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at home and a,broacl, the militia, and volunteers in 
tile Unitecl Kingdom, and in the colonies, the British 
native forces in India, ancl other countries. This 
includes 10,000 Egyptian troops under a British gen- 
eral, but exclucles the forces of the native states of 
India, ancl of tile other countries politically connected 
with the empire. If, however, the forces of the na- 
tive states of India vere  to be added (and they are 
generally available for imperial purposes), then the 
total of 850,000 mould be raised to nearly 1,000,000. 
Thus  the men uncler arms, or effectively trained to 
arms, are ill ~ iumber  more than 750,000, and, under 
the last-named computation, mould amount to nearly 
1,000,000. Tlle defensive armaments of the empire, 
by sea arid land, cost $41,000,000 sterling annually, 
or twenty per cent of the total of revenue and re- 
ceipts. The police for tlie empire numbers 660,000. 
Thus vre have, for the whole ernpire, an average of 
one policeman to every 571 of tile people, and to 
every sixteen square miles. 

I t  is never to be forgotten, that one of the main 
reasons why the British empire is able to lreep its 
la~~d-forcesat  a comparatively low scale is its prepon- 
derance a t  sea. Tlie predominance whicll we hope 
to find in the British navy will hardly be shown by 
the enumeration of ships. With this caution, how- 
ever, i t  may be stated that  there are 246 British 
war-vessels afloat, or in commission; of which 72 are 
sailing-ships, and 174 have steam-power. Tllere 
are now GS iron-clads, either complete or nearly com- 
plete. Tlle number of officers and men amounts to 
87,000. The number of iron-clads ready for action 
at  the shortest notice is now 44, of which 25 are a t  
sea. 

The mercantile nlarine lias nearly half of the steam 
tonnage, of the carryipg power of tlle port of entries, 
and of the freight earnings of all the nations togeth- 
er, and two-thirds of the ship-building. The total 
trade of the Britisll empire cannot be easily exhib- 
ited statistically. However, if the aliyuot parts of 
the trade of the principal nations be computed, then 
34 per cent, or one-third of the world's coinmerce, 
pertains to tlie British empire. 

The nlanufactures of the United l~ingclom are 
valued at 2S18,000,000 sterling annually. I11general 
terms, i t  niay be stated, that  British nlanafactnres 
form one-third of those for all Europe put together. 
The great competitor is of course the United States, 
where the value appears to exceed that of the United 
Kingdom. The American manufactures are indeed 
wonclerful, not only in their present magnitude, but 
in the rapidity of their progress, and in the prospect 
of their extension. 

I t  follows from these facts, that the wealth of the 
United ICingclom in land, cattle, railways and public 
worlis, houses ancl furniture, merchandise, bullion, 
shippil~g, and sundries, valued at  ~S,'i10,000,000 ster-
ling, exceeds that uf any European stat,e, and is just 
double that of Russia. Bnt it is exceedetl by the cor- 
responcli~~gfigure for the United States, ]lamely, 
S9,495,000,000 sterling. The ~S,'i20,000,000 of Brit- 
ish wealth represent a sum seven times the annual 
income, namely, ~1,247,000,000, ~vliich seeins to be a 

fair calculation. According to this, the British p ~ o p l e  
earn 14 per cent on tlieir capital, ~ ~ h i c h  rate is about 
the same as that  of the United States. I t  exceeds 
the corresponding ratio on the continent of Europe. 
But it is considerably surpassed by the ratios in Can- 
atla and Australin, - 18 and 22 per cent respectively. 

The construction of public worlrs is a test of ria-
tional progress. Those works ~vhich  lnay here be 
selected for mention are rail \~ays,  electric telegraphs, 
and canals. I t  is calculatecl that 46 per cent of the 
railway traffic of the ~ ~ o r l d  is done by the railways of 
the British Empire: the distances run, however, are 
less than on the continent of Europe or in the United 
States. The electric telegraph does six times as mnch 
in the  old country as in tlie new. 

The total public debt, governmental and munici- 
pal, for the British Empire, reaches a total of X1,312,-
000,000 sterling. 

I-Ie concl~lded this statistical summary by adverting 
to a group of subjects into mhicli moral considerations 
largely enter; namely, thrift and education. 

The decrease of crime and pauperism is satisfactory 
in the United Kingdom; while pauperism hardly ex- 
ists in the other dominions of the empire, and the 
charitable funcls raised in the United lcingdom are 
enormous. The number of patients in the hospitals, 
thong11 large, is not remarkable relatively to the size 
of tlle empire. 

