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Proceedmgs of the Madras Government, Public Worls Department, B
6th January 1870. ‘

M

No. 89. Read the following

Purpoeses of Government,”

Proceedings of the Government of India in the
Public Works Department .—
F orwarding copies of further letters and enclo-
sures from My Bridges Adams on the subject

of “ Railyay requirements of India in refer- ¢ (Here enter 9th August 1869, No. 1,002-1 )
ence to Commereial and Military uses and

No. 9o, Orprr Torreow, Gth January 1870, No. 4.

‘ RAILWAY, No. 14.

CoMMUNICATED to the Consulting
Engineer for Railways in continuation

a

of G. O, No. 3,809, of the 11th Decem-
ber 1868,

(True Extract.)

Colonel, RE,
Secrelary to Government.
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No 75;7 2 R.
GOVERNMENT OF INDIA.

PUBLIC WORKS DEPARTMENT. f
RAILWAY.

Smmra, Aveusr 9, 1869. -
Mr. Bridges Adams on * Balway requirements of India ”

Read again :—
Public Works Department Resolution Nos 1256-—60 R, dated 26th October 1868
Read also the following :—
No 40, dated 8th July, 1869
From—The Secretary of State for Indra,
To—Tke Government of India

With reference to my predecessor’s Despatch of the 16th September...

* Duted 20th Muy and 16th  1ast, No. 75, T transmit herewith fcopies of further
June 1869

in which he discusses the subject of “ Railway requirements of India 1n
reference to Commercial and Miltary uses and purposes of Government.”

e -—

"7 Dated 29th May, 1869, -

From—W Brinces Apaus, Esq, .
) To—Under Secretary of State for India.

I'send you the papert and diagrams, gong logically 1nto the mechanical and conse-
quently economical question of the Indian Raiways, Mam Lines,
Branches, Suburban and Military I think you will find that Mr
Burton Wright agrees with the propositions theremn laid down, and
T shall be glad to compare notes with him, as to his own experience, confirmatory or other-
wise, of my paper, for he has, I believe, been the most economical amongst the mechanical
workers of Indian lines

I will send you a full-sized model of the rail and sleeper, showing that with the ordinary
weight of metal the strongest rail 1s produced, with the fewest types and the smallest
number of parts per mile

+ Sent a number in the
packet

Dated 16th June, 1869

From—W, Bripees Apaus, Esq,
To—Under Secretary of State for India.

The object of my paper 1s, first to call attention to the industries yet to be developed

m India by the axd of and combination with machinery

which has produced such large results

m Europe, without possessing the advantage of the mdigenous population 1 Ind;
Larly adapted for the production of textile fabrics, and next to the wide extensio

&, 80 pecu-
n of transit

by moie economical processes than have yet obtained, and the adaptation of mproved Raﬂways

to the purposes of defence and military police, as well as the prevention of disty
of periodical famme, by the removal of unemployed labour to other sites where 1t
demand v

My pamphlct on Railway practice and unproved rolling-stock, which you

subject, and bhave refeired the Engineer, Mr Burton Wn
model I forwarded to you, because, as a Director of al
State, you of all men hold the most important office 1n the

€ss In cases

may be in

were
enough to transmut to India, has produced the effect of mducing one Railway COmpankH;g
comnussion therr Engineer heie to examme into my system. I have been applied to ony e

ght, to the paper, diagrams and

| the Companies on be
Ralway Department

half of the

I should be glad to have the paper,

L

L WS
“

of State for India, with a view to the a
State Lines that may be constructed, on

diagrams and model brought before the Secreta
pplication of the system on the Punjab and other
account of the greater economy 1n first cost, as well

as economy in making
’ )

3
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letters* and enclosures from Mr, W, Bridges Adams, ye-.
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I.thu'Jy veqiirenents of India reference & Commercial and Milita

Ty wses, and ury
of Gorernment sHpotes

WUp A~ 3

Rapid transit in the power of the State 1y synonymous with making a comparatively
small body of troops do the work of a large numlier, Ly the power

of rapid concentration, and at a comparatively cheap rate | 1pgq

much as the troops may be lodged m healthy localitics and cool temperature whe, :

wanted for actual service en ot

Trauat of troeps

The only means of rapid transit, 1o the modern sene of the term, 15 the Ralwav
Rivers on India, over the wide flat plams, will ulumatc) L‘[,e ah
absorbed for the purposes of urigation, and an enormousymc Pa
of produce tor commercial puiposes, and for the mn~tcnzmcc~r ?«e

* much larger population than yet obtamns Tranat by animal -

hot cimate may be 1egarded as altogether out of the question, - s1n a

Biver transit.

