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THE necessity of some means for training native 
subordinates for employment in the Public Works 
Department in India has led to the establishment of 
a c1vil engineering college in each Presidency. The 
oldest established college of this character is the 
Thomason Civil Engiineering College, at Roorkee, 
of which we give a l?erspective view at the head 
of this notice. There 1s also one at Calcutta, another 
at Madras, and another at Poona, in the Bombay 
Presidency. 

The first proposal for the existing college at Roorkee, 
the particulars of which are to be found in the first 
report of the commissioners appointed to inquire into 
and report upon the system of superintending and exe-
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cuting public works in the Madras Presidency, dated lettered but intelligent lallahs (or maistries), under 
December 23, 1852, is t.o be found in a letter from the control of an engineer officer, with the view that 
the Secretary to the L ieutenant-Governor of t.he North- each of the two classes should impart to the other 
West Provinces to the Military Board at Calcutta, that sort of knowledge which it possessed, and of 
dated Umballah, January 17, 1845, which declares which that other was destitute. But even in that 
the anxiety long entertained by his honour "to raise first letter Mr. Thomason's views reached further, and 
" up a body of native civil engineers," to aid the he even then contemplated the training up of a subor­
" officers in charge of canals in the operations of dinate engineering establishment, consisting of two 
cc surveying and levelling, and laying out watercourses, parts-one, men having received a liberal and scientific 
" as well as in the preparation of maps and plans education, to be called assistant or sub-assistant 
cc and the formation of estimates." The first idea surveyors, and who should receive handsome salaries ; 
brought forward in this letter was to take two well- the other, men of inferior education and acguirements, 
instructed mathematical pupils fTom the Government who should therefore be paid on a much lower scale. 
colleges, and associate them with a number of un- In pursuance of the first part of t he plan, two young 

-

men from the Agra and Dellii colleges were placed 
under the Superintendent of the Dooah Canal (Captain 
Baird-Smith), each on a monthly salary of 50 rupees. 
But there that part of the scheme appears to have 
been dropped; for the Go,~ernor-General having, in the 
following year (9th October, 1845), authorised the in­
stitution of a class of officers to be called " Sub­
assistant Executive Engineers/' on a salary of lOO ru­
pees a month, besides travelling allowances, both youths 
passed the examination, and were admitted into that 
grade, one immediatel.v, and the other after a further 
period of study, and no more appointments of the 
former kind were made. On its first institution, the 
class of sub-assistant executive engineer was restricted 
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i!l ~umber to four; but, in the following year, the 
linut was enlarged to twenty. During the year 
1846:4 7 .eight candidates presented themselves for 
exammahon, of whom four passed as qualified theoreti­
callY:, and were allowed to prosecute their further 
studies at ~oorkee, under the director of the Ganges 
Canal (MaJor W. E. Baker, of the Engineers), with 
the pr~spect of being passed if they qualified them­
selves 1n the practical parts of their duty in six 
months. In October, 1847, after the return of 
Captain P. T. Cautley (now Sir Proby T. Cautley) 
from England, the college at Roorkee was founded · 
the sit.e having been selected in consequence of th~ 
e~tensiVe works then in progress there in connexion 
Wlth the Ganges Canal. 'rhe institution of the 
college was proposed to the Government of India 
by the Lieutenant-Governor of traa North-Western 
Provinces (the Honourable James Thomason), in a 
letter dated 23rd September, 1847, and ·it w~s im­
mediately approved and agreed to by the Governor­
General. L1eutenant Maclagan, of the EnO'ineers, 
was appointed the first Principal of the 

0
embryo 

college. The first students joined the college on the l st 
Janua~y, 1848. At this t ime the college was accommo­
dated m a small insignificant building, but measures 
were promptly initiated for the erection of more suit­
able buildings. The accompanying illustration of the 
~resent yollege buil~ings, which has been prepared 
fr.om a hthograph kindly placed at our disposal by 
Srr Proby Cautley, will give a very fair idea of the 
appearance of the building. The design was by 
Captain George Price, of the Fusileers. The p1an 
of the buildings covers three sides of a square, and 
a small detached building occupies a portion of the 
fourth side. The principal dimensions are as follows :­
total length of frontage 450 ft., and depth of sides 
300ft. The sides consist of distinct buildings con­
ne~ted with the front building by corridors. 'l'he ma­
tenals with which it was constructed were principally 
ma~e for the Ganges Canal works, but which on ex­
ammation were rejected as not in all respects suitable 
for that purpose. 'l'hey were, it is believed, laid in mud 
(a not uncommon plan of erecting buildings in that 
part of India in those days), and their outside is 
covered over with stucco. Attached to this college 
is also a foundry and workshops, which we propose to 
notice more particularly in a separate article upon a 
future occasion. 

The college is formed into two sets of classes­
military and civil. The military classes are sub­
divided into senior department, officers' surveying 
class, and second and third departments. 

The senior department is open to European com­
missioned officers of the army, under the rank of 
field officer, on the fo1lowing terms :-The candidate 
for admission must be qualified, by acquaintance with 
his military duties, to have charge of a company. 
Applications for admission should be made before l st 
N ovem her ; and admissions to the college will take 
place on the lst of January. The duration of the first 
permission to study at the college will be till l st 
October of the same year. Officers studying at 
Roorkee under these rules will be required to pay 10 
rupees a month to the College Library Fund. Quar­
ters are provided for the student of this class in the 
college bungalows at a rent of 12 rupees 8 a.nnas per 
mensem. The ability of the candidate to enter upon a 
course of civil engineering and surveying. will be 
tested by an examination in arithmetic, algebra, to 
quadratic equations inclusive, and geometry, to the 
extent of the :first four books of Euclid. 

E N G I N E E R I N G. [FEB. 14, I 868. 

the cost of books and instruments and other extra 
expenses. 

The third department is for native non-commissioned 
officers and soldiers. They are required, previous to 
admission, to prove, by examination, their proficiency 
in Oordoo reading and writing and arithmetic, in­
cluding vulgar and decimal fractions . The other 
rules are the same as those for the second department, 
excepting that the college allowance is 5 rupees per 
mensem. 

required to make a deposit in the college treasury of 
lOO rupees, for the purchase of the necessary class­
books and instruments for his own use. The books 
and instruments thus furnished to the student are to 
be his own property, and any balance of cash remain­
ing on this account at the time of his leaving the 
Cl'llege will be repaid to him. A monthly allowance 
of 80 to 100 rupees should suffice for the ordinary ex­
penses of English students of the first department. 

The civil classes are divided into two-for English 
and natives respectively; but we shall not here not.ice 
the latter, as they are not likely to interest many of 
our readers. The English civil classes are divided 
into first and second departments. Candidates for the 
first department must not be under eighteen years of 
age. Applications for admission should be addressed 
to the principal not later than the 15th October, ac­
companied by a statement of the age of the candidate, 
the nature of education he has received, the school or 
schools at which he has been educated, and the pro­
fession, situation, and residence of his parents or 
next of kin, by whom ordinarily, and not by the candi­
date himself, the application for admission should be 
made. The candidate, if the son of Christian parents, 
is further ~required to produce a certificate from a 
minister, statiug that he has been well instructed in 
the Christian religion, or that he has been confirmed 
as a member of the Church of England. Every candi­
date will be required to produce testimonials of good 
moral conduct under the hand of the instructor under 
whom he has been educated, or of some other superior 
under whom he may have been employed or brought 
up; and these testimonials should have reference to 
his conduct during the two years immediately pre­
ceding his presentation for admission. A medical or 
other sufficient certificate should be furnished, stating 
that the eyesight of the candidate is perfect, and that 
he appears to have a sound constitution, such as will 
enable him to undertake the duties of a surveyor or 
engineer, should he eventually prove qualified for 
either of those professions. The candidate must either 
forward a certificate of his having passed the first 
examination in arts of the Calcutta University, or an 
examination equivalent thereto, at any recognised 
college or university, or he must pass a similar ex­
amination by means of papers, which will be sent 
from Roorkee on the 15th November. The following 
is the programme of the university examination as at 
present laid down : 

I. L anguages.-English, and one of the following, viz., 
Greek, Latin, Sanskrit, H ebrew, .A!rabic. Any other classical 
language may be added to this list by the Syndicate. Sen­
tences in each language in which the candidate is examined, 
shall be given for tra.nslation into the other language. The 
papers in each language shall include questions on grammar 
and idiom. 

II. Histor,y.-Th.e history of England. The text-book 
will be fixed from time to time by the Syndicate; and the 
historical questions shall include questions relating to the 
geography of the countries to which they refer. 

Ill. Mathem.atics; Pure and Mixed. - Arithmetic. 
Algebra, including the four simple rules ; proportion; 
simple equations; extraction of sq_ua.re root; g!eatest .com­
mon measure; least common multiple ; quadratic eq,uat10ns; 
proportion and variation; permutations and combmations; 
arithmetical and geometrical progressions ; the binomial 
theorem; simple and compound interest; discount; an­
nuities ; the nature and use of loga1-ithms. 

Geometry.-The first four bookS, the sixth book, and the 
eleventh book of Euclid to Proposition XXI. ; deductions; 
plane trigonometry as ~a~ as the solutioJ?- of triangles. . . 

Mechanics.-Compos1tion and resolution of forces; equili­
brium of forces at a point in one plane : the mecha.nical 
powers; the centre of gravity. 

IV. Mental and Moral Plz.ilosop!L~.-Mental philosophy, 
as in. Abercrombie on the Intellectual Powers; moi·al philo­
sophy, as in Abercrombio on the Moral Feelings. 

Similar certificates to those above described are re­
quired from candidates for the second department. 
The qualifications required are English reading, and 
writing from dictation; arithmetic, comprising vulgar 
and decimal fractions; elementary geometry, to the 
extent of the First Book of Euclid, with practical 
problems· mensuration of planes and solids; outlines 
of gener;l geography. In this class six exhibitions or 
scholarships are provided of thirty rupees each per 
mensem, with free quarters, to be held by the candi­
dates who pass .most ~uccessfully the pres.cribed en­
trance examinatwn, bemg not less than e1ghteen or 
more than twenty-four years of age. These stipends 
can be held for one sesswn only, and students whose 
conduct or progress is unsatisfactory are liable at any 
time to be deprived of their stipend, in whole or in 
part. Each student is required, on admission, to 
make a deposit in the college treasury of fifty rupees 
for the purpose and on the terms above specified for 
students of the first department. Free quarters are 
provided in the college barracks for students of this 
class. A monthly allowance of thirty-five or forty 
rupees should suffice for the ordinary expenses of 
English students of this department, who may not be 
entitled to a scholarship. 

Objects of the College.-The course of study in the 
senior department is for two sessions, and those 
officers who may qualify will receive certificates as 
assistant-engineers. Appointments in the Public Works 
Department, though not guaranteed, will, as a general 
rule, be granted to all who may qualify, but the holders 
thereof will be required to enter the staff corps. The 
college certificates are also recognised by the Surveyor­
General as qualifying for admission to the survey 
department. Students of the first department are 
intended for the engineer branch of the Public Works 
Department. Eight appointments in the above branch 
are annually guaranteed to properly qualified students 
of the first department. Civilians, whose services are 
not required by Government, may accept employment 
elsewhere. The course of study for this department 
is for two sessions, the final examination being held 
during the month of August, when those who may 
qualify will receive certificates as assistant-engineers, 
and appointments in the Public Works or Survey 
Departments under Government. Students of the 
second department are intended for the upper sub­
ordinate branch of the Public Works Department. 

CHIMNEY-STACKS AND THE LATE GALES. 
To THE EDITOR OF ENGINEERING. 

A candidate for admission to the officers' surveying 
class must be under the rank of regimental field 
officer, and must be well acquainted with his ordinary 
military duties. Application for admission should 
reach the principal by the 1st August, so that the 
officer may join the college by the l st October. The 
course of instruction will, as a rule, occupy seven 
months ; and no officer will be allowed to remain 
longer than eight months, without special sanction 
and for special reasons. The number of officers in 
this class Is, for the present, limited to ten. Quarters 
are provided as for senior department students. 

The following is the programme of the Roor kee ex­
amination which can be passed in lieu of the above 
by those who may not be on the books of the 
university : 

Srx,-I wish to call attention through your columns to 
the numerous accidents and loss of life which have occurred, 
during the late gale, by the falling of chimney-stacks, and 
also to obtain, if possible, some protection in future from 
such catastrophes. I believe that when the late Lord 
Palmerston was H ome Secretary, and his Metropolitan 
Smoke Nuisance Bill commenced practical operation, a Mr. 
Wright, then Government Inspector of the Smoke Nuisance, 
produced ~ plan in which. he proposed to abolish chimney­
stacks entll'ely. Hence, smce such a scheme has already 
been attem~ted, cannot some of the many scientific men and 
inventors of this country produce efficient plans for the same 
object, and so get rid of those dangerous deformities of 
dwelling-houses, and add greatly' to the safety of travelling 
in the streets during stormy weather P And further, if by 
some such means the smoke arising from the chimneys can 
also be got rid of, it will assist to purify the atmosphere and 
promote the health of the inhabitants of all large towns and 
cities. 

I am, Sir, your obedient Servant, 
CHARLES FRANKLYN MAY. 

Tudor Cottage, Princc's-road, Bermondsey, S.E., 
February 7. 

The second department is for Euro~ean non-com­
missioned officers and soldiers. Candidates for ad­
mission must be men of good character, well recom­
mended by their commanding officer. They are re-
9,nired, previous. to a~missioD;, to pr?ve, by exat;l~na­
tion, their profiCiency m English re~dmg and. wr1tmg, 
arithmetic as far as vulgar and decllllal fractions, and 
elementary mensuration. They will receive, whilst at 
the college, the same pay as with ~heir re~iments, in­
cluding good-conduct pay when entitled to It, together 
with dry batta or ration money; also 10 rupees per 
mensem, college allowance, which is intended to cover 

Languages, English and Latin, according to the text-books 
fixed by ~he university for tho year, or l~'renc~ insten:d of 
Latin ; history of Engl~d, a .short essay on a given ~ubJect; 
general geo~raphy; anthmctic, algebra (to quaclratic equa­
tions inclUSlve) ; geomctl·y ~Euclid, Books I ., II., Ill., IV.) . 

Instruction is gratuitous to students entering into 
an engagement, on_jojning the college, to tak~ employ­
ment in the serviCe of the Government, 1f found 
qualified at the end of their course of study, and to 
rema.in in the Government service not less than three 
years. Students not entering into such eng~ement 
will pay a monthly fee of twenty rupees dunng the 
period of their attendance at the co1lege. The penalty 
of quitting the Government service within the pre­
scribed period will consist in a fine of a sum of one­
fourth in excess of the fees which would have been 
paid at the college. Each student, on admission, is 

NEW PIER AT WooLwrcn AnsENAL.-The new T pier 
about to be erected in W oolwich Arsenal is ordered to be 
commenced without further delay. It is intended to facili­
tate the shipment of the heavy ordna.nce now introduced in 
our service, and will be fitted with cranes capable of hoisting 
30 tollB weight. The pier, with its T ~latform, will extend 
300 ft. towards the bed of the Thames, from the wharf front­
ing the Royal ~un factories, and will be 25 ft. broad, so as to 
contain three lines of tramway. The T platform or head of 
the pier will be 100ft. in length, constructed so as to admit 
of its being lengthened, should an increased demand for ship­
ping space arise eventually. The principal portions of the 
pier ar& to be of iron, the cost of which has been estimated 
at upwards of 20,000l. It will be built by contract, under · 
the supervision of the works department of the Royal Engi­
neers, and tenders will be issued shortly. • _ 
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THE l(LADNO IRO WORIC , PR GUE. tudinally, without making much dust. The coke so 
produced is remarkably free from incombustible mat­

AT a short distanccfr om the town of Pra"ue, in ter ; it stands a considerable pressure without crush­
Austria, are situated the Kladno Ironworks belonging ing, and is very suitable for iron-smelting in every 
to a joint-stock company, under the name "Prager- respect. 
Eisen-Jndustrie-Gesellschaft." These are the largest 'l'he purification of the ore from sulphur is an in­
ironworks in Austria, and, we believe, tho largest vention of ~1:r. J acobi, the manager of the Kladno 
iron-smelting works on the Continent e~t of tbe Works, and it is a process worthy of the utmost at­
Rhinish-Westphnlian dist rict-a facL which is duo tcntion of ironmasters in this country. The ironstone 
to the absence of very large ironworks in these is calcined in cylindrical kilns, somewbat similar in their 
countries, rather tllan to the absolute size and produc- principle of construction to tho e designed by ~fr. John 
tivo power of the Kladno Works. The works at Gjcrs, of Middles borough, and illustrated on page 
Kladno have six blast-furnaces, 50ft. high, and each 429 of our second volume. They are, however, made 
capable of making 150 tons of pig iron per week. wholly of brickwork built upon an iron ring supported 
The fuel is coke made on the spot from Bohemian coal, upon short pillars of cast iron. The central p1pe for 
and the ores lrc argillaceous and hematite ores from supplying air or gases is made of iircclay, and reaches 
the Silurian forma Lion. l t is therefore not the extent uE to about hllf 1 he total hci"ht of the kiln. 'fhe 
or large power of production of these works which kilns are about 10ft. high ; ttey arc charged with 
makes them an object of a certain general interest, but alternate layers of ore and coal slack, and the process 
the successful practice of iron-smeltin~ carried on at of calcining is continuous. The ore is charged in 
these works under the mosi unfavourable natural con- lumps of the size of a list, and the calcination reaches 
ditions for a good quality of iron existing anywhere. the centre of these l)ieces without difficulty. The 

has been very effectively checked by cooling the brick­
work from the outside, a constant current of cold water 
being kept running between the external brickwork and 
the mternallining of fire-bricks. This mode of cooling 
by water is very frequently resorted to in ironworks for 
preserving the internal lining of the furnace, and we 
have seen old furnaces in full blast which have been 
preserved and kept in working order for many months 
by means of jets of cold water playing upon places 
of the brickwork which were nearly burnt through 
by the action of the lime in ihe furnace. The result of 
this cooling action is to maintain a certain thickp.ess of 
materials which cannot melt, on accoUllt of the external 
reduction of temperature, and occasionally it is possible 
to solidi(y a quantity of molten slags in contact wi~h 
these rcfri~eratcd bncks, and thereby to mend certa1n 
local cavit1es formed in the lining of the furnace. 

The phosphorus contained in the ore of the Kladno 
1Vorks has hitherto resisted all the attacks of Mr. 
Jacobi's preparatory treatment, and this impurity 
g~vcs to the Kladno iron a similar character to that of 
lilevclaud iron or the ]'rench and Belgian irons made 
from phosphoric ores. ~1r. J acobi has, in n laboratory 
expenment, succeeded in extracting the phosphoric 
compottnds from these ores, but the process employed 
by him has but ver.r little prospect of practical utility. 
At the time of ~ir. J acobi's experiments, the alkali 
works produced a great qu:mtity of chloride of man­
ganese in solution, which substance could not be 
utilised, and was allowed to run to waste in very 
large quantities. This solution of chloride of man­
ganese ~fr. Jacobi selected for acting upon the phos­
phoric compounds contained in the calcined ores. The 
result of the laboratory experiments was satisfactory 
beyond expectation. Tho phosphorus was removed 
and dissolved in the liqUld, and man~!lcsc was 
deposited in the pores or the mineral. vv e publish 
these data upon ~lr. Jaoobi's personal statement, but 
with the reserve which be has himself expressed as to 
the trustworthiness of experiments conducted on a 
very small scale, and in an insufficient number for 
formin" definite conclusions. At the same t.ime, the 
practicability of this mode or purification-even if suc­
cessful-has lost its grouud since the time of Mr. 
Jacobi's experiments. - A new process has been intro­
duced in the alkali works within this last year for 
utilising t11e chlol'ide of manganese, and reg!lining the 
manganese from it in the form of an oxide, in which 
it can be used over again in these chemical works. 
It is obvious, therefore, that the employment of chloride 
of manganese has, through this new discovery, lost 
its commercial practicability. This cloes not, however, 
impugn the merit and inst.rnctive value of ~1r. J acobi's 
expcnments. IIis success in extracting the sulphur 
from the iron ore, and the direction in which his re­
searches point with regard to the purification of iron 
in general, are of the greatest value. n1r. J acobi has 
opened a new field for 1D1provemenis in irou manufac­
ture, viz., tlte preparatory treltmeni of ores by liquid 
agents. I t is probable that the purification of the 
ores may be found more practicable than the purifica­
tion of the iron itself; and this seem .. , indeed, to be 
the direction in which all modern experience points for 
improvement. All processes of iron-refining an cl steel­
making-the puddling process only excepted, to a 
certain extent- point to the blast-furnace for purity of 
the pi" iron, and the blast-furnace again makes its 
deman~s upon the purity of its O\Vll raw materials. 
vViihout taking it for granted that the processes of 
smelting and refining have finally proved incapable of 
removing sulphur ana phosphorus from the iron, this 
is still known to be sufficiently difficult to give to the 
idea of a preparatory purification of the ores and coals 
the highest degree of plausibility and a fair prospect 
of success. 

The coal of the .Kladno mines is so impure, and so percenta"e of pyrites m this ore reaches up to 2 per 
much stratified with thin layers of slate, that it will cent., and the process of calcination converts the iron 
not coke at all in its natural state ; it, moreover, pyrites into sulphates of iron, as usual, by oxidation. 
carries a considera?le p01·c~ntage of iron P.vrites in 'fhe sulphates of iron being soluble in water, Mr. 
crystals of very d1ITerent SiZes, which would render Jacobi proceeded to remove them from the calcined 
the coke made from picked or ptuificd lots of coal ore by washing. lie constructed large reservoirs 
entirely worthless for iron-smelting. Besides the upon an area of ground formed into steps, so as to give 
difficulties offered by the impurities of the coal, the dia·erent levels to the caissons, and to allow the water 
greater difficulty of a similar contamination of the from the higher reservoirs to be discharged iu succes­
argillaccous ore with iron pyrites, and of a consider- sion into each of the lower basins. The ore is spread 
able percentage of phosphorus in the ores, present them- at the bottom of these water-ponds in a layer about 
selvcs-condit.ions which, in the present state of iron 2 ft. in deptl1, and the level of I he water is maintained 
metallurgy, it is certainly difficult to contend against. so as just to cover the ore. The water dissolves the 
From the e impure coals and ores ~Ir. Jacobi, the sulphates contained in the calcined ore, and becomes 
managCl: o( the Kladno Works, ha , by tho exercise of charged with these salts ; for the sake of speed and 
persevering skill at length, succeeded in making a very economy, 1hc water is run off from the first t ank into 
good quality of foundry pigs and a good average the second, third, and so on, at each stage coming in 
quality of forge pigs, which 1'ltler produce a. good contact with fresh ore, from which it is capable of ex­
brand of merchant bars and rails when puddled. The tracting the salts quicker than from the partly extracted 
removal of the sulphur from the coal and from the ore, the latter being brought into contact wiLh fresb 
ore, which is the main condition for arriving at this wat.er, which again has a greater power of dissolving 
:practical result, forms the principal point. of interest t he salts still left in the ore than water which is ah·eacly 
m the practice of the Kladno 1Vorks. The series of charged with a certain percentage of these salts. At 
operations which effect the desulphurisation precedes the end of this operation, which occupies several weeks, 
the smelting process, since there arc no means as yet the water contains a sufficient quantity of sulphates 
known for rcmoviog sulphur from the iron in the blast- to make it worth collecting these salts after crystalli­
furnace itself. The coal is purified by washing, in the sation. The ore, on the con~rary, is sufficiently free 
mannex now very generally adopted on the Continent from sulphur to produce an iron of a good market­
and also in some English works. The washing- able quality, and f'ar superior to the iron made from 
machiners at Kladno is constructed on a very large the ore in its original state. The degree of purifica­
scalc. The coal is first discharged into the ~hopper tion virtually depends only on the time which can be 
of a grinding-machine, where it is disintegrated and afforded to the ore for extraction by water. This time is 
converted into fine coal slack. This, after sifting-, is principally limited by the extent of ground area available 
passed through a conical mill, constructed of cast u on, for these extracting ponds, since this area must, of 
m the form of an enlarged coffee-mill, A constant course, be large enough to hold the entire supply of 
current of water is kept 1·unning through this mill, ore required by the furnaces during ihe same length 
and the coal is there ground to a po,;der of corn- of time which is occupied by the process of extraction; 
paratively One grain, scarr.el.r larger than coarse- for instance, if the extraction takes six weeks, the 
~ained gunpowder. Tlle mill discharges the coal-dust reservoirs must be large enough for holding a six 
mto an inclined riddle or sieve, which again discharg-es weeks' supply of ore for the furnaces spread in a layer 
the different sizes of grain upon a series of rockmg of about 2ft. depth, in order to allow tho fresh ore 
sieves placed underneath. These latter are the wash- continuously charged into the ponds to take its six 
ing-machines proper. 'l'he sieves are immersed in weeks before its being required at the furnace-mouth. 
water-tanks, and their rocking motion alternately brings 'fhere is, moreover, another important point for con­
the layers of coal-dust spread upon them above and sideration, viz., the process of drying the ore after 
below the surface of the water. The coal is thereby having been immersed in water for a long time. It is, 
lifted by the water at each stroke, and afterwards of course, feasible to let this drying process take place 
allowed to settle down by gravity, when the sieve in the blast-furnace itself, and in a furnace worked 
rises above the water-level. This pulsatory movement with coke this would not ma1erially interfere with the 
effects a gradual separation of the materials of different quality and make of iron, but it would be bad economy 
spcciOc gravities, which settle in parallel layers upon in two ways. First, the drying in the blast-furnace 
the sieve, the pyrites and slate working their way is done at the expense of a more expensive fuel that 
to the bottom, while the coal remains at the top of the can be employed in a kiln; and, in the second in­
whole. The water; which is kept running through stance, on account of the steam evolved by the wet ore, 
the whole apparatus in a constant current, carries which passes along with the furnace gases into the hot- R .HLWAY ExTENsroN.-In the twelve years ending this 
a. way the fines. t dust from. the coal, which is deposite.d a.irstovesand boiler flues. Thest.eam ciuring-the corn bus- month the additions made (by amalgamation or the construe-

} 1 Th 1 d " tion of new lines) to the following twelve great railways was 
m. arge sett 10g reservoirs. . e coa- ust washed m t10n of these gases acts as a coolmg agent, keeping down as follows: London, Brighton, and outh Coast, 163 iniles; 
tb1s manner produces a very good homogeneous and the temperature of the flame, and, consequently Caledonian, 273 miles; Great Eastern, 211 miles; Great 
hard coke. 'l'he coking ovens are copied from works reducing the temperature of the bot blast and al ~ Northern, 204 miles; Great W estern, 617 miles; Luucashire 
near Saarbriick, in Prussia. They are placed in two carrying off a greater percentage of waste he~t throu"h and Yorkshire, 21 miles; London ancl North-Western, 593 
parallel rows, each formed by about lOO ovens. The I the boiler flues and up the chimnJ. The propoer miles; London and outh-Westcrn, 236 miles; Midland, 263 

f miles ; N 01 th British, 346 miles ; N orth-Enstern, 336 miles; 
ovens are o a rectangular section; they are charged course would, therefore, be a secon calcination, or, and outh-Eastorn, 40 miles. The position of the ordinary 
alternately, so that the heat from one oven transmitted rather, an artificial drying process in a calcining kiln stocks of theso companies is now, as nearly as pos ible, as 
~hrough ~he wal!s assists in igniting the fresh char~e for the purpose of ev!lporating the water at a mor~ follows: London, Br1ght<>n, and outh Coast, 61· di~count; 
1n the ne1ghbounng oven. The gases are drawn off m 1 economical rate than 1s the case in the blast-furnace Caledonian, 24 discount; Great Eastern, 69 discount; Great 
channels or flues, with the intention of their being itself. This drying process has, we believe not been Northern, 8 premium; Great W cstcrn, 51 discount; Lan-
t .l . d f If h · h b ·1 d · ' cashire and Yorkshire, 27 promium; London ancl North-

u 11se as ue or eatmg t e 01 ers. The coal-slack rcsorte to as yet at tbc Kladno Works. The charge W estern, 19 premium; Midland, 6 premium; Nort.hBritish, 
yields 50 per cent. of coke, and the latter is so com- of ore, which requires a considerable quantity of lime- 64 discount; North-Eastern (Berwick}, 4 premium; and 
pact and homogeneous that the contents of the whole stone for still further reducing the percentage of South-Eastern, 31 discount. ix of the twelve companies 
oven .are squ~ezed or forced o~t of it bY. a discharging sul?hur in the iron, cont~ins only about 33 per cent. thus. find their. ordinary ~tocks at a. more or .l~~:~s consiclcra.­
macblne, w h1ch travels on a hne of ra1ls between the of uon 2 tons of slag bemg produced per ton of iron ble discount, wh1.lo the ordinary stocks .of the s1x. others n.re at 
t f k · t• bl k Th h d 'Th li t · · o.. moderate prenuum. Tho companywhtrh now commands tho wo row.s o eo c ovens Jn one en lie oc . e c arge, m a e. e mes one was found to attack the linmg I best :eremium is that which has made the smallest addition to 
after bemg properly cooled, cracks and cleaves longi- 1 of the fur11ace in a serious manner, a dllliculty which its mileage since 1866 . 

• 

• 

• 
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FI G S 

tiG . 1. 

T1IE annexed engravings represent a furnace for heating, 
and an apparatus for flanging, boiler plates which has been 
designed and patented by Mr. David Hanson, of Dukinfield. 
This furnace and flanging &:{>paratus form portions of a set 
of boiler-making plant designed by Mr. Hanson, this plant 
including a peculiar arrangement of plate-bending rolls and 
arivettingmachine,ofbothofwhich we may probably give a 
description at some future time. 

Of the illustrations now given, Figs. 1 and 2 represent the 
fianging ap~~atus, and Figs. 3, 4, 6, and 6 the plate-heating 
furnace. T · furnace is so constructed that, by introducing 
the end of a tube or ring into it, a certain width of the latter 
is heated uniforml:r all around its circumference. The manner 
in which this end 18 attained we can best describe by reference 
to the engravings, in which Fig. 3 represents a front 
elevation of the furnace ; Fig. 4 is a cross section ; Fig. 6, a 
back elevation ; and Fig:. 6, a plan showing the tuyeres. 
From the e figures it will be seen that the tube, A, at the 
ends of which flanges are to be formed is accurately centred 
and fixed on the crosses, B B, the arms of which are adjust­
able to various diameters. These crosses are fixed on a shaft 
or mandril, ; and the end of the tube, A, is then introduced 
into the furnace to the extent that is intended to be heated, 
through a circular aperture or opening provided for the 
purpose. C C is the hearth or fireplace where the fuel is 
placed ; D D are the fire-doors by which the fuel is placed 
mto the furnace; F F is a circular flue or passage concentric 
with the tube, and which allows the flames and heated gases 
to pass from the fireplace to the chimney, N, so that the 
end of the tube projecting into the furnace is surrounded by 
the fiames and heated gases and is thus heated. As the h eat 
is greate t just over the fireplace, and in order that all parts 
of the circumference may be heated equally, rollers, G G, 
are provided in front of the furnace, and the tube rests on 
these rollers; whilst by means of wheels, H H , the upright 
shaft, I , and the worm and worm-wheel, L , a rotary motlon 
is giYen to the r ol1crs, G G, which again impart a revolving 
motion to the tube by friction ; so that every part of the 
circumfer<'nce of the portion required to be h eated passes 
over the fireplace in rotation. A draught may be created by 
a steam jet , M , placed in the chimney, or blast f rom a fan or 
blowr r may be introduced to the fuel on the hearth through 
the tuyrres, 0 0. P , P , P , are sliding doors which may be raised 
or lowered as r equired by the bell-crank levers, Q Q, and 
handles R R, so as to regulate the blast; T _Tare sliding doors 
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provided for the purpose of cleamng out the air-passages of 
the tuyeres; U U ar c the furnace plates, which are lined 
on the inside with fire-brjck, \ , Y, Y, leaving as has been 
described the passage or circular flue, F F. To this lining 
at the back of the furnace can be fixed a disc or projection of 
fire-brick, Y Y, of emallcr or larger diameter according to 
the diameter of the tube, thi s di.c being made concentric 
with the opening through which the tube 1s brought into the 
furnace and also with the tube itself. Wh n the tube is 
placed into the furnace the fire-brick projects into the inside 
of the tube, leaving only a Emall bpace between it and the 
inside of the tube. .As the fire-brick bccc mes heated the heat 
absorbed by the projectJDg part , Y Y, is again imparted to 
the inside of the tube. W is the a!ih-pit, and X is a slide 
which allows the r emoving of the clinkers and slag from 
the fireplace or hearth. 