Respecting education, there are 8,250,000 pupils a t  
schools in tlie United Kingdom, 860,000 in Canada, 
611,000 irl Australia, and 2,200,000 in India, malring 
up a total of 8,921,000 pupils in the Britisll Empire. 
The fact is, that  in India, altliough education has 
made a renlarkabie progress within the last genera- 
tion, yet the lee-way to be made up was enormous, 
owing to the neglect of many centuries; and many 
children of a school-going age still rernai~i out of 
school. Bnt the comparison attains special interest 
when nlade with the United States, where a truly 
noble progress is exhibited, and where the  number of 
pupils reaches to 10,000,000, the annual expenditure 
being $17,000,000 sterling. Thus the extraordinary 
fact remains, that in respect of educational statistics 
the Unitecl States are numerically in advance of eren  
t l ~ e13ritish Empire. 

Tlle religious missions to non-Christian nationali- 
ties constitute a bright feature in the British Empire. 
The statistics of the l i o~nan  Catholic missions are 
not fully known, but their operations are very con- 
siderable. Tlie income of the various Protestarit 
niissionary societies is hardly less tllan 2750,000 ster- 
ling annually, and the uuinber of European o r d a i ~ e d  
missionaries maintained by then1 is about 000. 

OLV TI-IE RELATION OF M E C H A N I C A L  
S C I E N C E  T O  O T H E E  SCIENCES. l  

THERE are those who object that  section G deals 
too little with pure science, too much with its appiica- 
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tions. It niay be, as the members of section G might 
retort, that  i t  is possible to  attend so inuch to pure 
science as to get into the unchecked region of scien-
tific spec~lat~ion, and that, liad the inenlbers of sect ion 
G been debarred from the application of science, the 
speculation of Dr. I;ardner miglit to elle present day 
Iiave been accepted as fnct. 

The spealrer thonght all men, even though t,liey 
be follo~~*ers of scierice in itr purest arid most ab-
stract form, rnust concur in the propriety of section 
G dealing wiLh engineering subjects generally, as 
well as will1 abstract mechanical science. This ad- 
mitted he weald asli -certain what the ansmer niust 
be -~ l l e the r  there is any body of men who more ap-
preciate :&lid make greater use of the applicatioris of 
pure science th;tii do the members of this section. 
Snrely every one must agree that the engineers are 
tliose wlio malie tlie greatest pract,icai use, not only 
of the science of mechanics, but of the researches 
and discoveries of the rnen~bers of the other sections 
of illis association. 

I t  would be the purpose of his address to establish 
the proposit,ion, tha t  not only is sectioll G tlle scc- 
ti011 of n~echanicai sciencc, ba t  it is e~nphatic:xlly t.lie 
scction, of all others, that  applies in engineering, to 
the uses of nian? tile sciences appertaining t.o the otb- 
c r  sections of the association, -an ap]ilication most 
important in tlic progress of t l ~ e  world, and an ap-
plication iiot to be lightly regarded even by tlie strict- 
est votaries uf pure scieilce; for i t  moulil be ill ra in  
to liope tirat pure science woultl conti~rue to be pur- 
sued, if fro111 tirne to time its discoveries mere not 
brought into pra.cticitl use. T l ~ econnection betwcen 
this section and that  of inatlleinaticnl and physical 
science (A) is most intiinate. Witliout a 1;nowledge 
of thermal lam-s, the engineer engaged in tlie con-
struction of lreat-motors will filrd himself gropiiig in 
the (lark. l i e  anticipated, frotr~ the application of 
tilerma1 science to practical engineeril~p, that  great 
results are before us in those heat-inotors, such as 
the gas-engi~ie? where the heat is clevelopetl in the 
engine itself. Passing froin heat-motors, and con-
sidering heat as applied to metallurgy: from the time 
of t,he hot, blast to the regeneralive furnace, il is due 
to  the application of science by the eriginccr that  tShe 
economy of the hot blast vr-ns originat,ed, and t11:rt i t  
has been developed by the labors of L o ~ t h i a r ~ ,Boll, 
Cowper, and Cochrane. Equally due to this applica- 
tion are the results obtained in the regenerative fur- 
ni~ce, in the dust-furnace of C~ tmpton ,  and in tlre 
employinelit of liquid fuel, alrd also itr operatiolrs 
coiinecteil with the rarer inetais, tlle oxygen-fr~rnacc 
and the atniospheric gas-furnace, and, it1 its incipient 
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whether we consider the n a n l  architect preparing 
Eiis design of a vessel t r ~clea\-e the waves with the 
least resistance a t  the  liigllest speed, or whether \~-e 
coirsider the unparalleled serics of esperiinents of 
that inost able associate of naval architects, the late 
'CViliiani Fronde, carried out as they were by lnesns of 
iiioclels ~vhich  were adn~irable in their inalerial, their 
mode of manufacture witti absolute accnracy to l,he 
desired shape, and their irioclc of traction and of 
record, we iliast see that  both architect arid experi- 
~ncriter shonld be able to apply inathernatical science 
t,o tlleir worlc, and that it is in the highest degree cte- 
sirable that  they should possess, as Froude did, t'hose 
most escelleilt, g i f~s ,  sciencc aiid practical lino~rledge. 

