry fire of the fortress would be 
loi\t: no material obstacle would impede the pursuit of the besieger, and if the 
latter succeeded in ruixing with the sortie, or of pre;isiug it closely, he might 
follow it without great risk to the pasterns of the place; always assw·ed of a. 
retreat to his trenche3 when it became necessary to retire. 

It is e\"en more than probable that the besieger will not wait for this oppor
tuuity of entering into the ditches, but will steal into them for the purpose of 
n.scerta.ining the sta.te of the escarps, and of obsen·ing the movements of the 
be.~iege<l. He way do so at night whenever it is desirable, e\"en before the 
establishment of the third parallel. 

To conclude theu, it is not in relation to sorties in force that the suppression of 
the covered way is an importaut ad,antagc; indeed it waR not so much to 

facilitate sorties of this nature that Carnot introduced the glaciB en contrepente, as to 
fasour weak sorties, who would thus ha\"e means of falling on the besieger's work, 
so soon aa they approached within a moderate distance of the place. 

But it is precisely with the same object and to secure the an.me sort of defence, 
that Vauban improved the covered way; and the experience of siegeR, in 
addition to the suggestions of theory, show that his dispositions are much 
superior to those of Carnot. The sallyports in the covered way give a passage 
more than sufficient for the number of men required in a weak sortie; the 
principal objection is then remo,ed. Ou the other hand the traverses not only 

permit the assembling of the men near the points where the sortie ought to 
debouche~· but it gives besides, to the defenders, the power of remaining till the 
last moment close to the works of the besieger, always ready to throw himself on 
them at any favourable moment; it is a line of counter-approach, ready made and 
admirably organized; an excellent base for the exterior defence. Before the 
be;iieger can gain possession of it, he is obliged to halt, to construct a ca..alier of 
trenches, and to ad.ance with the greatest precautions. Formerly, instances 
were not rare in which the besieger preferred a subterranean route to surface 
approaches, unprotected from vertical fire, liable at every moment to htwe 
their parapet destroyed by sorties; and which, at length, by their difficulty of 

execution, and the consequent loss of time, tempted the besieger to crown the 
coveretl way by main force, and run the risk of leaving the tlite of his army on 

the glacis. 
Let this outwork be suppressed, and immediately the defender. in place of 

finding himself some pacee from the besieger, will bP. 240 to 350 yards 
from him when he musters in the ditch of the capnuniere, or in some 
similar position ; for it cannot be maintained, particularly at night, that sorties 
in a system with the glacis traced en ccJ1tt1·epentc, could form in the ditche.i. 
Under these circumstance8, a sortie will not be a mere sally, a moment;\ry 
apparition of a few men who, nli!hing on the head of the eap. kill tbe sapperi.!, 
overthrow the gabions, and then retire into the covered way; it will l\ttber 
resemble a distant expedition setting out from points widely divided, and 
having to retire upon tbeee points after having attacked the beeieger. Besidt:e, 
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with a covereci way, even when the besieger ha.a crowned the crest of the g1acis, 
each traverse, with its adjacent branch, forms a small palisaded redau whore the 
defence retires foot by foot before the attack, delays it by sorties and other 
expedients; with a 9lacis en conh·eptnte, on the contrary, as soon as the salieuts 
are crowned, the ditches are swept till·oughout their length; sorties cannot be 
attempted in force, or even merely to alarm; the places of egress are watched, 
the distances to pass over are considerable, and under such circumstances small 
sorties durst never approach the bend of the attack : the active defence in place 
of becoming developed, will become almost impossible. 

It is only necessary to throw a glance on the trace of the works to be convinced 
that the foregoing assertions are not e:x:aggerated beyond their proper proportions. 
Let us consider, for insto.nce, the attack of the salient of the polygon at the 
period when it arrives half wa.y between the third parallel and the crest of the 
glacis, and let us consider the circumstances that would attend a sortie on the 
head of the approaches. It is evident, in the first place, that the attack would be 
less sustained by the distant and oblique fire from the body of the place, than it 
would be were it supported by the fire of the covered way. It is equally clear, 
that if the sortie be obliged to retreat, the besieger would be able not only to 
press dangerously on its rear, but would advance parties from the third parallel 
from the right and left, who would be able to cut off the sortie on the line of 
retreat to the ditches, which sul'l'ound the caponniere, which under the conditions 
assumed are three hundred yards from the head of attack: the sortie will thus 
find itself cut off in its retreat, pressed in its rear by the troops who have more 
immediately repelled it, and thrown back on the escarp, without at the same 
time receiving any support either from the fire of the casemate, or from that of 
the crenelled wall, unless the fire of these works is directed on both parties, 
which is au unusual mode of protecting the retreat of a sortie. 

None of the ca.semnted works can be considered either as available for the 
immediate protection of the troops of the garrison, for there would be the 
danger of the pursuers entering into them at the same time as they; and if the 
besieger succeeded in e3tablishing himself in these bomb-proof works, the 
besieged, who cannot see into their interior, would have great difficulty in 
dislodging him. 

Lastly, it must be kept in view that the good effects of weak sorties arises 
usually, that the works which they destroy are, owing to the close fire from the 
covered way, reconstructed with great difficulty; but in the case under 
consideration, the covered way does not ex.ist, and the fire from the place belllg 
more elevated, more distant, more oblique, and in less quantity, the damage the 
sortie might occasion would soon be repaired; and it is for the same reason that 
the injury which sorties in force occasion in the early attack are of so little 
COUBequence. 

To the preceding considerations must now be added those which relate to 
interior sorties. In the ordinary bastion system, when the besieger arrives in 
the ditch by a subterranean descent, and has no other communication to sustain 
his wor~s, it is easy to conceive that a garrison determined to eally at any hour 
of the mght, or_ eve~ of the ~lay, from the extremities of the tenaille, will easily 
destroy the be&eger s works m the ditch, which must be always badly supported 
and even to close and render impassable the lower pal't of the descent and 
then retreat to a collaLeral tenaille, or otherwise retrace his steps, without 
other danger than the fire nf a few mue.kets from the i,alionts of the glacis. 
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But how docs the t.lefence obtain this advantRge ·1 Evidently from the 
oxistcnco of the couuterscarp which it is now proposed to suppress, since it is 
clearly the counterscarp which masks the ditch from the lodgments at the 
salient~, and which illllders the guards of the trenches from opposing the weak 
sortie which may traverse the ditch. Sorties being thus secure from an attack 
on their flunk, have onJy the musketry fire from the salients, and experience has 
shown bow harmless such a fire is, when delivered in haste. 

These advantages woulJ not, however, be obtained with a glacis en conl?·epente, 
most frequently no descent nor passage of the ditch would be necessary; these 
operations would be executed by the single sap well protected during its 
ad\·ance. The besieged will not have a greater adYantage in opposing them than 
he will have oYer any other portion of the approaches of the besieger, a.ud should 
he attempt to attack them, he will be thrown back in disorder on the escarp of 
the place. 

Thus, then, the dispositions proposed by Carnot, instead of attaining their end, 
have precisely a contrary effect. They render interior sorties almost impossible; 
and they greatly increase the danger of sorties against the third parallel, or the 
approaches of the besieger in advance of this parallel; they would simplify the 
works of the besieger, deprive the defender of his best musketry fire, und would 
involve besides many other inconveniences, to which we shall have to recur in 
following the march of the attack. 

There remains now to be considered, before proceeding further, the second 
element of defence, borrowed from Carnot, viz., those dispositions whose object is 
to favour the employment of vertical fire. 