When the plate has become sufficien tly heated it is re ­
moved to the flanging apparatus, "hich we shall now 
describe. R eferring to Figs. 1 and 2, which r espectively 
represent the flanging apparatus in Ecction and side ele~ation, 
it will be seen that the tube, A, "hich is to be flanged, is 
fixed to the fa ce-plate, B, this face-plate hmg c·arncd hy 
the shaft, C, the upper part of "hi eh is made h ollow to re­
ceive the screw, T, and its nut, S. 'lhe screw, T , is provided 
with a collar at its urper end, "W"hich i held in a recess pro­
vided for it, so that the screw can be turned, but that it 
cannot mo~e endways ; the nut is fixed to the boss of the 
face-plate, and a slot is provided in the shaft so as to allow 
of the nut being moYed up or down when the screw is turned 
round, and with it the face-plate. The shaft , C, is also pro­
vided with a key or feather, which fits into corresp onding 
k ey ways provided in the 'Losses of the crossrs, ...: , on "hi eh 
the tube is centred, and thi key "ill prevent the bosses from 
turning on the shaft, C. Carrier s or catch-pins arc also pro­
~ided on the face-plate for the sam e purpose. 1'o the shaft, 
C, the n ecesenry indination is given to suit the angle which 
the flange has to make relatiYe to the a1:is of the tube ; DD 
arc the bearings in which the shaft, C, rc~olHs, a re~ohing 
motion being imparted by the gearing, E E ; F F is the frame 
forming the Eupports to the parts of the machine that are 
attachr d to it; G is the lower ro1Jer-d1e fixed in the jaws at 
the upper port of the slide, this 8lide may be ra1sed or 
lowered by the rack , I , and pinion , K , by v.hich means the 
roller die, G, can be adjusted to the len~th of the tube. 'Ihe 
same object may also be attained by usmg a nut and screw, 
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or steam or hydraulic pressw·e. In conjunction with the 
rack and pinion it will be found convenient to use a weighted 
balance-lever , L, which will allow the r ack to lower when 
undue pressure is put upon it, and thus prevent breakages. 
M is the upper roller-die held by a jaw at the lower end of 
the piston-rod, N , which is attached to the piston, 0 ; this 
piston can be forced up or down by steam or hydraulic pres­
sure in the cylinder , P , as the slide-valve, Q, opens the lower 
or upper port for the purpose of adjusting or pressing the 
upper roller-die on the lower one; a. screw and nut may be 
used, or a rack and pinion, or other well-known contriYances. 
When the lower roller-die is adjusted to the tube, as shown 
in Fig. 1, and the upper roller-die forced down upon it, they 
will cause the heated end of the tube inserted between them 
to assume the shape of the dies, and be turned down or bent ; 
if now a r evolving m otion is given to the tube, A , it is 
evident that a flange will be formed at the end of the tube. 
The top and bottom roller-dies have to be shaped according 
to the form the flange has to assume, so for each form of 
~nge corresponding_ roller-dies ~ave to be employed. R R 
18 the frame carrymg the cylinder, P , or other suitable 
apparatus n ecessary to adjust and force down the upper 
roller-die. mall rollers are fixed to the slide, H , at T 1, to 
supp ort the tube as it revnlves. 

EXHIBITION OF REAPING AND MOWING lliCHINES Ilf 
BE:RLIN.-An exhibition of the above-mentioned machines 
~ to take place in Berlin, co.mmen~i?~ on the 13th and end­
mg on the 19th of July. This ex.hib1t10n has been organised 
by the ocieM d ' Agriculture do Marc-Brandebourg and 
Niederlausitz, and is to include the three following cla sea of 
implements :-1. Reaping-machines, with arrangement for 
laying the cut C?rn in r~ws. First prize, a gold medal and 
307.; .sccon~ pnze, a silver medal and 231.-2. Reaping­
machines wtthout such arrangement as that above mentioned. 
First prize, a siher meda.l and 16l. ; second prize, a sum 
equal to 77. l Os.-3. Mowin~-machines. Prize, a silver 
medal and 7l. 10s. The machines are to be tested, in the 
:first place, by means of the dynamometcr, and afterwards 
each separately in the field. The eilibitors may, if they 
please, employ their own teams, and try their machines on 
crops which will be placed at their disposal for that purpose 
by the society. Applications are to be made, before the 
first day of June, to }.f. Le Conseiller ' · Schmidt, No. 27, 
Mattaikirsch-strasse, Berlin. ,.,. . , 



F EB. 14, I 868 .] 

EXPERIMENTS ON . THE 

• 

• 

F 1 c .a 

• 

EN G IN E E RI N G. 127 

COALS OF SOUTH LANCASHIRE AND CHESHIRE. 

FIC .I. 

• 

• 

---, ~~---
--__ ) \l_.. __ 

~ - ---- -- - . -- --- --

• 

• 

0 0 0 

• 

I 

• 

DuRING the past three years a most important series of ex­
periments· have (as many of our readers are no doubt aware), 
been carried on ~t Wi,gan, on the steam coals of South Lanca­
shire and Cheshire. These trials were conducted under the 
direction of Dr. Thomas Richard son and Mr. Laviogton E. 
Fletcher; and these gentlemen have just published an exceed­
in~ly complete report, the first part of whic~ we now lay 
before our readers. A second report has also been made to the 
Admiralt.y by Mr. Robert NichoUl R.N., and Mr. William Lyon, 
who carried out some further experiments at Wigan on the part 
of the Government; and we shall, next week, publish some ex­
tracts from this report, and notice some slight differences 
betweeu the results ~iven in it and those obtained bv Dr. Rich­
ardson nod Mr. Lavingt.on E. Fletcber. These results we may 
mention, however, are even more favourable than those obtained 
by the latter gentlemen. 

The report made by Dr. Richardson and Mr. Fletcher is pre­
faced by Mr. Maskell W. Peace, the law clerk and secretary to 
the South Lancashire and Cheshire Coal Associa,ion, as 
follows: 

The recent discussions in the House of Commons upon our 
coal-fields, and the appointment of a Royal Commission to 
inquire iuto their prob~ble duration, have directed public atten­
tion so prominently to the subject of coal, that it will hardly 
be necessary to do more than allude to its importance as one of 
the great sources of our national wealth. It may be well, 
however, to remind our readers that the coal district of South 
Lancashire and CLeshire is the third largest coal-field in this 
country. A large capital has been embarked to develop its re­
sources. It f_ives direct employment to nearly 60,000 persons, 
and yields an ann ual output of about thirteen million tons. 

The coal-owners who conduct this large and important trade 
fiud many questions constantly ariaing which affect them as a 
body, and some years ago they formed themselves into a society, 
called the South Lancashire and Cheshire Coal Association, to 
protect and advance the commou interests of the trade in the 
widest acceptation of the term. One of their · fundamental 
r ules is to exclude from consideration all questions relating to 
the price of coal, and to the rate of wages paid to the miners. 
The working of the Acts for the Regulation and Inspection of 
Mines-the Parliamentary Select Committees upon those Sta­
tutes, and upon the Law of Master and Servant-the tolls, 
terminal charges, bye-laws, and regulations of railway and 
canal companies, find abundant materials for exercising the 
watchfulness of the Association. I ts attention is also directed 
to the improvement of railway and canal transit, and to the in­
crease of facilities for the shippin~ and export of coal. As ~n 
illustration of the public spirit of this body it may be mentioned 
tbat they htlve recently offen•d for competition to the world 
prizes of 500[., 200l., and lOOl., for the 1st, 2nd, and 3rd best 
coal-cutting machine, which, in tlle opinion of tLe committee 
appointed for that purpose, shall be deemed most suitabl~ to 
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the requirements of the trade. The successful adoption of 
such a machine would tend tJot only t.o cheapen production, but 
materially to lessen the most laborious work of the miner. 

In 1864, Mr. John Lancaster, then the president, called the 
attention of the trade to the absence of the steam coals of the 
district from tbe Admiralty list of coals to be supplied for the 
use of steam ships in H. M. Navy. It appeared that out of 
the numerous workable mines of coal in this district many were 
suitable for steam purposes, but that these steam coals were 
not on the Admiralty list. 

The absence of almost any demand for the navy at the ship­
ping ports of Lancashire and Cheshire had probably prevented 
any combined movement to procure the admission to the Ad­
miralty list of the steam coals of that di:;trict. I t was only 
when the export trade of coal f.·om the ~Jersey was shown to be 
seriously afft!cted by this state of affairs that remedial measures 
were tllken. Foreign orders received there for the shipment of 
coal, directed vessels to be laden with coals ''on the Admiralty 
list," showing that it bad unintentionally become a commercial 
standard of quality in forei~n markets. 'rhe result was that 
ve:;sels in the Mersey, returning abroad with coal, could not 
avail t bPmselves of the abundant supplies ready for them in 
t he harbours to which they had been sent, but were obliged to 
go in ballast to the ports of South Wales and the Tyne for their 
cargoes. Thus, then, a list issued by the Admiralty, perhaps 
the most important department of the Government, professing 
to name "the" steam coals of the country suitable for H . .M. 
ships, was defective and partial in giving some, ~nd not all, of 
t he steam coals of the kingdom applicxble to the purpose. 

The incompleteness of the list not only injuriously affected 
the coal and general shipping trade of Lancashire and Cheshire, 
but, it is submitted , the interests of t he nation at large, in 
shutting out from the nuy a large source of supply of steam 
conl. 

I t became, then, an object of the association either to have 
the value of their steam coals recognised by being pl~ced on 
this list, or to establish a general test by a Government d('­
partment, accessible to all, as of right, whose certificate would 
be satisfactory in foreign commercial circles. The assistance of 
the county and borough membt>rs of the district was invited, and 
in many instances the appeal was cordially responded to. On 
the 31st May, 1864, a deputation from the trade waited upon 
the Duke of Somerset and explained the whole subject. This 
was followed by the pcrmissi, n of the Lords of the Admiralty 
for tLe testing of the steam coals of the district at Kevham, 
~nd by an inquiry for the descriptions of tbe coals intended to 
bt>sent. 

E N G I N E E R I N G. 

engineer officers were sent down to Elswick and Cardiff to report 
upon experimeutal coal trials. Eventually, after great efforts, and 
repeated representations to the Lords of the Admiralty, their 
lordships were pleased to consent to this courst>, and to direct 
that engineers should be sent to Wigan from Plymouth and 
Portsmouth Dockyards to make a similar report. 

From the careful manner in which these trials have been con­
ducted, and from the results appearing from them in the tables 
of the following report, there is little doubt that a favourable 
statement of the coals will be made to the Admiralty. 

P.S.-Since the above report was written, the Government en­
gineer officers have visited th is district, to examine audreport 
upon the expE'riments recorded in the following columus. Du ring 
the course of their inquiry, it was suggested thst an experiment 
should be made on board a large steamer. For this purpose, 
the Lindsay steamship, of 800 tons borthen and upwards was 
placed at their dispo ·al, and the results proved trat these coals 
could be burnt with ease, by ordinary stokt>rs, at sea, without 
the production of any smoke, whilst, ut the same time, a lull 
supply of stt>am w~s continuously maintained throaghout the 
whole trial of four hours. 

REPORT. 
Wi~an, 1st July, 186i. 

1lf essrs. " The South £ancashi1·e and Cheshire Coal 
Association." 

GENTLEMEN,-!. We have now the honour of reporting the 
resu Its of the experiments to which we have submitted your 
coals in a marine boiler, built according to the type of boilers in 
use in the navy. • 

2. The coals which we have tried, were selected for this in­
quiry in accordance with a circular, from which we t>Xtract the 
following details : 

Soutlt Lancashire and Cheshi·re Coal Association, 
Rooms, Clarence Hotel, Manchester, 

22nd Septembar, 1864. 
ADMIRALTY CoAL LrsT. 

DxtAR SIR,- The committ.ee on this subject have determined 
oo tLe reports of Joseph Dickinson, Esq., and Peter Higson, 
F.sq., inspectors of mines (who have kindly assisted in the 
matter), that the following mines shall be sent to tbe Admiralty 
authorities for trial, and that the samples fonvarded shall be 
taken from the colliery named opposite thereto. 

MR. DICKINSON'S DISTRICT. 
Worsley top four-fe~t.. . The Bridgewater Trustees, 'Vorsley. 
Upper Crumbouke ... Messrs. Green and Holland, Tylde ley. 
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proportions. To give an idea of the boiler, views are 
attached to this report, which will show at a glance its general 
construction. I t is 8ft. 10 in. high, 7ft. 8 in. long, and 5 ft. 
wide; containing two furnaces, each 1 ft. 8f in. wide, with 
wrought-iron bars, 4ft. long, 1 in. thick, and i in. spaces, and 
an ordinary vertical bridge. There are 124 available internal 
tubes, 5 ft . long, and 2t in. inside diameter, giving a64.7 square 
feet of heating surface. The area of the firegrate is 13.749 
square feet. The chimney is 18 in. diameter, and 52ft. high 
from the top of the boiler. 

2. Feed. 
5. The feed apparatus is extremely simple. The boiler is 

fed from a water-tank by a 2 in. direct pipe through a 2 in. stop­
cock. The tank is situated a little distance from the boiler, and 
so placed that the bottom is nearly level with the top of the 
boiler. I t is 9ft. 6 in. long by 5 ft. 3~ in. broad, having a super­
ficial area of 50 square feet, with a capacity, therefore, in pounds, 
for t-vet·y inch in depth, of 260~ lb. To this tank is affixed a 
graduated scale in feet and inches, the indicator of which is 
worked by an ordinary wooden float, so that the exact amount 
of water passed into the boiler can be correctly measured at any 
time. Tbe stop-cock for the admission of water is worked by 
hand, and so regulated as to keep the same level in the boiler, 
as nearly as possible, during the whole of th~ experiment. 

a. Draught. 
6. Th~ draught in the chimney is correctly gs.uged by a 

syphon glass tube partly filled with water, the rise and fall of 
wltich indicates the str~ngth of the draught. The draught in 
the flame chamber is ~lso ~auged in the same manner. 

4. Tempe•rature. 
7. 'Wheu the experiments were commenced, the boiler was 

uncovered and exposed to the air, which exerted a strong cool­
ing action. The boiler is now protected with patent hair felt, 
upon which a covering of canvas is placed. 

8. The results of this protection from the weather are shown 
by the following tempera.tures, which were carefully noticed at 
the time : 

Temperature of Air at Date. 

' 

Position of Thermometer. 

50° Fah. 

Naked 
Boiler. 

degrees. 
Ea!t side of boiler, ~in. distant... ... 103 
West side of boiler, 4 in. distant ... 87 

46° Fah. 

Covered 
Boiler. 

de~aes. 
60 
65 L w . Cr mb ke { Messr:-. Andrcw Knowles and Sons, 

0 er u ou ... PendlC'bury. 
Upper three-yards •. . Messrs. Knowles and Hall, Rarlcliffe. 

Back of boiler, ~ in. distant ••• . .. 100 69 
Top of boiler, 6 in. distant •.• . .. 147 to 158 

--------~---------
70 The association, wishing to have a selection of steam coals 

made by impartial authorities, requested Mr. Dickinson and Mr. 
Higson, H.M. Inspectors of Mines for the locality, to select such Six-feet Rams 
of the steam coals as in their opinion ought to be forwarded to 
Keyham. These gentlemen kindly complied with this request Great seven-feet 

~ Ather t.on Colliery, near Manchester, 
• .. ... J. Fletcher and others. 

The Kirkless Hall Company, Westleigh. 
•. : J ames Diggle, Esq., Westleigh. 

In front of ash-pit, 178° to 200°. 
H .-MoDE oF Co~DUCTL~G TnE ExPERil\IENTS. 

and made a report on the subject. ' 
I t was deemed advisable tbat the Government trials should • Roger •·· 

be superintended by some scientific gentlemen on behalf of the 
trade. Tbe advice of Dr. Rich~rdson, of the Durham U ni- Yard ... 

{ 
The Lordsfield Colliery Company, 

. .. Ashton-under-Lyme. 

... Blackrod . 

9. The tubes are perfectly cleared and the boiler is filled witil 
water to the standard level, at wbicb point it is maintained, as 
nearly as possible, during the experiment. 

vero!ity, was sought, and be recommended that, before the coals * Arley four-feet 
were tried by the Admiralty engineers, experimental trials 
should be made at some central place in the district. This w!ls 
at once agreed to, and Dr. Ricbardson, by permission of the Ad­
miralty authorities, obtained plans of tbe marine boiler, feedin~Y 
and test apparatus in use at Keyham. The association, at con~ 
siderable expense, erected in Wigan fac similes of the ma­
chinery. Dr. Richardson and Mr. Lavington E. Fletcher of 
the Manchester Boiler Association, an engineer unconnected in 
any way with the coal trade, were requested to experiment and 
report upon the coals. Under their SOJ>ervision the elaborate 
trials detailed in the report were made. These numerous trials 
extended over eighteen months, during which period .Mr. John 
Lancaster, Mr. Fereday Smith, and Mr. J ohn Knowles were 
successive presidents of tbe association. They have all been 
conducted strictly in accordance with the Admiralty rules, and 
by a Government stoker who bad never used Lancashire coal 
until he commenced to work at these trial~ . 

{ 
The Arley Main Colliery Company, 

•.• The Exors. of J. Hargreaves, Burnley 
MR. HIGSON'S D ISTRICT. 

10. The fires are lighted, and when they are brought into 
good ordinary working order, the time is noted, with other 
details, and the various ob.servations are recorded from time to 
time until the experiment is finished. 

The result has proved that the steam coal of this district is 
distinguished by the following characters: 

1st. Hardness and durability, with the power of resisting the 
action of the weather. 

2nd. Smokel<>ssness under the conditions mentioned below 

From the Pemberton Little I 
Delf, or two-feet mine, and 1 Hindley Hall Colliery, belong­
Pemberton four-feet mine, ~ ing to Messrs. Pearson and 
where the two are so near 1 Knowles. 
together as to form one seam. J 

F tb H · h A 1 y d ,.Kirkless Hall Colliery, belong-
1 r~1n:t e aJg or r ey ar .. ing to the Kirkless Hall Coal 

.u me ... ... ... Company. 

From the Furnace Mine 
~ I nee Hall Colliery, belonging 

• .. ... to Ince Hall Coal and Canoe! 
.. Company. 

From tbe Bickerstaffe fi ~ Bickerstaffe Colliery, belonging 
r t Bl t '~~l' our- .. to ~Iessrs. Bromilow, Foster, 
1ee ., a auga e .u me . . . " and Co. 

From the Rushy Park and· The Garswood Park Colliery, 
Little Delf Mines, worked ~ St. Helens, belonging to 
simultaneously and mixed .. . ~ Messrs. Bromilow and Bros. 

From the Ince three-feet, four-· 
feet, and seven-feet mines, ~ Strangeways Hall Colliery, be­
worked simult~meously and longing to Wm. Heyes, Rsq. 
mixed ... • .. .. ..... 

even when the fires are driven as bard as possible. ' 
3rd. Great evaporative power aod remarkable speed. From the Arley 1\Iine 
4th. The facility with which it can be used to work up the 

doff, or s~.dl refuse Welsh coal invariably arising from expo­
sure to chmate. 

r llnigh Colliery, belonging to 
... ~ Earl of Crawford and Bal-

5th. That it is more completely under the control of the 
stoker than other steam coals, and materially lightens the 
labour of the men. 

The following details will prove the value of the coal as com­
pared with other steam coal: 

• 

• 

l::it. The average of all the experiments at Key ham 
9 41 with Hartley and hand-picked Welsh coals' 

a6.50 was 9.41 lb. of water evaporated per pound 
of coal from 100° F., with a total evapora­
tion of a6. 5~ cubic feet of water per hour. 

2na. 
10.10 
46.67 

The average of the steam coals of the Lan­
cashire and Cheshire district was 10.10 lb. 
of water e'!11porated per pound of coal from 
lOOo F., wnh a total evaporation of 46.67 

. ·. . cubic feet of water per hour. 
l\fakmg a gam m favour ot the steam coals of this district of 
nearly 10 per cen,t: in powu, ~nd of above ~5 per cent. in speed. 

3rd. 1 be results m some expenments were llS high 
. 11.77 as 11.77 lb. ot water per pound of coal and 

76.65 in other cxpet:iment~ With a steam-]et, a 
total evaporatiOn of 76.65 cubic feet of 
water per hour was realised. 

., can·es. 
3. In order to render the mass of details as intelligible :ts 

possible, we have arranged our report to embrace the various 
poiuts, in the following order, viz.: 

I. The Appa'ratus. 
1. Boiler. 
2. Feed. 
3. Draught. 
4. Temperature. 

II. Jfode of Conducting the Experiments. 
Ill. .AI odi.fications. 

1. Firedoor. 
2. Grates. 
a. Fire Bridp:e. 
4. Steam Jet. 
5. Smoke. 
6. Clinker. 
7. Tubes. 

IV. Stowage. 
V. },fixed and Other· Coals. 

l. Tnt~ APPARATus. 
1. Boiler. 

1. The boiler is of the marine mnllitubular type, and cone­
sponds in every respect to tile one employed at Keybam for 
testing steam coal 1or use in the Government ser-rice. I t is a 
type of the class used on board Her Mxjesty's steamers, though 
smaller than any in actual servict>, but preserving their general 

One very important fact shown by these trials is the smokeless 
quality of these steam coals wbeu used \vith a suitable length of 
firebar, a proper thickness of fire, and with ordinary attention to 
tbe btoking. 

With these rcs~lts the ass~ciation req. uestcJ. th. 0 Admiralty * These coals wore not tried, as the propti.otors declined to send 
to d d t 'V t f b t 1 s· 'I S:l.mples to the oxpel'imcntal hoilers. sen own engmeer:~ o ' Igan o ven y t e na s. lffil ar Hindley Yard Coal was submitted to exp riment by a decision 
concessions had been made in 1858 and 1859, when Admiralty of the committee of the association in lieu of those jnst named. 

• 

11. The usual mode of stoking l1as been generally pursued, 
viz.: Charging the fresh coals in the front and pushing them 
forward as the combustion progresses, which we term the coking 
system, or careful firing. In some experiments a random system 
of firing was adopted, which consisted in spreading the coal over 
the whole area of the grates. In all cases the mode of firing is 
recorded. Each furnace was fired alternately; but in some in­
stances the furnaces were charged simultaneously without pro­
ducing any perceptible effect as far as the appearance of smoke 
was concer11ed. 

12. The thickness of the fuel on the grates bas proved to be 
an important element in the proper management of your coals. 
We have tried 9, 12, and 14 in. fires, and in all instances, what­
ever were the other conditions, the greater the thickness of the 
fires, more speed and power were obtained from the coals. We 
select tbe following data from the records annexed, in illustra­
tion of this poiut: 

Coal. 

I Power or 
Pounds of 

Water .Eva­
porated per 
l)ound of 

Coal. 

Great 7ft., 9 iu. fires... .. . ... 9.779 
Blackrod y~trd, 9 in. fires ... ... 10.236 
Great 7ft., 14 in. fires •.• ... 10.494 

Speed, or 
Cubic Feet 
of Water 

Evaporated 
per Hour. 

48.145 
44.748 
53.302 
45.36a Blackrod yard, 14 in. fires.. . •.. 11.057 

----~--- -----------------
13. The ~ppearance and continuance of any smoke was re­

corded, according to tbe system adopted in the Go,•ernment 
experiments at Keyham; and we \vould remark that, with thick 
fires, th~ formation of smoke was reduced to zero. 

14. The fires were pricked whenever it appeared necessary, 
but in some instances this was di pensed with, and in such 
cases the fact is recorded. Nearly all the experiments prove tbe 
advantage of this practice, by which the grates, being kept clear 
more air is admitted, and botb speed and power are increased. ' 

15. In the management of this and every other point con­
nected with the most profitable use of coal for raising steam, we 
cannot insist too st rongly on the employment of men as fully 
trained for sucll duties us enginP,men are expected to be, who 
have charge of the machi.nery. in which tl~e steam is en:tployed 
or used. On all these pomts 10 our expermtt>nts, we tlnnk this 
the proper place to record our warm approval of the skill and 
judgment of Mr. George \Veekes, who has bad charge of the 
tires during the whole period onr which the experiments ex­
tended. 

16. It would be tedious to you minutely to enter into a full 
de~cription of all the details of the other observations made 
during the course of each experiment. These oln;~rvations were 
recorded by Mr. Booth, who, beiug an independent pxrty, has 
conscientiously no:iced eYery fact, whE'ther favouring or opposing 

• 
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our preconceived opinions, as to the effect of any particular 
alterat.ioo. 

17. 1 n order to con,·ey a better idea of the mode of conduct­
ing etlch experiment, we h:tve made a copy of a few pages of thEI 
note-book, which will show the manner in wbicu the record w~s 
kept. The figures in the columns head('d ll'ater i:ldicate the 
numhet of inches run from the tank, while t he figures in the 
columns headed Coal give the numbe~; of the weighing:;, each 
being 200 lb. 

COPY OF RECORD OF EXPIPRIMRN'Il. 
Index No. of experiment . .. •.• 22UA.. _ 
By whom witnessed ... ... •.. W. I. lloo~h. 

Day of week . .. ... • .. 1\lood~y . . 
Day of month ... •.. . .. March 2q~h, 1867. 
Hour and minute of commencing} 10 ·. 

. A .l\I. cxpenment ... ... .. . · 
Description of coal tried • .. ... ~wer Cn;upbouke. 
Description of liredoor ... ... J>erfqrat~d, 1 o. 7. 

Area of perforations .. . 

Dead plltte . .. .. . .. . 
Total t&rea of firegrate •.• 
P articulars of furnace b11.rs .. . 

Length, thicknes , windage 
Number oi bars in row •.• 

TE-mperature of air • . . • .• 
Temperature of feed-w~\ter •.• 
Damper ... .. . • .. 
Vacuum in chimney • .. . •• 
Vacuum in fhunebox ... 
Temperature in fiamel>ox .•• 
Temperature in smokcbox ... 
Ashes . . . . .. . .. 
Clinker ... ••• • •• 

f 16.7 sq. in. (8.375 sq. 
.. .. l in. in one door. 
... CJosecL 
.. . 10.3125 sq. ft. 
... 1\'roug!at tron. 
... 3' 0" X 1" X!"· 
... 14 in each 1uruace. 
... 54:0 -53°. 
•.• 42°-42°. 
•.• full open: 
.. , i" full. 

& 11 
• • • lU 

··~ ~o pyrometer. 
... See stokes. A ·erage448. 

23lb. • •• 
• . • ~4lb. 

REMARKS. 
Careful tiring- fires 14" thick. 
Intermittent perforations with fi redoors open occasionally­

ashes used. 
Veritication of trial No. 220. 
Expcrime1,1t closed at 1.42 P.l\f. 

RESULTS. 
Duration of trial-3 hr. 42 min. 
\Vat er evaporated-41 jn. = 10.677 i lb. 
P ounds of water at lOOo evap. per pound of coal= 11.278. 
Cubic feet of water at 100° evap. per hour- 48.77. 
Smoke marks per hour- 2.1 6. 
6{ in. of water evaporated from tank after experiment closed 

with the fuel left on the bars. 

Hour of day 10 A.M., 1\Ionday, March 25th, 1867. 

1\linu te~. Stoke Left. Stoke Right. Smoke. WMer. Coal. 
-

0 ~ ... ... ... "loo • 

1 ... ••• ••• ••• •• • 
2 • ••• • •• ••• • •• ... 
3 ... 434° •• • ••• ••• 
4 

• 1 I· • 

••• • •• ... ••• 
5 ... . .. 1 ••• ••• 
6 ' 1 ••• • •• ... ••• 
7 ... 454° 1 ... • • • 
8 ' 1 ... ••• ••• ... 
9 • 1 ••• ... I• ... • • • 

10 • I I I ... ... • • • ... ... 
~ 11 • 

••• • •• • • • ••• ••• 
12 ... ... ••• ... \ ... 
13 ' ••• ... 

I 
... ••• ... 

14 ... ... ... • • • ••• 

15 • • • 426° ; ... ••• ... 
16 1 ... 

! 
••• • •• ... 

17 ... ... ••• ••• ... . 
18 i 

• •• ••• • • • ... ... 
I 

19 ••• • •• I I I ••• ••• .. . 
20 ... ... • • • ... ••• 

2l ... .. . ) ••• •• • ... 
22 426° ' ... • • • • • • ... 
23 ••• ... 1 

··~ • •• • •• 
24 ••• • •• ... ... ... 
25 • ... • • • ... ... ... 
26 

, 
• • • • • • ... ... • • • 

27 ... ... • •• ... ... 
28 ••• • • • • • • ... ••• 
29 424° ••• ••• .. . 

I , .. . 
30 1 I • • • ••• • • • ••• 

_· ' 
Carried 3 2 l 4 0 200 

!Forward '-' - -
19. In concluding our remarks on this P?rt~on of our ~~port, 

we may perhaps E-xplain that al.l th~ prehmmary expertm,~n~s 
were mad~ with tbe same coal, viz., from the Yard Seam. I his 
was necessary in order to enable us to acqui.re a knowl.e~ge ?f 
the best mode of testing your coals, and to gu1de our opm1ou m 
forming a correct judgment of the importance to be atta~hed to 
t he various mod1ficntions as 1 bey were made, und wh1ch are 
explained in the following sections. If we h~d u_sed first .one 
coal and tben another at this stage of our mqu1ry, we m1ght 
have been at a loss whether to attribute the Improvement or 
declension to the alteration introduced or to the change of fuel. 

19A. In heatly every instance, each experimen~ w~:; repeated, 
in som~ cases more than ouce, so that no error m1ght escape our 
notice from want of verifiC1ltion. 

(To be continued.) 

RAILWATB IN AMERICA.-The United States' Statistical 
Bureau attaohf'd to the Treasury Department, reports that 
there ,~ero in America o.t the close of 1867 54,325 miles of 
railways of which 38,605 miles were completed, and the 
aggregate cost of the roads and their cquipments was 
$1,654,050,799. Pennsylvania ~s the leading rnilrond. state, 
with 4·192 miles completed, costmg _ $221,947,867. Oh10. has 
3397 miles; Illinois, 3224; New lork, 3182; and Indiana, 
2306 miles. 

ENGINEERING. 

THE :MONT CENIS TUNNEL. 
THE Italian Government have recently published their usual 

monthly statement of the progr,•ss m:sde in the ~l ont Cenis 
tunnel. According to this, 1 he length pierced durin~ the 
month of Decemb~r, 1867, was 73.25 mc:res, of which 35.40 
metres were on the Ital ian ~h.!e, at. 13ardonn~chc, t\l1cl 37.85 
metres at l\Iodane, on the li'rench side. 

The position ot the tunnel up to the 31st of December, 1867, 
wa:: as follows: . 

• 

• 
Total length of tunnt>l ... 

, , 
I 

executed• 
•• • 

... 
• •• ... 

metres . 
l2,2:W.OO 

7,84G.65 

Totnllep.gth r.emaining to be executed 4,373.35 
The falling off in the ad,·ancement made during the month of 

DecemUer, as compartod with the other tH on tlls of the s11me year, 
is due• in a great measure to t h\! suspem:.ion of the works for 
some d:tyS', for tile purpose of verifyiug the li ne and ll'v<'ls by 
the engineetJs. The -pro~rt-ss made du riug the yeHr was 1511.9G 
metre~. and shows an 1ncrcuse of 48G.!J7 metres on that of 
1~66. · The tunne1Hn~ adv:l.ncf's more rapidly on the Italian 
side, and this ln?\y be attributed in a great mea:.ure to the extra. 
bardne~s of the rotk met with on the French l>ide. 

The followin~ tablu gi\'~:s tbe progres~ made in the t11 nnf'l 
during cncJ~ ye<lr, from ils rommeoctomt>nt to the t"ncl of 18fi7. 
The cost up to the 31. t Dt"cetuber, 1~66, was 33,G9D,9/3 
fran~s; the ~tmount spl'nt du ring the pa~t year is not yet pub-
lished. 1 ' 

1 J 

year. , Bardon-
• 1ne<:he. 

I I 

1857 } 
1 58 
1859 
1860 
1861 
1862 
1863 
186~ 
1865 
18fi6 
1867 

motr('S. 

284.85 
236.35 . 
203.80 
1?0.00 
p80.0() 
426.00 
621.00 
765.30 
812.70 
~24.50 

Tvtall' rogt\'SS. 
1 )1oda.ne. I---+- ,---­

Each 1 Total 
yeur. 1 1 length. 

Cost. 

metres. metres. 1 mctr~s. francs. 

212.75 

132.75 
139.50 
193.00 
243.00 
376.00 
467.00 
4-58.40 
2t2.~W 
687.46 

• 
497.60 I 49i.GO 3,369,246 

369.10 866.70 
3-13.30 1,210.00 
3Gi3.00 11,573.00 
62:3.00 2, 196 00 
802.00 2,9~1~ 00 

1,088 00 4,080.00 
1,2z:J.7o 5,~09.7 0 
1,02 UH> 1 6 ,:334.6~ 
1,5 t1.96 :7,,'-!G 6:) -

1,630,753 
2,500,000 
3,000,000 
2,000,000 
3,500,000 
6,55~,254 

1 5,502,73 
5,6·14,982 

- -
It app~rs that from the 1st of Janunry last the prosecution 

of the 'fOrlc at. the Moot. CPnis tunnel has been in trusted to a 
company, w~ich has at its head the en~incers Sommeiller and 
Grattoni, two of t he ~rst projectors of the grent undertakin t!, 
and whose nnmes Jtave throughout been honourably ussociated 
with it. The company unclerta kes to finish t ho tunnel in four 
years, ending the 31st of December, 1871, smd to pay a stipu­
lated forfeit for every month beyond that time during \vhich it 
shall not have been completed. If it ends the work b~fore that 
time, the ~arpe sum is to be paid to it for e,·ery month gained . 
The Savoy Joornal says th~ tunnel is pretty sure to be tinished 
early in 1871: but that this will hardly be the case with th~ 
two pieces ofranroad which are to connE-ct St. l\Jichel and Susa, 
the present termini of the railway north and south of the Alps, 
with the extrel}lities of the tunnel. Ground has been broken 
on this side, but upon the other it will not be begun until the 
end of the winter_ The work will be carried on with the utmost 
activity. It is estim~ted that if 6000 to 7000 workmen be em­
ployed on the North-Alpine section- and it is :said that tbe 
configuration of tbe ground and the limited re. ources of the 
country will not admit of a larger number-the line can hardly 
be o~ned in less than four and a half to five yeal'lj1 which is 
also about the time that will b~ needed to complete the section 
from Bardonneche to Susa. The work on those two pieces <,f 
line will be of great magnitude Rnd extremely costly. I t is 
estimated at from 1700 to 1800 t~ousand fnmcs (68,000l. to 
72,000l.) per kilometre. The average price in France is only 
from lO,OOOl. to 12,000Z. The cost of the tunnel itself is esti­
mated at from four to five millions of francs per kilometre. 