Ammal t=anat,

On the whele, the condition of the people of India has been better under our )
under that of thar Native Prmces, and when we leave India,—~if ever we dr C than
probable result for many years would be long wais and nusery, and loss of life, 4] t‘{ ‘su,~tlm

est and fiercest attained the master ¥ Our dum to r,u]e 1 1;‘ strong-
from our power, 13 that the scnse of Justice predominatey uia, aparg
and that wa sech to enforce law and order and Progress m the mntcrcsts of n;anL O‘ler Power,

of a caste The institution of caste 1n India was sinp] 11}11‘ 2nd ot
dation of slavery, from the poorest peasant up to tr)),g ¢ at of pry-
The gradual decline of caste 13 the Lest evidenes of our beneficent rule W m ])mnt ruler
far from being the best possible government, but we are assuredly amongt thay VeIt vry
governments of the woild ° e beot eXIsting

Er lish rules 1in India

Caste

With the exten<won of rails and roads 1n India, and free tranat, comm
to stimulate production, a;nd r:;anyl uscful arts, non practised on a smal}
mto national importance India 13 es
fabrics, and espeIc)mIly of cotton Tlmzesit;g li{atthzllcgll:f tcry o extile
were brought to England, not 1 raw bales, but spun and woven by Indian ﬁwmmwn fbncs
metalhic spnning jenntes of England, steam woiked, were as thousandy comoas d put the
of Hindoo maidens, and beat them out of the marhet manifold by COlTlpOtlthl? ~r§, ]tO oo
manufacture changed 1ts site  And now 1t must 2o back to 1its original site b’y t[l]:e IBO the
political economy. Tndia will be largely the scat of manufacture, whije England “wil I;ie“ :ﬁf

sale emporium

To produce cotton cloth there 1s needed, firsf, the growth of the cotton » secondly, st ain

power , therdly, spummg and weaving machinery Jouwithly, a clinat.
naturally or artificially adapted to the process, fifeh! ¥, and abundant
population of work-people with delicate fingers, and as 1 gards cost the

ree will eontinyg
scale, will groy up
Testile fabrics m Inda

Fluroonts of cotton manu

ure
fact last 15 the most impotant considaration of all. The cotton can he
1o England, grown n India and brought to England In England the ftedam-
. power 18 cheap, and the maclunery the best 1n the world  The argy
fictal (himate can also be produced 1 the mulls, and an artificial population with dchcmé

tm rers can be seleeted and aggregated fiom Ireland and elsewliere nder_these cireun,.
3 stancey, India 15 out of the market save for the raw natc 11 Bl
other Eumpean countiies are our compec titory The southe d Iut',
tions of Italy, France and Spain, Greece and Awia Minor, have a population of lllmpu a-
delicate fingers  They can buy cotton as well as oursclves, and make or i »ortj, 1 1{3 nous
and erect steam-engines  They can get their worh-people at a cheaper ratc t}l. : mackhiucry,
chmate , and therefore we shall be less and Jesg alﬁc to compete wieh, ) tey 1;}9 a better
m wnutacture the best machinery and steam-engines, and if we send thern 1 l(I:ml Jut we can
tager—cotton, cliare, steam machinery and Labour—oll all L conloge oo p LG 2%
chicapest 1esult  Under such circumstaneeg no other country can compet \n;lm Iprl(x e t} .
open market, the labour bemng the cheapest of al] The manufactur, ll Lf l lll[( ;a tran
ferred fiom Enghsh subjzcts 1n Lancaslnre to Enclish gul ¢ e, therefore, will be tran.-
shop will be 10 England  Our mill-people in Enel subjects in Indi, and the largost sale
and need muchpm ngland work 1o an unhealthy artificial chiate,
will be no dlqadgrc zlld better food than the Indian races  And 1t
duteniorate a portion of our population and n:ll(r)lretgel e thoe 3 trade twm(il( ;; nd: ,:10
silk and jute and other Abreg whe ) Or less couvert them into am’s L D0 also L}
crever they may be adapted to Indian work, India will go on
z‘;‘;;;ﬂ*t"tlg her mawufactures  The Umtcd States will not be onr
‘Ulos m gpun and " woven-cotton, for the rcason that the
?&?‘}t?ﬁ&‘i{)g:&g"d 'F}tg Fle\ cnt them obtaming labour at a cheap rate as i India for g
Y e may come that 1n a portion of the Umited Statcs aualagous to