It bas been already remarked, that it was by this fire, combined with sorties, 
that Carnot proposed to stop the besieger on the glacis. But it is universally 
known that the projectiles which he proposes to employ would betoo·small to put 
a man lwrs de combat: experiments made in England and Germany place this fact 
beyond all doubt. The balls proposed by Carnot, thrown from a four and a half 
inch mortar1 nnd falling on a deal plank, produce a scarcely appreciable indenta
tion; they do not penetrate a cloth spread on the ground, but only force it a few 
inches in the ground. It may, therefore, be concluded that these missiles would 
only kill a man under the supposition that they fall on his head, but. otherwise 
would only produce a slight contusion. Numerous: expedients also might be 
l'esorted to for protection against this vertical fire; either the osier bonnets, 
recommended by Vauban, or the leathern helmets and shoulder pieces proposed 
by General Rognia.t, or what would still be better, small shed-roofs, con
structed at intervals with hw·dles or fascines, resting at one end on the gabion 
of the trench, and supported by pickets at the other. This latter expedient has 
been adopted in very many sieges, more particularly at Dantzig, in 1807 : in the 
latter siege, the garrison made great use of stones and grenades, thrown from 
mortara, and gave a remarkable proof that the old trace afforded facilities for 
aYailing itself of this description of fire, while at the same time it proved how 
little dangerous it is for the besieger. In the attack which we are considel'ing, 
tho vertical fire would be still less effective, since the attack in place of advancing 
slowly on the glacis, would appl'oach the place with the rapidity of the flying 
sap. It is evident, then, that the revolution Carnot asserted would be intro
duced into the defence by vertical fire, is altogether illusory. It is advisable, 
no cloubt, to multiply vertical fire; but it is absolutely necessary that tLe missiles 
projected should be of sufficient calibre to be dangerous, and thus we revert 
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to the old mode of defence, and no new feature has really been introducc<l 
into it. 

The only advantage that the new dispositions present will bo to protect the 
mortni·o and pierriers, tog1:1ther with the artillery-men who serve them; but this 
is no great adTantage: usually mortars ru·e placeJ on those parts of the front 
of attack which are little exposed to ricochet; under all circumstances they run 
little risk of being dismounted, and thus it becomes a question whether the money 
expended in casemates for covering them could not be more advantageously 
employed. 

To conclude : the besieger's works between the third parallel and the crest of 
the glacis, will have little to fear from musketry fire, at least from a close and 
continued musketry fire; sorties would be hazardous, nor durst they wait to 
destroy the works of the besieger without the risk of being surrounded, and of 
of thcfr retreat beiug cut off; vertical fire would not be more dest.uctive thau 
usual, so that all the besieger's approaches would be more easily and rapidly 
e:s:ecuted. To allow then two nights for the completion of the approaches from 
the ttird pn.rallel to the glacis, would be to overrate rather than to underrate 
the besieger's progress. ,v e believe, as we have already stated, that the third 
parallel might be traced at once through the salieuts of the glacis; ne,ertheless we 
ha,·e not availed ourselves of this opinion, but have limited the advance of the 
attack agreeably to the rules laid down by M. Eourcroy in bis attack of a bastion 
front, in order to render more conclusive the comparison between the ancient 
and new fortification, and in order not to decide too authoritatively on any doubt 
which is the subject of discussion. 

The eleventh night the crowuiug of the glacis would be commenced. ,ve shall 
!!OOn describe how the besieger would proceed with this operation; in the mean 
time it must be pointed out that the glacis of the whole front will be crowned at 
once.* For in the new system, with its long fronts and its ravelins so distant, 
the angles of the polygon, instead of beiug in re-entering positions, are, on the 
contrasy, placed in advance of the lines formed by the collateral works; and while 
on this subject it may be further remarked, that if a cunTe be passed through the 
angles of the polygon of nttack, and if the bastion trace be constructed with the 
ordinary ravelius, the saillant of the bastion attacked will be found more than 
fifty-five yards in rear of the line of these ravelins, and consequently cannot be 
attacked until these latter works have fallen; while iu the new fortification, the 
angle of the polygon will be found more than thirty-two yards in ad Yance. The 
important advantage of obliging the besieger to execute the near approaches in 
succes;;ive order will be lost, or, at least, very greatly diminished. 

With regar<l to the operation of crowning, it is important to mark the progress; 
it forms, in fact, the commencement of a new period, in which the fire from 

' In the trace shown in the pbte, the whole front could be crowned at once. But thrre 
seems no reason why ravelins of sufficient saliency should not be added to the polyb"Onal 
system, as would render it neet'ss::i.ry for the besieger to take them before he could crown the 
glacis of the .ba!l~on. In Yol. 2 of the "Papers of the Royal Engineer;,.," Paper YIII. pl. 17 • 
{on the Forhflcahons of Western Germany,) the trace of a ravelin is given, having a circular 
masonry redoubt at the gorge, which, if applied to a hexagon, would render its capture 
neccssarr before the glacis of the bastion could be crowned, "'e consider a ra,·eliu, h:wing 
imch a keep, as preferable to tLe ra,·clin and its redoubt in the modern system: in the latter 
system the faces of the redoubt arc ricocheted by the same batteries which ricochet the face 
of the .ra~·elin, and but little room is left on the rampart of the latter for active defence and 
for_1·es1.stmg t1_1e a~~ault on the breach. "'here the redouht is omitted, and a circular keep 
~vh~cb 1s heanly_ armed, Embstitutcd, the terreplt'in of the ravelin is 11pacious, and it would he 
" rl.Jfficult operallon to c~tablish n lodgmcnt on it under fire from the keep. 
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the loop-holes, and more particularly from the ca.eemates, baa to be considered : 
that fire ou which Montalembct·t founded so many hopes, let us eee what there 
will be to fear from it. 

AnJ, firatly, it must Le remn.rkcd, both in relation to the detached escarp at 
Coblentz, and to the re,•etment en dicharye, at Germersbeim, the loop-holes 
arc situated 10 feet above the level of the ditch, arid are therefore necessarily 
below (5 to 8 feet)* the crest of tlle glacis, which has always an elevation to 
cover the top of the escarp. The fire from these loop-boles diverted towards 
this crest must be always considerably elevated, wLile the glacis falls the 
cuutrary way : it is therefore clear that the cavalier of trenches will be conceale.d 
from the defenders occupying the chemi.n cle 1·onde, and would be established 
without the latter seeing a gabiou of it. The base of the parapet being thus 
established, neither the placing of the fascines on the crowning, nor the enlarging 
of the trench can offer any difficulty. In this operation1 then, no other fire can 
1·etarJ the work than that proceeding as usual from the body of the place, except 
in the present case it would be more distant. 

We must repeat the remark, that no traverse, no cover, offers itself in the 
new trace as cover for a few intrepid men, who concealing themselves within a 
stone's throw of the besieger, retard the cro,...-ning by a close fire of musketry, by 
fuugaases, by grenadea, and other such like expedients; the collateral ravelins, 
330 yards distant from the salients crowned, could afford an inefficient musketry 
defence i they have besides too small a saliency beyond the crowning, to require the 
construction of long and numerous traverses: in a word, in the new dispositions, 
the fire from the escarp is of no advantage to the besieger, while the suppression 
of the covered way and the place of arms, deprives him of numerous and 
important advantages. The operations of the besieger finding themselves thus 
simplified, and exposed to less dangerous fire, and having besides nothing to fear 
from sorties, would certainly advance much quicker than formerly. 

Let us e:xamine now the effect of the fire of the casemates from the ea.me 
works, in assuming against our strong conviction that the caponnieres would not 
be seriously damaged by the fire of the batteriea established in front of the 
second parallel. Let us further admit that the vibration produced by the fire of 
their guns in the caponniere, already half-mined, would not be sufficient to 
complete the entire destruction of them; and let us see, even under this 
supposition, whether the advocates for casemated fire have not exaggerated the 
value of it. 

,ve shall be able in the first place to apply, up to a certain point, the observations 
we have made wit,h relation to the loop-hole fire. The caponniere mm,t be covered 
by the glacis, and must afford a sweeping fire in the ditch; their embrasures must 
not be made, therefore, high, and consequently the fire directed against the crest 
of the counter-scarp mu.st be inclined1 and would pass over the crest of the parapet 
of the crowning.+ Nevertheless, when the caponniere has two stages of fire, as at 
Coblentz, the higher battery would see the crowning tolerably well; but then 
they are 330 yards distant frODl it, and at this distance the batteries of tho place 
have never prevented the execution of the approaches by night; and we cannot, 
therefore, admit that they would do so in the present instance. 