NOTES FROM INDIA . 
Bengal.l- In the month of May, the latest period for which 

the financial department has published statistics, bhe trade of 
all India was as follows: 

Merchandise. 

I m ports ... • .• 
Exports .. . • .. 
Re-exports . .. 

Treasurt>. 
Imports of gold ... 

, silver. .• 
Exnorts of silver ... 

• 

Total 

••• 

••• 

••• 

... 

... 
• 
••• 

... 

' . 

l ... 
•• • 
... 

... I 
• •• 

• 

1866. 

£ 
2,025,494 
5,39i,160 

190,811 

1867. 

£ 
2,558,395 
6,539,016 

111,365 

794,429 407,573 
1,414,9iH 1,514,4 7 

• .. 
1 
__ . __ 6o_r.,82G ,__ 55,688_ 

..• I £10,888,GH £11,1813,504: 
-

The leading captains of ships in the port of Calcutta have 
addressed Lloyds' agent on the state of tl1e po,rt. They declare 
that its condition is a reproacll to any civilised Government in 
the nineteenth century. From tbeir exper ience they say that 
the difficulties and expenses of landing and shipping cargo in 
Calcutta are greater than they are in any other ports of the 
world, and this not fr0m any neces~ity, but simply because the 
science and invention which hnve been brought to bear every­
where elst>, have here been neglected. 

Baboo Jay Kissen Mookerjea, the most Mctive of the Bengalec 
Zemindars, has written a long memoraudum on the extent to 
which railway works have obstructed dmin~ge in the interior. 
All along the railways stagnan t pools of water have accumulated 
in a way injurious to the neighbouring villages. The evil could 
in some degree be removed by cutting a continuous chanMl on 
both sides of the line, so that the water would flow into one of 

tht. natural outlets. The rail hM also been the indirect cause 
of a number of the natural outlets bein~ silted up. The rivers, 
khals, and streams which intersect the JToogltly and Bnrowan 
di~tricts , have from time immemorial been the means of drain­
ing the country of its surplus waterr but tbEI pillars of the 
numerous bridges arrest t he flow. It is notorious that since 
railway bridges ba,·e been laid over the khals that fall at Bally, 
Rishra, Serampore, and Biddabatty, over the Sursutty at Tri­
bany, and over the combic~d streams of the Mogra khal and 
the Kumaundea, these rivers llave become very shallow. This 
theory is ;nost persistently believed in by the natives. 

TLe question of a reduction in the rates for despatching 
te]egraphic 'messages by the European line has late]y been under 
consideration, and there is belil'ved to be ~ood reason to hope 
that a lower tariff will shonly be promul~ated. T he result of 
recent negotiations, if carried out, w1ll be that ordinary 
messages wlll be charged 3/. !Os. henceforth, whilst double tbat 
sum will be exacted for telegrams in cypher, the regi:>tration of 
which will be compulsory. Those who send tbe latter class of 
message will, l1owever, have tl1e benefit of a guarantee that 
their cypherShalJ be rept>ated OYer and over again until themes­
sage reaches in an accurate siHtpe, and they will also be a ·sured 
of a refond in cctse of loss. Five cyphers will be allowed to 
count Ml one word inst~ad of three as heretotore. 

The Viceroy of India, in a minute recently recorded , has ex­
presst-d hi~ opinion that a Governor (instead of a Lieutenant­
Governor) should be appointed for Bengal , on the ground that 
the country is as ricb, ancl commands as ext.ensive a trade as 
Bombay and 1\ladras, and is more populous thMn either. 

A call of 100 rupees per share has been made on the share­
holders of the Port Canning Reclamation Company, and it is 
promised to Le the final call. 

Central Provinces.-The success t.Lat lms ~~ttended tlte work­
ing of the Chind warra coalfields is likely to lead to the forma­
tion of a limit~ liability company for working them 0n a more 
ex ten si ve S<ltde. 

I t is report(ld that Colonel \V. W. II. Greathead, C. B., of the 
Royal Engineer~ who hns been for some time in office at the 
Horse Guards, is about to returu to India to succeed Major 
Hovenden as deputy consultio~ engineer in the Railway Depart­
ment in Oudh. 

It is expected thil t before the next monsoon the God!tvery 
river will be open for navigut ion as far as tbe second barrier, 
225 miles from the sea. 

The Centrallnditt Times lE-arns that the main line of railway 
from Bombay and Calcutta i · to be opened to a further length 
from K hund wa to Beree inn few days. 

No1·th- Western Provinces.- On 8th January the communi­
cati()n between Meeru~ and Delhi w:ts re-opened by the Elk~t 
Indian Raihv;.ty authorities, sendin~ up trains to bring on the 
Meerut passengers to and from G~tr.eenbad. But just as this 
arrangement had been completed, the <;:OTphined Dak Carriage 
Compar:i~s of Meerut published an advertisement to the effect 
that their horse contractors having been tined, they had with­
drawn thei r horses, and the consequence would be considerable 
inconvenience to the travellers beyond Mcerut . 

A fatal accident, attended with loss of life, occurred at 
Bihta, a station on the East Indian Railway, at about eleven 
o'clock on the night of Christmas-day. The down passenger 
train, which left Allahabad at noon, overtook and ran into an 
empty goods train proceeding in the same direction within tbe 
distance signal of the station. The brake-van of the goods 
train was enti~ely smashed ; the guard, who was in charge, 
killed, and three of the goods wagons thrown off the line. 
The cause of the accident has been attributed to the circum­
stance that the lamps of the goods train bad burnt out, or so 
nearly so, that the light was undistinguisbable in the misty 
evening, and also to tbe passenger trllin running at undue 
speed. This is the second instance of ·a similar accident oc­
CUl ring within a very short space of time. The occurrence is to 
fo!'m the subject of a Government inquiry • 

Madras.- The Right Honourable the Governor, accompanied 
by the staff and ~eYeralladies and gentlemen, started in a ~pecial 
train, on t.he morning of the 8th of Jan11a;ry last, from Perambore 
Railway Station to open the bridge across t he Chittravutty 
river. T h;s stream is a iributary of the Pennaur r iver, which 
it joins at Guddaloor. The arrang~>ments for the excursion 
were as follows: Departure from Perambore at 6.30 A. M. , 
arrival at CudBapah at 2 P.M. Bridae opened and a grand 
tiffin given by the contractors of the North-West line, Messrs. 
Barnett and Bonnycastle, nt 3 r.:l\(. Train then proceeded to 
Tarputty, a town of cousideral>le im.port~nce, situated on the 
Pennaur river, whence it returned to Cuddapah at about 7 p.?!f • 

Here the party were entertained by ~ Nautclt, for 'vhich purr-ose 
thirty danciug girls were taken fr()m ~ladr~s iu the special 
train. After sleeping at Cuddapah, the party returned tbe 
ntxt day to P~rambore, tlte '"hole distauce traversed being 
about five hundred miles. 

Bombay.-Cowa.jee J e]Jangeer Readymoney has presented 
the High Court of llombay with a petition, praying it to wind 
up the Hack Bay Reclamation Con1pany's ~tftairs . 

At ~Iarteh, on tbe 14th December lnst, on~ of the police 
sepoys in the service of the Great Indian Peninsula Railway, 
wuile talltiug to nnotJwr sepoy, in the traitl proceeding to Sbola­
poor, slipped from the foot-bout'd on which he was stand in~, 
while t.U~ train was ~lowly movit1g out of the station, and fell 
under the wheels. lli ~; body was cut in halves • 

The Bombay Builder Cc1nsiders th"t Government have de­
cided wi;:,ely in not adopting, Colonel Strtlchey's proposition of 
scattering a number of ~mall do<:k~ with their attendant 
nuisances along the fo11eshore of the harbour. The decision not 
to make a do('k in .Moody Bay is also ~onsidered sound. The 
breakwater, admitted by all the advoc~ttes for wet docks to be 
indispensable, 'Wt)uld htwe ruined I h~ cu~tom House ba in and 
Government doC'kyard to the ~onth. lf dock· are ever con­
structed at Bombay, nl' no dnuht they e\'entually will Le, a site 
should be selrcletl wt.ere then~ may be room for extension, and 
for all acce :;ory means and applianct-s, and where the sailors 
may be hbused and nccommodated without any risk of their 
being found ll t horn in the sido of the rest of the community. 

It has been defiuitE>ly settlt~d tllat the pa senger tt-rminus 
of the Great Indian Penir.sulu. H,\ilway i::; to be sitnatt.'d at 
the bead of Bh1.aar Gate-street. 
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FLEET SE\\TER CROSSING; l\IETROPOLI TAN RAILWAY. 
MR. JOHN FOWLE R, ENGIJ\TEER. 

F'IC . l. 

• 
• 

• 

• 

ne . 2 . 

FiC . 6 

CREAT NORTHERN RAIL WAY STATION 

. 
• • • • • 

• 

'.;,:~~ ~ w ... F ----:~-~~-;-::;2:.::.----:::::::::::: ~~--~~~- --- - ------~ ~~.~~//.1 ~ , -,.,,..,..___ - - . - --
-

lf.IB ~LT. 

FI\1: of the principal London sewers are intercepted by the 
Metropolitan Railway and its e:densions: they are the Fleet, 
which crosses o\er each of the two branches at King's-cross, 
from the Widening to the Great Northern Railway, and once 
again over the Widening and Metropolitan; the Middle Level 
Sewer, which spans the Farringdon-street station yard in a 
wrought-iron tube; the Ranelagh sewer, which has been re­
constructed beneath the Metropolitan Extension Railway at 
Gloucester-road, B~tyswater, and again over the District, at 
Sloane-square station, the details of which latter work were 
fully described and illustrated in a previous number of 
ENGINEE'RING ;* the Counter Creek, a low-level sewer, 8 ft. 
in diameter, running beneath the rails at 'W arw-ick-road ; 

• Vol. iv., p. 593. 

and the King"s Scholars' Pond Sewers, o>er the District Rail­
way in Victoria-street. The alteration of the centre lines of 
the H otel and eastern curres at King's-cross, which h ave 
been shifted so as to turn the traffic from the Metropolitan 
rails on to those of the Widening, as described in a recent 
number, has invoh·ed the removal of the original F leet 
crossings, and their reconstruction at different angles 
and slightly increased span. W e have engraved the lar~er 
of the two-that over the H otel Clln'e and beneath the Srunt 
Pancras-road. The Fleet sewer at this point is of the section 
shown in Fig. 3, with a simicircular top 8ft. 7 in. diameter, 
parallel sides 2ft. 6 in. in height, and a curred invert, the 
clear headway from this to the crown of the sewer being 8 ft. 
The relative positions of the permanent sewer crossing and 
the railway beneath it, ns well aa the direction and extent Of 

• 

• 
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the temporary work, are shown in Fig. 6, where i t will be 
seen tha t the diversion extended for a considerable distance 
on each side of the railway, across which the sewage was con­
ducted in a timber trough 7ft. 6 in. wide and 8 ft. in depth, 
which was supported at three points by trestles resting on 
the invert of the railway below. In dealing with the eastern 
curve, the trough was made in one span of 27ft., of the same 
capacity as that used for the H otel cur>e, and of a similar con­
struction, being framed with strong timber-trussed girders, and 
lined at the sides and bottom with 3 in. planking, well caulked 
and tarred. The connexions between the shoots and the Fleet 
sewer were made in brickwork, with curved in\erts and side 
walls carried up straight for a height of 4ft., at which level 
tht>y were co>ered over with plan king. The union between 
the connex.ions and the Fleet were made good on the outside 
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before the walls of the sewer were broken through, and the 
flood turned in through the trough. A..fterwards, and while 
the sewage was flowing through the onginal as well as the 
direrted channel, dams of timber and puddle were con ­
structed across the sewer at the points of junction with the 
old and the new t~mporary work. The length between these 
dams was then pulled down, and reconstructed in accordan('e 
with the design we ha>e engra•ed. The cast iron of the ori­
ginal crossing had suffered no deterioration from the constant 
fiow of sewnge matter through it ; the red lead with which 
the interior had been covered was still adhering to the sides, 
although it had been washed away from the in"lert ; all the 
joints were perfect, and the packin~ as good as when it was 
originally put in. The new crossmgs are similar in con­
struction to the old, differing somewhat in details, and in 
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length; I he old tube o•er the llotel CW'Ve "as 28 ft. span, 
ond has been rrplnc('d by one of 36 ft. , "bile that over the 
eastern cur. e (27ft.) is nearly the some as before. The cross 
section , } ig. 3, sho" s the transverse a.rrangement of the plates 
composing the tube, the disposition of the strengthening 
ffonges, and t~e mode of conn:xion "ith th~ sup~orting 
girders. H "111 ~e se.en thot the top con~~sts ~i three 
plates, which oro ~ m. thick, bolted together w1tb t m . bolts 
passing th rough 1 in. IlnngC's, at. in tr rvnls of 6 in.; the 
parallel sides arc of i in. metnl, and the invert hns a st.rength 
of 1 in., increased by transverse and l0ngit udinnl stilrenine-­
flangrs on the inside, the former of "hJch arc 3 in. deep m 
the centre, dying away to nothing at. the sides of the invert, 
and are filled up flu sh with concr<'te covered" ith tar, so that 
it presents a imooth and uniform surface. Externo1ly the 
invert plnt<'s are stifl'en<'d by longitudinal flnnges, nnd, at 
intervals of 3ft., by the brackets "hich form the connexion 
with two cost-iron carrying-girders, placed 10ft. 8 in. apart 
from centre to C()ntrc, and of the section shown in Fig. 3, and, 
to on enlarged scole, m Fig. 6. In nddilion to the brackets 
just mentioned, the sewer crossing is attached to the girders 
by light wrought-iron steadying- trips. as sren in :Fig. 3, 
every 3ft. Longitudinally the se" er-t ubc is made up of 
plates 6ft. long, exc('pt at the ends, "bich arc cut to suit 
the skew of the crossing (an angle of 26c), and in the invert, 
where 3ft. castings ore employed. Figs. 1 and 2 show the 
arrangement of the plates, and it will be seen that around 
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C'M h ncl n dcrp flnn g(' Lns been casl to mokc good the con­
n C'~ion bet"<'tn the tube and the thrre cottrees of cement-set 
briC'l."o1·k "hich f01m the ends of the H"er nt the poin ts of 
ju11clion. 

11JC girders, Figs. 4 nnd 6, bow no load to carry, except 
thnr of the tube and i ls contrnts, the weight of the roadway 
~ri:ng su_Pporl<'d by a sy tcm of independent girders and 
mtcJruedtal c arches I)lfiC'ed oHr the cro"n of tho sewer, a 
m C'lhod of con ~t ru ction ·which "nR a tt ended with much diffi ­
culty, in c•tn.cquc nee of the dcfid<'ncy of room, nnd the 
Jl\lDib('l ' or g~Hl nnd "fl l('l' mnins which bad to lie between 
the gircl<.'lS uud the rood-mctnlling. 

DUNN'S STEAM: BOlLERS. 
·wE give, nbo•c, cn~raving of several forms of marine and 

si a tionory boilers, d<'sJgncd and recently patented by Mr. 
Th0mns Dunn, of l\1nnchcster. The peculiarities of these 
boilers can be best n plained by r eference to the various 
figures. In Fig. 1, which is a section of a mo1·ine boiler, it 
w1ll be seen that the fircgrate is situated at about the middle 
of the height of the bo1ler , and the roof of the firebox is 
formed of semi-ellipHcal plates rivettcd together at their 
rdgcs, so as to produce a corrugated surface against which 
the products of combustion im_pinge. These corrugations are 
intended to give a larger heotmg sw·fo.ce to tho firebox, and 
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increase its strength ; tbry also prevrnt tbo adhesion of sedi­
ment, as the expansion and contraction of the plates loosen 
the scale and allow tbe water to have free access to them. 
Beyond the firegrato is the bridge, over which the products 
of combustion pass to tho down flue, and then through the 
tubes, forming the multitubular parl of the boiler, and then 
into a chamber, which communicates by means of a flue with 
the chimney or funnel. Under the bridge are inserted a. 
few short tubes, which admit air inLo the down flue for tho 
pmposo of igniting tho in.Uammable gn.ses passing over the 
bridge, or a regulating dtimper , is employed, as shown in 
Fig. 1 ~, instead of tho tubes. The llue, near the bridge is 
only oak~ed when tho fires tl.l'O just ignited, but if owing to 
the le · g of the vessel the water should come in and close 
the lower tlue, the upper flue may bo OJ?ened so as to keep 
the engines ~oing until the water rises m the vessel sufli­
ciently to extinguish the fi.res. 

Fig. 2 is a section of anolher form of marine boiler; in this 
instance the roof of the firebox is made of corrugated plates, 
stayed longitudinally and VC'rtically, and the water par­
titions, shown in section in ].fig. 3, nre placed in the down 
flue to absorb a portion of tho heat from the products of 
combustion in passing to the up and down flues, which are 
formed by the water partitions projecting downwards from 
the central portion of the boiler, and the other partitions pro­
jecting upwards from the lower part of the boiler . The 
chamber and the flues o.re similnr to those above described in 
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r oforonco to l~ig. 1. In this boil<'r tho outer sido of the 
chtunbcr is fot·mNl by the wnler pnrt ition, nncl ronscqncntly 
oll tho .flues nu<l lo" er portions ul' the• boilt•r nrc pcrf'c•ctly 
wn;tor-ttght, so thu.t m cnso of tho lNtkiug of lbo H'SS<'l lht• 
boiler mny bo k ept in full work until lh<.~ Wttlcr rit~es to the 
~cvol. of tho {ircgrutc. In bot h the muriuo boilers sho\\ n 
m F1gs. 1 nnd 2 the !iro is npplie<l nenr to tho surfnco of the 
water ; tho nHhcs nnd cindt' l'S nro or may bo collcctrcl in 
buckets, and tho din•ction of tho products of combustion is 
indiCl\tcd by the lU'l'OWS. 

~ig. 'Lis a .vcrticn;l St'~tion, a~d Fig, 6 ~ Aectionnl plan, of 
~ s~nglo, vcrLtcal bmlor Jot· stn.tlonary cugmcs, in "hich thc• 
m stdo £1.rt'box contninR, hcsicles the firrg l'n.tc n htrgo pipo m· 
tuba winch iR krpt full of' wntN', tht' COllttnuniCttLion. l>etWC'('(l 
th~ w~\trt· spa<.·~ sm·l·outHling ~he• Jirobo.· bring <' m'(!Lecl hy n 
pm.r o( ~rnnch ptpcs. 1'o tho outside of the tube•, nnd to tllC' 
msHl~ oi tl~t'. firt'uox! nro rivettc<L T or nnglo-iron hnrs to 
h old lll poslhon tho hrc-clay 01' other sln.bs shown in .l!':ig. 6; 
these slabs an cl tho tube forming the part ition which scpi.U'ates 
tho up dmught from the dow~ d..rnug~t, ~nd tho lit·o-clay ol' 
the slabs when red hot materially nsslBts 1n the consumption 
of the smoke. 
~g .. 6 is a~ elevation,, and Yig. 7 n. plan in section, of tho 

halt o~ one ~i ~lr. Dnuu s verltelll boilers with two lircgr1ltcs. 
In this n\rtoty of boilc1· the firebo.·, which is divided in the 
centro by th<> two water partitions, the space between which 
for~s tho down flue ; lho upper end of the pnrtitions is 
p t'u:tulll,Y closed by a perforated fire-clay top tho object of 
wh1Ch 1s to ignite the iuilammable gases nnd 'to prevent the 
pnssago of smoke into tho down-,h·aught' Jluc. At tho bottom 
of tho down Jluo m·~ placed tho J?ipes through which tho !ccd­
wn:tet· passes, n.nd 1s thus partu1lly heated in passing Lo tho 
holler. 

Fig. 8 is nr1: clevntion of tho uppCl' pnrt of ~Ir. Dunn's 
compouucl vcrt1Cal stct\m boiler , suiLttblo fot· lancl or marina 
purposes; and Pig. 9 is a eorresponclino- plan. 1'heso boih.•rs 
arc formed of four boilerH similar to the ono shown in Figs. 
4 and 6, tho down llucs bcin'r united below into t.IJ.r coutml 
flue, x, leading to t.ho chimn~·y or fwmcl. AHhough thoro 
arc shown four boilers united in the engraving, 11.r. Dunn 
does not liruit hims<'lf to this number, as n. greater or less 
number may be used, and cnch portion of the boiler m ay be 
shut. oil' from, or conncctccl to, tho main Jluo, in cnse of 
r opntrs o~ for c!can~g: Tho various portions of' this com­
pound botler bemg surular, any portion mn.y bo r emoved, nod 
a. spare one k ept for the pw·posc put in its place when repnirs 
aro nccessnry . The boilers shown in Figs. G nnd 7 may also 
be g:roupecl togethr r to form a compowH\. boiler. 

}'ig. 10 l S a section of a cylinchicnl horizontal boiler with 
Mr. Dunn'~ impro':'<'mcnts applied thereto ; the ro~f of 
t~o firebox 1s made m the manner described in rdcrcnco to 
l!'ig ~' nnc~ to tho lowor part of tho intcrnnl flue forming the 
contmuat10n of tho firebox is rivettcd ; a curved pla te. 
Tho pintos of tho fiuo a.t·o perforated opposiLo this curved 
plate, and the fcecl-water is pumped into tho channel formed 
by tho eurvccl plate; the feed-water is thus distributed 
unifol'mly in tho boiler. Tha cud of the ctu·vcd })lato is 
connected to tho supply pipes passing throuah a portion 
of the. lluc, ~d tha fc~d-w!licr js thut~ h cntclin passing to 
the b01lcr. Tho dotted lines m Fig. 10 represent tho heating 
p i.E_cs formed in a coil. 

ln Fig. 12 is shown another modification; in this instance 
~ho ~orrugated 1·oof of the firebox is similtu· to that show~ 
~ F1g. 2, and to the lower part of the boiler is rivottcd an 
mvertcd Dnrlow'~ railway. rail_ 01: ot~er trough iron, to 
form ~ channel ior the caster distr1butwn of the 1ccd-waLcr. 
The p1pes for the feed-water ni·o curved to increase the 
s urface exposed to the heat of tho flue. 

OLD MATE~IA.LS AT WooLwrcn.-It is satisfu.ctory to 
find that tho 1mmcnso stock of onlnanco materia ls which 
~avo been. accumulating for .the p~st t\\ enty or thirty years 
~n Woolw1ch Arsenal, and mth which tho open spaces front-
1!-lg the stores and factories are now encumbered aro soon 
like to ba made uso of. In ad~ition to a largo ~umber of 
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STEEL AND IRON RAILS. 
To Till~ E tHT«m o•·· ENOTNlmnrNo. 

Hw,-;-A <·o ~·rt•sponden l_ is nc:ct•ssa1·il) nt t~omo disnd vnntago 
".ben. d~~:wus~1?g a qucblion "1Lh an editor, hut ns my only 
nun 1s to arriYo nt a sound eon chtRion on this importnnt 
topir, I venture to r ctm·n once more to thr chnrgc. 

'l'ho introduction of compound interest in to lhe cnlculo.tion 
wns your o~vn, as mny. be scc~1 on rrl'crring to the concluding 
pa~·n~mph m your lcadmg nrttcle of J nn unry 31st. In Mr. Price 
Wllhmns's excellent paper, r£'nd nt the l nsLitution of Civil 
~~nginct·~s, i~ ry. tnblo in which the l)rinciplo of compound 
mtcrcst ts cll8tlnctly ndoptecl. Inclivtclunlly, ho,Yovcr I nm 
not nt nll clisposNl to insl_st on tho ncC<'ss!ty for co~puting 
tho outlu.~ ~t com_p?ttnd, mtcr<'st , nncl, clurmg ·tho cl1scussion 
on M~·· 1 l'l.CO W 1lluuns s paper~ I <'X prc•ssecl the opinion 
cn~c1atrd m your last nrttelc, VIZ., thttL since all p rofits or 
sa~v~ugs go to tho sharoholclors hnll'-yellrly, in tho shapo of 
chnc.lcncls, tho exponditm·c {or rails, &c., should bo computed 
at stmplo nnd not at compound interest. This however 
d.ocs not appear t_o bo the view g cncru.lly entcrt~inecl, an<l 
smce you argued, m the article before r oicrrcd to that oven 
nt con~pouud interest the greater economy of stc~l1·ails wns 
unc~cumblc, I felt justified in arguing the question on that 
~nstS. I ob ·er ved, ~ubsequcntly, that ther? wns nn inaccuracy 
m . my slatemcD;t wtth rcgnrcl to the su per1or bconomy of iron 
ratls over sLcel1u the second period of forty-eight years, and 
I 1:1hould hnvo correctccl this er1·or if your correspondents had 
not properly called attention to it. 

rr t.hc mc~h~d of cnlcu.la tion at compound interest be h eld 
to be mad~Js, tblo, I onttrcly object to a cnlculation bnscd on 
a renewal fund accumulating a t compound interest. lt£'ncwal 
funds _nro, I imagine, falling into general disuse on souncllines 
estnbhshcc1 for somo years .. It is g ?tLing to bo generally under­
Hi?od thnt, oftcr n c01·tam pcr10cl, each half-year should 
w1tne~s, n_nd shoulcl boo.r .the co~:~t of, every renewal necessary 
to mamtm.n the full con~hlion and e ffi ciency of Lho permanent 
'':'ay . . lltu l.wa.y c~mpamc~ do not, therel'orc, adopt the prac­
tiCe o{ scLl~ng lll:ildo o. g1vcn sum ycm·ly to accumulate at 
COlD})Otmd mLercst, so as to bo available to meet the cost of 
renewal a~ the t'ncl of a ~crm of Y.cu.rs. 1'his being so, it 
~pp£'nr~ cv1dent tha t the diiference m tho cost of steel and 
rrou l'tnls mw;t at lenst bo calculated nt simple interest. This 
mode of compro·ison, doubtless, tells to some extent in 
favour of steel rails; ancl. if it be gcn~rally admitted as' tho 
con·cct one, ull futw·e cstunntcs should bo made in accord­
ance thl.'rcrwiLh. 

1' hnt tho question is ono from which interest of some kind 
cnuno~ bo oxclu<lcd may bo made apparent by a supposed 
cnsc ot pro?nblc, .not to say frequent, occw'l'encc. 

An. cngm~er 1~ called on to construct a railway of, sa-,, 
100 sLnglo m1lcs m length, tho rails for which will weigh, m 
ro~mcl n~tmbcrs, 12,000 tons. If h o clecido on laying iron 
rn~ls, thcu· cost at 8l. per ton (laid) will bo 96,000t., and on 
this outlay. tho compa~y will b~ cnJled on t_o pay 4800l. per 
annum ~s m tcrest. If the cn~mcer rlotcrmllio on ado.J?tmg 
st<.'C'l tr:t tls at 15l. per ton (lnid), the outlay ior rails wtll be 
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FRENCH GOODS LOCOMOTIVE. 
TnE two-pnge engraving which wo publish in tho present 

nwnbcr compriNNI nn rlcvtttion, plan, nncl transverse sections 
of ono of the eight-coupled g oocls engines constructed for tho 
Northern Rnilway of Francr, by MM. J. F. Cail, Parent, 

1Chaken, llouil, Cnillot and Co., Fives-Lillc. Tho principal 
dimensions of the ongino ore as follows : 

Din meter of cylinders... ... .. • • •• 
Stroke . . . . .• •.• •. . • .. 
Transverse distance botweon centres of cylinders ... 
L ength of s team and exhaust ports .. . .. • 
Width of strq.m ports . 1 ••• ••• • •• 

,, exhaust ,, . .• . .• . . • . .. 
'1\·avcl of slidc-vnlvcs in fu ll ~cu.r ... • •• 
Inside lap of slido-valvcs .. • •. • ... 
Outsido ,, ,, ,, ••• • . • • .• • .• 
Throw of eccentrics .. • • . • • • • • .• 
Diameter of barrel of boiler .. . ... • .. 
L ength of firebox casing (outside) ... • .• 
Width , , ••• •.• .. . 
Length of f1regrato • .• .. . ••• .. . 
Width ,, . . • •.• . . • . .. 
Area of fircgrn.to • . • • .• 22.4 square feet. 
H eight of crown of ftrcbox abovo grato ••• 
H eight of centre lino of boiler abovo rails ••• 
Length of tubes • .. • .. •. • • •• 
Diu motor , ... ••• ... • .• 
Number , •.• ... 249 
lleating surfnco: 

ft. in. 
1 7~{ 
2 l tfiJ 
6 10d 
1 l f 

1 
3 . 
4. 
0 :JSIJ 

l H 
2t 

4 11 
7 10 
3 10i 
7 1 
3 lt 

4 2f 
G10f 

13 5~ 
1.97 

Firebox ... 
Tubes •.• 

... ... 101 square feet . 
••• ... 1729 

" 
Tota l • .. .. • 1833 

Diameter of chjmney (inside) ... 
H eight of top of ebunnoy above ra.ils ... 
Diameter of safety-valves ... • .. 
Number , ... 2 
W 01·king p1·cssuro of steam •.• 118 lb. 
Diameter of wheels ... ... ... .. . 

... 

... ... 

B etween centres of 1st and 2nd pairs of wheels .. . 
, , 2nd and 8rd , , .. . 
, , 3rd and 4th , .. . 

Total wheel bnso •.• ... ... " •.• 

4 3i 
4 6f 
4 63• 

11 

4 101 
13 u: 

From centre line of leading wheels to inside of 
leading buffer plates .. . • .. .. . 6 9i 

From centre line of trailing wheels to inside of 
trailing buffer plato .. . ... .. • 6 10 

Tho second pnir of wheels arc without 
flanges, although by an error they have 
boon shown with flanges in our engravings. 

T~talle!lgth of frames inside buii'er plates ... 27 7 
D1mcn~10ns of nxlo joumals: 

L eading nxlo jow·nnls, 6Ha in. diameter by 9-f in. long. 
2nd (P 1 n1.. 
3 d " " lu " " Du , 
/ h , , 7t , , 9a , 
. •t . , , 6! ,} , , 9t 

DlBtl'lbution of weight, engine empty: " 

••• ... 
On 1st pair of wheels 
, 2nd , 
, 3rd , 

... . .. ... ... 
" 4th " ••• ... 

Total weight, empty ... 

tons. cwt. ... 10 8 
9 17 

... 10 12 
6 9 

... 
• •• 

37 6 

180,~00t., ~nd tho yearly inLorcst t horcon will bo 9000l. L ot 
th? n·on mil.s be taken ns lasting sixteen years, and the steel 
rails forty-eight years. At tho oncl of sixteen years the in­
terest pn1d on the iro~ rails will hnvo been 76,800l. ' A new 
outln-, m~i then ~o m currecl of 64,000/., being the cost of 
rclaymg w1th now n·on rails, less tho valuo of o1d rnils sold . 
nncl as tlto i1~tercst ot~ ~~t~first outla.y cannot be ,qot 1·id o/, 
t~c sum chnrge!lbla mtn mtercst durmg the second pr riod of 
Stl.Lccn ycm·s _w11l be 96,000Z. phl3 6JJ.,,oooz., or 160,000t. A t 
t~c. end of tb.?·ty-two years the total sum pnicl in tho shape 
o! ~tc_re.st will have been 196,~00l.; nod .ngain ndcling the 
c~st of renewal, the total capttat cxpcnclitw·e on tho rails 
will hava been 204,000l., and the int01·est paid thercon at the 
ond offorty-ei~ht years will amount t o 3GO,OOOZ., this latter 
s~ r oprcscntmg tho amount which would havo been divided 
half-yearly a;nongst tho shareholders but 1or the necessary 
outlay for mds. 