I'zssiirg fro?rt sectio~i A to section I3 (clremical 
science), the preparat,ion from the orc of the vari- 
ous nietals is, in t r~ l th ,  a brarlclr of engincering; bnt 
to  enable this to be accomplished wit11 certainty 
and econoiny, i t  is casential tliat the engineer and 
t,he clieinist should eit.her be combined in one and 
the same person: or go hand i11 huiid. 

Re-verting to tlie TF-ater-engineer, tlie chemist and 
the microscopist have their scie~rces applied to ascer- 
tain t.lie purily of the intendeti source; and, as in the 
casc of Clarice's beairtiful proccss, by tlie application 
of chemistry, \ ~ a t e r ,  owing its ha.rd11ess to  that  com- 
mon cause, ca~,i)onate of linie, is 1,enderetl as soft as 
tlle n7aier from t,lle inou1itai11 lake. 

V i t h  regard to t l ~ c  subjects treated by scctioil C 
(geology,!? the speslter instariced the Cliaiiiiel tuiinel 
as n case i11 whiclz, witllont the aid of geology, the 
engineer ~vould not be able to give a n  opinion on 
tlle fei~sibilitg of the enterprise. The engineers said 
t l~e re  is a 1natel.ia1, the compact nail-water bearing 
gray chalk, which we have a t  a conrenient dept,h 
on the Erig1isl.i side, and is of pi1 materials the n ~ o s t  
suitable. If that exist the whole wag across, success 
is certain. Then came geological science, and that  
told the engineer tliat in Prance the same material 
existed; that it exisled in the same posit.ion in rela- 
tion to ot,ller stratifications as it existed in England: 
tlrat the line of outcrop of the gaolt lying below i t  
lrad heen cliecBed across; and that, taliell together, 
these indications enabled a collfident opinion to be 
expressed tlmt i t  was all bnt certain this gray cllalli 
strat,iticatioii did prevail frorn side to side. 

To conre to section D (biology), tlle botanical side 
of i t  is il~teresting to the eisgi~ieer as instructing l ~ i m  
in tlie localit,y and quality of the various \voods tliat 
he c>eeasii~llally 1lses in his morlc. \Vit,li regard to that  
most irnporiant part of the work of D, which relates 
to  'gernls ' arid their influence upon licalth, the en- 
gineer dea?s with it thiis far: 11e bears ill mind that 

stage, the electrical furnace. To  a right Iino~~-ledg~? the vater-siipply mnst be pure, and that the building 
of t,lie l a m  of heat, and to t,heir application by the 
engineer, must be attribntecl tthe success that  has 
attended the air-refrigerating maclrines, by the aid 
of ~vhich  fresh rneat is a t  the end of a long voya.ge 
delivered in a. perfect coridition; and to this apl>lica- 
tiou we ome t,he ecoriornic distillation of sea-n-ater 
by repeated ebnllitions aiid condensations at success-
ively clecreasiiig temperatures. 

Corning to the inathematical side of section A ,  

must be ventilated, and that  excreta must be removed 
TI-ithont causing contamination. 

111 concl~~sion, reference was iila(1e to the relations 
of tlre enginccr to the geograpl~ical explorer and tlie 
strtdent of econoislic science. Tile great worlts, the 
resnlts of engineering slrill, enable the geographer 
to reach his field of esploration the more readily, 
and are called into existence by the dictates of the 
economist. 