• It is not supposed that the fire from these loo1iholes could impede the crowning _of the 
glacis; during that operation of the besieger, the musketry fire of the defenders must evidently 

pi·tce;!e~:-~n;o~ht~ ~:i~0:·;;;·from the lower tier of the caponnicre, in the parApct of tile 
besiegers' counter-batterie~. 
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'fhe crowning of the covered way would be executed in tho usual manner; but 
it will be necessary afterwards to convert the loJgments into counter and 
breaching batteries. And it is this operation that the advocates for cMcmate fire 
nasert will be rendered impossible by the gu.us which they have kept intact under 
their bomb-proofs. It is difficult, however, to admit this aascrtiou. In the first 
place, nothing can be easier than to enlarge and cut away the interior of the 
battery, and with tho remblai to increase tbe thickness of the parapet; afterwards 
it "rill only remain to cut out the embrasures. This operation, it must be 
confessed, will present, as it always does, great difficulty; nevertheless, it is not 
necessary to exaggerate its amount. 

The counter-batteries will be constructed at about 330 yards from the 
casemated caponniere, the distance at which the batteries in advruJ.ce of the second 
pru:allel a.re usually constructed from the place. But the ma.as of the parapet of 
these batteries is thrown up dtu·ing the first night of their construction, and 
the work is continued during the following day. The besieged is quite aware of 
the position of these batteries; and his artillery, which is unmolested on the 
ramparts, can divert its fire against them during the first day and second night. 
But the experience of all sieges shows that it is very difficult, or rather that it is 
impossible at this distance, and when the mas3 of the parapet is established, 
to binder the completion of the work, or even to retard it. Moreover, the fact 
should not be lost sight of, that before the invention of ricochet, and even since 
its introduction, it bas happened in numerous sieges that the fire of the flanks 
bas not been subdued at the time when the counter-batteries were established. 
These batteries were, however, executed and completed under this fire, even when 
seconded by a cavalier in rear, whose plunging fire would be much more formid
able to the besieger than that of the caponnie.re, which from its low position ca.n 
see only the crest of the epaulement. We believe, then, that the counter-batteries 
would be established in the ordinary manner. 

If, however, the ordinary mode should appear too dangerous, other means 
might be resorted to, of easy and rapid execution. Thus, sand-bags might be 
used for forming the merlons : half the thickness of the para.pet might be 
completed from the interior of the trench, leaving only the exterior part to be 
finished. A few men would mount the parapet, to whom would be handed sand
bags and gabions for the sides of the embrasures; and in a few minutes the 
battery would be completed, before probably the garrison bad learnt that it had 
been commenced. 

Under any supposition, the operation would be less dangerous than crowning 
the covered way by ma.in force. 

In conclusion : we believe, in consequence of the inferior position of the guns in 
the caponniere, of their distance from this work, the construction of the counter
batteries would not present greater dangers than are usually encountered in all 
siege operations, and would be executed in the ordinary manner. If, however, 
this should not be practicable, other means could easily be devised for establishing 
them without requiring greate1· time or risk. 

The difficulties we have alluded to only refer to those batteries which are 
exposed to the fire of the caponniere. Breaching batteries will not be required, if 
the place is enclosed by a Camot's wall; even under the supposition that the 
escarp has not been 01lened in several places by the fire of the ricochet batteries, 
it will be only necessary to direct against the salient anglo the end guns of the 
counter-battery, which will soon open a breach of ,rnHicient width. 
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Should, however, the escarp be constructed en dCcharge, as at Germersbeim, 
regular breaching-batteries (fig. 1, numbers xi.x. and xx., aailla.nts c and .F) will 
become necessary ; but these batteries will have nothing to fear from the artillery 
in the ca.semates, since they are not seen by them. 

\Ve have entered into considerable detail in the execution of these works, 
because it is precisely the point on which the superiority of the artillery between 
the new and old systems depend. If, in fact, it be admitted, as it certainly must be, 
that the counter-batteries can be established in spite of the fire of the caponniere, 
it is easy to foretel what the result will be. The experience of ages decides 
against the caaemates; and even De Ville announced, in his time, that their 
cause wa.s lost. How, in fa.<'t, can a parallel be established between firing against 
a wall where each shot produces numerous splinters and a violent shock, and 
firing against an earthen parapet, in which the shot buries itself, leaving no trace 
of its path, and attended by no concussion or vibration. Besides, how great is the 
difference of dange1· to which the men who work the guns are exposed, as, also, 
in the extent of surface to batter. On the one hand a simple mound of earth 
almost imperceptible; on the other hand an extensive wall, thirty feet high, 
cut up with embrasures. It must be admitted there must be a great superiority 
in point of guns in the defence to compensate for such unequal conditions. But 
here this superiority which Montalembert hoped to establish does not exist. At 
Germersheim, for example, there are only six guns on ench flank; the counter
battery established would be superior in armament. At Coblentz, it is true, Fort 
Alexander possesses two stages of fire, which allow room for ten guns in each 
flank; but the guns on the lower stage are of but little use, while the breadth of 
the ditch, augmented by that of the glaois en contrepente, would allow space for 
the counter-batteries to contain about the same number of guns. It is believed, 
too, it is useless to assume too great a development of the artillery fire, and that 
an armament of six. guns for each flank would probably be as many as the artillery 
means of the garrison would allow of. We are convinced that the counter-batte1ies, 
in a few hours, would destroy the front wall of the caponnieres, and would oblige 
the garrison to a.bandon them; after which, all flank defence would be destroyed, 
for neither musketry nor artillery fire could be maintained from the ruins of the 
masonry. 

The counter-batteries would also render other services in the event of the fortress 
being sunounded by a detached escarp. In establishing the flank guns on the 
prolongation of the che;nin de ronde, a few rounds from them would demolish the 
masonry at the salient, after which the fire would sweep the chemin de 1·0tkic, and 
destroy the masonry traverses constructed for its protection. These flank guns 
would also see the flanks of the casemated batteries (p. i., fig. 1, front c D), which 
are intended to defend the ditch of the caponniere and the te1Teplein of the 
ravelin; they would destroy the piers, and cause the greatest disorder in the 
works themselves. 

According to the march of the att:.ack, it would be about the thirteenth day 
that these batteries would open their fire; the approaches have, in fact, arrived 
at the salient of the glacis on the eleventh night; on the twelfth the lodgment is 
prolonged aa far as the position of the counter batteries; on the twelfth day the 
lodgments are widened, the parapets are thickened, and the interior is commen~ed 
to be reveted; the ·work would be finished on the thirteenth night. The crownrng 
of the glacis would be continued and finished the same night. . 

Thus, then, on the thirteenth night the besieger would be established along 
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the whole crest of the glacis of the front attacked, and would, at the e:ame time, 
open his fire against the capouuiores and casematcd traverses. ,v e have already 
discussed the result of this struggle; it woulu be termiuatt.d by the close of the 
day, if the artillery were well served. The same gt1ns would then direct their 
fire no"'1.Ullst the redoubts of the re-entering angles, which the glacis en cunfreJJen1e 

ox.poses. 
The fourteenth day, at daybreak, the place, if it bo surrounded with a detached 

escarp, will find breaches in the latter both at the salients and at the angles of 
the shoulder; the caponnieres will be destroyed ; no flanking fire can be 
organized i no material obstacles separates the besieger from the body of the 
place; the chemin de 1·onde will allow the assaulting party to spread itself along 
the front, and to attack at once along the whole of its development; and the 
ravelin, also, which defends the enceinte very obliquely, will also be breached at 
tho salients. The ruisault, therefore, may be given both to the ravelin and to the 
enceinte at the same time; and thus the siege would be terminated without either 
a necessity of a descent or a passage of the ditch; operations which are of ~ery 
great difficulty to the besieger. 

Lastly, the assaulting party will not arrive at the escarp by a na1Tow and 
subteITanean route, nor be obliged to form in the ditch, exposed to fire of every 
description, without being able either to penetrate into the place or to retreat. 
In the attack now under consideration the assaulting party would remain in the 
lodgment on the glacis till the moment of attack arrived, when it would cleRr the 
distance between its position and the escarp in a few seconds; no difficulty would 
be found in re-inforcing the assaulting party; and should a retreat become 
nece!!sary, it can be in order, and without loss. It is impossible to conceive 
conditions more favourable for giving the assault, or to find a greater facility for 
the formation and mo'\'"ements of the attacking party; and these advantages on 
the side of the besieger are entirely due to the glacis en cont1·epente. 