Engine in working order : 
On 1st pnir of wheels ... • •• ... 12 3 
, 2nd ,, 
, 3rd , 

" 4th " 

••• ••• • •• 11 0 ... . .. ... 12 1 ... • •• ... 8 0 

Tot!ll wei~ht in working order ... 4..3 4 

.32-pounders, ~cl ?thcr casL-1ron guns, boL·Nl out and 
strengthened w1th. 1nncr tubes on 1\!ajor Pnlliscr 's pln.n, 
about 2000 tons wmght of the smaller calibres arc now being 
~ransfelTed to the J<.oynl Gun .Factories, to bo worked up 
m to. malleable blocks and coils for tho manufacture of Lho 
serv1c~ guns now adopted, on the Fraser system of chcnp con ­
st:ucttOn. Colonel <Jnmpbcll, superintendent of thu csta­
blishmcn~, th1·oug~ whose ~uggestion tho W~r Department 
haa sa!lct10ned the mt1:oduct10n of the system, 1s so well satis­
fied. w1th the r esults hit.hcrto obtained Ly t he initiatory trials 
~w·wg t~e pnst wc£'k, that the number of pudclling furnaces 
1s to be mcrcnsed from U11·co to five. A number of cllicient 
puddlers have bct>u ';\deled to the establishment at a pny of 
12s. per ~lay, nncl, bes1des the old guns, Colonel Cnmpbcll in­
tends usmg up the whole of tho refuse, such as the olcl cnr­
ronacles of the time of Gcorgo I., nnd the usrless splwrical 
and ht·ok en ~hot .and ~hell amnsscd in various pnrt1:1 of the 
Arsenal. ,W1th fL~c· 1u~·uacc~:~ ten tons of mn.IIPtLblc iron of 
very. supel'lor (1 uuhty ,~111 IJO produced daily, at Lho 1·a to, in­
clwhng all oxpcnsot~, of about Bl. per tou . 

1 l' t~tccl ruils had bee-n laid, forty -eight yem·s' inLer ost at 
!)OOOt. per u.nn~nn would amount to 432,0UOt., or ono-.lifth 
mo~·o tha._n tho mterest paid on tho cost or iron roils. 

There 1s yet nn~th_or meth od of stating tho q ucstion, and I 
am n ot suro that 1t 1s not the p1a.otically correct ono. Take 
the cnso of ~ho suppos~d railway just instnnc<>d. The interest 
chargeable m perpctutty for steel or iron mils will obviously 
bo 9U00l. o~· 4o800t. per a_nnum rcspcct.ivcly. L ot us supposo 
t.hat the railway hns arriVed at that stngo m its history (un­
lortunnt<:'ly but too soon a.ttnincd) when the yenrlyr·encwnls 
b~~omo al?- a,•er~ge ~uanhty-that is to say, that tn the case 
o1tron rails lastmg s1xtcen years, 1'uth of the whole quantity 
nro rc~ul:u·Jy r enew?d yen.r by year, nod ,1,., th part in tho 
Ct\so of .the steel rails. Then ever-, ycnr there must be ex­
penc~ecl m th~ renown~ of the rails, 1f of iron, 760 tons at 8l., 
less .~[ . J Os. ior old r ails, or 3375l.; to which must bo added 
4800!., tho permanent interest on. the or~ginnl outlay, making 
~176/. per annum as the cost of ll'On rails. 

In like manner , ';11~ part, or 250 tons or steel rails a t 16l. 
l £'s~ 7l. prr ton for old rails, will cost 2000l. per annum · t~ 
wi~J ch ud~ uooot., the permanent interest on cost of ;tccl 
ra1ls, m akmg .tho yenr of cost of' steel rnils ll ,OOOl. Tho 
bnln"!lco on ~his case. a~ . tho r olativo dw·ation supposed, is 
consHlcrably m favour of ll'On rails. 

F,rom tho dimens1~ns above given it will be seen t hat tho 
cngmes arc ?fa class m tended for working very heavy traffic, 
and we pehovo that they ora found to do their work well 
althou~h thoro nre undoubtedly ma.ny points about them' 
b~th of arrnngement.and.dotail, which would not be r egarded 
w1th favour on Enghsh lmes. 

UNWitOUGnT STE~L.-Tho quantity of unwrought steel ex­
ported from the U mted Kingdom wns about maintained last 
year, the to~al .to N ovembcr 30, having been 30,617 tons, 88 
compro·cd wtth 31,629 tons to the concsponding date of 1866 
a~d 20,86~ tons to tho corresponding date of 1866. Th~ 
shght decl~e observable arose in the deliveries to the United 
States, which only a!llounted in the first 11 months of 1867 
to .17,778 tons, ngamst 18,79~ tons in the corresponding 
pcn od of 1866, nnd 9418 tons m the corresponding period of 
1865. The total valuo of tbo unwrought steel exported to 
N ovembor .30 last ycnr was 998,619l., as compm·cd with 
~,029,907l. m the ?Orrespo.nding. period of 1866, and 686,110l. 
1n the corresponding / cr10d of 1866. The value of the un­
~vrought steel CXJ?Ortc in tho wholo of 1866 was 1,129,761l.; 
m the wh.olo of 1865, 782,129/.; in tho whole of 1864 
890,396l.; ~ 1863, 936,617l.; in 1802, 8tl.S,933l. ; in 1861' 
726,966l.; m 1860, 986,228l.; in 1869 805 832l · in 1868, 
689,676l.; ond in 1867, J1.S,679l. Tho q~antities of un~ 
wrough.t stool e,xl:'orted m each of tho ten years were as 
follows. 1867~ ;2,374 ions; 1868, 16,378 tons; 1869, 24,744 
tons; 1860, 3 ... ,173 tons; 1861, 21,810 tons; 1862, 26,779 
tons; 1863, 28,087 tons; 1864, 26 834 tons· 1865 23 877 

:ocmTY ov . J~NCHNHT~Jta.-At the lnst m ee ting of tbo 
soc1ety, Ual~h\ m Lnt.hnm, E sq., presidcn t, in tlLO chair, 
twclvo cnndHLnlcs were balloted for and duly elected. As 
members: .Mr. ,John R <Yn an,,.!\ylcsbury, Ducks; Mt·. Hugh 
Mcintosh, Lmnbrth; Mr. V\i J.Jham It L ncry, \VanclsworLh. 
Mr. Chnrlcs Scnclcy, Uoynl 1 'mall Arms F actory Jt'nliold: 
Eel ward Hacrc, Parlimnent-slrect, " ' cslmmslC'.l· · ir/ Jmne~ 
Edwin Pbillips, Spittlc•gatc lronwot·ks Gm~thum · .M.1· 
Chr!stophcr J3rak(•ll! N~rth M ?or Foun'dry, Oldhm~. A~ 
forctgn mc•mucrs: St. C onstnntmc J\ stnpotr, • ' l. l 'c·tc•rsburg. 
As assocmtc•s: ~11-. J ohu Clayton MP'~ buru lUU l.t'lcct-strcct 
E.C.; Mr. J ohnson Vivian J eifree, Crossndss. ' ' 

~onTII-EAS.T..En~ UAILWAY.-1'he ~nginecr's department of 
this ~dortak~g ~s gradually replacmg tho timber bridges 
and v1aducts w1th n·on and stone structures. In somo cases 
oven omba.nkmonts with culverts are being substituted. 

• 

It rnust. ~ot b.c overlo?kccl that almost all the estimates of 
th? clurtt?lhl y of steel rails have been founded on the wear of 
nuJs c?sLmg more Lha.n 14l. 6s .. per ton. W e h (wo yet to sec 
~ow i~r the cheaper steel rn1ls n ow abtainablo will outlast 
1ron m Jls of really good quality. 

.I do. no.t at an q~~stion the superior economy of stool 
rtuls hu d m the postt1ons alluded to in my former lottc1· · 

lm~ " ~£'n l ~ave to C"'nstruct n. brnnch linr, or to renew ~ 
tllntn hnc ~( only modcrat? h eavy trnHic, I Rha ll h esitate to 
u~;e st<•rlrmls u.t present pnccs, except probably for the por­
tio?s of the lino s~bjcctctl to m ore rap1cl wcnr, such ns the 
S\\ 1tche~ .oncl crossmgs ond the lines in station-yards and 
goods Sl(lings. 

Fob1·um·y 12, 1868. 

• 

I am yow·s faithfully, 
lf. F • 

tons ; and 1866, 3111,647 tons. ' ' ' ' 
.srn CJJA;RLES WnEA~STONE.-Among the vcr numerous 

tnbutes pa1d to the gcmus nnd labours of ir Ch ~ Wh 
~t~ne, .the Itn~au Scientific As o~iation of the a~~;ty la~:l~ 
. or warded to him, through tho British L egation in }'lorenco 
1t~ annual gold medal for t~o greatest discoveries in h sicai 
sctdnciri ahe:nl fo.undcd by.1ts president, Professor M~tt~ucci 
!Lil wknc t o socte ty unnn1m ously adjudged to Sir Char le~ 
m. ne . owledgmon.t of his celebrated and invaluable con· 
tnbut1ons to tho sc1once of electricity. 

• 
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PUHLJ. TIER'S ANNOUNCl~MENT. 

'1'/u• Jlf'l'lllttttt'llt f'irrlllrt/ifm qj' J•}NC: l J~ J•jl{ l C: i.v 
11010 ,r;rr•rtlel 1/um //1{1/, cotlt•cliv<' ~IJ, qj' alt /ha 11J£'t'ki!J 

t'll.fJitll'f'rin!J journa/.y publi:~hcd i tt Lonclou, at tlte sa111a or 
tt lti!Jher JJI'itt'. 

from t.his t hnL Lho hlast wn'i off for Lbo time; for, 
wil.h llle hla~L 0 11 , inflamn1ahlc gas wo11ld riM<' from 
('V('I'.V pari, ol' llw 111;d L'rlab, aud if, \\ ould ttl111 01-1t f'<' l'· 

laiuly burn as it. rmH'. 
A~ Lo pndclling, wn lrarn that abroad 1 hry u e 

smuclgo coni, or utHscrcCJ~cd slack, and th~L ut tue ruto 
or lG cwt. per Lou of ptgs; and t hero 1s no smoke. 
So, too, Lh ·y use nearly all slack for puddling at p ow­
lt~i::~ nnd a few oLl1cr pl ace::~ in .this countrY,, ass1sLed, 
however by a forcccl drnurrbt Ju the a h-~Ht., and we 

H mnsL consh;L jn its n1ovuhility on wheels. The idea 
" iH 110t n ha<l on(', and iu a civil isrd cou.nl ry, wh ere 
"th('l'e an· roads to allow ol' it!i draught,, Jt wo~ld .be 
" cry ul:lefut- at Aldershott ot· 11.10 qurrugh, lor .m­
cc slnitce. vv"hal. would he Lhe bOl.ler lll. :1 l~comottve 
H is the oven in this machine, and tLs botler !S n small 
H chambC'r with tubes running the length of the oven, 
" which forms the sLcam · beating app<~raLus. (ts 
" camel:; even cannot pass up to Scnaf~ c'<ccpt wtt~ 
cc much difficu.Hy n,nd danger, i.his macluno mul:l t wa1t 
" uut il a road i!i prcparccl for 1t! Anolhcr samp~e of 
" tho thougltl.fuhH:~s of tho Homo Gov~r!tmet~L 1s ~o 
cc he fo\mLl in a. number of case~ coutaua.ng Capl,am 
" vVarren's cookiug apparatu~ . 'l'bis, ~\bo, 1~ supposed 
''to be portable ; but as each cn~o we1ghs 2:)0 lb., and 
" ns two mu~t nccc~sarily be placed on any bag~a~c 
" animal, iL happens to be i11 excess of tllo we1gt1t 
" curried even by camels. ~L may slowly and w1th 
" diHlculty bo sent to the iront on ~trou~ s_clcctcd 
" camels and tllcy may bo fouud scrv10eab10 1f used 

A dvatiscmclds rmmot be 1't}rcivorlfur iusortimr. iu. tho t'tO' · 

1'<lltt ttvoolc [c£,tCt' Uuol G 1'.1\L rm 'l'krwstln.IJ. Th o chm·,qa fo t· 
aducrtisomcnt.'i is llit'f!O :~hilliu.'fS .fm· llwjl,·st fom· lines o>· ' n · l1

' t have Lhe hc~t reason Lo ], now Lhat t.ho" YH' c pn· :on 
or puddiC'd bar i~ hut, 1 (j cwt. ill all, in the proporllOIL 
of J :3 cwt. of l:llack l,o :~ cwt. ol' I ump coal. :Mr. 
Plimsoll admires the AppolL col iug-ovcns, and we 
shull rrivc a drawing· ol' one or them llCXL wccl . llc 
b t at .c~t hat, I hey do t hri r work in 2 t hour~ only, gi~ing 
75 to SO p<' r cont. of Iiue hard col o from a gtvcu 
quantity of coal. I u the souLh of l!'raucc, too, the 
coke-masf.crs clo what the gas companies have taught 
t.hcm io do and convert f,ltc e~caping gaso::~ into vo.ri­
ous vnl uabie chemical products. 

7111rlc'1' 1 anrl oi,tthtprnrr.fut· Nwh mlrlitionat lhtc. . 
1.'/Jo p1·ico of J~l: 0 J J~ EHl NU to a1mual Sttbsc•1'10crs, ?' l'· 

rniviug slampc(l ('O pi cs et l t ' l aces l/H'NJ milL's ~HUff!J J:'011£ l 11 o 
G<moral P ost Qffirc, is ll . l s. Srl. If CI'Ccl1t be gwrn, tl~ o 
cha>·,qo is 2s. Orl. c.t·ll'a, subscriptions boing pa!Jctblo w 
aclU(11LCC. 

Ohcquos cuulmonc!J orders to bo maclo pa!Jablo only to llfr. 
OIICtrlcs Gilbol'l. 

Offiro Jut· l'ublicatiotli mul Aclvo>·tisomo>tts, No. 37, 
' 1 ' 1 " " by Europetm.fJ am wtt l rare. 1Joclfol·d-st1'oot, t::Jt·rcmcl, IY.C. 

ENGINEERING ;s ?'cgistc>·crl for l1'attSI1tissio?l ab·road. 

L o bw·cau tl'E NOl NKEltlNO JJOW' le(., lf'rrmco est 16, 
Qual ftlala qucris, Pw·i.~, eh~::: 1!). L ctCI'Oi.r, lJ ittJctnu· clcs 
.dmutlcs du, Gbtio C'ivil. 

1'ho grcnL poinL ihnt struck . Mr. Plimsoll \vas the 
absence or smoke at the large tromvorh.s. H 11; cam­
cl:ltly to he l10pcd tb~f. our .irouma.stcrs nu1Y. yet .learn 
somclhiug- from the1r forCJgn netghhours m tins rc­
spcct. 

'l'hc Continental irouworkcn; arc more elcaul.v, are 
bcltc r houst'd at home, and better protected from the 
wettLhcr u.l, the works (hlast.furnaccs more o~;pcriall y), 
than arc ours. The 1>1g-h ·d~ arc always hou:;cd. • 'o 
they aro at all Amrricun furnaces. 'l'hc coldcr winters 
and heavier suows furni sh oue reason for t.hi~ prolcc­
tiou . 

About seven mile~ from Ann.cslcy Bay ~o~c hot. 
water sprinrrs have been discovered, whtch arc 
strougl,Y imt~rcgnatc~l with salt and sulphur. The 
boring for wa,tcr at Koomayloo h~s b~eu mum.cccsl:l~ul, 
at a depth ol' 1·0 ft. ouly brnck1sh-b1Lter iluttl be11~firr 
obf.n,inabJ c. 'l'he 8flllU in the bed O( f,Jte lorrenl::l Wl 

hold a fair ::i llpply or waier for .~~ l~lod.c ral e clc~naud for 
many month~; of Lhc. year, bltl tL ~ ~ s11~ply ra.lll-watcr, 
and not I o be r<'pkmshed except hy ~·am. 

8 r,bsc,·iplion$f 01' tho A N.\LL:s uu Otmm 't vn~ m·c ?·crrit•crl 
b.v Jir. Chm·lcs Gilbarl, 1/w pL'bfisha1· of E NG INEBHJNO, 
oftuhom also tho OU \HA U Po~tTJ~FJ_:urr,r. c 1>,~<; L' lNOKN BW lt 

DEt:l CttElltiN8 l>E J.!'tnt may bo obtain,ccl, 1Hica Of. 
D. Vm&. 1Yo.~ttaud, 102, l1roadu•rr,11, ltcw rork, is tho .~olo 

.Jb ,cl·ican a,'JCII t fm· E 0 I gEl UN ' , awl is a nlhot·isorl .to 
1'occivo aft S ttbSCI'iJilio~ts amt A rlvcn·tiscmMlS from Amen ea 
f or this paper. . 

ll l l l , t '" a INE• J•~l'· I,, answer to inrzttiric.'i, 'lUO wou r s '' o ,m .t.!J • " 

l NO mer.'/ bo obtai~tcrl in R us:;irr, h,IJ subscribing fur it at 
any of tho P ost-oJJiccs iu. Uw JCmpiro. :rho JU'if•o i.~ 10 sil11c1' 

·roubles per a1tuum iu. St. P otct·sbtu·g, cmcl 12 silvo1· 'I'OILblcs 

in other parts of llussia. 

MEETING ' NEXT "\VEEK. 
Tn:D INSTITUTION ou CtVlL J~NOlNHIHtt:!.-Tuesda.t/, Ji'ob­

?'IUO'!J HI at 8 J> .. M. " On. lho Nuppm·liu,g P owc>· qf' Pile.<?, 
amt on. th~ l'ncunwlic ProrC!SS r?f' lJI'ivin.'/ l-1'011- Cnlamus w1 

p1·acti.'l~rl ,;,, A nwrica.'' B !J M1·. IV. J . JIIcAipiu~, lJltm . 
.In1~t. O.JC. 

S oCIEl' Y Ol! E NO I mma.-Momlrr!J1 .B'eb?'IUO'!J 17, at 7~ l'.'L 
]Japrrs to bo ?'Nttl : "On. tho P muwut Jlctilroacl," m~cl " On 
tlto JJcn·icm. Ship Canal." lJ.'f 1J1·. Otdlon. 

ENGINEEl<-ING. 
FRIDAY, FEBRUARY 14, r868. 

'!'liE lltO N TRADE. 
Mrt. l >Lll\ISOLL's scric~ of letters to the 2'imes con­

trast tho British with the foreign iron tracle unravour­
a.bly to ourselves. vVhcrc economy is the rule 
there, it would appear to he the exception here. In­
deed, we arc not sure that he has pomtcd out. the cx­
ccpt.ious, for he admits that he has visited neither the 
Webh nor Ll1o Cleveland di~trieLs. 'l'he hlast-flll'JU\ce 
practice in Cleveland is ~upcrior I o ~m .v i hing cl ·c of if s 
kiud in the kin~clom , and, from what Mr. Plimsoll tells 
us, is uot excelled in any place he has visited abroad. Iu 
making 100 tons of pigs from iron tone yie1 ding from 
27 to 3G per cent., he informs us that 117 tons of 
coke tu·e consumed in J~cl~ium, which is about i.lJC 
figure in and about. ~ l itl<U el:lhoro' -on-Tcc·s, where i,hc 
stone, uncnlcincd, yield~ 31 per cen t. 1 'omo or the 
fu rnaces iu Cleveland mal c a ton of pif?S with 21 
cwt. of col c. l3ul., besides this, t.he wllolc of the 
furnace gases ure taken o0', nud arc made to 
heat the blasL-~loves to the high I rmpcraturcs 
of fl'OIII 1000 to 12()0 ucgrecs, and in lhe bc:;t 
wo1·ks there is still cuough gas left to mise all the 
steam required, the boilers l)ein~ fitted with grates 
for burning coal only, whcu so01o 1 rre~ulnrity or lllf cr­
ruption render~ it ncc<·s ·ary. But .in l-3tafl'ordsh ire, 
vVal cs, and ,.. cotland I hero j ~ hardly m1y atLom~t to 
save the ga~; and as lhc conl will not carry as lugh n. 
colutn ll of n1nLerials a:; Lhc very har(t l>nrl1um coke, 
o.nd as I ho fumacc::~ arc much snmllcr, the absolute 
wa~tc of heat by rncliufioa is very grcnt. If thr 
masters practi::~cd anythiug like the ccouomy io be 
found in Cleveland, I hey would save enough to enable 
them to gel. on, and kcC'p opcu '~ market., with fewer 
dillic ultic::~ Llmu now with their men. 

'l'ho rm~ture iu :J\lr. Plilllsoll' ~ lcLt,crs which has 
pleased us mosf. is his proposal for an C'-hibition of 
u·on-maki11g plant nnd apparutus. As Lhc . R?yal 
AgriculLura\ Hocicty lms grown from a small bcgmnmg, 
aud ha~ rendered incalculable service to agriculture, 
so uow should an ii'OIHnnking society, and ~t c~ uld 
n.dopL no boUcr moLl o than that of the l:IOCtcly .JUSt 
llamcd-" l'racticc with science." 'fhc good which 
such t~ l:locict,y, conducted by able and high-minded 
men, might uccomplil)h would ulmosL bcyonc.l question 
he very great. H would improve our make and 
chcupcn the pro~lucLiou or iron, and thus ai~l iu ~·ctain­
ing to us Lilo JmnH.m~o advantage we Cl~JOY 111 our 

Colonel Mcrewcthcr has rcooun01trcd the oouu.t.ry 
for rorl y miles beyond Sc uafu, and reporl~ the chccn~tg 
in f. ·llitreuce 1 hat grass abounds ; the roaJs arc fit for 
ani111aG, but noL for carriagcl:i; aml, above all, the 
water supply is good. 

practim~lly exhaustless stock of coal. 

TII g A Tl-ffl'EEL CH U. ~AD~. 
'l'neJm i~ probably no law, yri~1ciple, or qu~siion­

wlwthcr if. he the law of gra.v1latwn, the pnnc1plos .of 
u::d.urnl pu ilosophy, or the q ucstioa whc~lwr there t.s, 
after all, "anyLlnng like leather "-wb1ch a cc_rtam 
clnss of miuutc Jnciaphy::,icians arc not at all t~mes, 
and uud.cr a11y circLUTistan~es, ready to . rc.lcg1~la.lo 
upon, rc-mvest1gatc~ and r~-dt~cus~, respccl. tv cl.~. W:h~t 
humbler mortals, wtlh lhctr lllfenor powc~· ?1 logtcal 
deduction, ma.y regard aH ah::~oluLo proof, 1~ to .the 
great l'yrrhomc philosopher, who tlGubt.s ovcrythmg, 
Just no proof at all. . 

All I 
1

f 
11NIA. 

AccoRDING to the latest accow1is from Anneslcy 
Bav, the pile~ o.nd other materials had arrived for ihc 
new pier wbich is to be constructed oppo£ilo the 
commi~sarint sLore-sbcd. V cr.r commocl iou~ store­
sheds were being rapidly erected, hut there had been 
no roofing or side-plunking provided for them ; corru­
gated irou hncl been scut for, but it i~ snppo:scrl that 
a belief mul:ll have cxhicd in llombay Uud, materials 
for Lbo sides could be obtained on the spot.. A second 
sLonc pier i~ in course of con~lrucl.ion, nnd it is very 
much uc•cdccl b.r the shipping. 'l'hc pier, it is said, is 
admirably consLructcd of loose stones, a11d has :stood 
well against the high Lidc~ and heavy rollers; tram­
rails nro laid dowu along it., nnd gradually cxt.cudi ng 
Lowards ihc camp. 'l'\\ o \'Cry considerable wooden 
sheds arc in process of construction b.r the eo m missariuL 
department; their platforms arc raised three feel 
abovo f.hc ground level to pro I eeL the contents from 
flo oding, and Lhcy aro constructed to holcl a vao; L 
qmmiity or store!i. 'l'l1 c sappers urc :-~ till cmplo.vcd in 
putting up a bund, n. Jow sLouc wall well backed with 
::~nHd, alon~ l,hc beach lo keep out Uw high tides. 'l'hc 
li11 es of ruil lo cotuu·cL Zoulla witlL Koomayloo arc hciug 
laid; their progrcs3 ''as noL l:!O rapid as lll igut have 
been desired, a~ they were hcing fixed only at the rni<· 
of about one-third of a mile per cl ient. 'flte tclc!.{raph 
to Koomay loo has probably now been eo m plctcd, aud 
in worJ inrr order for some weeks, a::~ at the latter cud 
o[ Dccrnfber Ins~ it was rap idl.v progrcs~ing under the 
cncrgct.ic Httpcrintendcucc or Gap Lain SI.. J ohu, of tuo 
ltoyal l!ingiuccrs, who has been employed lat.cly on 
similar work in J!ersiu, and has uacl great expen encc 
in I clcgraphy. 

LighLhousc:; have now bc<'U erected at. Assaikc aml 
Adjneo I sland, both o[ whiel1 aro now lighicll up. 

With great m ind::~, however, proof may often, 1f n~t 
always, be dispensed with alLoge~lwr, or, to put 1L 
di!fercu Uy ,:facts, as h~s also, ~cc a ~:tttl of figures~ m uy ?e 
made to prove anyl.hmg. I hus, 111 ~he case ~l cm·Lam 
materials employed ?Y f.hc m.ccilaUtcal cnguLCer, the 
facts Lhat one matcnal was iwtcc as strong a.s an?thcr, 
however tested, twice ns durable, however subjcctctl 
to wear and worth Lwicc as much money as " scrap" 
whcu \:oru Loo far for further use, would, io ::~implo 
and illocrical minus amount to absolute proof that tho 
former ~as the better mn.lcrial. So far, however, from 
this bcincr Lhe cn~e we can bring forwnrd logiciaus who 
would sli~w, we h~d nearly said cleur(IJ show, that, the 
facts being as slated, th e stronger, more durable and 
vahmblc mnLcrial was t.hc worse of I he two. 'f hc pro­
cess of d<'ducLion might uoL be quil~ so clear? but no 
mn.Ltcr · there would be a process oi some k111d, and 
1 here ,~oultl be ihc conclusion staring yoLL full in the 
facc-(t conclusion which may be dcl:lcnbccl, in Yankee 
phra~c, as t~ "lu~ock-dowu ar.gumcut." . 

'l'lto process 1~ much cas10r and neater than nught 
be suppo~cd. H requires uo real oonU~c~ between 
facts or supposed facts~ nor .bclwcclt opLUlOH'.i even. 
There may he an AI ps ol tc~LlllH! ~J, as unshakable as 
Nl unte ltosa, hut the great log1cwn ba'.i only Lo look 
the other way, ancl, to employ unothor Yan~<cc phrase, 
he "can't sec it;" those who do not wtsh to sec, 
beiu rr as all know, incurably blind. 'l 'he great lo~ician 
docst"J{lot disprove yo~r fact~; he does not even d1srut.o 
them. lie quietly 1gnoros them. Upon a.uy g1vcn 
subject settled in th e minus of all practict~lmcn , ion 
or twenty, or possibly forty, yeurs ago,. he will info_rm 
you that, " vV C have as yet 110 ]H'eOlSC dttta bca.nng 
''upon tlli'3 imporLaut question, aud, in the mean t im~, 
"all posil.ivc deductions, e~pceially if acted upon m 
"responsible praclice, would be premature." 

Wo do uot qui te uuclor~taud Mr. Plimsoll'~ accoun t 
of the J3l'lgiau fumaccs. vV c Lake it thut lhe.Y urc 
opon-toppc·d, fol' he say~ ll'>Lhing of f.nl..iug oll' I he 
gas; and yet ho speak ::~ of having wall <!d upon the 
materials at the furnace .. top. W o should su pposc 

'l'hc corrc~pondent of ilw J'imt•s qf /1/(lirt, writing 
from ~oulla, under daLu 2oth Decem her, ~ay~;, cc I suw 
on .the bumlcr, Lhe oll1cr day, what appc<ired from tt 
er chstnnoc to be a locomotive witll a dwt~rr funncl ; 
" on examination, t.hc hrn~~ plate in its front inform~ 
er me I hat it i~ l><'rkius's paLent portable :;team oven. As 
cc its weight, is 11 ton::~, as marl ed on the packing­
" case, some six fl·ct. high, and niuo or ten long and 
'' broad (which, by tlto way, "oultl form a mansion 
" not to be despised iu these pads), its portabili ty 

'l'he absolute Sllperioril.y of properly made "mild 
steel'' over wrought iron, except., perhaps, where the 
former i~ exposed to very considcn~blc ranges of 
tcmpcmturc, as in boiler-furnaces, was very gene· 
rally admitted by engineers eight, teu, and oven {~ft.c.cn 
year::~ ago. .I!' or rai l way a .. · les aud tyre::~ the sltpcnor~ Ly 
of Krupp's stool was incontestable. BuL the pncc 
was much too high to admit of its general use. ~'or 
ruils it was, of colu·sr, cutircly out of t,hc qucst10n, 
although, could ii have been produced at cvca double 
the pl'ice of iron, thoro would have been found hun· 
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dreds of railway engineers only too glad to use it. 
At last a far cheaper mode of producin~ excellent mild 
steel was discovered, and more than half a million tons 
of steel made by this process are already in most 
successful use. That this steel is absolutely better 
than iron, for rails, tyres, and axles, has now been well 
established and ge~erally admitted for a considerable 
number of years. The price, however, was higher in 
the case of rails, although not much, if any, higher 
than first-class makes of iron in the case of tyres and 
plates. The exact difference in price and in tensile 
8trength was well enough known, but the exact dif­
ference in quality was not so well known. Continued 
experience with steel has shown, however, that it is 
very much more durable, as compared with iron, than 
was at first believed to be possible, and that, although 
its absolute strength might be only twice greater 
than that of iron, its durability has actually been found 
to be six, and, in some cases, even sixteen, ann, in 
one case, twenty-four times greater than that of iron. 
We have been at the pains to place upon record the 
great mass of facts proving, not the absolute supe­
riority of steel over iron-for that was proved lonll' 
ago-but the unexpected and, indeed, wonderful 
degree of that superiority, as shown by continued 
experience. And we have pointed out the obvious 
bearing and importance of these facts. 

Nothing-, however, is so well established, but that 
the hard-sleeping philosopher, who doubts everything, 
will, when at least he does wake, show, after his own 
conclusive fashion, that the thing established was 
never established at all-that it has no existence. 
The E11gineer, under other management, temp. 1861-64, 
showed the liveliest appreciation of the importance 
t1nd value of the Bes~emer steel process. It then 
went to sleep, to wake in 1867, when, the success of 
that process having been established beyond all pos~ 
sibilit.y of honest dispute, it suddenly discovered, not 
exactly that there was no such thing as steel in ex­
istence, but that it was not even equal in quality to 
iron, being in fact very greatly inferior! The three 
years' slumber had been so profound, that the then 
rapidly accumulating facts, of very great interest to 
our profession, as to the unexpected degree in which 
steel had been found superior to iron, were scarcely, if 
evel', noticed by ou•· contemporary during all that 
time. When, at Jast, utterances were heard, the 
Great Awakened gave out that a steel arched bridge, 
in Paris, was rapidly giving way. For all we could 
know, at the time, this might have been true ; but our 
immediate inquiry in official quartet·s, and also among 
the leading French engineers, disclosed the fact that 
the statement was wholly erroneous. We sat it 
down, therefore, as an inadvertence, which would, 
doubtless, be soon made right. The rectification, 
however, did not follow. 

Some time afterwards, a more general attack was 
made upon steel in the form of plates. This was 
based upon a lawsuit which arose upon the case of 
some badly made, or badly rolled, or badly tempered 
steel plates, quite unlike what thousands of tons of 
other steel plates had proved to be. It would, of 
course, have been but fair to have sought the cause of 
an exceptional inferiority, rather than to condemn a 
well-tried material upon this inst.ance alone. 

Open war was finally declared against steel, a few 
months ago, when it had been found out that the best. 
steel rail ever made-tlle "Chalk Farm rail- l1ad 
yielded to great violence, before it was even 1 hen half 
worn outJ although it s upper face alone had worn out 
both faces of eleven iron rails (twenty-two faces) suc­
cessively )aid, and adjoining it at each end, and with­
standing the same traffic. The rail had been greatly 
bent sideways, and broken sideways, or in the direc­
tion of least resistance, by a heavy engine thrown off 
the line in a collision. Nature nor art has yet sup­
plied us with any material, however strong, which 
some amount of force cannot rend. The author of 
the attack did not trouble those who were to read it 
with the trifling particulars we have mentioned; 
indeed, it is the prerogative of great minds to dis­
pense with details; indeed, details are often found 
to weaken, and sometimes to destroy, those grand 
and comprehensive generalisations so characterisric 
of very great minds. " What business had this 
" rail to break at all? That's what we want to 
"know!" It t~as broken. That was quite enough. 
In one or two previous instances in the history of rail­
ways, iron rails had broken too. Therefore this " rail 
" behaved exactly as an iron rail worth 5l. per ton 
"might have been expected to behave." Another 
way of looking at the matter would occur to some 
minds, viz., that had the iron rail been there, at that 
moment, with a couple of heavy engines raMpant upon 

• 

ENGINEERING. 

it, it possibly might have behaved no better than did 
the steel rail. The test is a very conclusive one, but 
it is not, we believe, the test usually applied by engi­
neers, and we do not know that it has yet been re­
coo-nised by the Board of Trade. No matter ; the 
raft had no business to break. But, as break it did, 
there must have been a cause. What was this cause? 
Ab ! one must be discovered or, still easier, invented. 
"Molecular deterioration." Yes, that sounds very well; 
so well that it will answer every purpose, "Molecu­
" lar deterioration !" "Rotten steel rails !" "Pit­
" falls to destruction !" "Up with them all!" "Iron 
"at any price!', " If it is 14l. per ton, so much the 
" bet.ter !" This is a free, but not too free, 
dig-est of the first open attack upon steel rails, 
and how eagerly it was welcomed among those 
who, '' in the iron way " themselves, of course believe 
there is "nothing like iron !" But there was some­
thing more than ignorance in the attack, although 
the very first men in the engineering profession, who 
had long ago adopted steel rails in their own practice, 
could see nothing else in it. In two 11ears we were 
told we should know all about steel rails, not before. 
And the look-out, even beyond that date, was painted 
iu ve·ry dark colours. It was not quite so clear, 
though, why we should know so much more of :5teel 
rails after eight years' wear tuan we already kne\v after 
si.t·, nor why, when steel had already done so well, it 
should then go all at once to the bad. But it is be­
tween the sixth and eighlh years, we suppose, that 
"molecular deterioration " sets in, and the mteresting 
patient breaks down from premature decay. Curiously, 
the "two years" fixeJ upon, much in the spirit of pre­
diction to which the good Dr. Curnming has accus­
tomed us, neatly measured ofi' also the further term 
of years alloted by law to Mr. Bessemer's first patent .. 
But let that pass as an intentional coincidence, only 
there was more than ignorance in it . 