India cotton may be hoth groy,
n and ke scnous fingas, but we
present note of 1t wothed by indigene gas, wed not take

and ¢lsewhere

Transierence to Iudia

Mot to the Umted »tates

Meanwlule, the great want of India 18 chiegp tiansit by stcam or other heat power, fur

antmal tiansit on afarge scale 13 hopeless A mule m the t:m-
perate chmate of Cluh can carry 400 s In the Lot cimate of
Venezuela the limut 15 100 s, and thore the mme cost of the
mule 13 multiplied by ten  The only roads for India ate rail-roads of the masnnum and  the,

Mule transit i hot ang
temperate chimates
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mnimum gauge, for 1t 15 a fallacy to make a large road for a small trafic A large road
Tram road means a heavy engine, and a swall road a Light engine, mffl wear
wheel on a flat surf and tear m proportion The tram-10ad proper, v e, with a flat
Surface 1s simply a very mferior and quite, as costly a road as the rail-road
proper  The edge rail gets rid of the dirt and a laige quantity of friction Tt 13 not the
Illlere numbers of transit that are needed, but cross and intermediate roads also s, feeding, and
cheap feeding lines, not suclers  Hav mg these, commerce will grow, and with commerce
Products of all kinds will mcrease There 1s a Spanish proverb which says,—
¢ With water and sand and sun and seed,
Paradise making’s an easy deed ”

If we look at the rased map of India, we find the snowy 1ange of the Himalaya sWeeping
like a huge dam In a giant course fiom sea to sea, enclosing the Indian Peninsula on almost
one low flat level, and keeping back the clevated table-lands of
- Tlubet and Chmma  From every rll and stream at the very sources
of the great rivers, Ganges, Indus, and others, we should hem 1n and utilise the waters for
Imgation, planting great tiees to overshadow them and lessen the amount of evaporation
while serving to attract 1ain Wath abundant rrigation and abundant railways the whole of
India may become one umversal garden

Indian wngation

As the State 18 now entermg upon the construction of Government Railways, 1t 15 worth

Private and State Rail- whle enquuing how far the e\n?tmg' R‘HIW*".YS of private Compames;

comply with the requisite condtiions , how far, at g given cost,

they attain the maximum of stiength and capactty of transit , what
1s therr durability, mechamcally and chmmcal]y and what 1s, th

daily cost of maintenance 1 proportion to the + 1k done, how far ’1t 1S 1mpenal el;

wasteful, or 1n consonance with mechanteal laws ? aperal an

ways

Use and economy

If a Railway be required to traverse a given « ~cauce between two ponts 1n the shortest
possible time, regardless of cost in outlay, the best structure would be apparently a Line
horizontally straight, buat 1t 13 by no means certain that a dead
level would really be the best In horse traction it 18 well known
that a dead level tires the amimal more than alternating slopes up and down hill, which
varies the action of their muscles And so also an engine which has exhausted its steam 1n
anviug at a summt level, may blow up a fresh fire, and attan greater steam pressure on
running down an incline