Besides, even before the breaches are made, but as soon as the besieger bas 
enveloped several fl'Onts by his parallel;;, the garrison will be compelled to the 
exercise of the greatest precautions to guard the fortress from being carried by 
assault; the frightful simplicity of the outworks, and the exposed state of the 
enceinte, would entail on the garrison the labour and fatigue of guarding it most 
vigilantly fl'Om the moment the besieger arrived in the environs of the fortress. 
At the same time it must be admitted that the difficulty of escalade would be 
increased by the necessity of descending from the detached escarp, after having 
mounted its summit. 

" 7 e have supposed, in the operations which we have described, that the fortress 
has been surrounded by a detached wall, and that it has not been neceseary 
to establish breaching batteries. It must be remarked, however, that if in place 
of a detached wall the cnceinte ia constructed with a retaining revetment, M at 
~rmersbeim, the counter-batteries would not alone be able to breach it. But 
even under this supposition, the extr~me or flank guns of the batteries will 
be able to open and break down the escarp in directing its fire, first against the 
detached wft.11 which doses the court at the salient, and afterwards against the 
loop-holed wall, which has been constructed at great expense in rear of the mortar 
casemates, which would render these casematcs altogether untenable; the 
commu?ications with the adjoining escarp gallery would also be destroyed, and 
the besieger would, it is conceived, be able to establish himself in the ruins of the 
cMemates, close to the postern which leads into the interior of the place. Nv 
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doubt thie pastern might be impassable from its ruined condition, or it might be 
harricaded by the besieged; but the besieger has only to explode in tho ruined 
cnscmates an o,ercharged mine, in orJer to open a route by means of which the 
a<Jsaua might at once be given. 

Shoul(l it, however, be necessary to form breaching batteriea, there would be 
no difficulty in their construction. Commenced twenty-fonr hours after the 
counter-batteries. they would open their fire on the fourteenth da.y, and this day 
would pro,c the lru;t of the defence, for then the body of the place would be 
breached, n.nd the main ditch would remain without flank defence. 

Such, we coucci.e, would be the march of the attack against the new 
fortification ; we have supposed it as slow as it could be estimated at, in order not 
to magnify the defects of a system which, in our opinion,is radically vicious. ,ve feel 
convinced that, in giving proper weight to the obstacle that the musketry fire 
and other means would oppoae to nn ordinary attack, and which musketry fire 
in the new system is wanting, we have rather underrated than O\'errated its 
progress. A few observations will now be made which could not well be intro• 
d uced before. 

,Ye shall remark, in the first place, that the body of the place in the new 
system presents much less simplicity than in the old. Instead of unbroken 
tcrrepleins and parapets, everywhere accessible to the garrison, caponnieres are 
Rubstituted, which can only be arrived at by posterns, far removed from each 
other; the defenders of the caponnieres are isolated, concealed, and dispersed in 
groups along the whole contour of the fortress; as a consequence, they must be 
badly looked after, and themselves feel that sense of weakness which is the 
necessary accompaniment of isolation. At the moment of danger, the com
mander, in place of being able, by a rapid movement along the rampart, to 
ascertain the state of the body of the place, and that each man is at his post, 
must peuetrate into the casemates at a great expense of time, an element of so 
much importance in considerations of this nature. In a system traced like 
Fort Alexander, it would be necessary, in order to make this inspection1 to throw 
open the pasterns of the enceinte and the doors of the caponniercs, au operation 
which in the presence of an enemy would be attended with the greatest 
inconvenience. ·we ha,o seen, besides1 that this communication is seen and 
counter-battered by the besieger as soon as he baa crowned the salients of the 

gfo.cis. 
It is the same almost in the system adopted at Germersheim : the gates placed 

in t.he walJs which connect the caponnieres with the body of the place would be 
destroyed by the first fire of the battery ; the safety of these works, on which 
depends the flanking of the escarp, is thus at once endangered. 

Lastly, it would be necessary that each of these caponnieres should be manned 
by some troops, in acldit.ion to the artillery, which necessity would cause the 
g-arrison to be greatly divided. These troops would be entirely passive, for the 
caponnieres are not constructed for musketry defence, which is a great defect. 
It wo.s indeed with good reason that the ancient engineers never lost sight of 
fire-arms as a defensive weapon in the disposition of their trace; they so al'rangcd 
it that, wherever a soldier was placed, he should be able to do good service with 
his musket, and this maxim derives importance from the co~sideration that, 
towards the end of a siege, the artillery of the place is probably silenced or its 

ammunition expended. 
In order to secure the fortress against assault, it would be necessary to keep 
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a part of the embrasures of the ca.ponniero open, and o..s the ruTangement must 
be adopted a.long the whole circuit of the fortress, such openings would be very 
objectionable, howeYer carofully they might be watched. 

Another defect arises from the mode in which the opening formed by the 
ditch of the ravelin is closed. The traverses by which these openings are 
masked, are indeed sufficiently massive to afford cover evou under the supposition 
that their piers are cut away, and that the arches consequently fall in. But the 
wall between the piers (mm·s de 11iasque) are easy to destroy, after which the 
besieger would be able to breach the body of the place through the openings 
between the piers, which would be a great advantage, as we shall see hereafter. 
1Vhen also the besieged is obliged to abandon these traverses, they give rise to 
considerable dead spaces in the ditch of the ravelin; altogether the arrangement 
seems inferior to that adopted at the school of :t,,fetz, which possesses the same 
advantages without the attendant defects. 

ATTACK AGAINST AN ENCEINTE PROVIDED WITH AN INTERIOR RETRENCHMENT. 

The preceding considerations:, based on an examination of the new system in 
its simplest form, are more than sufficient to show the true value of that system; 
nevertheless it may not be without interest to push the inquiry a little further, 
and to examine the means employed in some fortresses to augment the resistance 
of the ordinary trace. The examination will tend to bring out more prominently 
the defects already indicated, and will also disclose others which have not yet 
been alluded to. 

,v e shall consider, first of all, an enceinte, with an interior reti·enchment 
similar to that sketched in the reconnaissances of Germersheim and Ingoldstadt. 
(See the dotted lines, fig. 1, salients B & C.) These retrenchments are formed 
of large barracks established in rear of the angles of the polygon, and connected 
with the enceinte on either side by coupures, which fall beyond the redoubts at 
the re-entering angles. It will be admitted that these redoubts, as well as the 
traverses, which close the ditch of the ravelin, are too massive to be demolished 
by the besieger's batteries, so as to admit of the escarp of the enceinte being seen 
above their ruins. 

The besieger then finding it impracticable to breach the body of the place in 
rear of the retrenchments, will be obliged to attack the latter directly; under 
these circumstances, if the enceinte be compoRed of a detached escarp, the assault 
may at once be made by the breaches at the salient, both on the outworks and the 
body of the place, the assaulting party spreading themselves along the chemin, de 
1·onde, and making the attack with an extended front. If, on the contrary, the 
revetment be a retaining one, as at Germersheim, it will be necessary to establish 
breaching batteries against it (fig. 1, No. 19 & 20), which, commenced on the 
twelfth or thirteenth night, would open their fire on the morning of the thirteenth 
or fourteenth. 

On the evening of the same day, or the ne:x:t day at latest, the breach will be 
practicable, and the assault will be given at the same time, both on the ravelin 
and enceinte. In a syetem well traced, the interior retrenchment would make it 
necessary for the besieger to establish himself with some precaution on the 
breaches of the ravelin and enceinte, to sap along their terreplein, and to maintain 
a safe communication with the works in rear. In tho new fortifications these 
precautions are no longer necessary. At the same time that the assault is given 
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to the enceiute and ra,1elin, a. detachment would be directed against the central 
caponnif'rc, which pas8ing close to the foot of the escarp would be unseen from 
its loop-holes, and arrive at t.lrn caponuiere without being exposed to a single shot. 
An attempt would then be made to blow open the gate of the postern in the 
curtain; should it succeed, the retrenchment will be turned, and must fall; but 
should the attempt not succeed, the assaulting party would lodge themeelTes 
in the casemates of the caponuiere, cutting off all communication with the out• 
works, a.nd threatening an attack on the ra.Telin by the gorge, at the ea.me time 
that this work is aa,multed by a superior force in front. The defenders finding 
themselves between two fires, with their rct1:eat cut off, would not make a serious 
resistance i they would be obliged to abandon the work without the least hope of 
regaining it, for the occupation of the caponniere by the besieger would paralyse 
all offensive operations. 