The real object of the attack upon steel began to 
be rather clearer not long afterwards, when an argu­
ment as to the impolicy of using steel rails was based 
upon the pretence that the royalty was 2l. per ton, in­
stead of ll., as all, who are informed upon the matte1·, 
know it to be. This pointed rather to a wish to spite 
the patentee than to assist railway men in their de­
cision upon the practical question at issue. 

Last week, howeYer, t he whole mystery of t.he 
crusade against steel was un veiled, a very large and 
lively cat was released from the bag, and the origin of 
the lacteal fluid in the cocoa-nut was demonstrated to 
a dead certainty. I t is not against steel, after all, but 
against the man who invented it, that all this hubbub 
has been raised. This is exaclly what we had always 
supposed, but we had no right to say so. It is stated 
as "a fact long known to many," that Mr. Bessemer 
has "purchased, set up, and started a great puffing-ma­
" chine on the Yankee principle," and that, like Messrs. 
Moses, the eminent tailors and poets, he ker.ps his 
own leading-article writer constantly at work. Messrs. 
Moses have often been kind enough to send us copies 
of their more important li terary works for review, and 
we are fain to believe that were ~fr. Bessemer really 
the proprietor, publisher, or otherwise, of similar 
works, he would as kindly do the same. He has 
failed, however, to do so, nor have we been able to 
find a copy of an.r work of the kind representing his 
interests. We would, really, very much like to see 
one. The E11gineer, until overtaken by indigestion 
and nightmare, was the leading exponent of the 
economy and advantages of the Bessemer process, and 
it maintained this position interruptedly for more ihan 
three years; oot we cannot suppose it is now refer­
ring to itself as the great "puffing-machine," for we 
know that Mr. Bessemer never had any part or lot in 
that journal, nor did he ever, as we also know, in­
fluence, directly or indirectly, any leading article 
which ever appeared in its pages. We have only, 
however, to follow the denouement to learn, by unmis­
takable quotations from our own columns, that 
ENGINEERING is the '' puffing- machine" intended. 
Now Mr. Bessemer has as little to do with us 
as with The E1zgineer ; he is neither owner, part­
owner, shareholder, creditor, nor mortgagee of this 
journal, the name of the sole proprietor of which is 
registered, under a solemn declaration, at Somerset 
House. And were this journal a " puffing-machine," 
it would not have gained, as it has gained, the largest 
circulation of any weekl~ engineerin~ publication in 
the world, nor the cordial co-operatiOn of the most 
eminent members of our profession, not only in the 
United Kingdom, but throughout Europe and in 
America. 'l'he public are quick enough to see the 
difference between mere puffing and a careful collation 
of facts, with logical and consistent arguments based 

upon them, and showing to what conclusions these 
facts really point. Those who l1ave watched the 
course of this journal from the beginning know that 
we have oftener blamed than :praised, and that char­
latans and schemers, who, deceiving themselves, would 
deceive others, have suffered under even stronger 
discipline than a mere expression of our disapproval. 
Our readers will judge how far we have been right, and 
how far wrong. At any rate, we have never doubted 
that, from the beginning, ENGINEERING has made a 
name for itself for thorough independence and, what 
has lon(J' been needed in journals of the same class, 
honest (~ot vicious) fearlessness of expression. We 
regret that our success should, as it has notoriously 
done, have told heavily against The .Engineer. Yet we 
felt that, contrary to much that was said when 
we set out., there was room for but one first-class 
engineering journal ; for second and third class papers 
there is alwa.vs plenty. vVe gave our n~ighbour fa_ir 
waruino-, and he should have put Ins house 1n 

order. 
0 

In attempting to keep pace with us, he has 
sunk many thousands of pounds, with no result but a 
declining circulation. Yet the mortification resulting 
from defeat in a fait· contest of strength is no exc~se 
for a low attack upon Mr. Bessemer, who has nothmg 
whatever to do with either journal; not. only nothing 
in the moneyed capacities already named, but nothing·, 
also, as contributor, counsellor, prompter, or any other 
imaginable m em her of the "brain staff" of the re­
spective papers. If it has happened, therefore, that 
we have succeeded, let none, m spil e and vexation, 
turn around and spoil their teeth. in gnawing a Bes­
semer file. It will not hurt the file, nor will it Jturt 
us. Let The Engineer keep to its ''donkey injectors," 
and other nostrums upon which it writes so pro­
foundly, although " in honest kindness we would re-
cc commend him, if he hopes to follow in our wake, 
" and is ambitious of our friendly recognition, antl 
cc that of the respectable English press, seriously to 
" consider whether he should not, as completely as 
cc he is able, profit by our example." 

THE STRENGTH OF BEAMS. No. II. 
ON THE TRANSVERSE STRENGTH OF STEEL R AILS 

AND OTHER ANALOGOUS BEAMS. 
IN considering the transverse strength of beams, 

the commonly accepted law, ut tensio sic t•is, is a 
sufficient approximation to the truth in instances 
where the " web" portion is small in comparison to 
the gross section ; but when, as in a solid square or 
rectangular bar, it is of equal section per unit of 
depth with the ' ' flange" portions, or, still more, when, 
as in a round bar, or in a square bar strained in the 
direction of a diagonal, the web portion is even more 
excessive, that simple law gives perfectly ridiculous 
results. In fact, where the material is cast iron, the 
error in a square bar, strained iu a direction parallel 
with one of its sides, is 143 per cent.; in a round bar 
it is 17 4 per cent. ; and in a square bat· strained in 
the direction of one of its diagonals, the error is no 
less than 190 per cent! 

The preceding results deduced from experiments on 
0ast iron, although apparently not bearing directly on 
the question we are considering, afford strong pre­
sumptive evidence that a similar divergence from the 
ordinarily accepted law will obtain in steel heams, and 
the necessity of investigating this point before we can 
hope to arrive at any fair estimate of the resistance to 
be expected from any given section of steel rail will be 
at once evident. 

In investigating the theory of the resistance of 
materials to a transverse strain, Mr. Barlow was 
struck by the consideration that, in applying the law, 
ut tensio sic vis, to contiguous fibres, the effect of 
lateral adhesion was omitted, since each fibre was 
assumed to be capable of taking up the same degree 
of extension and compression from the same force as 
if it acted separately and independently of the ad­
joining fibres. Now, it is a well-known practical fact 
that a powerful lateral action does in reality exist, 
tending to modify the effect of unequal strains. This 
fact was proved by Mr. Barlow beyond suspicion by 
direct measurements of the extensions and compres~ 
sions of the outer fibres of beams under certain trans­
verse strains. Thus in a beam 7ft. 4 in. long, 6 in. 
deep, and 2 in. thick, the extension of the outer fibres 
under a calculated strain of 14,666 lb. per square inch 
was ~~10 ,. of the length, whilst under a direct tensile 
strain of similar amount the measured extension 
was 6 h of the length, or nearly double that resulting 
from the same strain per square inch on the metal 
when in the form of a beam tested by transverse 
strain. '!'here can be no question, therefore, that 
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1 ateral action does modify the effect of unequal strains 
on contiguous fibres, and that the deflection of a 
beam, as well as its ultimate strength, is governed by 
this condition to so great an extent as to make the 
neglect of it result in an error of any amount up to 
190 per cent. This new resistance will be dependent 
ll-pon the amount of deflection in connexion with tbe 
cleptk of metal in the beam, and it will be uniform per 
unit of area over the whole cross section, since it is 
due to the elastic reaction of the contiguous fibres, 
which will be a constant amount throughout the whole 
depth of the beam. This of course premises that the 
extension and compression of the several fibres will be 
directly proportional to their distance from the neutral 
axis- a fact well ascertained to be the case by direct 
experiment. 

It follows, then, that whatever the form of cross 
section of a beam, the value of the ultimate resistance 
of the fibres, as deduced by mathematical analysis, 
will be higher than the resistance of the material to 
direct tension. Adopting Mr. Barlow's notation, 
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condition, geometrically, for a square cross seetion 
we are informed of the following facts. The neutral 
axis being at the middle of the depth, at that point 
the horizontal strain will be nit, increasing to the 
maximum amount at the extreme depth. If, there­
fore, we draw the diagonals of the square (Fig. 1), we 
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f being the ultimate resistance to direct tension, F the 
apparent resistance to the same force excited by trans­
verse strain, and cl> the resistance due to ·flexure, 
then F = f+ C/>. The variable quantity in this equation 
is C/>, which will be governed by the form of cross 
section. For our '{>resent purpose, we need not com­
plicate the questions under consideration by any obtain two triangles-shaded on t.he diagram-the 
general and comprehensive formulre; the sections of width of which, at any given distance from the neutral 
rails in ordinary use do not so widely differ as to neces- axis, will be proportional to the horizontal strain on 
~itate this labour. It will only be necessary to ascer- the fibres at the same point, and the area of which 
tain the values of the several symbols in solid bars, will, consequently, be proportional to the sum of the 
which may be easily done by availing ourselves of some horizontal action of all tlte fibres on each side of the 
of the numerous experiment on this transverse strength neut.ral axis. In short, the area of the 1riangle repre­
of that class of specimens, when the application of sents the equivalent area of metal, if the force were of 
the results to rail sections will follow easily. uniform intensity throughout, equal in amount to that 

Before we can do this, however, it will be necessary on the extreme fibres. Having the effective area of 
to consider some method of ascertaining the moment of flange, it is necessary to ascertain the effective depth. 
resistance of the given cross section; that is, the pro- Now, as the t~iangl~ represe1~ts the distribution of 
dnct of tbe effective area of metal on one side of the forces of equal mtenstty per umt of area, the centre of 
neutral axis by the effective levera"e at which it acts pressure will obviously be at the same point as the 
or, in common engineering parl~nce, the area of· centre . of gravity o~ a triangle; that is, a,t, two.-thi1·ds 
fla~gex depth of the girder. Having this moment of the he1ght of the tnangle from the ~pex. I he distance 
rrs1st auce, M, and also the moment of the weight, m, fr~m ~entre of pre~sure ?f one t~1angle to the same 
that is, the bending force multiplied by the effective pomt m th~ opposite t r1angle w1ll, consequently, be 
leverage at which it acts, we may at once obtain the the effective depth, and be equal to 5-. Again, 

value ofF, since obviously F== ~. The value of m is the area of each triangle beiug equal to ~
2 

,the moment 

readily arrived at, since it is merely the moment or of resistance of a square cross section will be 
weig.ht round support. ~bus, with a weight, W, d_: x jd; that is, M=~. 
apphed at the centre of a gtven span, l, the moment of 4 6 
the weight round one support will beY! for the effec- The process will be more clearly illustrated if. we 

2 take the more complex problem of a square bar strameu 
. . z . in the direction of a diagonal, which may be solved 

t1ve we1ght, and 2 for the effective leverage, there- geometrically as follows (Fig. 2) : Draw the diagonals 

fore m= \V t; and under all conditions of loading it 
4 

• is essential to the condition of stability that the mo-
ments of the weights round each support should A B 
be equal. "\Vi th an equally distributed load, the centre ,..:..::._~.,._-......---r~:---,.--r.--~~---------=-
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of gravity of the load transferred to each support being 

! , the effective leverage will be that amount, and the 
4 

moment, m = W z. Again, if the weight W be applied I 

a and b, the moment w· l be the weight multip ied by I 
the product of the two segments and divided by their j 

sum, that is, m= W ab. Under any given distribution 
t 

of load the value of n1- can be easily obtained by the 
method of commencing at each support simultaneously, 
and multiplying the successive increments of weight 
by the distance of their respective centres of gravity 
from the supports ; carrying on the process till the 
whole of the weights have been dealt with, and the 
moments on each side balance. • 

To determine the moment of resistance of any given . 
cro1:>s section is generally a rather more tedious process 
than the foregoing, but it is equally simple, although, 
from the fact of the calculus almost always figuring 
in the portions of eugineering works treating on the 
subject, most practical men would naturally be led to 
su:ppose tbe contrary. We shall show how the re­
qmred result may be obtained with very few figures, 

of the square, and divide the one in the plane of which 
the bending force acts into any number of equal parts. 
Through the point.s thus set off draw lines at right 
angles, intersecting the sides of the square, and from 
the points of intersection set up verticals cutting the 
line A- B. Remembering that the strain on each 
fibre is proportional to the distance from the neutral 
axis, it will be at once seen that if we draw lines from 
the points thus obtained on the line A-B to the 
neutral axis, the intersection of these lines with the 
horizontal ones, representing the several layers of 
fibres, will ~ive the equivalent lengths of fibres, if the 
same intensity of force were acting throughout ; and, 

or indeed, if necessary, without any figures at alL 
The determination of the moment of resistance of a 

given cross section is derived from the know ledge of 
the fact that, in practice as well as in theory, every 
fibre in a beam is strained in direct proportion to 
its distance from the neutral axis, and that the effective 
leverage at which each fibre acts is also proportional 
to the same amount. Representing the effect of this 
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consequently, by joining the several points, we obtain 
a figure, shaded on diagram, representin~ the sum of 
all the forces, and the area of which will be the effec­
tive area of ''flange." 

The area of this figure migbt be found by direct 
measurement from t he diagram, and its centre of 
gravity in the same way ; but in this instance it will 
be seen by inspection that the shaded space is a 
parabola, since the ordinates vary as the rectangles of 
segments. The area of a parabola is !rds of the 
circumscribed rectangle, consequently t he effective 

area of the shaded portion will be ~X rl x cl . 
3 ~ .V2 -v'2' 

and tue centre of pressure being at its centre, the 

effective depth will be rl ,· and fhe moment of the 
.V2 

. 2 rl r/, 
cross secl1on =- x x 

0 ~. ~ .V2 
rl 

x therefore 
.V 2 ' 

M== rJ3 • 
o.y-2 

It appears, then, that tbe strengLh of a square beam, 
strained in t be direction of one of the diagonals of its 
cross sect.ion, is less than that of the same section 
strained in a direction parallel to one of its sides in 

-
the proportion of v' 2 to unity, t.hat is. as 1.41 : l. 

B. B. 

THE " NITRATE STEEL PROCESS." 
TRUE to the instincts of Cancer, the crab, the 

famous "red fish which walks backwards," Pagorus,* 
a member of the same family (for it is he, unless we 
greatl,y mistake the scyle of the writer), is now illu­
minating, in bright colours, the wonderful results (to be) 
achieved by the resuscitated, and "as good as new" 
uitrat.e steel process. When Mr. Bessemer had 
shown in his specification of October, 1855, how iron, 
once melted, could be decarburised without any 
further consumption of fuel, or manual or me­
chanical treatment, merely by blowing atmospheric air­
through it, the only active element of the air 
being, of course, its oxygen, innumerable attempts 
were made to "dodge" this leading principle by get­
ting oxygen into the iron, or getting the iron to the 
oxygen, in some other way. 'l'lle real principle was 
in all cases, of course, the same, just as if a patentee 
had said, "I claim softening timber, for bending, by 
'' enclosing it within a closed vessel, and admitting 
" steam to it." Others might claim the admission of 
boiling water as an improvement., nnd another might 
go so far as to believe he could dodge the patent 
by setting up a boiler within the vessel, instead 
of admitting the steam from without. So there 
were some who proposed to run the iron down air­
shafts, as Sir Anthony Hill did fifty years aao (and 
to little profit for the Plymouth ~Vorks). N~wton, 
the patent-agent, secured the rights of some one, not 
named, to the tubular rabble, the use of which is now 
dignified as the "Richardson process," only his rabble 
was worked mechanically instead of by band. Others 
saw that nitrate of soda and saltpetre possessed abun. 
dant stores of solid oxygen, wbicb gasified and libe­
rated itself wllen exposed to a heat of 700° or 
so .. Mr. Bessemer soon saw the necessity for se­
curmg the use of any gaseous matter giving off 
oxygen (No. 356, A.D. 1855), and, later, of any solid or 
liquid substance in combination with atmospheric 
air, and capable of evolving oxygen (No. 1292, A.D. 
1856). If this did not cover the ground, Victor 
Avril not long afterwards provisionally protected the 
treatment of melted iron with nitrate of potassa. Sir 
Frederick Knowles, too, we believe, actually made 
tolerable samples of steel by dosing melted iron with 
saltpetre. There were many persons at work, in fact, 
at the same problem ; but no supply of oxygen could 
be found so cheap as that afforded by the air. There 
are millions of tons of nitrate of soda forty miles in­
land from. the Pacific coast. at Iquique, Peru. But 
guano fre1ghts from the Cbmchas are 65s. a ton and 
for nitrates the cost would be about the same. 'The 
Peruvian Government, too, always ready to turn an 
honest penny, would not probably be long in dis­
covering any especial increase in the demand for 
nitrates, and would put on a royalty which would be 

* P agorus, literally the hard-tailed, or Pagorus B ernat·dm 
(or Fredericus, for it's much the same), is popularly known 
as the " H ermit Crab." The " critter" is one of a tribe of 
anomoural, decapod crustaceans, inhabiting, rent free, the de­
serted shells of univalves, the outgoing tenants of which are 
whelks and "sich like." Qtu~re by our" rough-proof " reader, 
".may not the fine old Norman name, Paget, have been de­
n ved from Pagorus ?" We must refer h1m to the N omeno­
logical Society, if one cnn bo found. If not, to the (our) 
"devil."-ED. E. 
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felt and respected nll over iro11-dom, and nitrate of 
soda, now quoted at ft·om lOZ. to 12l. 10s. a ton 
might, under an increased demand, soon double i~ 
price. Of course, if it could be fouud cheaper else­
where, compe1 it ion would set in, and the monopoly 
would break down. 

P agorus, in ;Plte Engineer, does not appear to per­
ceive any special difficulty in keeping the 11itrate at the 
bot~om of the charge during the somewhat lengthened 
penod of conversion. vVe do sec some slight hi tch 
here, and shall be glad to see it removed, not, 
even t hen, that we can foresee any great. good 
which can result from it. Our contemporary cannot 
sec that the gunpowder process is at all likely to be 
costly. ".d.ss11miJI.fJ M,·. JJa,·tJreaves's ultimate success," 
which is 1.'/te E''.t;ineer's clear and logical mode of 
arguing about the probability of such success-as­
suming that l\1:r. Hargrcavcs could balance the ex­
pense for nitrates by using iron costing "16s. to 20s. 
per ton less than anything that ~fr. Bessemer can 
use" -a_ssumitl!J that . this inferior iron could reall_y 
be punfied by nothmg but oxygen, nitroO'en, and 
soda, which have been tried andjailed in Sch~fhii.utel's 
method of puddling-assuming that large masses of 
molten metal could be run into and cast from Mr. 
Hargreaves's plant, assumed to be inexpensive, with the 
same facility and eeonom_y as this is done by the mecbani­
cal movements of the Bessemer plant-assuming that 
puddlers will work the refined metal produced in the first 
Instance for no wages- assuming that there will be 
no further loss of iron in the subsequent operations­
assumi?zg that Mr. Hargreaves will charge no royalties, 
and be content to become "a very wealthy man" by 
the aid of The EJZgitzeer's assumptions-then the 
nitrate process will save the full amount of tbe 
Bessemer royalty which our contemporary has gradually 
auctioneered from the well-known figure of 1/. to 
2t. 10s. per ton. Assuming still further, as there 
seems to be no limit whatever to our contemporary's 
:eower and license of assumption- assuming that :Nir. 
Hargreaves will borrow :Mr. Mallet's great mortar from 
V\'oolwich arsenal, run his liquid iron into it, fire off 
the whole by a charge of gunpowder, and thereby in­
stantaneously produce fine steel, wbich wjll drop down 
in the shape of a hot ingot on the coast of France­
then, not only the Bessemer royalty, but also the 
working expenses for the Bessemer process, wbich 
amount to less than 1l. per ton, and of course the 
freight to France, will be saved, and " an incalculable 
boon to the world" will be the result. 

But who is to dogmatise, still less sneer, when men arc 
found who are patiently working out again and again, 
and at much cost, often abandoned and seemingly 
hopeless experiments ? Let us ever respect the 
earnest and the persevering. We shall be the first to 
applaud if, after much churning, the butter really does 
come at last. The mixture, if not:a new one, may­
who knows ?-lead to a new result. 

AMERICAN CoMMERCE.-Tho commei·cial accounts from 
America continue to show an extraordinary falling off in the 
trade with this and other count.ries, the value of the goods 
imported at New York in January having been only about 
1,910,000l. against 2,990,000l. in the same month of last 
year, and 3,600,000l. in 186G. The exportn.tion of gold, 
however, has been 1,400,000l., against 600,000Z. in each 
January of the two preceding yem·s. At the same time the 
import trade is threatened ,...ith a serious blow by a Bill 
int1·oducecl into the House of Representatives to abolish the 
bonded wro·ehousing system. The debt and cm·rcncy questions 
continue to be w·gently discussed in all tho jow·nals, .and a 
flood of pamphlets with regard to them seems to bo ISSUC(l 
daily. 

LEEDS.-Short time is still the order of the day with the 
forges, while the tool-makers and engine-makers arc also 
slack. The engine-makers appear to consider that they have 
rather better prospects. 

M.ARINE-ENGINE BuiLDING IN SPAIN.-We have received 
from a frieml the followin~ extract fi·om a letter written by 
an English engineer res1clin~ in Spain : "Alexander, of 
Barcelona, is now malring marmc cnt!~es of several hundred 
horse power for Liverpool people. T · k of that.! They will, 
at this rate, be building iron vessels here before long." 

TnE CLEVELAND In.oN TRADE.-The make and doli very of 
pig in tho Cleveland district appear to be pretty evenly 
balanced. Two new blast furnaco have been completed by 
Messrs. Cochrane and Co., of tho Ormesley Ironworks, and 
are ready for putting in blast. The Continental demand for 
Cleveland pig is only moderately active. The demand for 
cast-iron pipes and Tail way mater_iel is. alRo rather wc~k. The 
rail trade shows rather more ammat10n, nnd thc1·c 1s also a 
slightly be~ter demand for shipbuilders' i ron. ~hipments of 
r ails arc bemg made by the largo works for Tncstc, Rotter­
dam, and the East. 

ENGLISll J~NTERPRISE IN FRANCE.-Representatives of an 
English company are ~dcrstoocl to haYc applied for tho con­
cession of a line of r8.1lway from Lyons to Bordeaux. Tho 
cost of consLruction would be no less than O,OOO,OOOl. ; nnd 
the promoters ask, :first, for guannteo of interest, and, 
secondly for a considerable subvention from Lhe State. I t is 
proposed to construct tt branch to the rich coal and mcLal­
lurgical ba~ins of Champagnac and Vendes. 

• 
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SIR DA VID BREWSTER. 
Sm DAVID BREWSTER, Principal of the University of E din­

bur~h, and on~ of the first natural philosopht•r of l1is age, died 
at his seat of Allerly, nl3ar 1\Ielrost>, at half-pa&t seven on Mon­
day evening last, in the 87th year of his age. He was born at 
J edburgh, on the 11th of December, 17~1. His father, who 
was r ector of the grammar school there, destined him for the 
ministry, and he was accordingly sent to the Univers iLy af 
Edinburgh, and maintained there for ~everal sessions, during 
which his f erformauces as a stude11t were promising and even 
brilliant. le passed throu~h the theoloS!ica l class~, and took 
licenco as a preacher of the Church of Scotland ; but he 
was strongly attracted during his college career towards 
the study of science and the observation of m\tural pheno­
mena. The powerful drih of his mind and inclinations 
in this direct ion was increased by t he delicate condition of 
his healLh, which inspired the apprehension that he might 
not be able to sustain the scYere physical f'tttigues and t rying 
exposures incidental to minititerial duty; and at last ho re­
solved to turn completely to the pursuiLof science as his a im in 
life, and in that bpirit declined a presentation which was 
offered to him by tbe Duke of Roxburgh. He had received 
the honorary degree of l\l.A. in 1800; and at and. after that 
period he enjoyed the acquaintance and assistnnre in his 
scientific stud1es-in which he alre'ldy gave eviJ cnce of sur­
passing powers of observation-0f Robison, t he Professor of 
Natural Philosophy, and. of Playfair ::md Dugald Stew~u't. 
lie bad already so far improved upon the inst ructions he had 
received , that, in maturely examining the b:tses of Newton 's 
theory of light, be succeeded in discoverin~ a novel and 
important fact in optics-that of the influence of the 
condition of the surfaces of bodies on the " inflection" or 
change of direction of the rays of light, which had been 
formerly accepted as a consequence of the nature of the bodies 
themselves. He had already devoted himself principally to 
the science of optics, in which he was destined to attain 
so distinguished a reputation. In 1807 a number of 
honours poured in upon him. He was made LL.D. 
of Aberdeen University; Oxford conferred on him the degree 
of D.C.L., and Cambridge that of A. M. Next year Dr. Brew­
ster was elected a member of 1 be Royal Society of Edinbmgh, 
of which he subsequently filled tl1e offices of !)ecretary, vice­
president, and president-hold ing the latter office at his death ; 
and in the same year he took in hand the task of editing tl•c 
Edinbu1yh Encyclopredia, a work to which he made a number of 
important and mteresting scientific contributions, and which he 
did not complete till 1830. This considerable undertaking, 
however, was far from occupying tbe whole of Dr. Brewster's 
almost marvellous wo1 king energy. I n 1813, under the title of 
a Treatise on New Philosophical Insltrumenls, &c., be presented 
to the publ ic some of the results of his optical researches during 
the r receding twelve years. I n J 811 be had. bestowed some 
attent ion upon the experiments prosecuted by Buffon with 
the purpose of discovering the nature and emulating the 
effects of the bllrning-mirrors of Archimedes; and these ex­
periments suggested to l1im the r.onstruction of what he 
styled "polyzonaJ>~ lenses. Li~bthouses at that time were 
usually fitted up with plain parabolic reflectors; Dr. Brewster pro­
posed instead th~ use of lenses built up of zones of glass, each of 
which migbt be composed of several circular segments, arranged 
concentrically round a central disc, with the effect of strengthen­
ing the light and transmitting it to a greater distance. Tb e 
invention, or adaptation of Buffon's invention, excited a good 
deal of in terest at the time, as it promised to lead to an im­
provement in the illumination of our ligh thouses and the safe 
conduct of our coast navigation; but it was not then practically 
taken up in this country, though it was in France. In 1815, 
at the desire of the Corporation of Edinburgh and of Professor 
Play fair, he undertook to take the place of the latter in deliver­
ing tht:l lectures on natural philosophy; but he did not long 
persist in this task, grudging every moment and every effort 
that did not lead him further in the investigation and know ledge 
of his favourite subject. I n the same year he sent again to th~ 
Royal Society of London a paper 11 On the Polarisation of Light 
by Reflection," and the society elected him a Fellow, and voted 
him their Copley medal for hi~ discoveries and researches. I n 
1816 he hadjthe hononr to receive fi·om the French Institttte half 
of the prize of 3000 francs awarded l'or the two most important 
discoveries made in Europe in physical science during the two 
years preceding. In t hat year al13o be achieved t he invention 
which ku; r endered his name most popular - that of tue 
kaieidoscope. Thenceforward honours continued to flow in 
rapidly on him, and in 1831 he received rhe dcccration of the 
Guelphic Order of Hanover. The year follo\ving l1e was knighted 
by King vVilliam IV. In 1833 he was a candidate for the chair 
of Natural Philosophy in the University of Edinburgh, but was 
defeated by i\lr. J amfs D. Forbes, now Principal Forbes, of St. 
Andrew's. To the distinctions we have enftmerntcd as falling 
to his share the King of Prussia added (in 1847) the Order of 
Merit. In 1849 he was elected one of the foreign Associate 
Members of the I nstitute of France, and the Emperor Napoleon 
(in 1855) conferred upon him the cross of 1 he Legion of Honour. 
The list of Sir David Brewster's c·ontribntions to scien tific and 
~eoeral lit<•ru ture is very extensive. He was twice married­
in 1810 to Juli .. t, the younger dnughter and co-heiress of J ames 
Macpherson, of l3elleville, M.P., better known t o fame as t he 
" translator" or author of ' 1 Ossian." The first Lndy Brewster 
died in 1850 ; and in J 857 Sir David was a~ain married, to 
J a ne, daughter of ~ ~ r. Tbomas Purnell, of Scurborough, who 
survives bim.-Times. 

A GREAT RussiAN RAILWAY BRIDGE.-A bridge has been 
thrown ovrr the Boug, on the Bnlta and Olviopollinc, which 
is no less Lhan 800 :ft. in length. 1'he weight of this fino 
structure is 16W tons. 

A BISCUIT 1\f..ANUFA.CTORY.-Jn OU1' description of the 
biscuit manufact.ory of Messrs. Gray, Dunn and Co., of 
Glasgow, on page 91 of ow· number for January 31, last, H 
wns by an error stated that tho machincr:y referred to hncl 
been made by Messrs. Stevcnson and Co., L1vorpool, whereas 
it. should h nve been stated tha~ it was constructed by Messrs. 
T. and J. Vicars, of Liverpool, n. flrm to whom arc duo many 
important improvements in biscuit-making machinery. 

(l'EB. 14, I 868. 

PAVED STREETS. 
To TilE EDITOR oF ENGINEERING. 

Sm,-llad yom· correspondent " Concrete" read my 
letter of the 20th ult. (which appeared in you1· impression of 
the 31st) a little more attentively, he would, I think, have 
seen that, open as my method may be to " many objections," 
Lhoso he m entions in hi1:1 letter of the 3rd inst aro scarcely to 
bo urged against it. 

In the first place, he alleges that I have not been sufficiently 
explicit in my description, in that I have not stated whether 
the plates I p1·opose to use are of wrought or cast iron. I 
have not, to my knowledge, tho pleasure of "Concrete's" 
ncq,uaintancc, and, therefore, I cannot tell tho precise amount 
of mformation he personally may stand in need of; but I 
will venture to say that the doubt he professes to feel on this 
subject is not entertained by many of your readers . "Con­
crete" then goes on : " If of wrought iron , would ~ in. be suf­
" ficient to sustain a weight of U cwt. without bending ancl 
" buckling in every possible direction?" Possibly it would 
not, if the plates dicl not take an cl" en bcariug on the concreto 
foundation or the road; but yow· conespondcnt will sec, on 
reference to my letter, that I h ave myself contemplated the 
possibility of some such contingency by provicling that the 
plates arc to be '' buckled, if necessary," tmcl I need not teU 
him that "buckled pla tes" have stood satisfactorily severer 
tests than I nm proposing to ap!?Jy to them . 

Again, "Concrete" says, "it the plates ar~ to be close 
" together" (and they would evidently be useless if they were 
not), " how could room be found for the bolt and key," tho 
"simple arrangement" by which it is proposed to fasten 
them together? This, I can assure "Concrete," presents no 
difficulty ·whatever, as I shall be most happy to prove to him, 
or to any one else at all interested in the subject, but with 
the detailed description of which arrangement (beyond the 
sketch given in yow· last number) I need not Ii.OW trouble 
your readers. 

But " Concrete" reserves his :final thl:ust for a coup de 
g1·ace. H ow can the :first cost be the same, or nearly the 
same, between the proposed system and that now in use, 
when, the other circumstances being equal, the first cost of 
the proposed system is increased by the expense of the iron 
boxes? Again, I must ask " Concrete" to refer to my letter, 
and he will see that my estimate of the equality of first cost 
was based on the calculation that gra.nite pM'ing, 5 in. thick, 
laid as suggested, would bo found equal to paving 9 in. 
thick, a.s ordinarily laid, and, according to ".Laxton," the 
difference in cost per super yard between the best granite 
paving of these respective thicknesses is 6s. 6d.-a sum 
which would go very far towards paying for a wrought-iron 
plate weighing about 60 lb. 

l am, Sir, your obedient Servant, 
106, Cambridge-street, S.W. WrLLIA.M DENNIS. 

TrrE CoTTON TR.ADE.-'l'he deliveries of raw cotton from 
Liverpool to the trade have averaged thus, for this year, 
66,180 bales, ns compared with 35,490 bales to the con-c­
sponding date of 1867, and 37,660 bales to the corresponding 
date of 1866, the aYerage for the whole of 1867 being 47,290 
bales. The imports this year ha~c scarcely kept pace with 
the demand. 