Thé hking fora straight line has grown up to suit the rigid structure of the engines and
carnages, and the increasing length of wheel tires to induce

steadiness, and prevent oscillation while carrying a larger load, But
a practically straight line 1s imaginary ~ Saying nothing of the curves rllefes:ﬁtatig by points
and crossings and sidings, the rail surfaces vary from one side of the k1:&11 to e other, al,s a;z;y
one may observe, and the effect of this on the coned surfaces of the 1w ((eie lrtes 1slelequl:v: eri do
a succession of small sharp irregular curves, over which the wheels do not roll, but shde

v f this, true rolling of the
! t f both wheels and tues give practical evidence o , g
fhe wear and tear o tnes on the raie without shding should involve no wear unless by

a superincumbent load of crushing wellghtd Tile a.molllmt of wear
- -iron chair common

common practice may be judged of by the double-headed rail and cas
12 E;;land P The ob_)ec}; of tf]ne dcouble-head 18 to be enabled to reverse 1t %pslde }?OWD’ chang-
g the top table for the botton when worn When reversed, a number of notches are com-
mgnly found 1n the lower table coriesponding to the seats 1 the chairs, varymng from one-eighth
to half an inch 10 depth, according to the softness of the rail metal and the weight on the

these rails when first reversed 1s a panful operation hke that
drvng wheels - To nde gg (;rnewbcorduroy road in Canada The notches in thefrails are at

Waste and wear first square indentations In a few days the square edges are
worn away, and the notches become short curved indentations A(;; tflimel : wea}.lrs a.dv;ay and
running goes on, the short curves become longer and larger, and finally they disappear
altogether, leaning the rail a plane straight on 1ts surface

In this process a thickness of metal has disappeared equivalent to the depth of the
notches If the process of the wheels travelling over 1t had

Demonstratcd been rolling, the result ought simply to have been a continuation
of the curves, but the process has been shding, and the engines and trams have acted as
rough planing machines to 1emove the metal ~And whether the rails are notched or smooth,
this same process of grinding away the rail suifaces 1s continually gomg on, re-acting on the

wheel tires

Therefore the first consideration, after determining the course of the line, which for
economy should follow the natural curves of the country aund the
convenience of bridge structures, should be to settle the best form
of rail The ordinary double head 18 usually applied on a chair of cast-iron spriked down on
a transverse woodcn sleeper, and has many defects .

Levels and gradients

Imperfection of rails

Double head rails

Best form of rail

Sheet 1 —In order to form a comparison, a Tabular Statement 15 given, with sections of
four dufferent classes of rails. No 1, the double-headed rail, with

Sheet 1 , cast-iron chawrs spiked down on cross-sleepers, and secured by
wood-heys driven 1n between the rail and chair join, The sleeper 18 5 1uches deep and 10

%
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nches wide, the chair 13 inch wide and 5 inches deep This gives a leve
the lenathway direction of the rail, tending constantly to rock the sleepe
ballast by the tugging action of the driving wheels on their peripheries,
the slecper, and unsettle 1t transversely to
, Structnre action of the wheel flanges The slee pers
apart, centre to centre, and the chairs each about 3 1nches wide, 80 that the uvnsupported
epace of the rail between the chairs 1s 32 inches ; the rail beng ooly 5 inches Qo «p and 2}
inches wide, continually springs both vertically and laterally 1n the chairs, and grinds aw ay the
wood-keys, loosening the rais n the chairs, so that they spring up and dow o with loose
knochs, and add to the dsplacement 1n the ballast, caused by the leverage elevation of the
rails above the burr Tins levemge and looeenmﬂoof the upper struc-
twe allows ram to pereolate to the buir, and” ¢ yuseq rollmg  To
put the road 1n order, 1t 13 necessary to remove the supenincumbent earth or b ot g dfpth of
some 12 mches, m order to be enabled to pack Lelow the sleepers.  Apd of the hne needs
packing 1n rainy ‘Eathﬂr, 1t cannot })0 done, so the evi] must g0 on and gt w urse, tll dry
7 S o 3 2 5. o
:‘neﬁgze‘,; :fftlﬁg?, andlfl 1(:“1)10?;11‘50(;% of the surfuve makes 1t loose like a garden Iud, formning Jdust

rage of 11} to 10 on
r fore aud aft on the
and tending to spring
¢ rails by the lateral

Disadvantages.