The lodgment on the body of the place would be ma.de with equal facility. The 
assaulting party would not be exposed to any flank fire. If the breach were 
firmly defended, its attack would be an operation of the u.sual nature, in which 
the besieger being the stronger party would prevail ; or if the besieged rather 
resorts to his mines and to artificial obstacles for its defence, then small assaulting 
parties mu.st be employed in the manner laid down by Vauban. In either case 
the assaulting party, after driving the defenders back, would spread along the 
cMmin de 1-onde, and berm, and would be able also to establish a lodgment along 
the whole line of the exterior crest, carrying on the work both by day and night, 
for the exterior slope of the parapet is unseen f1·om any part of the trace; and 
this advantage to the besieger arllles from the vicious disposition of the system 
cu.using the flanking works to fall before the works they are intended to flank, 
and the same cause renders the besieger complete master of the ditches. 

,vhen the lodgment at the exterior crest is extended along the whole front, it 
will form a sort of parallel at the salient of the polygon ; the besieger will 
have the means of constructing as powerful batteries aa he pleases, as also, 
of selecting those sites, which appear most favourable for breaching the case
mated barracks which form the retrenchment. Perhaps, however, he may be 
induced, from being so completely in possession of the ditch, to open the enceinte 
by a mine at a point in rear of the coupure of the retrenchment, which being 
thus: turned would dispense with the construction of breaching batteries. In a 
word, the besieger, in undisturbed possession of the ditches, will have "l'embarras 
du choi.x." among the numerous means of attack, each of which can be executed 
almoat without da.n.ger and difficulty and at a small expenditure of time. 

ATTACK OF AN ENCEINTE PROTECTED BY CouNTERGUARDS. 

\Ve have hitherto supposed that the body of the place has been strengthened 
by a simple interior retrenchment. Let us now assume that it is surrounded by 
a counterguard similar to the front of Fort Alexander, at Coblentz (see fig. 2), 
and Jet us endeavour to ascertain the value of this new combination. 

It is, first of a11, evident, that the attack will be directed against the 
C":xterior line in the manner we have already described. ,ve shall not, therefore, 
enter into details further than to point out the principal differences between 
the operations of the attack already given, and those which we are about to 
consider. 

The most important of these clifl'erences arise from the circumstance that, 
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tbe body of the place, and the work by which it ia surrounded, give to each 
other a mutual support which secures them from the danger of being insulted. 
The first batteries would still be able to ruin the capouniere and to breach 
the detached escarps; the glacis m contrepcnle would also permit the besieger 
to reconnoitre the state of the breaches, to assault the counterguards and the 
caponuiere, and perhaps to destroy their armament; but it cannot be admitted 
that permanent possession could be taken of these works, defended as they are 
by the body of the place; still less that the body of the place could be carried, 
e:tcept by regular approaches. The exterior enceinte will have the effect then 
of obliging the besieger to the delays attendant on a regular attack; an important 
advantage which should make counterguards to be considered as a necessary 

addition wherever the glacis en contrepente is adopted. 
Tlle attack would be conducted in the ordinary manner till it arrives at the 

crest of the covered-way; there it would meet with a small masonry redoubt, 
which did not exist in the system previously attacked. The object of this 
redoubt seems to be to take the ditch in reverse, to impede the crowning of the 
glacis, and perhaps to serve as a.point d'appui for a system ofcountermines. 

It must be remarked, however, that these small redoubts, which are almost 
buried in the counterscarp, are open to a variety of attacks. In the first place, 
in consequence of their exterior wall not being flanked, it would be practicable 
to sink a few small shaftf!, in which powder bags might be placed, for the purpose 
of blowing up their piers; or means might be found to introduce smoke 
composition into the loopholes, with a view of poisoning the air, and rendering 
them untenable; or the loopholes might be masked by filling up the ditch with 
fa.scines, so that it does not appear likely that the addition of these redoubts 

would impede the progress of the attack. 
The redoubts, too, but feebly support the retreat of the troops. \Vhen a sortie 

enters the ditch, it is clear the fire of the casemates must be suspended, should 
the besieger enter it with the sortie. \Ye have already seen, that while a glacis en 
contrepente facilitates the egress of the troops, it renders their retreat more perHous. 
Still, however, when the body of the place is not surrounded by exterior works, 
the sortie can take refuge in the ditch of the great caponuiere, and in thia way 
gain the neighbouring front. But in the system against which the attack is 
now directed (pl. 1, figs. l and 2), the sortie, in place of having this retreat open 
to them, is obliged to retire through the narrow openings left at the extremity 
of each counter-guard, so that if badly pressed it would enter into the interior 
ditch with more difficulty than in a covered-way furnished with barl"iera. 

The besieger, also, while in the third parallel, would be nearer to these passages 
thn.n the besieged, supposing the sortie to be engaged with the approacheR on 
the capital; it would therefore be easy for the besieger to cut off the retreat 

of the sortie, and as he would enter into the ditch at the same time as the latter, 
the casemated fire, if indeed any were left, would be paralysed. It is considered, 
indeed, that the fire from the detached escarp would contribute to check the 
pursuit of the besieger; but this fire, too low to discover tho country, and too 
high to defend the ditch, would be ineffective, and, as has been previously 
pointed out, far inferior to tl1at of the covered-way, in resisting any sorties from 
the besieger's trenches. Lastly, the besieged would be shut up in his works 
without a possibility of sallying from them, a.a soon as the glacis is crowned, 
when the besieger would see and command the passages by which alone egress 
can be made. This vicious disposition of the communications, added to the 



POLlGONAL FOlt'l'IPICA'l'lON lN GERll.1.NY. ] 93 

suppr.assiou of tbe ooveretl wa.y, which forms the true base of all the exterior 
operations of the besieged, will entirely neutralise tbat ncfo~e defence for which 
Ot)tcusibly tho new dispositions nre intended to promote. Ou examining these 
new dispo.~itious, it is found, in point of fact, that they substitute, for all the 
openiugs which may be made from the covered-way on the glacis, onJy two 
commuuications, which, if not seen from the be6ieger's trenches, are at least 
entirely accessible to him, nnd are but feebly defended. This result is but a poor 
co1..11pemm.tion fur the disadvantages attending the Emppreasion of the covered-way 
!lnU revetted countcracarp. 

From these considerations it appears that the approaches up to the crest of 
tho glacis in our present attack woul<l advance quite aa rapidly as an attack 
directed ngninst au ordinary enceiute, since the fire from the place ia less 
,lnngeroua for the besieger, and the execution of sorties more difficult. The same 
1·1:mark will apply to the crowning of the glacia, as well as the batteries constructed 
in tlle crowning. Those which a1·e established on each of the salients attacked 
(Nus. H, 15, 16, 17, 20, 21) are intended to complete the destruction of the case
ruates, to ruin the small redoubts placed at the roundings of the counterscarp, and 
to breach the extremities of the ra'\'"elin and counterguard. 

It is believed that the batteries will be able to execute these several objects at 
the same time; because the destruction of the caaemates, as well as of the 
adjacent esca.rps, if not already effected by the ricochet fire, will only require a 
few additional rounds from these batteries. Adjoining them others might 
be constructed, composed of mortars and howitzers, to annoy the defenders on 
the terreplein of the worke:, and to ricochet the long branches of the counter
guards. 

In the re-entering angle, formed by the ravelin and couuterguard, other 
batteries (Nos. 18 and 19) might be established, if considered necessary, for the 
purpose of enlarging the breaches already made at the extremities of these 
works, by the batteries at the roundings of the couuterscarp. If the fortress be 
surrounded by a detached wall they will not be required. 

Batteries (Nos. 18 and 19) will be finished on the thirteenth night, and 
will open their fire on tho following day. Those at the i:ialient will have com
menced firing twenty-four hours earlier; thls will be sufficient time to put all 
the defences opposed to them in a complete state of disorganisation. 