.FROM TIIE N ORTH.-1\{essrs. L aws, Clough, and Co., of 
North Shields, have a large screw steamer building at Messrs. 
Schlesinger and Davis's yard at Sunderland. On Satw:day, 
l\{cssrs. Backhouse and Dixon, of Middlesboro', launched the 
Fulmar, a steamer of 1000 tons, built for Messrs. Ha.rris and 
Co., of 1Uiddlesboro'. M essrs. Blair and Co., of Stockton, 
have supplied tho Fulmar with engines of 160 horse power. 
Messrs. Backhouso and Dixon ha.vo another steamer of 2000 
tons now on the stocks 

RAILWAY TRAFFIC IN Fn.ANCE.-Expcricnce shows that a 
week of bad weather cost the Paris, Lyons, and Meditcr­
nnean-the most extcnsi"Ve system in Etu·opo-no less a sum 
than 66,000l. from the loss of traffic sustained. 

RAILWAY EcoNOMY.- Briquettes, in which petroleum 
boars a part, are now being used for the engines of the 
Orleans H.ailway. By this means dust coal is u tilised, which 
would otherwise be wasted. 

TnE ZoLLYEREIN.-The number of forges and blast-fur­
naces in the Zollvcrcin in 1 65 was 1581, which producc(l 
4·,060,628 tons of iron, lead, zinc, &c. In this totnl, the works 
devoted to the production of iron num bcrcd 1376, the number 
of workmen employed in them being 87,097, and the produc­
tion 3,784,905 tons. 

TnE DEPUTY-DIRECTOR OF ENGINEERING TO TilE An-
1\ti:R;•U~TX:.-l\Ir. V'V. c~mp, C.'E., the late cl<?J)Uty-dll·ector of 
engme~rmg ~n<l architectural works ~o the Admiralty, who 
has retil:ed wtth a full-pay superannuation after a lenathencd 
period of service, transacted his last official bus~ess at 
l:)omorset-house on W ednesday wcrk last. 

TnE OunE AND R oiliLKUND RAILWAY.-At the recent 
general meeting of the shareholders of this company the 
chairman, in moving tho adoption of the report, stated that 
the districts which the railway would hat·c to scrYc were very 
favow·able for the construction of railways, and, with the 
exception of crossing t he Ganges near Cawnporc, there was 
not an engineering work of any difficulty to be encountered, 
and as the embankments would not exceed 3ft. in height 
the line would be rapiclly formed by cligging n. ditch at each 
side and throwing the soil on the line. lt was also stated that 
a committee of engineer officers had been appointed to report 
on .the lino ~n<lrbl~mg stock of t.he Cawnpore and Lucknow 
Railway, wtLh a Vlew to nscertam whether some imJ?rove­
ments might not be made in tho construction ancl workmg of 
that line before commencing the oLhcr lines. It was stated 
by th~ ~anaging director that the alterations requisite in 
the roiling stock that hacl been sent out were not importnnt, 
and the expense would bo small. 

GOLD-MINING IN VICTORIA.-It appears by the gold­
mining records of the colony of Victoria Lhnt 12 selected 
mines, with an aggregate paid-up capital of 145,3 2l., have 
pnid us profils in the short p eriod of from seYcn months to 
live years no less a sum thnn 1,878,9077. Tho lustory of 
mining has never before shown such e::draordina1·y results. 

• 
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SOCIETY OF ENGINEERS. 
81·d February, 1868. 

BALDWJN LATnAM, Esq., President, in tlte Chair. 
On tlte Surveys of l'r·oposed Lines .[o1· a Sltip C'anal between 

tile Atlantic and Pacific Oceans. By Dr. CuLLl£N. 
( Co"ti1z,1tccl from pa,qo 122.) 

Cllild's Stu·vey. 
IN 1850 and 1851, this route was surveyed by Colonel Childs• 

for the American Atll\ntic and Pacific Ship Canal Company, 
his assistants being Messrs. Fay, Curry, Fitzgerald, and Crop­
sey. He proposed to cut a canal 28.28 miles long, with six 
locks, on the Atlantic side, and to canalise the San Juan by 
means of seven darns and eight locks. The comrnnnic~~tion be­
tween the lake and Brito, on the Pacific, was to be effected by 
a canal 46.32 miles in length, with .fourteen locks. The summ1t 
of thfl ridge to be cut through ou the Pacific side was found to 
be 18.03 ft. above the surface of the lake, and tbe width of the 
ridga to be eight miles. Some dr~dgiog would be required at either 
end of the lake, as well as piers and embankments, the approach 
to its shores being obstructed by shoals and s~:~.ndbanks. At 
Brilo an artificial harbour would be necessary. 

This line, the direction of which is westerly, would thus re-
quire seven dams and twenty-eight lock!J, and would consist of 

miles. 
28.28 of canal on the Atlantic side. 
90.80 of river navigation. 
56.60 of lake nav.igation. 
18.32 of canal on the Pacific side. 

193.90 
Child's estimate for a canall7 ft. deep was 6,570,483l. At 

the same rate a canal 20 ft. deep would cost upwards of 
10,000, OOOl. He estimated the time necessary for the transit 
of a vessel from sea to sea at seventy-seven hours, assuming 
that she would be in continual progress, day and night, and 
would only spend twenty-eight minutes at the passage of each 
lock. 

Line by Lake ]Jf anagua. 
To avoid the difficulty of cutting through the rocky ridge it 

was proposed to <:arry the canal from tbe lake, by the river 
Panaloya, or Tipitapa, to Lake Leon or :Managu~, and thence 
to descend to the port of Realejo, on the Pacific. Lake .Managua 
is about 15 leagues in length, and 35 leagues in circumference, 
its greatest breadth being about 9 leagues. The average depth 
of water is 10 fathoms, and its surface is 28 ft. 8 in. higher 
than that of the Lake of Nicaragua, with which it communicates 
by the river Tipitapa. It is, therefore, 157ft. 2 io. above low 
water on the Pacific. The length of Tipitapa. is 30 miles, and 
for a distance of 24 miles from tbe Lake of Nicaragua it has a 
depth of from 1 to 3 fathoms ; but beyond this there are rapids, 
and in a distance of 4!. miles a fall of 13 ft., caused by a dyke 
of recent lava. It coufd, therefore, only serve as a feeder for a 
canal. 

By this course the difficulties of getting over the ridge would 
be obviated, but the length of the navigation would be increased 
nearly 100 miles, and it is doubtful whether Lake Managua 
could furnish the water necessary for the lockage, in both di1·ec­
tions, which it would have to supply. 

Other Branch Lines Proposed. 
I t was also proposed to connect the N. W. end of the Lake of 

Nicaragua with the Gulf of Fonseca, or Conchalagua, tbe 
shorte:,t line between them being more than ninety miles. An­
other plan was to make a cut from its S. end to the Gulf of 
Nicoya. By each of these modifications however, the length 
of tbe canal, the amount of excavation and lockage required, 
and the cost would be very considerably augmented. 

<Ersted.-Lastly, <Ersted, a Danish engiDeer, proposed a line 
from the mouth of the Sapoa river, at the S. W. part of the lake, 
to Salinas Bay, and estimated the height of t he ridge at !30ft. 
abova the surface of the lake. This line would be altogether in 
Costa Rica. 

Camond.-In 1858, <Ersted's line was surveyed by M. Thome 
de Gamond, who a::certained the elevation of the Col de Salinas 
to be 130ft. above the surface of the lake. H is report was pub-
li~hed by M. Belly.t . 

M . Belly.-E1trly in 185!), M. Belly, M. Garnond, !11. Elie de 
Beaumont, Mr. O'Gorman Mahon, and a large staff of assi~tant 
engineers went out to survey the line for an associ~tion of 
l~'rencb and English capitalists, but after a careful examination 
the project was pronounced to be impracticable. 

Ea'rlltquakes and Volcanoes.- Besides the unfavourable fea­
tures of this route, the consideration of the insecurity of the 
works, if ever completed, would justify great hesitation in under­
taking any extensive operation!J in this district. Eart bquakes 
are of very frequent occurrence. Volcanoes J1ave risen witbin 
very recent periods, and prodigious quantities of ashes, water, 
and lava have been from time to time thrown over the couutry; 
and the relath·e elevations of land and water have been mate­
rially changed, all within the memory of living men. Hum­
boldt says, "there is no spot on the globe so full of volcanoes 
as this p~:~.rt of America, from the 11th to the 13th degree of 
latitude." Mr. Stephens describes several volcanoes now in a 
state of activity not far from tbe line the canal would take; 
and Baily relates a curious instan~e of the rise of a ~olcano to 
the height of 1500 ft. above the level of the sea from a spot 
where living men had milked cows. Indeed, the volcanic cha­
racter of this country is officially recognised, for the ar!ns of 
Nicaragua and the seal of the Government are five volcanoes in 
action.:t: 

Unhealtltiness.-The insalubrity of the climate, owing to the 
swampy character of the banks of the San Juan, i~ another 
disadvantage under which the route labours. On this point it 
may not be irrelevant to meution that, in 1779, an expedition 
was sent from J amaica by Sir J . Dalling, to txke the fort of 
San Juan on the river, and the citit!S of Granada and Leon, so 
ar:; to command the lake. Lord Nelson, who was engaged in 

• Ohilda, Colonol 0. W., M:ap and Proille of tho Nica.ra.gua Ship 
Oaoal Route, New York, 1852. 

t Belly, M. FeJix, Canal de Nicaragua, Paris, 1858. 
:t: A new volcano burst forth near Leon on the 14th of No­

vember, 1867, and continued to burn till tbe 30th, when it died 
away, apparently smothered by its accumulated eruptions. 

EN G IN E E RI N G. 

t.his expedition as captain of the Hinchinbrook, in writing to 
Dr . .Moselay, who was preparing a second edition of his "Trea­
tise on Tropical Diseases," remarks that, "in the Ilinchin­
" brook, with a complement of 200 men, 87 took to their beds 
" in one night; and of the 200, 115 were buried in mine and 
" Captain Collingwood's time, aud I believe not more than 10 
" of that crew survived.'' On the return of the expedition , 
Nelson himself was carried a.shore at J umaica almost in a hope­
less state. 

Political Consideraticns.-PoliLically, there are at present no 
difficulties with regard to this route; but there was long a dis­
puted boundary question, in which Nicaragua, Costa Rica, and 
the Mosquito territory were concerned. For many years, too, 
the occupancy of the mouth of the San Juan was a bone of con­
tention between the British and United States' Governments, 
and a bewildering mass of diP.lomatic rubbish was written on 
the subject, which was, happily, brought to a close by the Bul­
wer ~nd Clayton Treaty of 1850. But hardly was the ink dry 
when they disagreed about the meaning of the first few word~ 
of the first sentence, each interpreting them in a directly oppo­
site sense, whereupon the distracting correspondence recom­
menced, and culminated in the burning of Oreytown, or San 
Juan de Nicaragua, by Captain Hollins, of the United States' 
corvette Cyane, on the 13th of July, 1854. This act brought 
matters to a crisis, and the paltry and undignified ~quabble was 
at last settl~d by the Dallas-Clarendon Tref4ty of 1857. 

llarbours.-Tl1c want of adequate harbourage on either 
coast is tbe grand disadvantage under which this route labours. 
Brito has no pretension whatsoever to be .called a har~our, the 
line of the coast thereabouts not presentmg even an mdenta­
tion. The harbours at the other proposed termini on the 
Pacific are wanting in either capacity or security, or both . 

The so-called harbour of San Juan de Nicaragua, or Grey­
town, is formed by a broken, low peninsula, which forms .wi~h 
the coast an inlet or basin, about three quar ters of a m1le m 
extent, at the mouth of the San J uan: This narro":' str~p of 
land is composed of loo~e, black, f~rrugmous sand, w~1cb 1:; so 
highly magnetic as to mterfere Wlth the proper actwn of the 
compass. Out::,ide of it a shoal extends to tbe distance of a 
quarter of a mile, over which the ~ea br~aks hea'ri:ly. Off Pu~ta 
Arenas the western point of th1s stnp, there 1s a shoal w1th 
only t hree-quarters or half a fathom on it, which often shiits, 
and is subject to considerable c~anges, from the he L.VY flood~ 
that occasionally come down the r1ver. Pnnta Arenas 1tself has 
of late years adranced so rapidly as to cl~se the harbou~, ~xcept 
to small vessels. In bet, this harbour 1S only the recaptent of 
the waters of the San Juan, after they have passed through its 
della or percolated through the low grounds and out of the 
lagoo~s in the vicinity, bringing with them much drift bush and 
dead trees. These ground on the shoal off Pun.ta Arenas ~nd 
become the nuclei of future islets, which, by then· gradual m­
crease, threaten to block up the h,arbour, and ~ore~ t1.1e rive! to 
seek an outlet somewhere else. fhe delta, 'vh1ch IS 1ncreasmg, 
is formed in the first instance by mud brought down by the 
river. On this, dead trees ground and form is~ets, which in ti~e 
become connected, the quick rank vegetation of th~ m01st 
climate assisting in the process. The three chann~ls mto the 
river have only a depth of three-quarters or half a fathom over 
the shoal which extends in front of them, from the west extreme 
of Greytown towards Point .Mandeville. Within them are from 
one and a half to two fathoms in the river. The West India 
mail steamers and the New York steamers, which call at San 
Juan de Nicaragua, do not enter the harbour, but lay to out­
side· and as the prevalent winds make the coast a lee shore, 
they' have' to keep steam up all the time. Should it blo\~ much, 
they cannot communicate with the shore, but are obliged to 
put to sea at once. Nortbers are not unfrequent, and mu~h 
damage was done by one on the 22nd of November, 1862. 
Lieutenant (now Captain) Pim, R.N., who surveyed the ha:­
bour in April, 1860, says: " The deepest water I could obtam 
between ti.Je two points of the entrance was only 
12ft., and tha.t not continuous ly across." On a 
subsequent visit be found that "the sand spit 
which forms the seaward face of the port had 
extended itself, an<i therefore narrowed the en­
tranc~, during fifteen months, no lP.ss than 200 
yards." MorP. recent informa.tion is to the effect, 
that the harbour is almost completely filled up, 
and the river has forced a chaunei for itself else­
where. It is evident that such a harbour could 
never be made suitable for the terminus ot a ship 
canal. For this and the other reasons given 
above, the idea of opening a ship-canal communi­
cating by this route has been finally abandoned. 

For many yE-ars past, passengers and goods have 
been carried scro~s by the Accessory Transit Com­
pany, formed by Vanderbi!t, of New York. They 
are conveyed by steamers and boats, on the lake, 
and mules from thence to the Pacific; anci, although 1 here are 
six transhipments on the way, the line is so frequented by out­
ward and homeward bound Californians that it pays very well. 

A railroad from Monkey P oint to Realejo has been proposed 
by Captain Pim, R.N. Monkey Point, 88 miles due N. of 
Greytown, is in lat. 11° 46' N., Jong. 82° 45' \Y. The little 
bay under its lee, which is protected by two islands, has good 
anchorage and an av2rage depth of 3~ fathoms. The line runs 
close to the Chontales gold district. I ts length would be 225 
miles. The lowest summit level, according to Mr. Collinson, 
C.E., is 619ft. above the lake, or 740 ft. 9 in. above low water 
of the Atlantic. 

(To bo contimted.) 

A llEAVY TELEGRA.PII BrLL.-A new difficulty has arisen 
in regard to the payment for Russian America. During the 
negotiations for the purchase of this territory there was con­
sidcmblc tcl<.•graphic correspondence bctwrcn Washington 
and St. l'ctersburg, for which tho bills of tho Atlantic 0ab1o 
Oomvany amount to about $10,000. This sum Russia is of 
opimon the United States should pay, but this Government 
declines to do so. At Secretn1·y Seward's request, therefore, 
the bill appropriating the money to pay for Russian America 
is held in abeyance by one of tho Congressional committees 
until this difficulty cap be settled. 

.. 
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BOILER EXPLOSIONS l N 1867. 

BY the courtesy of Mr. E. B. Marten, the engineer of the 
Midland Boiler Association, we are enabled to repnnt the follow­
ing illu~;trated portion of his report for the yeur 1867. 

No. 1. JaM-lar.1J 2nd, 1867. 1 killed, 1 ~njured . 
A small boiler to heat a bath. It exploded, causmg great 

damage, because the connecting-pipes were frozen. All such 
boilers should bave a proper safaty-valve. 
No. 2. Jatl!Uar!J 2nd. 3 lcillcd. 3 injured. 

----
Plain cylinder, 33ft. long, 6 ft. diameter, 83 lb. pressure. 

Only set two days, but was old and deteriorated, and bad 
work ed before at another place. It had been turned ! round, 
and old fitting-holes stopped. First rent was supposed to be in 
a seam at front end, over the fire. !\1ain portion of shell was 
driven back and front end forward, and torn in its Bight. The 
cause of explosion was, tJlat th; seam in _front .was over-heated 
and injured, and also mcaut10us workmg w1thout a steam­
gauge. 
No. 3. Jatn~Uary 2nd. 1 killed, 4 injwred. 

One tube externally fired, 30 ft.long, 6ft. Gin. diameter, with 
dished ends. Tube 2 fr. 9 in. diameter, slightly oval. Pressn~e 
60 lb. Tnbe collapsed sideways from end to end., because 1t 
was not strengthened by hoops or other means, whach ~ere. the 
more needed because it was slightly oval ~nd the long1tudmal 
seams were nearly in one line. 

No. 4. Jarvuary Brd. 1 k illed. 
Boiler for heating apparatus. Fire was lighted without 

noticing that, as there was n~ safe~y-valv~, all escape of steam 
was pr6vented by the connectmg-p1pes bemg frozen. 

No. 5. Jamtat·y 5th. 1 killed. 
Cast. iron boiler for heating water for a horse shower-bath, 

fixed behind an ordinary fire-pla<'e. Burst, and caused great 
damage, owing to the pipes being frozen. There was no safety­
valve . 
No. 6. J a:wua'ry 16t7t. 

Kitchen boiler. Burst, and did great 
were frozen, preventing escape of sfeam. 
valve. 
No. 7. J~y 26tlt. 

none injured. 
dttmage, because pipes 
There wrs no safety-

Plain cylinder, 30 ft. long, 6 ft. 2 in. diameter. Pressure, 
30 lb. to 35 lb. Rent into four pieces, which were flattened 
out a~d scattered on to other boilers, but are arranged in sketch 
so as to show their original position in the boiler. I t bad 
worked a very long time, and was overheated and injured along 
the fractured line. 

No. 8. Jawuary 30th. 2 killed, 2 injured 

Elephant boiler, 16 H. long, 5 ft. diameter; tubes, 1 ft. 10 in. 
diameter; 46 lb. pressure. Flat end blew out, throwing boiler 
upwards by react1on, but shell and tnb~s were not iujured. The 
flat end was not sufficiently stayed, having only one stay-rod to 
the centre, the bolt of which was broken • 
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N o. 9. J amtary 23rd. 1 killed. 
Kitchen boiler. Fire had been out some days, and the boiler 

burst soon after rekindling it, and did much damage, berause 
the supply-pipes were stopped by frost, and there was no safety­
valve for escape of steam. 

N o. 10. J anuary 9th. 1 killed, 3 injured. 
Kitchen boiler, which burst because the supply-pipes were 

stopped by irost, and there was no ~:~afety-valve. 

N o. 11. FebrtUC1'!J 8th. 1 killed, 4 injured. 
Small boiler to 6 horse po,ver engine. Gave way at centre 

of furnace, and water forced out at both ends, and it was sus~ 
pected that the Wl\ter was low. 

No. 12. F ebruary 11th. 

Cornish, about 30 ft. long. Tube, 3ft., un5tayed. Tube 
collapsed sideways, and was rent from grate-bars to end, with­
out injuring front plates or shell. It wRs said to be short of 
water, but most likely the true cause was Lbc wt!akness of the 
tube. 

N o. 13. Mm·ch 12th. 1 killed, 3 injttred· 

--
Agricultural, 45 lb. presuure. Fire-box blew off, and the 

outer shell separated from it. The cause of explosion was over­
pressure from the safety-valve being screwed down. 

N o. 14. M arch 19th. 8 killed, 4 injured. 

Agricultural, 45 lb. pressure. Firebox and tohe~ blew out. 
The cause of explosion was over-pressure, as the safety-vRlve 
was tied down with string. 

N o. 15. M a·rck 23rd. 3 killed, 1 inju·red. 

Colliery boiler, 30 lb. pressure. Rent in t wo while the en­
gine was standing, but no details obtained. 

N o. 16. March 29th. 2 killed, 2 injttred. 

Small plain cylinder with nearly fiat ends, 4 ft. 7 in. long, 
2 ft. 4 in. diameter; plates 1

3
11.th inch. No emptying-plug or 

feed-pipe, and only a very small banc.l-hole. Front end attached 
by slight angle-iron, which gave way, leaving the shell un­
moved. TLe cause of explosion was the internal corrosion of 
front end, owing to very bad water being used. The plates 
were reduced to a knife-edge in line of fracture. 

N o. 17. April lOth. 1 killed, 1 injttred. 
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Cornish, one tube 32 ft. long, 6ft. diameter; tube, 3ft. 10 in. 
diameter; plates, f in. ; pressure, 25 lb. to 40 lb. It was twenty 
years old, but just repaired and reset. Furnace-tube failed, and 
collapsed from one end to the other, except about 4ft. of front, owing 
to its weakness, being unstrengthened by hoops or cross-tubes. 

N o. 18. JIC1y 9th. 2 injm·ed. 

Plain cylinder, 3 It. 2 in. long, 1 ft. ~in. diameter ! rlntes, 
-/8 th inch; pre~sure, 30 lb. Workman~b1p and matena very 
inferior. Piece of top ripped out from manlwle, and allowed 
man-lid to blow ont through manhole. The cause of the ex­
plosion was the large manhole and over-pressure. The safety­
valve was too small, and very roughly madt>. 

EN G I N E E RI N G. (FEB. 14, t868 , 

No. 19. May 10th. 1 killed, 1 injtl.r~d. N o. 24. J uly llth. 3 killed, 3 injw·cd. 

Locomotive, 130 lb. pressure. Barrel blown away and broken 
to pif.ces, leaving fire ilnd smoke boxes. The cause of explosion 
was supposed to be the strain on the boiJer caused by its being 
made a stay to the frame without allowance for expansion, and 
thereby weakening a horizontal seam. 

N o. 20. ]fay 18th. 4 i11rJ"ured. 

Cornish, one tube 20 ft. 6 in. long, 5 ft. 4i in. diameter; tubE', 
3 ft. diameter ; plates, fin . ; pressure, 64 lb. The ends came 
out and tube collapsed for its full length, every joint being 
broken. The C)'tuse of explosion was bad construction and 
workmanship, and tube too weak for pressure. 

N o. 21. J mte 4th. 2 ldlled. 

1 

Two tube, externally fired, 30 ft. long, 7ft. diameter; tubes, 2ft. 
4 in. diameter; pressure, 50 Jr. Two plates lately put in bottom 
~ave way, and shell rent along bottom and opened out, dividing 
into several pieces, which were scattered to great distances, 
but are arranged in sketch so as to show their original position. 
The cause of explosion was too frequent repair over the fire­
place, and external tiring. 

No. 22. April 20th. 1 killed, 2 inju1·ed. 

Plain cylinder, 6 ft. long, 2 ft. 5 in. diameter; plates, i in.; 
pressure, 90 lb. The end blew out from excessive presst:Lre, as 
the escape from the safety-valve was prevented by a plug in 
the exit-pipe. 

No. 23. J uly 10tlt. 1 killed, 2 inj~tred. 

• 

Balloon, 2~ ft . diameter; pressurf, 51b. Bottom blew out, 
and was torn in pieceE. Main portion of shell fell over on to 
another boiler. The cause of explosion was deep corrosion along 
the bottom where it rested on the brickwork. 

One tube Cornish, 26 ft. long, 8ft. 10~ i:1. diameter; tube, 
5 ft . diametdr for 8 ft. 6 in. of fr~t end, tapering to 4 It. dia­
meter at back; pressure, 30 lb. Rent along bottom, allowing 

central ring of plates to open out. The whole 
boiler was thrown some distance by the reaction of 
issuing contents. Tile cause of explosion was 
corrosion at midfealber wall, the plates being little 
thicker than paper. 

1-to. 26. 

• 

N o. 26. 

Ju 1 !J 1 :Jt/1. none injured. 

July 24th. 

Two tube Cornbh 
31ft. long, 7ft. dia­
meter; tube. 2ft. 7 in., 
tapering to 2ft.; pres­
sure, 55 lb. Left -band 
tube collapsed, and 
about the centre of col­
lapse plate was torn in 
two pieces from St>am to 
seam. The cause of 
t>xplosion was over­
heating, hecanse the 
water w~s t eing let low 
before all the fire was 
l u t . 

• 
• 

• \• , 
·j 

• 

1 ittjured. 

Locomotive. Side-plate in the upper part of high top fire ­
box blew away. The cause of explosion was most likely the 
boiler being made the frame of the engine without allowance for 

• expans10n. 

No. 27. J anua1·y 11 th. 1 killed 
• 

Cornish, 12ft. long, 4ft. 6 iu. diameter; tube, 2 ft. 4 in. 
diameter ; pressure, 40 lb. Small piece of plate was blown out 
near the bottom, and the boiler was displaced by the reaction 
of issning contents. The cause of explosion was extensive ex­
ternal corrosion on the lower part. 

l ·i'"o. 28. F ebruary 15th. 
1-rone i1ljm·ed. 

Two-fiued, 28 ft. long, 6ft. 9 in. 
diameter, slightly oval ; plates, f in . ; 
tube, 2 ft . 8 in. diameter; pressurt>, 
45 lb. hell bad once been externaJly 
fired. Rent along the seams, "'· bich 
were in one line, and a large piece of 
the plE.te blew away, leavin~ tubes un­
injured. The cause of explosion was 
defective form and worn-out state of 
sbeJl. 

l ·lo. 29. August 27th. 
7 killed, 3 injured. 

Cornish, 1 ft. long, 4ft. 9 in. dia­
meter; tube, 1 ft. Gin. diameter; 

platee, j in. ; pre~sure, 50 lb. Th~re we:~ no .stays. End ~;>late 
blew out while bemg caulked at a JUmp-Jomt m back an!!le-lron. 
The cause of explosion was bad construction and want of stays, 
and also want of proper c.ue in working. 
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October 4th. 4 injured. No. 38. November· 14tlt. 4 killed, a injttred· '1\-o. 4-5. D ecember 28th. 1 !.. illed. 

-Water he~tter made of large bottle-shaped pipes placed in the 
fioe. The force ot explosion caost'd the nei~hbouring boilers to 
be unseated. No details have bt:en obtained as to the cause of 
the explosion. 

N o. 31. October 7th. 1 k illed . 

• 

... One-tube Cornish, 11 ft. long., 4ft. diameter; plates, ~ in. ; 
tube, 2 ft. 1 ~ in. diameter; pressure, 50 lb. Gave way under­
neath. Top thrown upwards. Front part and tube thrown to 
the front. The cause of the explosion was extensive corrosion 
at the bottom where it touched the walls. 

Breeches tube, 25 ft. 6 in. long, 7 ft. 6 in. diameter ; plates 
7-16th in; l'ressure 30 lb. Front end and fire-grate tubes and 
taper junction were thrown to the front in one piece. ~J n in 
sheJl not injured. Back part of tube remained in boiler. 
Bottom part of taper junction, where iattened to receive the two 
fire-tubes, collapsed upwards. The cause of explosion was tbe 
want of proper stays or strengthening tubes, and consequent 
weakness. There was only one safety-valve of small size. 

N o. 32. S eptember 2nd. 2 injured. No. 39· N ovember 21st. a killed, 2 injured. 

Locomotive, bot no details obtained. 

N o. 33. N ovember 3rd. 1 killed, 1 i~·ured. 

Plain cyliuder, 19ft. long, 6 ft . diameter; pressure, 40 Jb. 
It was thirty-six years old, and iron detenorated and also 
much p11tcbed. The cause of explosioc was over-pressure for 
so old a boiler. 

N o. 34. November 6th. 2 killed, a in:Jured. 

• • 

Agricultural, wagon-shaped, 6 ft. 5 in. long. a ft. high, 2 ft. 
4 in. wide; plates, i in.; pressure, 50 lb. Upper portion of 
barrel blew off. The cause of the explosion was over- pressure 
from locked safety-valve and defective construction. 

No. 35. A ugust 5th. 1 killed, 2 injured. 

Full particulars are not obtained, bot the steam and bot 
water were allowed to come in from a neighbouring boiler 
through the blow-off pipe while the men were cleaning. 

No. 36. November 7 tlt. 1 injured. 

Plain cylinder, 12ft. 3 in. long, 3ft. 11 in. diameter; pres­
sure, 20 lb.; flat front, and round back end. Main portion 
thrown back, and front forward. Front torn all round the root 
of angle-iron, and stay-rivets drawn through flat end. The 
cause of explosion was weakness of construct1on of flat end, and 
bad safety-valve, which could have been loaded to 60 lb. 
N o. 37. N ovember 11th. a killed, 10 injured. 

Plain cylinder, 40ft. long, 5 ft. diameter; plates, 7 -16th in.; 
pressure, 46 lb. to 60 lb. Parted at third &eam, and front 
thrown forward, and main portion backwards. The cause of 
explosion 1f&S a seam-rip of old standing near patch at place 
of first rupture. 

One-tube Cornish, 11 ft. long, 5 ft. diameter; pressuN 4·! lb. 
Tube gave way at an old crack at back of strap-plate and 
partially collapsed. 

N o. 40. ltovcmber 2i I lt . 1 killed. 

Plain cylinder, 25ft. long, 6 fr. diameter; plates 7-16th io.; 
pressure 50 lb. Bad bet>n a one-tube Cornish, but tube bad 
been taken out, leaving flat ends. Back end was blown out. 
Main shell thrown forwards. The caose of explosion was weak­
ness of construction in not sufficiently strengthening the flat 
end to compensate for loss of tube . 

N o. 41. October 31st. none injured. 

Cornish, 26ft. long, 5 ft. 6 in. diameter; tube 2ft. 11 in. 
diameter; plates i in. Pressure 30 lb. Tube collapsed for 
want of proper strengthening hoops, blowing out back end and 
blowing boiler forward. 

N o.42. D ecember 1tlt. n®e injured. 

• 

• 

One-tube Cornish, 28 ft. long, 6 ft. diameter ; tube 4 ft. dia­
meter; plates i in. Pressure 28 lb. Tube coll~psed for the 
whole length, but no particulars of the cause obtamed. 

No. 43. D ecember 14tlL. 2 killed. 

Some repair bad been done to a boiler, and a blank flange 
used to stOp off the steam was .being remove~ .without shutting 
the stop-valves to the other hollers, and the JOlDt blew out when 
the bolts were loosened. 

N o. 44. D ecember 23rd. 6 k illed, 4 injured. 

One-tube Cornish, 18ft. long, 6 ft. diam eter ; tube 3 ft. 2 in. 
diameter; plates i in. Pressure 25 lb. Rent along bottom, 
and two rings of plates blown away, but tubes ~d ends not 
much injured. The cause of explosion was extensne corrosion 
on the part resting on the midfeather wall. 

Balloon, 11 ft. 6 in. diameter, and 11 ft. 6 in. high; plates 
i in. Bottom domed up 3 ft. 6 in. over tire; ordinary pressure 
B Jb. Boiler bad worked two days at 25 lb. pressure, but 
safety-valve loaded to 16 lb. Tlte cause of explo!)ion was 
undue pressure for an old boiler of such weak shape. 

'1\ro. 46. D ecember 30th. 2 injured. 

Two-tube Corni::.b, 22 ft . long, 7 fl. 2 in. dit~meter; tubes 2 ft . 
7 in. diameter; pressure 15 lb. Rt-nt nloog bottom, and shell 
blown away, leaving tubes and ends neady uninjured. The 
c:1use of explosion was that the bottom was corroded to a knife 
edge an along the midfeatber wall. 

No. 47. D ecember 31st. 2 killed, 1 injured. 

Plain cylinder, 30 ft. )ong, 4ft. 6 in. diameter; plates i in.; 
pressure 29 lb. Rent over tire near where a new plate had 
lately been put in. Front part of shell opened out and r(\ntt 
and back end blew away in one piece. The cause of explosion 
was deterioration from 20 years wear, and bad management. 

No. 48. September 9th. none injured. 

Two-fined, 40 lb. pressure. The castriron mouth-piece of 
manhole fractured from insufficient strength, and allowed lid.. 
and upper fiange to blow off. 

CITY GA.S.-Dr. Lethe'by, in his quarterly report on the 
quality of the gas supplied to the city ofLondon, states that, 
in the course of the quarter which expired on the 30th of 
November last, 669 examinations were made of the illumi­
nating power of the City gas, that each of the examinations 
was the mean of ten observations, and that they were made 
in accordance with the instructions of the Act of Parliament. 
The following were the results in standard sperm candles : 
Great Central gas, maximwn 16.62, minimum 12.02, and 
average 13.96 ; Chartered gas, maximwn 16.36, mi1J.imu1n 
12.67, and average 14.31; City Company's gas, maximum 
16.69, minimum, 12.00, and average 13.76. It thus appeared 
that the illuminating power had been constantly above the 
requirements of the Act, and to the extent of about two 
candles. In the corresponding quarter of 1866 the average il­
luminating power of the Great Central gas was13.89 candles; 
of the Chartered gas 14.19 candles; and of the City Company's 
gas 14.17-all of which numbers were close to the averages 
of the past quarter. The chemical quality of the gas, as 
regards the amount of sulphur contained in it, had not been 
so sa~isfactory ; for, excepting the Chartered gas, the 
quant~ty of sulphur ~ad generally b.een excessive. The 
followmg were the gralDB of sulphur m 100 cubic feet of 
gas : Great Central gas, maximum 34.61, mi11-imum, 12.74, 
and average 21.87; Chartered. gas, maximu~ 26.30, minimutn 
11.36, and average 18.73; Ctty Company a gas ma.xim.tnn 
30.68, minimum 14.19, and average 22.97. In fact of the 
6~ observations made during tho quarter of the g~ of the 
City Company 42 were found to be in excess of the quantity 
sanctioned by Parliament. Of the 60 observations of tho 
Great Central gas 41 were in excess, and of the 61 of the 
Chartered gas only 21 were in excess. The gas of each of 
the companies had been at all times free from sulphuretto<l 
hydrogen, and with the exception of the Chartered gas it 
had also been free from ammonia. In conclusion, Dr, 
Le~heby reported that the pressure at which the gas had been 
delivered at the laboratory had been rarely under an inch ot' 
wat~r. 
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A SCOTCH DISTILLERY. 
THAT proverbial notion of the height of bliss at­

tributed to the Scotch Highlander, " a Loch Lomond 
of whisky," is almost outdone by the actual facts and 
figures which represent the aggregate productions of 
Scotch distilleries. We do not intend to collect sta­
tistics in this manufacture, but it will be sufficient to 
sav that the production of some of the largest single 
establishments in Scotland averages between 50,000 aud 
70,000 gallons of spirits per week. The distillery be­
longing to Mr. V\. Macfarlane, of Glasgow, is one 
of the largest distilleries of the kind, and, although 
an old-established and gradually enlarged concern, it 
contains a great number of the most modern arrange­
ments, all executed on a very large scale, to suit this 
establishment. The production of alcohol, in its ab­
stract scientific principle, is the conversion of the 
starch contained in flour or grain into grape-sugar, and 
the subsequent conversion of this sugar into alcohol 
and carbonic acid. The conversion of starch into 
sugar is a mere change of arrangement of atoms, as 
far as chemistry is able to teach at present, i.e., the 
starch and sugar contain the same elements- carbon, 
hydrogen, and oxygen-in the same percentage and 
proportion, only differently arranged- as we are not 
allowed to say crystallised with regard to a substance 
like starch. The con version of starch into sugar is 
an effect of simple heat and moisture, and may be 
brought about in two ways. First, the slow action of the 
process of growth, by bringing the grain into a similar 
condition in which it commences growing in ihe soil, 
and checking this growth by drying when the per­
centage of sugar has arrived at its maximum; this is 
the operation of malting. The quicker process is the 
mashing of unmalted or raw grain, mixed with a certain 
proportion of malt, the diastase of the latter effecting 
the necessary conversion of the unmalted grain. In 
Mr. Macfarlane's distillery both processes are in use, 
and most of the spirits are made from a combination 0f 
malted and raw grain. 'l'he grain, after the process of 
growing, or the other preliminary operations of this 
~rowing process, must be dried, and this is effected in 
the malting-kiln. The simplest form of kiln has a large 
floor of perforated bricks or tiles, upon which the 
malt is spread and exposed to the heated air rising 
from a fire below this floor. The perforated bricks 
have in more recent time been replaced by cast-iron 
plates, having a series of narrow slots or perforations, 
for the transmission of the heated air. A malting-kiln 
of that kind has been introduced in some of the Scotch 
breweries with much success. An arrangement of 
malting-kilns in superposed stories or floors is carried 
out in Mr. Macfarlane's distillery, which is very eco­
nomical in space, and probably also in fuel. There 
are three superposed floors, each perforated in the 
usual manner, and fitted in the centre with one or 
two discharging-holes. The .fire is in the ground-floor 
below these kilns, and the fresh malt is brought upon 
the highest level, or top floor, first of all. The heated 
air, rising through all the kilns, evaporates the gross 
bulk of the water, and, after a number of hours, the 
grain from the upper floor is discharged into the lovrer 
one through the central discharging-hole, the contents 
of the second kiln being previously discharged into 
the lowest compartment nearest to the fire, where the 
malt is finally dried and removed ready for use. 
There are some difficulties in working these kilns, 
arising from the necessity ofpassing the steam formed 
by the malt in the lower chambers through the grain 
spread over the upper floors ; but, as a whole, tbesc 
three-story kilns work very well, and save much space 
as compared with single kilns. An extraordinar,y 
drying-kiln is that used by Mr. Macfarlane for dry­
ing the unmalted grain. This is a large square build­
ing, carrying a perforated floor about 30ft. or 40ft. 
above the ground, and having no other floors or par­
titions throughout this entire height. Below the per­
forated floor an open passage is left for heated air, 
which is driven through at high speed by means of a 
large fan, and ascends through the .floor and through 
the grain spread over it. The grain, when dried, is 
discharged through trap-doors or holes in the floor, 
and falls into the large space below, where it is allowed 
to accumulate up to the height of the air-passages, 
say within a few feet from the dryin~-f1oor. 1'bis 
enormous store of dried grain forms a kind of pres­
sure-reservoir delivering grain in a continuous stream 
from its bottom through tubular passages fitted with 
Archimedian screws. This kiln eau dry 1200 to 1500 
boils of grain per day. The machinery for working 
it, by means of a bigli-speed blast of heated air, has 
been designed by Mr. James R. Napier and Pro­
fessor Rankine. The fan we understand to be 14ft. 
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diameter, and the heating of the air is effected by its 
being passed over a series of pip.es heate~ by ste~m, 
the air outside and the steam ms1de the p1pes movmg 
in opposite directions. One of the most i~1posing 
articles in this. distillery is the vessel in wblC~ ~he 
malt is mixed w1th hot water or "mashed." Th1s 1s a 
cast-iron cylinder 30ft. in diameter and 8ft. deep to a 
perforated fal se bottom, the real bottom being some 
inches below this. In the centre is a column round 
which a set of mechanical mixers turn and revolve, 
driven by gearing working in a circular rack, which 
runs all round the circumference of this large vessel.* 
The capacity of this vessel is 30,000 gallons, and it is 
filled with fresh materials every six or eight hours. 
The capacity of this vessel virtually gives the limit of 
the productive power of this establishment, as all the 
material converted into spirits there must pass through 
this apparatus. The function of th~ roash~ng pr_oce~s 
is to extract the sugar from the gram by d1ssolvmg 1t 
in water, and to draw off the '' wort" or saccharme 
liquor ready for fermentation. The liquor, as drawn 
from this vessel, is pumped into fermenting-vats made 
of wood, and hooped with iron. There are 1~umerous 
vessels of this kind in this distillery, each holding from 
9000 gallons upwards ; but the most r~mark~ble 
fermenting-vats are two vessels of extraordmary s1ze, 
each capable of holding 52,000 gallons of liq~or. 
The fermentation is a process in which no mechamcal 
means are employed. The sugar, under the influence 
of a moderate temperature, and stimulated by the ac­
tion of yeast, decomposes spontaneously, anu, without 
taking up any other element from either air or water, 
is divided into alcohol and carbonic acid, these two 
substances, when added together "upon paper," mak­
ing up the composition of sugar, although, in reality, 
no chemist has ever succeeded in producing sugar 
from these two substances. The wort filled into the 
fermenting-vat yields about 10 per cent. of refined 
spirits, but for obtaining these latter it is necessary to 
separate the alcohol from the rest of the liquor by 
means of distillation. This last process effects no 
chemical change; its ,·ationale is simply to _sep~rate t~e 
more volatile alcohol from the less volatlle liquor m 
which it is contained, by raising the mixture to a tem­
perature which is above the boiling-point of the first, 
and below that of the second substance. The old and 
primitive mode of operation consists in using a large 
still made of copper, and communicating with a con­
denser, and heating this still by means of the direct 
action of a fire maintained below it. The second and 
more modern form is to distil the alcohol by means of 
steam, which passes through a series of cellular vessels 
through which the fermented liquor is slowly moving 
in a continuous strearu. The action of this system is 
continuous, and far more under control than the 
former. Nevertheless, both systems are at present in 
use, and must be simultaneously maintained to meet 
the demand for different kinds or differently flavoured 
spirits. The distillation by direct heat produces the 
cc Irish whisky," while the other method yields cc Scotch 
whisky." The difference is very material, as the 
former spirit contains a series of volatile products 
besides acbohol, which are removed from the product 
in the process of distillation by steam. The most 
noteworthy amongst these admixtures of "Irish 
whi ·ky" is a small percentage of fusel oil, a 
spirit of similar compos1tion to that of alcohol, yet 
of a poisonous effect upon the human organism. It 
is obvious, therefore, that the ~' flavour" of some kinds 
of spirit is bought at a high price, as far as their effect 
upon the health of the consumer is concerned. There 
is, however, no marketable spirit entirely free from 
volatile products different from alcohol, most of which 
are of a less noxious character than fusel oil. A new 
set of stil ls for Irish whisky has recently been set to 
work at :Mr. ~lacfarlane's distillery. It consists of 
three copper stills, delivering their products from one 
to the other in succession, so as .to distil the product 
three times over. The nrst still, containing the fresh 
liquor from the fermenting-vat, has a .capacity of 
13,090 gallons; the second still holds 6820 gallons of 
weak spirits, and the third still has 4620 gallons 
measurement. This whole plant is of a very striking 
appearance, and executed with great nicety of work­
manship. The ~ross bulk of the alcoholic liquor pro­
duced in this d1stillery, as well as in the majority of 
the large establishments of this kind in Scotland, is 
exported to transoceanic countries, and it forms the 
irresistible weapon with which the Anglo-Saxon race 
exterminates every tribe of savages with which it 
comes into contact. 

• 

* This mashing apparatus is the make of l\lessrs. Norman 
and Co., Glasgow. 
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THE SEWAGE QUESTION. 
To THE EDITOR OF ENGINEERING. 

SIR,-After an armistice of about six months, my old an­
tagonists, the advocates of the cc Chad wick water-carriag-o 
"highly diluted sewage meadow-inundati<ln with putr1d 
"water sanitary plan," again show their front. AI; all had 
then retired from the cont('st, and left me the field (even the 
"full-plumed eagles" of the great " 0. 0." having ceased 
" to soar," and gone to cc earn theu· bread and cheese else­
where" ), I began to thin~ that t~e battl~ was won, and my 
position safe. To be sw·e, m your 1mpress10n of November 8, 
1867, came a sort of skirmish attack in the shape of a promul­
gation on sanitary engineering by Mr. J. ~1. Gale, president 
of Inatitution of Engineers of Scotland, in which the system 
of throwing all. refuse in one sewer, and flushing it with lo~s 
of water, is pomted out as the best he knew. But even this 
was advanced with so many drawbacks, and that gentleman 
evidently felt himself on such unsafe ground, that I did not 
think it necessary to reply. 

Now, however, J\lr. Baldwin Latham, the worthy president 
of the Society of Engineers, comes out in his inaugural 
address with a description of the Croydon Sewage W orlcs, as 
an intimation how towns should be drained, it is time to place 
myself on the defensive . . His. positi?n is so emi~en~, and 
your journal has such a Wide cuculation, that this kind of 
talk would do much damage to rny particular system, if I did 
not prove the erro1·s in his particular system. I freely grant 
that Mr. Latham has, by indisputable skill, succeeded in 
mending a bad case, and that his irrigation works have not 
only saYed the 1V andle from pollution, but also improved the 
revenue of the town and added to the agricultural products 
of the country. No one, in fact, who has visited the Bed­
dington meadows, and paid any attention to the axrange­
ments there, can fail to acknowledge their great usefulness, 
and in leaYing them will probably (as I did wit,h right hearty 
good "ill) cow·teously take off his hat, as a silent expression 
of respect for the man who planned and executed these 
works. 

But I am sorry to see Mx. Latham claim for th.is more 
than is due. If the captain of a ship which has sprung a. 
leak succeeds in reaching- port safely, through ingeniously 
jammino- a side of bacon m the hole, should he be justified in 
recomm~nding the adoption of leaky ships, with handy sides 
of bacon on board, as the best means for making quick triP.s? 
And surely this is just what l\Ir. Latham does. H e descnbes 
with graphic truth the leaks in his ship, thus: "The volum e 
"of water poured into a sewer always displaces an equal 
" amount of the mephitic au· of the sewers. It may be 
" taken for certain that deleterious gases are liberated in 
" every system of sewers from the very moment frecal and 
"other decomposing matters are admitted into them, to the 
" time the sewage is utilised upon the land, or entirely dissi­
" pated by being pow·ed into the sea." (Notice the alterna­
tive, ye City fathers, who have no low-level meadows close 
by!) " The very fluctuation of the flow of sewage through 
" a sewer will give those gases a force, in an unventilated 
" system of sewers, that mil enable them to pass through 
" any trap, and so on to our habitations." This is all " just 
so." But why pour in these sewers the "frecal and other 
decomposing matters" that breed these disaster?' Is there 
any particular need of it ? 

Mr. Latham states that only lots of water can cure these 
erus-the IDOl'O the better, forgetting that in ninety-nine 
cases out of a hundred it must be all pumped up to reach 
the u-rig-ation fields, or an outfall at high tide. He sums up 
the vanous magnificent plans for fw·nishiog water enough 
for this pw·pose to the metropolis, all of them reaching any 
amount of miles up country for theu· suppll, and costing no 
end of money. Waxing warm with the glor1ous futuxe which 
all this wealth of water in sewers will open, 1\Ir. Latham, 
after a bw·st of eloquence on engineering success in general, 
points out that of his sanitary scheme in particular by saying 
that : " We remove in an expeditious. and inoffensive manner" 
(meaning, I suppose, the " mephitic gases which force atl!Y 
trap") " from the midst of ow· populations those matters 
" thrown off by nature, and destructive to life, and thus set a. 
" bound to the tide of disease and death." 

This is rounded off so prettily that I read it twice (like 
Micawber did his own productions of a like kind) with great 
gusto, and smacked my lips afterwards. But just that 
action spoiled it all. It se~ me a-thinking. So I re-read 
once more Mr. Latham's estimate of the advantages of his 
sanitary scheme, and of t.he piles of money made by it. The 
only thing that astonishes me now about that ingenious eal­
culatiqn is the modesty with which many important items 
are left out which might swell the :figw·e 1mmensely : 

1\!r. Latham's figures are: 

2439 funerals, &c., saved, at 5l. each ... 
2439 X 25 = 60,795 cases of sickness pre-

vented, at ll. .. . .. . .. . . .. 
1317 value of labow· at 19Z. 10s. for 6~years 

To this should be added : 

Value of labour done by individuals, who 
did not b1·eak their hearts by untimely 
deaths of beloved relatives, and thus con­
tinued their pursuits ; 2 broken hearts for 
2 days for 24a9 deaths at 2s. each per day 

Value of labow· done by disappointed greedy 
heu·s, who, not getting the filthy lucre 
they hoped for, were compelled during 
an a\erage of 6 years to continue working 
with perspiring countenances; 501. per 
annum per dlSappointcd heir of 2 1.39 
deaths . . . . . . .. . . :. . .. 

Value of labour done by p eople who did not 
idle away their time by gazing at the pass­
ing by of 2439 funerals, 300 individuals 
for one hour, at 6d. per hour ~ ... . .• 

£ 
12,195 

60,975 
166,828 

s. d. 
0 0 

0 0 
5 0 

975 12 0 

-
• 
I 

609,750 0 0 

18,292 0 0 
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£ s. d. 
Saving in wear and tear ofhat-brims of people 

who keep to the old habit of taking off . 
their " tiles" when funerals pass by ; 6 
brims per funeral, at 1d. per brim . . . 61 0 0 

Three hundred children born of ladies who 
did not become Widows by ultimely deaths 
of husbands; value of labour done for 
one year in after life, at 100l. per baby . . . 30,000 0 0 
And so forth, until we really can get a couple of millions-

at least, if we don't deduct the losses sustained by under­
takers, doctor!J, hatters, &c., nor tho value of the advantages 
gained by others. 

The only question which puzzles me somewhat is, Who 
has got all th.iB money? Where is it? Somebody must have 
it, and it is arithmetically certain that Croydon is a very 
flourishing town, where every one is making small fortunes 
annually out of 2439 funerals that did not happen. 

Unfortunately, I have since recei"'ed the M edical Times of 
January 18, 1868, and find there statements concerning the 
health of Croydon, in a leader on the subject, which vary 
considerably with those of Mr. Latham. Thus it seems that 
the Registrar-General gives the following for the death-rate of 
the registration sub-district of Croydon, comprising the parish 
and t own of Croydon and something more : 

Years. :H• .JOI''I 1 Population. Death-rate per 100. 
1861 ... - ... 37,093 ... ... 17.4 
1862 •.• .. . 38,890 • .. •.. 18.1 
1863 • . • . . . 44,790 • . • • .. 21.1 
1864 . . . . . . 42,770 • . . • . . 22 
1865 . . . • . . 44,849 • .. • . • 23 
1866 ... •.. 47,030 •.• ... 22.6 
1867 ... ... 49,315 .•• ... 20.9 

The M edica? Pimes, moralising about this statement, says 
that it is an undoubted fact that Croydon has experienced an 
increased rate of mortality, and that this has l'eeulted more 
or less from epidemic disease ; while Dr. Buchanan reports 
about the health of Croydon parish as follows : 

"Owing to the rapid increase of the town by the residence 
"in it of well-to-do Londoners, the poor, among whom there 
" is always a larger mortality than among the rich, have of 
" late years constituted a smaller proportion of the town 
" than twenty years ago. While assigning all due weight to 
"'this fact, it must be stated that typhoid fever has made no 
" such distinction of classes, and that, in its recent excep­
" tional appearances at Croydon, the good houses have bean 
"more attacked than the bad ones, doubtless through the 
"better houses having more generally inside watm·-closets." 

It is evident, says the Medical Times, that the supporters 
of the Croydon mode of sewage disposal do not admit of a 
doubt on the superiority of their system, and that their 
"doxy'' is the true and only orthodoxy. But they do more. 
They completely ignore the existence of all other plans, and 
their originators with it. Can they ignore, however, such 
damning statements as those which Dr. Buchanan made to 
the Privy Council about the power of sewer gases to produce 
disease-a gentleman of whom the Medical Times says that 
h e a Gamaliel is, at whose feet it is well content to sit for in­
struction in that matter. The passage referred to I will 
quote at length:- " But the most remarkable case is that of 
" Croydon, where, in 1853, a memorable outburst of fever 
"coincided with a proved delivery of sewer gases into the 
"houses; and although great pains have since been taken by 
'' ventilating the sewers to remove this risk, a recent out­
" break of typhoid fever (1866) has occurred with accidents 
" almost identical with those of Worthing, sewer gases 
"having been heard noisily forced through the traps of in­
" side water-closets a few days before the inmates of the 
"house were stricken down with fever." 

And if the advocates of the Croydon plan deny the justice 
of Dr. Buchanan's conclusions, how will they fi~ure away 
the increase of death-rate the Registrar-General g1ves an ac­
count of? According to this, the number which, since 1861, 
have lost their lives, due to this increase, is about 1100. 

With these facts before us, it does seem extraordinary that 
the president of the Society of Engineers should assert that 
"the happiest results have attended the introduction of his 
"system of sewer ventilation." 

To prove how beautifully pure the sewer water has become 
by the irrigation wcess, Mr. Latham produces an analysis 
by Dr. Odling. ithout in the least wishing to make in­
Vldious comparisons, I must, however, say that I have more 
confidence in the dictum of Professor Voelcker on that sub­
ject; and this is decidedly to the effect, that water coming 
from the meadows is so far from being pure, that it is not fit 
for any domestic purposo whatever, not oven washing or 
scrubbmg, on account of the putrid matter it still contains, 
and that notwithstanding the "tasting test," which we know 
proves nothing. 

But it is not necessary to pin one's faith on this or that 
chemist to show that the Croydon treatment of sewage is all 
'Wl'Ong; Mr. Latham's own statements give evidence enough, 
as the following matters-of-fact reasoning will prove. The 
quantity of food (taking the nutritive parts of all kinds used 
by men) required annually per average head of population 
is equivalent to 666lb. of broadstuffs, say, wheat (according 
to " Kolb's Comparative Statistics," this is a very high aver­
age). The average yield per acre of medium arable manured 
la.n.d is about 2000 lb. of wheat. One acre ca.n thus grow 
food for three average persons, or the food of one average 
person can be grown upon t acre. If these 666lb. of wheat 
were burned, a certain weight of ash would remain, the in­
gredients of which (6lb. phosphoric acid, 4.3lb. potash, 2.2lb. 
magnesia, 0.4lb. lime, &c.), of course, were taken out of that 

.1- acre. If, therefore, these minerals were returned to that 
fand, it could produce the same quantity of food without 
getting any poorer. Now, when that food is oxidised in the 
human body, these same minerals are ejected therefrom, only 
the latter part of the organic ingredients being retained to 
sustain life; thus, if we manure t acre with the excreta of 
one average individual, we do all that is necessary to main­
tain its fertility, so far as mineral elements are concerned. 
It is well known, however, that the plants can only take these 
minerals up in the form of a solution, and that most of them 
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cannot be solved in pure water, It must contain carbonic 
acid and ammonia for that purpose. Hence it would be un­
availing to manm·e solely with minerals, unless the land is 
left sufficiently long " fallow," so that the carbon and ammonia 
furnished by the atmosphere may effect this solution. It is 
also well known that human excretm contain organic matter 
in large quantities, the most valuable of which are the nitro­
gencous substances; these, when in the soil, are converted 
mto ammonia, part of which is again oxidised into nitric 
acid. The amount of these organic elements is so large that, 
after what is used for solving the minerals, a large proportion 
is still available for being taken up by the plant as nourish­
ment direct, thus promoting that rapid development of foliage 
by which the plant is only able to draw with its leaves 
organic food from the atmosphere rapid enough, to yield us 
fruit in the short season generally available for its complete 
growth. It is the abundance of this organic element in 
human cxcretre which makes them so valuable as manure 
when rightly employed, and so detrimental when the reverse 
is done; and hence is the amount thereof taken by the best 
agricultural judges as the measure of its value. 

It is evident from the above indubitable facts that the 
excreta of three average individuals contains all the manurial 
elements 1·equired fort acre of medium tillage land, or, in 
the words of Boussignault and Liebig, that each human 
being produces the manure required for growing his own 
food. Experience, then, has also shown that the frecal 
matter of three persons, and at the utmost of four (depending 
upon the nature of the soil), is sufficient per acre, provided 
it is properly used, and none of the organic matter is lost, 
either through fermentation beforehand or through dilu­
tion with large quantities of water, the free oxygen of which 
cau~es its combustion and consequent escape in the form of 
nOXJ.OUS gases. 

But how stands the case with the Beddington meadows? 
According to Mr. Latham, the excreta of about 120 indi­
viduals are there put on per acre. (I suspect it is at pre­
sent rather more, for the population of Croydon has increased 
while tho area of the land has remained constant since that 
statement was made.) Let us, however, assume the £~e 
120, which would gtve 40 persons (per ! acre. Now, if we 
take the largest quantity of grass that such a piece of land 
ever produced by the irrigation process, and, after it is con­
verted into meat, &c., through its consumption by the cattle, see 
for how many persons the annually required amount of food 
has been thereby/roduced in equivalent nourishing elements, 
then we eha.ll fin that quantity by no means enough for 40 
individuals, and nothing like it. 

It is a favourite theory with the irrigation advocates that, 
not the soil, but the plants take up, with their roots, &c., the 
manuring elements clire~t. But we have seen that these 
plants do not take the large quantity due to forty persons, 
because they do not yield it in food afterwards. So, if these 
organic elements are not to be found in the grass, and not in 
the soil, the question is, where are they, then, andJwha.t has 
become of them? Surely Mr. Latham does not claim to have 
mysteriously annihilated them ? If so, we must attribute to 
him divine powers. The nnswer is evident. What has not 
been turned into food has escaped ; some of it in the shape 
of" mephitic gases," which Mr. Latbam acknowledges "force 
any trap," and which Dr. Buchanan declares have produced, 
and do produce, disease; some of it in the shape of putrid 
matter, which Professor Voelcker declares still to infect the 
water after the irrigation process ; and much of it in stink, 
generally proceedirig constantly from the whole area. of the 
meadows, but principally fi·om the £.ltering basins and dis­
tributing ditches, which anybody with an unprejudiced nose 
can smell. The grand result is that, whatever of the organic 
matter is not converted into elements to st~tain life has ·been 
converted into elements to destroy life; and that the d~ath­
rate increases with the increase of po_pulation (as shown by 
the statistics), because thereby a still m creasing quantity of 
organic matter is given to the grass plants, which, not being 
capable of taking it up, let it escape in the atmosphere to 
produce more disease. To put it pla.in1y and poetically, 

Filth furnishes fruitfttl food or fearful fatalities ; 
The only alternatives are corn or calamities. 

And the g1·and moral to be drawn from this is, that Dame 
Nature is a self-willed and obstinate lady, whom it is im­
possible to humbug in any fashion, not even with rye-grass 
meadows by Mr. Latha.m, talented as he doubtlessly is; that 
she does does not allow either bim or any one else to destroy 
her property, or to try to make away with it by '"cute 
dodges;" that she lets us have the loan and use of it, but 
demands a. strict account of what we do with it ; and that if 
we do not employ it according to lter regulations, she most 
unmercifully 1,~~ishes us for om· stupidity and disobedience. 

One other t · g I must say; I am sorry to do so, but Mr. 
Latham's address prompts it. Was it exactly in good taste 
for him, as president of a learned society, in a summing up 
of what the present state of engineerin~ science is, and in 
furnishing his hearers with "sailing directions" for the 
future, to point exclusively to his own works as the proper 
and only solution to the question which relates to the combi­
nation of sanitary and agricultural interests? Would it not 
have looked better if he had also mentioned other plans? 
Surely thoro have been re:ports, and descriptions enough pub­
lished about them; and then· results, as shown by practical tests, 
have been so well reported on, that it is impossible to ignore 
them, and not difficult to decide in which direction we should 
proceed. Or does Mr. Latham only read his cc lieblingsblatf/' 7 

A.voir le courage de son opinion is well enough in the 
defence of a favourite project; but in an inaugural address 
we look naturally not only for valuable scientific facts on the 
point in discussion, but also for all the facts stated with per­
fect impartiality. 

I am, Sir, your obedient Servant, 
CrrARLES T. LIERNUJl. 

The Hague, Holland, 62, Frederick-straat, 
February 6, 1868. 

To THE EDITOR oP ENGili~ERING. 
SIR,-Your impression of January 31st did not come to 

hand until late last night-hours after I had mailed my 

former letter to you, and I was thus also not aware of Mr· 
Latha.m.'s reply to "An Old Subscriber," animadverting the 
letter's data about the Croydon death-rate. When I :first 
noticed the discrepancy between your two correspondents on 
that point, I made at once inquiries to discover who was right. 
The facilities for doing which are not many here in Holland, 
but I chanced to get bold of the M edical Times of January 
18th, and there found a statement agreein~ with that of 
cc An Old Subscriber." Reftecting on the quamt style of Mr. 
Latham's calculations, and on what slender basis he builds 
his conclusions in his "Address." I doubted not but the error 
lay with him. H ence my allusions to it in my former letter. 
If I had seen Mr. Latham's reply sooner, and thus learnt 
that after all he may be right, I would not have mentioned a 
word on that subject (because I hate " to start off on a 
wrong tangent"), but would have treated onl;Y: the other 
available points of discussion in his pc.per; and if the Medi­
cal Times has real1y given wrong information, I beg Mr. 
Latham's pardon for whatever reftexion I made through that 
cause. 

As the case stands now, the question of error (or of vera­
city, if there is one) must be settled between Mr. Latham 
and the editor of the Medical 'lwnes (for the statements re­
ferred to appear in a leader), and as this paper bears the 
highest character as to reliability and as an expounder of 
medical lore, my rcmru·ks about the death-rate in dispute 
must remain as they are, and fall or stand with the source I 
drew from. 

Mr. Latham's utter condemnation of" An Old Subscriber," 
because he made known certain matters before.the publica­
tion thereof in official returns, I do not see the force of. So 
far as I know, there are in this class of statistics no state 
secrets, and divulging them can be no treason. The question is 
simply, what is the fact? and I hope this will be found out. 
Nor do I admire much the slur cast by Mr. Latham on the 
Medical Times, when he speaks of "certain articles which 
"are based u:pon an hypothesis that will not bear scrutiny." 
As these articles are •' leaders," such language is rather 
severe, and perhaps wholly unmerited. I beg respectfully to 
suggest to Mr. Latham to follow his own advice of accom­
pliShing "by fair and open means whatever the aim may be 
" of his ambition." Let us have no mysterious or elanderous 
hints. 

Mr. Latham says : " The success of the works at Croydon 
" in a sanitary paint of view have been so great that i t serves 
" to commend the system to the disparagement of a whole 
" host of nostrn ms that are being forced by fair and foul 
" means on the authorities of towns." 

Without CJUarrelling just now with this summary mode of 
disposing of the plans of others, or the absence of all proof 
on his part for doing so, and confining for the moment myself 
to the "blowing" Mr. Latham does about his own particular 
system, I a.m anxious to see how he will reconcile this cool 
puff with the allegations of Dr. Buchanan as to the sickli­
ness of Croydon and its causes, and also an explanation of 
the merit of wasting on one acre the manure that ought to do 
for forty. 

I am, Sir, your obedient Servant, 
CHA.RLES T. LIERN'Ull. 

The H ague, 62, Frcderick-straat, February 7, 1868. 

• 

INDICATED HORSE POWER. 
cc Steam-engines should be bought and sold by the number of 

units of act~utl duty they are capable of performing, above 
that power absorbed and lost in working when discon­
nected from the system of gear, &c., they have to drive, 
and running at their normal speed." 

To THE EDITOR OF ENGINEERu"G. 
Snt,-Circumstances render it necessary that my letters 

should be currente calamo. I , however, do my utmost to 
make it clearly understood what my object is in encroaching 
on your coveted space; and, further, I believe that, if this 
object can be attained, it will prove decidedly beneficial te 
the engineering trade, as well as to all users of steam power, 
and, at the risk of being considered quixotical, I may add 
a ~reat national gain. To effect this change, a continuous 
agttation will be necessary, as there are doubtless many 
interested in maintaining the present system, which throws a. 
kind of tegis around all makers of inferior engines ; e. g., no 
more question of detail should be allowed to interrupt the 
harmonious action of those really desirous of initiating the 
change in the nomenclature and mode of gauging . the 
mechanical capabilities of prime movers. Believing this, it 
is my in~ention as much as possible to avoid everything that 
can posSlbly be construed m to argtvrnentum ad hominem; 
at the same time I do not consider we ru·o likely to gain 
m~ch by ~owing l~tters on eyen om· side, containing evident 
m1sconceptions and maccurac1es, to pass unchallenged. With 
your permission, I will try to set your correspondent, who 
signs "Younker," right mth reference to myself. 

"Younker" is evidently chagrined at my taking his state­
ments literally, instead of exercising a little imagination and 
giving to them a meaning totally different to that they have. 
For instance, in his letter of the 15th ultimo, he says, "That 
'' with a boiler evaporating a given bulk of water, he would 
': ha:~e the sam~ rCS!"lts whether he used a lar~e or sman 
' cylinder capa01ty, if there was no great dispartt!J between 
"the two piston speeds." Now, ir, I appeal to your readers 
if I am not correct in interpreting this as I did in my letter 
of January 22. Let us see, disparity-dispar, adj., unlike, 
di.fferen~, un~ual--means, most cert~inly, inequality; and no 
great dispar1ty must then mean e1ther equalit!J, or some­
where near. 

But the joke becomes too evident when "Younker," in 
your impression of yesterday, endeavours to charge me 
"with WIShing, when speaking of an engine as of certain power 
"merely, to consider certain dimensions of cylinder without 
"taking- the boiler into account. I (i.e. 'Younker') say 
" that, m rating an engine as capable of exerting an amount 
"of work, you must of necess1ty consider the evaporative 
" power of the boiler which produces the steam used in the 
"said engine. 'J. W.' seems rather incredulous at my assert-



" ing that with tho samo boiler I shall obtain the samo effect 
" wlicther I (' Younker') use, say (to take an extreme case), 
" a 12 in. cylinder with 2ft. stroke or a 6 in. cylinder with a 
" 6 in. stroke, provided there is not a g1·eat disparity between 
" the piston speed." Further on he adds, " he would not 
" think ' J. ,V.' would be so sceptical as to deny that the 
"work done by each engine is the samo in both cases." 
This, ir, is identically the same theory which he propounded 
in his first letter . I have shown that the statement is absurd. 
I also explained that the boiler question is merely incidentally 
connected with the subject under discussion. I have shown 
that the steam-engine is but a meter , so designed as to make 
uso of tho power inherent in the steam it measures; that 
not all the boilo1·s in Christendom could drivo a sugar-mill 
were it not for this steam motor, no more than the samo 
motor could propel a shil' without the steam and suitable 
prol'eller. " Younker" rmght just as reasonably argue that 
havmg in his house a gas-meter, which indicates a consump­
tion of gas 75 per•cont. m ore than he burns, the proper 
course is to have new gas retorts and accessories at the gas­
works, instead of a ne'v meter in his own house, as to argue 
that the steam-engines of the design and dimensions he gives, 
even 'With the e."Cact am.ount of di~parity in piston speed d~ue to 
each cylinder to make their capacities equal, would omit the 
same amount of useful or actual power, as I shall show in course. 