On the fourteenth day preparations would be made fot· effecting a lodgment on 
the exterior works, and at dusk this operation would be executed in the 
manner already explained. The attacks on the ravelin and the counterguard 
mat.le simultaneously at the salient and at the extremity could not mutually 
support each other: the reserve would be posted in the ditch in the dead space 
caused by the ruined casemated traverse; aa soon as the defenders were driven 
from the ravelin the besieger would establish himself on the exterior slope of the 
countcrgunrd, forming the lodgment near the top of the slope, and throwing the 
earth on the superior slope. and thus turning the parapet against the place. 

The exterior elope of the ravelin being seen from the body of the place, the 
same mode of proceeding could not be adopted as in the countorguard, and it 
would be necessary to make an opening in the parapet to communicate with the 
interior of the work. For this purpose advantage would be taken of the end ,~all 
of the casemated battery which flanks the ditch of the counterguard, by wb~ch 
means the summit of the breach would easily be gained; and in order to a1Tive 
at the gorge it would only be necessary to cross the terrepleiu of the work. This 

0 
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operation would simply amount to executing a trench about sixteen y:u·da long 
which, commenced from both ends, might be done by the single or flying snp, 

and would be completed during the night. 
'While lodgmeuts were being established on the outworks, the approaches for 

arriving at the foot of the breaches would also be commenced. In establishing 
these communications from the re-entering angle formed by the ravelin and 
counterguard, and in the undefended space formed by the massive of the 
traverse, they will be completely protected, without any special operation being 
required for the passage of the ditch. The lower part of the descent into the 
ditch will be also protected; but the upper pa.rt being seen from the body of the 
place it would be necessary to form it by single sap for a distance of twenty 
yards. 

At tbe end of the fifteenth night1 the besieger would be lodged on the exterior 
works, and would besides have established bis stores nnd reserves in the spacious 
ditches of the counterguards1 which are entirely unseen from the body of the 
place. The next day the lodgments would be improved1 and enlarged nt those 
points intended to be converted into batteries. 

There is every ground for believing that the flanking caponniere at this 

period would be half ruined by the fire of the batteries in the second parallel. 
The crest of the counterguard is situated at about 300 yards from the caponniere, 
nnd not being more elevated than the glacis in the preceding attnck the results 
ought to be the same. It is conceived1 in consequence, that these capounieres 
will be entirely disorganised, and that it will not be required to establish special 
batteries against them; should the result, however, prove otherwise there would 
be no difficulty in constructing these batteries. It would be only necessary to 
enlarge the lodgment at the salient of each counterguard, and sufficient space 
would be obtained for placing the required number of guns in battery. In the 
present case the armament has been limited to seven guns for each face; this 
number appears sufficient to complete the destruction of the caponniere, and to 
open breaches at the salients of the polygon; but it should be remarked, that 
the available space is sufficient for ten guns being placed in position, so that 
the defence, instead of having the superiority of artillery, will be inferior in 
armament. 

On the terreplein of the ravelins batteries No. 23, 25 will be established1 

which opening the body of the place to the right and left of ihe caponniere, as 
well as in the centre, will turn the interior retrenchments, unless, indeed, it consists 
of n thii-d euceinte established in rear of the two first. All these batteries would 
be commenced on the fourteenth or fifteenth night1 and the breaches would be 
opened by the sixteenth day. 

Another mode of attack would be to open the counterguard by a mine1 through 
which the guns on the glacis would be able to breach the body of the place. 
The counterguard not being flanked, it would be easy for the miner to destroy 
any portion of it. This circumstance, however1 faci litates the establishment of 
batteries on the work itself; and it is for this reason that the latter mode has 
been preferred as being more secure and easier to execute. 

But whichever mode may be adopted, the besieger would1 during its execution, 
open the communications or passages at the extremities of the counterguards, as 
also those below the trnverses which close the ditch of the ravelin i he would 
throw down the small wall which sometimes exists at the extremity of the ditch of 
the ravelin, and would then enter into the main ditch without the laborious 
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operation of a. descent. No difficulty will be experienced in making the passage 
of tho ditch, for the destruction of the caponniere will have left it without flank 
defence; and the only fire to which the sap will be exposed will be from the loop
holes of the eecarp, opposite to the point where it enters into the main ditch, 
which tl.i.o besieger may maek by placing boards against them, or otherwise by 
throwing into the casemates, through the loop-holes, smoke-composition to render 
them untenable. If the front bad a detached escarp, it has already been shown 
that the chemin de ronde would not be tenable. 

It is possible also that nt this period the escarps on the right of the ditches of 
the rnvelin would be breached. It has been all'eady shown that the besieger is 
able, nfter destroying the walls between the piers of the traverses which close the 
ditches of the ravelins, to fire through the casema.tes from his counter batteries 
14, 15, 20, 21. In this way the enceinte may be breached without establishing 
breaching batteries on the exterior works. 

The mode of attack last indicated would be an advantageous one for the besieger, 
if the gorge of the counterguard were furnished with a counterscarp gallery to 
oppose by mines the establishment of a lodgment on the work itself. By attacking 
ot once the body of the place, the d(l.llger and delay of the construction of the 
counter batteries on a countermined counterguard would be avoided. 

At the same time the difficulty of attacking and paralysing such a system of 
countermines need not be over-rated: in the event of the garrison foreseeing that 
the casemates in the ditch of the ravelin must become untenable, should take 
means to destroy them, and thus render it necessary for the besieger to establish a 

lodgment on the countergua.rd, for the purposes of breaching the enceinte. The 
time necessary for silencing the defensive mines of the counterguard would be 
very limited. ,vithout entering into the detail of the attack, it will only be 
stated that a system of countermines, in which the principal feature is a gallery 
which presents a long side to the besieger's mines, cannot be considered as a 

formidable obstacle. \Ve are convinced from the result of experiments, that by 
the proper employment of globes of compression, two or three days would be the 
term of such a war of mines. The besieger would then be enabled to make the 
aasault on the breaches in the body of the place on the nineteenth or twentieth 
day : a result quickly obtained, considering that the besieger during bis attack 
hn.s carried two enceintes, strengthened by a small system of countermines. 

The preceding observations are sufficient to show that the means taken for 
strengthening the enceinte partake of the general defects of the polygonal system. 
The exterior defence becomes neutralised byaglacis en contrepente, combined with 
the limited communications through which sortie1;1 can issue and return; the works 
affording flanking fire are among the first to be destroyed; and lastly the enceinte, 
being deprived of the bastion trace, leaves the besieger, after the destruction of 
the caponniere, master of the ground, and relieves him from the delay and danger 
to which the besiegers' work in a regular attack ought to be exposed. 

In conclusion the translator has only to repeat bis remark, that the fronts 
chosen by M. Mangin for his attacks do not fairly represent the Polygonal system 
employed in Germany: in the next volume of the Professional Papers this system 

will be more particularly referred to. 
J, WILLIAMS, 

Captain Royal Engineu~. 
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PAPER XIV. 

BERMUDA. 

REMARKS EXPLANATORY OF TIIE GALE THAT OCCURRED IN THE 

ATLANTIC BETWEEN 'fllE 22ND OF SEPTEMDER A.ND THE 3RD OF 

OCTOBER 1852, •ro ACCOMPANY TlIE METEOROLOGICAL RECOBD 

FOR THE MONTH OF SEPTEMBER AT BERMUDA. BY LIEUT.

COLONEL ALEXANDER, RoYAL ENGINEERS. 