" Younker" seems quite muddled in his ideas of cylinder 
capacity, for he says, "with cylinder capacities of 16 to 1 
"should I call the largest 80 horses' power, and the smallest 
" 5 horses' power ?" I at once say that I cannot tell that ; 
but I would certainly rate them as 16 to 1, so that, reduced 
to the least common measure, one would be 16 and the other 
1 horse or unit power. For what I understand by cylinder 
capacity is not the cubical capacity of one cylinder, but the 
area of the cylinder in square inches into the piston speed in 
feet per minute. Whereas he stated, diameter of cylinder 
and stroke. That h e did this is no fault of mine. Neither 
has he the right to take exception to his words being taken 
literally, when describing a simple principle which every 
younker understands. It is all nonsense arguin~ that the 
boiler is the measure of the mechanical capabiltties of a 
steam-engine. Do we not daily find the greatest discre­
pancies in the performance of steam -engines of equal capa­
cities supplied by steam from the same boiler or boilers 
connected? Is not " Younker" aware that, after all, the 
various rules for fixing the nominal power have been founded 
on the assumed boiler pressure, piston speed, &c., and that 
because the engines of different makers, which should have 
given identical r esults, with equal cylinder capacity, have not 
done so, is one of the chief reasons why the nomenclature I 
object to has become so useless and objectionable. Some 
makers believe in high pressure, short admission, quick 
speeds; others have each their separate ideas, I regret to 
say, chiefly based on prejudice. 

Sir, "Younker" does explain this week that he m eans by 
"no great; dispar it,y" a difference of 2400 ft. per minute (!) 
in the two engines he cites. It was not likely that I should 
know he m eant this; and I consider that it was my duty to 
notice the error into which he, no doubt, inadvently fell. As 
he refers to another correction I made in his notat10n, I may 
just, en passant, observe that I see " Younker'' did write you, 
Sir, about this inadvertence, but, as he this week states, his 
communication "was too late to prevent the rectification of 
the error. This surely must be the printer's devil. 

Allowing that " Younker " is correct when he states that 
there is no great disparity between the p iston speeds of a 6 irJ.. 
cylinder with 6 in. stroke and a 12 in. cylinder with 2 ft. 
stroke, the former travelling at 3200 ft. per minute, and the 
latter at 800ft., I still maintain that the boiler power is be­
side the question I raised, viz., a just measurement or gauging 
of the m echanical capabilities of an engine above that ab­
sorbed in running the engine itself at the normal speed. Of 
course it is always understood that sufficien t boiler power is 
provided. The boiler may be one of the most wasteful ever 
constructed, and there are some very bad boilers in existence. 
Lot us say that its furnaces consume 50 per cent. more fuel 
than the furnace of an improved boiler, the same quantity of 
water being evaporated in each case. Let the latter boiler 
be known by the letter J , the former by the letter C; and 
f= number of Fahrenheit units of heat for J developed 

f = " " " c by 
p =foot-pounds or volumes of steam for consumption 

either boiler . . . .. . .. . . . . of fuel. 
Then, Jp=f772, and, 

Op=f'772=a quantity 50 per cent. more than Jp, 
which is obviously incorrect. For if we had a perfect steam­
engine for each boiler, and the steam could be passed through 
each without leakage of calorie, and each engine was capable 
of just using the quantity of stea.m supplied by its boiler , it 
is clear that the results would be just the reverse of that 
shown in the calculation. Would " Younker" in this case im­
prove the engine or boiler ? F or J p would be 50 per cent. 
more than CJ, which is correct. Let us reverse the case. 
Suppose two engines of dimensions supplied by the same 
boiler ; the actual power, it is admitted, should be identical 
in each engine. But is it so? 

No, Sir, for the loss by friction and condensation, in the 
average common engines, ranges from one-fourth to one-tenth 
(10 to 25 per cent.) of the whole indicated power . This is no 
imaginative statement, but safely within the bounds of truth. 
This makes no comparison with certain improved m odem 
engines, which are known to give more favourable results for 
the fuel consumed. Will " Y ounker" explain how his theory 
can bo reduced to practice ? 

With reference to the gauging, I still maintain that if the 
actual or •useful units of m echanical work, over and above 
that absorbed in friction, condensation, and other sources of 
loss in running the en~ine at its normal s~eed, when discon­
nected from the machinery it is to drive, 18 not adopted, no 
change in mere nomenclature can be productive of permanent 
benefit to the trade .• 

It is now definitely understood that one HP.=33,000 min. 
foot-pounds. I quite agree that a " Watt" of 33,000 foot­
pounds would be an improvement. My opinion is that to 
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TUDDENHAM'S TWI TED BAR 
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make the unit or " Watt" 1000 foot-"pounds, as suggested by 
" Younker," would be most generally accepted. It would be 
easily remembered that certain machines, formerly driven by 
a moter of 30 HP., would require just 33 times 30 Watts, or 
990 W . There is little else beside the increased number of 
units r equired to note the power of a m oter, to wit, 3000 HP. 
=90,000 W., that can be objected to. 

I am, Sir, your obedient Servant, 
33, Rusholme-grovP-, Rusholme, F eb. 8, 1868. J. W. 

P .S.-In my letter of 22nd ult., end of second paragraph, 
the word " not," which should have been between" for" and 
" initiating," is omitted . Third paragraph, ninth line, the 
word " steam" should be" wale." I dare say I am to blame. 

TUDDENHA.lYI'S TWISTED BARS. 
THIS twisted ornamental metal work of some examples 

of which annex engravin~s, is the invention of Mr. Stephen 
Tuddenham, of Westmmster-bridge-road, Lambeth , and 
promises well to supply to a large extent a want long 
felt by architects and others engaged in designing works 
of utility or of pure ornament, in which it is desirable that 
the m etals (and especially wrought iron) should be employed 
on account of their strength or durability. The wan t re­
ferred to is some method by which a ~reater variety of 
ornamentation can be imparted to the individual pieces com­
posing ornamental structures, such as gates, railings, 
balconies, and other similar applications of the metals. It 
needs not the eye of an artist to discern that the majority of 
works of this kind, if executed in wrought iron, are, if not 
decidedly ugly, at least very far from possessing anything 
remarkable in the way of beauty, as witness numerous ex­
amples lately erected in this metropolis. This is not to be 
wondered at when we consider the little variety of form to 
be found in the materials at the disposal of the designer in 
wrought iron. Round, square, oval, half round, T, angle, and 
flat bars are nearly the only sections he has to worli upon, 
and let him combme, bend, or twist them as he may, his 
design, when executed, will generally be found very far short 
of what art work in metal ought to be. It is true that, ~iven 
an unlimited supply of money and a first -class m edimval 
smith, and very beautiful things can be produced ; but, in 
this utilitarian age, our works of constructton, whether large 
or small, are restricted too much by considerations of£ s. d. 
to admit of this extravagance. Therefore, in order to effect 
a compromise between the want of beauty combined with 
cheapness, on the one hand, and the possible beauty combined 
with dearness on the other, we use cast iron, and, taking 
advantage of the facility with which we can mould it into a 
variety of shapes, we sacrifice the strength of wrought iron, 
perhaps obtain a shade of the beauty of the wrought struc­
ture, and certainly we get something very cheap. In deal­
ing, however, with cast iron, we soon arnve at the limit of 
what can be done in its ornamentation ; for if we require to 
produce ornamental members which are undercut or possess 
many other points of msthetic beauty, our material ceases to 
be as facile as we could wish, and we are reluctantly com­
pelled to abandon our cherished design for something bearing 
some resemblance to it. 

Mr. Tuddenham's invention is well worthy of notice, as 
showing how an extremely simple modification in some slight 
particular may be made to produce an extraordinary effect 
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upon an old manufacture. Twisted bars of simple geometr.i~ 
cal section, such as square, round, triangular, &c., have long 
been used for purposes of ornamentation, but the patterns 
so produced have necessarily been wanting in variety. It 
has occurred to the inventor to roll special ornamental sec­
tions of iron in the form of mouldings, the designs of which. 
are, of course, susceptible of great variety; these sections 
are afterwards twisted, and the members of the original 
straight moulding produce very handsome helical devices in 
the rod so treated. T nstead of the wrought-iron bars being 
rolled into plajn mouldings, ornamental bas-reliefs can be 
formed on their surfaces by a suitable preparation of the 
last groove in the finishing rollers, thus producing another 
source of variety. Again, instead of wrought iron, the 
straight bars or m ould.iiigs can be formed in cast iron, with 
any desired ornamental device on their surfaces, SUltable 
pedestals, caps, or foliage being cast with them, if desired ; 
then, after being rendered malleable in the usual way, the 
straight portions of the bars are twisted, and the device thus 
completed. 

The inventor has designed a machine specially adapted to 
the purpose of twisting these bars, and by its means he is 
enabled to twist them at any part of their length, to any de­
sired extent, and in either direction, so t hat one portion of a 
bar may be twisted right-handed and the other left-handed, 
a suitable ornamental device being placed at the point where 
the direction of twist changes, so as to relieve the wantl f 
symmet.ry at that part. Other m etals besides wrought and 
cast iron are prepared in the same manner by rolling, draw­
ing, or casting to any desired section, or various combinations 
of different metals are prepared in this way, and afterwards 
twisted together, so so form standards, posts, &c. Lar~e 
works of the same kind are also produced by twisting swt­
able ornamental bars into a hollow cylindrical form, so as to 
save material, while in some cases the moulded bars them­
selves are made hollow for the same purpose, and twisted 
sinR,ly. 

'lhe cost of producing orna.m ental bars in this way is by 
no means so great as might be expected, the twisting being 
effected with comparative ease, and the rolling of the sec­
tions offering, in most cases, no special difficulty. Our illus­
tration shows several bars of wrought iron treated in the 
manner described, and the sections of the iron from which 
they have been produced. The bars are showed both straight 
and after being twisted. 

There can be no doubt that the invention under notice 
will prove of great utility, and its application to purposes of 
decoration, both alone ana in combination with other existing 
methods of ornamentation, must be immense. Gates, rail­
ings, balconies, and all such structures formed of these bars 
are incomparably superior to those formed of the old con­
ventional sections hitherto in use. 

The invention is applicable to an immense number of use­
ful purposes, of which we have made no m ention. To in­
stance one only, we have seen a wrought-iron bed-post, the 
upper/art of which is formed of a light solid moulded bar 
twiste , and the lower part fancifully formed of a combina­
tion of a twisted bar with other bent bars of ornamental 
section, but not twisted, the whole composing a bed-post 
quite unique in design, of great strength, and of which the 
ornamental effect is far superior to anything that can be pro­
duced in wrought or cast iron by any process hitherto em­
ployed. 
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THE ALLEN ENGINE. No. II. 
THE VALVES AND V ALVE-GEA.R. 

THE theory of working by variable expansion 
requires the following distribution of the steam: First, 
the lead of the valves should be constant, or the same 
for all points of cut-off, admitting the full pressure at 
the beginning of the stroke ; second, the opening 
should be sufficient to enable this pressure to be main­
tained in the cylinder up to the point of cut-off, and 
the cut-off should be so rapid, that the pressure shall 

A 

r..ot fall during the operation of closing the port ; and, 
third, the exhaust action should not be affected by 
changes in the point of cut-off, should permit the con­
:fined steam to exert its expansive force as nearly as 
:possible to the end of the stroke, and then discharge 
1t without loss of power from back pressure. Thus, 
every feature of the diagram is invanable, except the 
point of cut-off, which is moved by the action of the 
governor, according to the changes occurring in the 
load. It is not possible to effect all these objects by 
means of a single valve. The exhaust-valves must 
differ from the admission-valves, both in their dimen­
sions and in their movements. Each must be adapted 
to the performance of its own functions, and to this 
end must be quite independent of the other. 

In this engine four valves are employed-one for 
admitting the steam, and one for releasing it, at each 
end of the cylinder. There is no separate cut-off 
valve ; but the admission-valves, by closmg, effect the 
cut-off. All these valves derive their motion from a 
single eccentric. We shall be able to describe this re­
fined but really simple system with the greater clear­
ness, if we commence at the same point, trace the 
movements, and then describe the construction of the 
valves. For this purpose, we shall refer to the various 
:figures of the two two-page engravings which we 
published the week before last. 

The eccentric is set on the shaft in the same posi­
tion with the crank, as shown in Fi~s. 2 and 11, and 
works a right-angled lever, which 1s pivoted at its 
angle on a vibrating fulcrum. The motion of this 
lever is illustrated in the diagram, Fig. 17. The 
centre of the eccentric revolves in the circle, 1 to 16. 
The progression of the figures shows the direction of 
its motion. At the same time, the fulcrum at the 
angle of the lever vibrates in the arc, as shown, 
about a sustaining pin, not shown in this diagram, 
but seen in the general view of the engine. The 
:figures show the corresponding positions of the centre 
of the eccentric, the fulcrum, and the extreme point 
of the driven arm of the lever, at eight equidistant 
points in the forward and return strokes of the piston. 
The movements of the driven arm of the lever, from 
which motion is jmparted to the valves, will be seen 
to be the same as those of the ordinary stationary 
link, worked by two eccentrics. The arrangement 
shown is for an engine running in the forward direc­
tion only; the reverse motion is obtained in the or­
dinary manner, by extending the "link" in the oppo­
site direction. This arrangement is simple and com­
pact, the cc link" being formed in one piece with the 
eccentric strap, as shown in Figs. 2 and 11 ; its chief 
object, however, is to obtain an exactly correct valve­
motion. For this purpose, it is first necessal'y to 
impart to the vibrating fulcrum, or middle point of the 
"link," a motion coincident with that of the piston 
of the engine. Why this is necessary, and the mode 
in which it must be effected, we will now explain. 

The velocity of the piston ·is not the same in the 
opposite ends of the cylinder. It would be the same 
if the piston could be rigidly connected with the 
crank, and then the motion would be equal to the 
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versed sine of the angle which the crank makes with of the angular vibration of the connecting-rod is dis­
the centre line. But the piston cannot be rigidly regarded, equal diagrams cannot be obtained on the 
connected with ·the crank, and the angular vibration opposite strokes; and the earlier the cut-off, the greater 
of the connecting-rod materially accelerates its motion the difference will be. To take an extreme ill us tra­
in the end of the cylinder furthest from the crank, in tion, suppose the eccentric, in the valve-gear now 
case of a direct-acting engine, and retards it in the being described, to be set opposite to, instead of with, 
end nearest to the crank:. To find the actual motion, the crank. Then the angular vibration of the driving 
we must add at the one end, and subtract at the arm of the lever would be the reverse of that of the 
other, the versed sine of the angle made with the connecting-rod of the engine; the fulcrum of t.he 
centre line by the connecting-rod. This is illustrated cc link" would be retarded while the piston was ac­
in the following figure, in which let D H be the celeratcd, and vice versct, and the motion of the pis ton, 

centre line, and A C D E the circle described by the 
crank. The equal arcs, A C and DE, represent equal 
times, and the motion, HI, in the time A C, =An 
+1if, and the motion, K L, in the time D E,==Dm 
- mg. The difference of velocity arising from this 
cause is greater than would at :first be supposed. At 

• 
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to the points of cut-off on the opposite strokes, would 
differ by from 25 per cent. to 35 per cent. 

The eccentric being set, however, in line with the 
crank, and also the length of the driving-arm of the 
lever being made equal to six eccentric cranks, as that 
of the connecting-rod of the engine is equal to six 

• 
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Pair of diagrams taken from an Allen engine which has been at work for two and a half years at the works of Messrs. 
Evan Leigh, Son and Co. (Limited), Manchester. Scale 7J1o· Cylinder, 20 in. diameter, by 36 in. stroke. Speed 100 
revolutions per minute. 
the commencement of the opposite strokes it is 40 cranks, the angular vibrations of the two are coinci­
per cent. when the connecting-rod is six cranks, 50 per dent, and the motion of the fulcrum or sustaining-pin 
cent. when it is :five cranks, and 66 per cent. when it of the "link" coincides exactly with that of the piston. 
is four cranks in length. It then diminishes uniformly These dimensions, in the engine illustrated, are as 
to the middle of the stroke, where the two velocities follows : stroke, 2 ft . ; length of connecting-rod, 6 ft. ; 
become equal, and pass one into the other, so that throw of eccentric, 2! in.; distance from centre of 

• 

Pair of diagrams; Allen engine, cylinder 18 in. diam. and 30 in. stroke, at South-Tyne Paper-mill. Speed, 108 rev. per 
min.; vacuum condenser, 28 in. Only half the intended load on engine. Diagrams given last week incorrectly engraved. 

the average difference, or the difference between the shaft to sustaining-pin of link, at the mid point of its 
total motions of the piston during the opposite moieties vibration, 7 t in. This position of the eccentric re­
of the time of each stroke, is one-half that between quires the motion to be reversed between the " link" 
the initial velocities, as above given. If this effect and the valves; but this will be seen presently to be 
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rather a convenience than otherwise. The above 
construction, however, causes tho tipping motion of 
the " link " about the sustaining-pin- which com­
mences when the su taining-pin is at either ex­
treme of its vibration, and gives to the admissiou 
valves their opeuing movements-to be uncqw1l in the 
opposite directions ; because, if these commence when 
the centre of the eccentric is on the centre lino, 
which, in Fig. 17, is the upper one of the two parallel 
lines, then, as will be seen, the p1otiou of the eccentric 
which produces the tippiugs is greater to the points 
9, 10, 11, t.han to the corresponding points, 1, 2, 3. 
The action is made equal, by clroppiug- the sustaining­
pin of the link a little, so that i,hc tipping motion in 
each direction shall begin when the centre of t.he cc­
centric is on the li»o shown below the centre line. 
'rho dist.nnco between the two lines, or that wilich 
the sustaining-pin ncrds to be lowered, is ht the en­
gine shown, .07 in. This device clfccls ~l so another 
desirable object, namely, to give a slightly greater lead 
to the valve at the end of the cylinder iu which the 
motion of the pi~ton is most rapid . By these means 
exactly equal dtagrams arc made, on tile opposite 
strokes, at every poiut of cut-off, from the commeHcc­
ment ~p to the h~lf-stroke, bey?nd which point the 
steam 1s not perm1ttcd to follow 1n these engines. 

The "link," although its movements arc thus made 
o01·r~ct, possesses the two faults inseparable from this 
mot10n, namely, t~1at when employed as a means of 
cutting off early, 1t opens a very narrow port, an cl re­
leases and confines the steam very soon. 'l1he latter 
of these defects is remedied in this engine by cmployin(r 
separate exhaust valves, and giving to them, from th~ 
same "link," an independent and invariable motion. 
These valves are driven from the extremiLy of fhc 
"link,, and a rock-sllaft, placed midway, enables the 
motion to be reduced, and reversed, and transmitted 
across from the line of t!Je eccentric to that of the ex­
haust-valve spindles, as shown in Figs. 1, 2, and 3. 
The fault of the narrow opening is cured by cmployinoo 
v~ves which open s~multane~usly .four passages, and 
st11l further, by the mtroductwn of a movement which 
enlarges the .openings considerably. The admission­
valves are dnvcn from the block, the position of which 
in the " link'' is adjusted by the action of the 
governor, from the centre at which the valves arc not 
opened at all, to the point at which the steam is cut 
off at about the half-stroke (see Fig. 2) . Between 1 he 
" link " and these valves a motion is introduced the 
object and effect of which is, to get rid of more 'than 
one-half of the useless motion of the valves after they 
have covered their ports, and at the same time to en­
large by about GO per cent .. the ope?ings made by 
them. 'rhese two apparently m~ompatlblc obje~ts arc 
effected by a n~o:o extended apphcaflon of the prmoiple 
of the toggle JOmt, first and very generally applied to 
the valve-ge~r of cngin~s b.v !\r alt. :E,or this purpose, 
each adm1sston-valve 1s dnven from the "link" 
separately, as sbown iti Fig~. 2 and 11 and 
tue motion of each is modified, as already ;tated 
by the introduction of a rock-shaft. For compact: 
ness of construction one of them is made hollow 
and the other one passes through it, so that the tw~ 
have a common axis, but independent movements. 
The object of the separation is, that the action of the 
vibrating arms in modifying the valve movements 
s~all n~t, a~ ha~ h~en the c~sc. in all previous applica­
tiOns of tins prmClplo, be hmtted by the necessity of 
imparting through a single rock shaft similar move­
ments to eacl1 valve. This arrangement i~ well shown 
in Fig. 2, and tho motion is illustrated in the right­
hand diagram, l"ig. 17, which shows the motion of the 
connexions for both valves. 'fhe opening motion of 
the forward valve is indicatccl hy the letters, AB, and 
its covering motion by the lctl ers AD; fi rst, on the 
diagram of the link motion; 5ccond, in the motion of 
the driving arm on the rock shaft; third, in the motion 
of the driven arlll ; and fonrLh, in that of the valve, 
the two latter being rnarkcd A1 BL D•. Tl1e motion 
of the after. val vc, represented b.v the letters C D 13, 
is precisely simihtr, and may be followed ibrou~h iu 
the same manner. The manner and degree of the 
modification of the valve movements is obvious on 
inspection of this diagram. Each valve opens its 
port by a movement in the same dircclion as repre­
sented by the arrows. 

Each admission-valve is simply an open rectangular 
frame, moviug between parallel faces, and therefore in 
equilibrium. 'l'hc valves are shown in l'ig. 4, in their 
proper positions, relatively to that of the piston, the for­
ward valve at the extreme point of its cover, and the 
after valve open by the amount of the lead required at 
great speed. In the latter the four openings are clearly 
shown, two on each face, the steam that enters by 
three of them pa~sing through the valve itself. The 
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valves are set ono a little above and the other below 
the centre line, as partly shown in Fig. 5, and the rod 
workin~ the after valve passes through the forward 
ono. The bnok plate behind each valve is made of 
such a form as to be unyielding under pressure of the 
steam, and is sup~ortcd in a manner which prevents 
any iuoonvcnience Jrom unequal exP.ansion. Provision 
is made by fitting strips for rcadlly re-adjusting this 
plo.to in case of wear, but working, as the valve does, 
entirely freed from pressure, oven that of its own 
weight, on the faces, this wear is found to be exceed­
ingly slow. The length of each opening, in the en­
gine described, is 5! in., equal to an aggregate length 
of 22 in., and the extreme opening movement is i in. 

'!'he exhaust-valves work in separate challl hers 
between the admission-valves and the cylinder, and 
each one opens two passages for the escape of the 
steam, as shown in .Fig. 4. Each of these passages is, 
in this engiue, 9 in. long by 1 in. wide. 'rllcso valves 
are worked by two rods, which pass through the ex­
haust chamber (Figs. 4 and 5), one on either side of 
the steam passage to the cylinder, which should have 
been dotted in Fig. 5, and are united in a cro shead, 
not shown in the plates, to the middle of which the 
connoxion with the link is made. The valves are 
attached to these rods by steel tongues, as shown, a 
method w hi eh is found to answer extremely well. 

This system of valves and valve gear is entirely the 
invention of Mr. John F. Alien, of Now York, having 
received no addition or modification, except in the 
constructive details, from any other hand. It is 
proper also to add t.hat no chauge whatever has been 
made in it since the original exhibition of tbe engine 
in 1862, except the iutroduction of the equilibrium 
valves. The valves then employed for admission had 
the same movements, and made four simultaneous 
openings, but worked under pressure of the steam. 

NOTES FROM THE NORTH. 
GLASGow, ' Vednesday. 

Glasgow Pig-l·ron llfa1·ket.-On Thursday last the pig-iron 
market was firm at the opeHing, when 52s. 8d., cash, was ob­
tained, and 52s. 9d., six weeks. A good business was clone the 
following day at prices a sbade lower, and " warrants" were in 
demand at 52s. 6d. and 52s. 7d., cash, and 52s. nd., a month. 
Since then prices have declined a little almost daily, aud have 
come down to 52s. 3d., cash, and 52s. 4d., three weeks paid, 
which were the prices prevailing to-day. No. 1 Coltness was 
quoted at 58s. yesterday, and No. 1 Gartsherrie at 51s. 6d. 

F'resh Discovery of Blackband b ·onstone.-It would seem 
that the blackband ironstone, which Mr. Robert Mushet's father 
first drew attention to in this shire, is not yet worked out, nor 
likely to be worked out for some time to come. That miner~} 
has, to a large extent, been the making of the iron trade of 
Lanarkshire, and the chief means wher~by a number of very 
large fortunes have been made during the last th irty or forty 
years. Another discovery has just been made of a very valuable 
deposit of blackband ironstone in the neighbourhood of 1\lother­
well, on the estate of Murdostoun, which was purchased some 
ten or twelve years ago by the late 1ll r. Robert Stewart, the 
well-known proprietor of the Omoa I ronworks, and a former 
Lord Pro~ost of Glasgow. The estate was believed to contain a 
large quantity of the mineral in question, and Mr. Stewart was 
doubt.less ind\Aced to become the purchaser in ti.Je expectation 
that tbe belief was well founded. Nearly 300 trial bores were 
put down before Mr. Stewart's death, but without effect, and 
all hope of succeeding had almost ended in despair. At length 
indications of ironstone ah~ared sufficient to justify the sink­
ing of a shaft. The ore now been reached, and it is found 
to be a seam of 3ft. in thickness, and of excellent quality, and 
is believed to be of very considerable extent. Much excitement 
and satisfaction have resulted from the discovery. 

The Caledonian Railway again.- The improvement which 
was taking place in the affairs aiJd in the stock of the Caledonian 
Railway Company is now meeting with a reaction of such a 
sort as to have resulted in a veritable imbroglio. On the sub­
ject of revenue ve1·sus ca£ital there seems likely to be an almost 
interminable discussion. There is even something worse tban that 
now, for, in the proposed reconstruction of the board of directors, 
internal dissensions are showing themselves in the shape of 
manifestos from the recently appointed shareholders' committee, 
from the dissatisfied shareholders in Edinburgh, from the 
majority of the board, including the chairman, and from a 
minority of the same body, and, to crown all, the " Public 
Accountant" makes a third effort in tbe pamphleteering line. 
A meeting of the shareholders is to be held in this cit.y to­
morrow, when the imbroglio may possibly be brought to a ter­
mination, and a new era be entered on by the reconstructed 
board. 

The lli[Jhland Railway.-The recent rain storms have told 
with cons1derable effect on some of the Scotch lines of rail way, 
more .especially the Highland line, some of the works on which 
were illustrated in ENGI NEERING in ti.Je course of last autumn. 
The Tay and the Tummel were so much Hooded that a breach 
was m~\de in the line at Dalguise; a suspension of the traffic 
ensued ; but as the repairs were completed on Thursday last, the 
traffic was resumed on the following day. 

University Ilonow· to tlte Reverend Patrick Bell.-The in­
ventor of the tirst practical reaping-machine, the Reverend Patl'ick 
Bell, minister of Carmyllie, has this week been created a Doctor 
of Laws by the Senatus Academicus of the University of St. 
Andrews. He is now Reverend Patrick Bel1, LL.D. 

Royal ScottiJh Society of Arts.-At the ordinary meeting of 
this society held in Edinburgh on :Monday last, a paper was 
read which gave a description of" Improvements in the Means 
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of drawing off and measuring Water direct from the main," by 
Mr. J. G. Win ton, London. After some discussion on tbe subject, 
tLe description was remitted to a committee to consider and 
report. 

Atlantic Teleg1·aplt CompatJy-J,feeting of Gla.sgow Sltare­
lwld('}l·s.-As a large amount of stock is held in the Atlantic 
Telegraph Company in Glasgow, and as thoro is some misunder­
standing existing regarding the affairs of the compauy, a meet­
ing was held here yesterday, under the presidency of t be Lore! 
Provost, for the purpose of receiving a statement from Mr. 
Sa ward, the secretary of the company, prep~:~.rat01•y to the meet­
ing which is to ba held in London, on the 25th iustunt. The 
meeting approved of the statement, and expressed confidence in 
the directors. Sir William Thomson, the eminent electrician, 
and one of the directors of the company, I th ink, also 
addressed the meeting. His remarks excited considerable 
interest. He said he had been asked what the dimensions 
of the cable from Falmouth to Boston would require to 
be, aud, in answer, he might suy thaL the lengths must 
be estimated as nearly in the proportion of 2 to 2~, or 2000 
miles the one way and 2500 the other. The add it iou of 
500 miles to a cabh~ would Ycry con:,iderably impair the 
speed at which it would be possible to transmit messages. A 
cable ofprccisely the same dimens=oos as theirs would work at 
a slower speed: the rule for those calcul-'tions being that the 
speed would be inversely as to the squares of the lengths. The 
Atlantic cable, working at the grea te~t Sf>Ced at tainable, would 
perform 56 per cent. more business than a cable of the same 
length laid between Boston and Falmouth, ohhe same diameter 
of copper and thickness of gutta-percha. Taking into account 
the greater number of miles, they had next to reckon the cube 
of 29 , and the result was that the whole mass of that cable 
would double t hat of the Atlantic cable, and it would tuke 
the materials of two cables laid between Boston and Fat­
mouth to do as much work as the one now in use. He 
did not mean to say th11t a cable between those places 
would not be a success ; but he must stty that he believed in 
the future, a. very dim future it might be, to sec many cables 
across the Atlantic, and he did not see why the Atlantic Com­
pany should not become posl:iessors of cables between Fahnouth 
and Boston ; but in the mean time he believed there was no in­
tention of doing so, or of departiug from the excellent and ad­
vantageom; route that had already beon chosen for their cables 
-ad~antages which were now felt very much indeed. The 
dangers of competition were practically very small; and, con­
sidering the time which must elapse before the cable could be 
laid successfully between Falmouth and Boston, there was left a 
very large margin of time tor the development of the traffic 
which at present passed through the hands of the Atlantic 
Telegraph Company. After a few further remarks, in the 
course of which he complimented the directors for their able 
management of the affairs of the company, he eoncluded by 
expressing the hope tbat the shareholders would support the 
board of directors, so that they might have the requisite three­
fourths of ~be shareholders in order to get Parliamentary 
powers to rruse the necessary 10 per cent. 

THE DICTATOR. 
To TUE EDITOR OF ENGINEERING. 

SIR,-It appears from Ericsson's loUer, published in your 
paper, that Mr. Watt wa.s right, a.nd I was wrong, touching 
tho configuration of lho m·mour on the sides of the Dictator, 
and it is proper that I should at onco acknowlcdne this. l\fr. 
Reed produced, at tho lnsLitut.ion of Civil Engineers, a 
diagram in every respect the samo as Mr. Watt's. But I 
there also discredited 1ts acom·acy, as it was not the same as 
the drawing I had received from Ericsson. The circum­
stance is in no way material to the controversy respecting 
the good or bad qualities of monitor vessels, which is not to 
bo judged by such details, and Erics on no doubt preferred 
to give me his own plan instead of the modifications which 
had been forced upon him by others. Never theless, it is due 
both to Mr. Watt and myself that llilY N'I·or, however incon­
siderable, that I may havo fallen into in a statement of fact 
should be both aclrmtted and rC'ctifiecl so soon as it has been 
found out. 

I am, &c., 
J ouK BouRN E. 

ENGINEERING AT CROYDON. 
To TnE EDITOR OF ENGIN'F.E:RING. 

Sm,..:_Your correspondent, Mr. Bn.lclwin Lathnm, has en­
deavoured to show the innccw·acics of the .figures quoted in 
rny lette1· to you of the 22nd inst. 

ir, unfortunately I did not stn.tc that the death-rate 
given was up to October, 1 67. I took it as representing the 
whole yc~tr, and if the death-rate for the last quarter has so 
greatly decreased as to make tho death-rate of tho whole 
year as stated by Mr. B. Latham, I shall be only too happy 
to hen1· it is so. I fcaJ.' such is not the case, and nm still lett 
to believe what I have before stated, nn.m<'ly, that 20.0 per 
1000 represents tho deaLb-rato of Croydon for the past year. 

Has not the increnso of inhabitants in Croydon been 
caused by well-to-do J~ndon<'rs going to rrside then'? nnd is 
not the death-rate lower amongst ·this rlnes th an nmongsi 
the poorer inhabitants? 1'hoso n1·o qucst.ions whjrh uccd duo 
consideration bC'foro d~ciding upon ih<' bC'nefits arising from 
the sewage irrigation schcm<.' ~1t Croydon. 

I nm, Sir, yours obedicntly, 
AN OLD SUllBCRIBER. 

February 5, 1868. 
======= 

' " o DERF UL IRoN Ou.Es.-W o read in our c. ccllcnt con­
tC'mporru·y, 'Phc Eu.qin cc1·, that" tho 613 bltl t-furnnccs from 
"hich we obtained about ten m;llion .. ·~ aud a. lta?f tons of pig 
iron were fed by upwo.rds of {(m millions of Ions of iron 
ores." This ns. igns to the nvcrngc of British ores a per­
centage of 105 per cent. of iron! H ow are other nations, 
whoso ores contain, say, from 20 to 70 pe1· cent. of iron only, 
to compete with us if this be correct; or how nro we to com­
pete with other nations if thot style of ''spreading informa­
tion" is to bo much longer tolcralcd in the profcs 1on? 
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