THE accompanying sketch a.nd record (to accompany the column of remarks of 
this month's retw·n) show the geographical positions of certain vessels dming the 
recent. storm which raged in the Atlantic from the 22nd of September to tbe 
3rd of October, 1852, laid down from the several logs, and information obtained 
at Bermuda. either from the several commanders or from the public papers. The 
greater number of these vessels put into these islands for repairs, after sustaining 
severe damage, and the logs and information recorded were most readily given on 
board the vessels separately soon after their arrival. From the data afforded 
from the information so procured, the probable track of the cyclone has been 
projected in order to see how far the rotatory theory is borne out in this instance 
by the direction and force of the wind, and state of the weather as experienced 
by each vessel in its daily recorded position. It is unfortunate that in some 
inst..'lnces these vessels were UDprovided with barometers, and in others they were 
without the advantages of chronometers; so that it has not been possible to 
furnish information as to the rise and fall of the barometer1 or to trace with 
perfect accuracy the precise daily position occupied by each vessel. Sufficient 
information has, howcyer, been procured as to establish clearly that the late 
severe storm was a revolving gale, slowly and gradually progressing in the 
direction shown by the dotted line in the sketch. That the wind in all instances 
veered in the direction la.id down in the rotatory theory for cyclones in the 
northern hemisphere. Circles of different colours have been projected on the 
sketch, described from the assumed centres of the vortex, on each recorded day, 
and small arrows of the same distinguishing colours explain the diL·ection of the 
wind experienced by each vessel, aa taken from the several logs on the cor
responding days. A mere inspection of the sketch will sen-e to show how in 
most instances the wind has veered in conformity to the theory of the law of 
storms. 

The instances of the brigantine 4' Quadruple," and the brlg "J. A. Jesw·uu," 
nre both remarkably curious as to the correctness of this theory; also that of the 
Halifax steamer" Levautine," in comparison with the direction and force of the 
wind at Bermuda; the steamer being behind the gale, made her pa.ss.'lge with a 
fair but violent wind commencing at N.N.E., and veering to N.E.N. and \V.N.\V. 
At Bermuda the gale commenced on the night of the 29th; during the preYioua 
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twenty-four hours there prevailed a. constant roaring of tho sea on the southern 
shore, with very threatening appearance, and much lightning extending from 
8. to \V.N. ,v. The lowest record of the barometer on the 30th of September was 
29·619, with the wind S.s.,v., whereas the brigantine jl Eolian," distant about 
200 miles to the westward of these islands, apparently in the vortex, had the 
barometer as low as 27·5, with the wind most violent from S.E., but shifting in all 
directions, blowing a. hurricane. 

CHARLES C. ALEXANDER, 

N1Jt'. 5, 1852. 
Lieut .• Col. Royal Engineer~. 

RECORD. 

Extracts from the logs of certain vessels exposed to the gale that occurred 
between the 22nd of September u.ucl the 3rd of October, 1852, and minutes of 
information touching that event, to accompany the Meteorological Record for 
the month of September, 1852, at Bermuda. 

Name of Ve111,cl. 

1. 
Brigantine 

"Devonshire," 
from 

Newfoundland 
to 

Grenada. 

2. 
"Stanllanl.'' 

3. 
Island of• 

4. 
l!:ihmd of Antigua. 

Latitude. Longitude. 

lo 0 40' O" 58° 30' O" 

!6° 30' O" 59° 40' O" 

Date. 

Sept. 22 

Sept. 22 

Sept. 22 

Remarks. 

The gale commenced 
at about 8 r.M., on the 
21st of September, in a 
squ,'\ll from N.N.E. At 
:3 A. M. :.!2nd, battled 
grr1dually round to S.E. 
The ship was thrown on 
her beam ends three 
times; cut a,vay foretop
mast; lost boat and part 
of deck-load. 

Encountered a. hu1Ti
cane of eighteen hours' 
duration; spnmg bow
sprit, lost sails, &c. 

From the Bermuda Ga
zdle.-This island suf
fE:red most se...-ercly, 
many houses, trees, &c., 
bt:ing destroyed. 

The gale commenced 
on the 22nd of Septem
ber, at about 11 A,M., 
from N.E. and E.N.E.; 
was at its height at about 
&¼ P.M., when the 00.ro
meterh.'\dfallco to:!9·5~0: 
from 6 to 6~ P.M. the 
centre seco1s to hase 
been passing. the wind 
gradually veering to E. 
and E.S.E., and ending 
at 5 A.M. OU the '.?3rd. 
wind S.E. 

-11 X :11 ,i,.J 111" i,;lan< I not i11>1ertcd i.n original MS.; it seems to Uc .one ol' the Wc::1t Indio;i. 

' 
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Name of \'e8sel. 

5. 
Brigantine 

"La<ly Chapman," 
from 

Barba.does 
to 

Baltimore. 

6. 
Brigantine 

"R ,v. Packer." 

7. 
Brig 

" Commerce." 

8. 
Island of 

Bermudas. 

B.EllblUDA. 

Latitude. Longitude. 

20° 0' 0" 65° 15' O" 

28° 30' 0" 67° 10' 0" 

30° 30' O" 65° 0' O" 

32° 22' r,7rr 64° 401 O" 

Date. 

Sept. 26 

Sept. 29 

Sept. 30 

Rom(l.rks. 

On the 24th of Septem
ber leil:, St. Eustatius, 
WestJntlies. Onthe25th 
weather fine, moderate 
breeze; at 10 P.M. tbo 
same day the wind in
creased to a gale in a 
squall from EJ:I. E.; an<l. 
on the 2Gtb in.sttmt, at 
3 A.II. was obliged to 
heave-to, the wind con
tinuing to blow from 
E.8.E. with such vio
lence, thnt it was im
possible to look to wind
ward, the water being 
blown with such force 
O\'er the vessel ; at the 
sumo time we could not 
sec to leeward more than 

!~d ~b~~~s~~ ~d~{fy 
being pressed under wa
terat the time, concluded 
to cut the rigging so as 
to allow the fore-mast 

~ J;d, ob~~~ :~~! 
places. The storm was 
the severest ever ex:peri-

b:~; ~he ~lise0~f tb~ 
wind was more like 
thunder than anything 
else. During the hurri
cane the wind blew from 
eYeryquarter of the com
pass and moderated at S, 

011 tho 28th of Septem
ber the gale commenced, 
wind from the E. ; it 
gradually increased to a 
perfect hurrictme on the 
29th, wind still E. At 
noon this day it Yeered 

~:~a:n~he Srl; ~f~~t 
lood. WindfE. A sailor 
was blown out of the 
fore-rigging and broke 

~!! ~,ew~ :t?ta eh:t:t 
blowing furioW!ly from 
the S., gradually mode• 
rating nex:t day and 
veering to S. W. and W. 

"~~~i.. t°hat \~ 
C~\ncfi:~~~mwtt~ 
S. E.. and wa.s at its 
height from the$. W. on 
the 8oth. 



-

1. 

BERMUDA. 

Nnmc of Vessel. I Latitudo. Longitude. 

8. 
1s1nud of 
Bermudns 

(cMti11ued). 

9. 
Schooner 
"Adeona," 

from 
New Orleans 

to 
Bermuda. 

10. 
Schooner 

'' Medora.'' 

11. 
Brigantine 

'' Quadruple." 

32° 22' 57" 64° {0' 0" 

32° 38' 0" 67° 43' 0" 

32° 5fV O" 61)0 20' O" 

I 
133° l' O" 70° 6' 0" 

I 
132° 17' 0" 69° 30' 0" 

_l 

Date. 

Sept. 30 

Sept. 30 

Sept. 29 

Sept. 30 

199 

Remarks, 

ro..'\ring of the sea on tho 
8. side; sky ov~rcast, 
with occasional light 
wUlds, rain and mist; 
almost constant light
ning from the southward 
n.nd westward in the 
evening, accompanied 
with distant thunder 
and heavy clouds to the 
W. and N.W. Septem
ber 29th and 80th, the 
wind blew with great 
violence both days, and 
until noon on the 1st of 
October, when it began 
to moderate, and on the 
2nddiedaway. Thewind 
Yeered in these four days 
from 8.8.E. to S. , S.W., 
and N.W.-Extract fro m 
ltf•teorological Registers 
fo;· Septembe1· and October. 

The gale commenced 
on the 29th, wind east
ward at P.M.; mainstay
sail blow away, Sept. 
30th; stiff gale, all handg 
up t-0 shorten sail; ·wind 
E.S.E. at 8 A.M., blew a 
hurricane; put out a 
dreg expecting every 
moment to have to cut 
away fore-mast ; ship 
leaking and labouring 
very much. The wind, 
however, gradually de
creased in violence in 
the even~, the wind 

f~!f ~e~~~ !(f '~:-~~ 
1st of octokr at about 
N.W.; madeBermudaon 
the morning of the 3rd. 

The gale commenced 
on tbe 29th, wind light, 
but increasing from 
E. S. E.; the next day it 

:~~r3s~~~n1t i~.ly 
moderated at N.N.W.; 
by-to for three days; 
lost some sails, &c. 

Modemte breeze on the 
29th from E.N.E., and 
at 8 P.M. a heavy gale 
f'romN.E.; hove-tounder 
main stay-sail; a heavy 

~~J~u~ 8t:~ uJ!r g~~ 
-.;iz. the 30th, the wind 
h.'lcking to the N. W .. 
from which quarter it 
blew very heavily and 
gradually moderated. 

.1 
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Nmue of \'cs;icL -I ~L'l.titud,:i Longitude, 

12. •33° 30' 0" 68 °20' 0" 
Ilrigantine 
''Eoliau," 

from 
New York 

to 
St. Juan de 
Nicaragua, 

13. 
Brig 

'' Triumph,'' 
from 

Dememra. 
to 

Liverpool, N.Scotia. 

33° 51' 0" 

35° 51' 0" 

14. 34° 27' O" 
Brigantine 

"Princess Royal," 
from 33° 10' 0" 

New York 
to 

Bermuda. 

64° 37' 0" 

66° 0' 0" 

67° 6' O" 

66° 36' 0" 

Date. 

Sept. 29 

Sept. 30 

Oct. 1 

Sept. 29 

Sept. 30 

Remarka. 

Tbo gale commenced 
at 6 P.i.r. f\l\ the :!9th 
from the eastward. At. 
lt) P. M. main stay-sail 

~~~: ,~Ti';din~:e~~i!~1 
~-;e~~i!~~:~: a~:a~; 
blowing a hmTica.ne from 
S.E. Atnoononthe30th 
cut away masts, wind in 

;~~t tft~:t;d ~chi:\i; 
veering with unab..'l.ted 
,iolence to the S.S.W. 
and subsiding the next 
day, finally letniug off at 
N.W. 

"' This was at 6 P. 1,1, on 
the 2Pth 

The "Triumph" had 
·wind variable from S.E. 
and E. B. E., course 
N. b. W. 12 miles S. of 
Bermuda lighthouse at 
midnight; very squally, 
and thre.'ltcning \\;nd 
fromS.S.E.; courseN.E. 
to N.W., a,-eruging 6½ 
knots. On the 30th of 
September, at noon, very 
strong gales from S. 8. E. 
and sea. from S. wind in
c1-e..<t.sing. October 1st, at 
1 A.K, ho\""e-to on star
board tack; at 4 A.M. 
terrific gale from N.E.; 
wore ship at 10 A.M.; 
shipped heavy se.,1. and 
thrown on beam ends ; 
cut away masts ; the 
wind Yeered gradually to 
E.N.E., and on the 2nd 
of October moderuted 
and died awn.y, wind at 
N.; bore up from Ber
mud.'.I. 

On the :!Oth of Septem
ber, wind light from S.E. 
variable at midnight, in
creasing in violence from 
same quarter; the next 
day the wind "'eered 
gradually towards the 8. 
and blew with grrot ,;o
lence at noon ; hove-to 
on the port tack, wind 8. 
(blowing a hurricane); 

~~e~~- ~~re s~r1J!~ 

~~drds w;::: we:t6!a~ 
and at noon on the 1st 
of October moderated 
and ,·eered to W.N.W. 
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N:mic of Vessel. 

15. 
Brig 

'· J. A. ,Tesuruu,·· 
from 

Boston 
to 

Cm·ai;:oa. 

16. 

I "Lady Sale;· 
from 

St.. A1Hlrew's, N.B. 
I 

17. 
Steamer 

" L eYa11ti11e,'' 
from 

I Halifax, N. Scotia. 
to 

Bermuda. 

Ul.tilude. 

38° ~0' O" 

38° 3U' O" 

40° ~0' O" 

142° 26' O' 

38° 58' O" 

35° o· O" 

B~RMUD.\, :!OJ 

I-Longitude 

I 68° 40' O" 

138° ::SO' U" 

G4° 41 O" 

64° 0' O" 

6¼ 0 3U' U" 

66° 30' O" 

Date. Remarks 

Sept. 30 I Ontho30thof~eptem
bcrrnoderate breeze from 
E. anrl E.N.E., wiod 

I fr;.~~"bo~-~~{;ai~n~ro~~ 
board tack, blov.ing very 

Oct. 1 har<l, confused sea. The 
next do.y (October 1) it 
blew a severe gale from 
N .K, mu<lcrntingatabont 
3 P.M., ru.1.d wlnd n,cring 
toN.N.E. 

Oct. 1 The gale commenced I I at E.N.E. on the 1st of 
Octolot:r, aud gradually 
hauled to N.l:i. on the 
2nd, the gale still Uow
ing with great violence, 
veered to N.N.E., and 

I gradually moderated ; it 
blew for thirty hours 

d~!tr:t ;;!d1:~:i~~i0!i 
Bermuda, on the Gtb of 

I October. 

Sept 30 l Left Halifax on the 
· evening of the '.!tlth of 

SC:J)temhcr. light ,,ind 
from N.N.E., moderat e 
breeze. Septcmher 30, 
from N.X.E.: harometu 

Oct. 1 j 30'2H. October l , wind 

I ~~~c~·~: t:~ ~·fte~~o~~ 
to a strong gale, and 
l,lew a terrific g:lle frr,m 
that qunr t-cr during the 

I night; b:iromctt:r ~l ·t,_ 
Oct. 2 The next day (Oct. :!), 

wind moderated and 
ve..:red to N. with a ri~ing 
barometer 29·8. 

1'1'ue Es.tract~. 

CHARLES C. ALEXANDER 
Lil'llt. -CoL Hoyal Elll;incers . 



PAPER XV. 

METEOROLOGICAL OilSERV A.TIONS. 

TeE Inspector-General of Fortifications having directed that abstracts of the 
meteorological observations taken at the foreign stations should be made and 
published annually in the Corps Papers, I have prepared the forms of abstracts, 
and have filled them in as far as the registers which have been received from the 
stations have enabled me to do so; but I regret to say that, in consequence of 
the great delay which has taken place in transmitting the instruments from the 
Tower. no registers have been received as yet from several of the stations, and 
only one, two, or three, depending upon the time which has elapsed since the 
instruments were received, from others. 

It is therefore obvious that, as yet, we are not in a position to give the 
abstracts, though we trust to have a perfect set ready for the next volume. The 
self-registering maximum thermometers, which were forwarded to the stations, 
were known to be of a defective construction, and liable to get out of order from 
the entanglement of the indexes in the mercw·y, and a more perfect form of 
instrument has long been felt to be a great desideratum amongst scientific men, 
and this want has fortunately been supplied by the thermometer recently 
invented and patented by Messrs. N egretti & Zam bra; in these instruments 
there is no moveable index: ; the mercury in ascending is forced past a partial 
obstruction in the tube, which is sufficient to break the thread of mercury when 
the temperature decreases, and the mercury in the bulb contracts; the broken 
thread of mercury thus remains at the highest point it bas reached. After the 
ma.ximum temperature ha8 been registered, the thread of mercury is again united 
by merely raising the end furthest from the bulb and gently tapping it. The 
Inspector-General has recommended that three of these thermometers shall be 
sent to each of the stations, and as these are the only instruments which have any 
known imperfection, it is hoped the sets at the different stations will soon be 
made quite perfect. 

HENRY JAMES, 
Capt. R0,yal Eni;inccr.~ 



.UDE-ME:r.IOIRE TO THE MILITARY SCIENCES. 

NOTICE. 

Tm, Second Edition of the first Yolume is just published, and may 

be had by application to Mr. WEALE, Publisher, 59, High Holborn, 

London; price One Guinea, bound in green cloth, to correspond 

with the Professional Volumes, Svo. edition. 

The whole work, in three 1olumes, may be obtained from the same 

source, bound in green cloth, price 41. lOs. 

The Officers of the Corps of Royal Engineers may also, if desired, 

be supplied by l\Ir. HOWLETT, of the office of Inspector-General of 

:Fortifications. 

LONDON, /llarc!t 5, 1853. 
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