The jomts of the tails are what 19 called “fighed” , e, the

below the rail tables op
) cach side
Fih jonts ar rolled to fi¢ the "

sde  channels
are fillcd up with an m)x;-

section of the rail 18 mches 1 lenath,
and bo]tcd‘ tog*-ithc.r hby four cross-bolt{ ith 1meh diameter, ,l'n“mg e enat
1 nch diameter, through rails and fiohes Now as the depth of the rail 1s 5 mdhes, that
multl‘?hed by the square will mve 25 inches  DBut each fioh bung

only 25 mches 1p depth, the s ; 21
R ) quare 1s only 6} mches, or 121 inches
the pair, one-half the strength of the tail, and that strength lesqenéyd b}y the bolt holes The

space between each side of the Jomt 15 24 1nches, ang whoever watches an eusine passing
over the joints will see them bending vertically and horizontally under the pﬂ%mgcl““d The
fishes depending mercly on the pyjy to heep m posttion, strain and loown themn, and mout
supentutendents know how frurtful source of expenye thlS’lS ,

The sectional form of rq)] Trequured to piey
angle between the head and vertical pyl, But ¢

the worst form for the £.}, The best form for holding the fish firm, would be nearly squarc sule
channels, in which case the fish would Lol m with httle stramn on the bolts, but n such a
case, the rail head would rapuly break down , anq i the engle be made at 45 dogrees, 1t 13
suuply mahing both rail anq fieh, weficicnt The fik b 18 Dever yct been made as 1t should

Zeél?:;g 31:c£nnc1ple has bLeen Coustantly allowed from the sheep-hike propen<ty to follow 1

Years back, My J. olin Chapman, one of the earhest Railway Surveyors in India, detceted
Tron slecpers the fallacy of timber sleepers, and recommended won  Practical
e¥perience hay eonfirmed his view, and con-ideratle quantities of
what are called Dot sleepers, made of cast-irun, have been used They get nid of timhy
;leefer:, butbtlllley retain the wood-keys, and the hollow Lowl form will not permit the use of
wi?;ll dsrzgsxredtod‘}s)té rlrjllllxtc!only of 80% materal, To prevent all tendency to spht open, they

¢ L heavier, a gor o 13 to be considercd  (Sce
No 2, Sheet 1) » & 8Crious evil, when fraght h g S (

Defeetive strength

«nt the head from breaking down, 15 an obtu<e
Lough thus 1s the best form for the hiead, 1t 18

In addition tq the other defe

cts of the double-headed rail, there 15 an thed mmportant
Rail vmibration

consideration By the running of the wheels on the upper table,
When. not crushed 1t has a t ndency to become granalar, and when
d to have lost 50 much ot 1ts tenwile stiength as to be very lable to
mpossible to fit a worn top tightly mto a newer chair, and the break

turned over, 1f 14 fouu
break  Moreoqy €r, 1t 13 |
1s greatly incrcased

u~1n"“ttl::tn$titll S(E]foﬁlr;]ebi' gle form of the ral? Some Engineers have tahen to the foot rail
held “dowg by d«’wg splke: 1¢ tables expanded to g Hlat foot resting on the sler purs, and

FO“““‘Y; these rails had holes tt
R < : punched through the flat part to
take the spikes,but tl;5 was fouml,to weaken the and cause them to bena

TI '
€ foot rail g nogv made usually five inches 1y height, and five mehies broid 1o the
Foot ral, vot, and th . being 4pt to tilt laterally with the pressure of the
but & Slx} mches “are found more desrrable, and scven to erght
‘ » but ag the 04 tequires to be very strone and hea 7y to prevent
bending upwards, the Wfiiw?t beconu-s- greater than that ot the double-head.d ral, and with
¢ Quiliculty of rilling mereases (See No 3, Shect 1)
What 13 really wanted 13, firs

) t, vertical strength
Requirements of rayjs SeCundly » b

readth of hewl op tal

depth of he: !
ing wheels By applying tll)xel n(;q ‘H ad or table to re

m the rail to resist vertical fleure,
e to resist Iiterl pressure Tlardly,
>t crushing under the load of the diiv-

il 4 8 single bead wnstead of a double b ol aul dispensing
Depth With the foot, o vary efficient form may be obtuined wihoul ¢veed-
W dth g m weight ATyl T3 Ibs per yard, 7 mdhies deep, 3 incdics wade

i the head and 1} mclies di o s would be doublo the yaned streugth,

and one-half stronger Ltteraﬂy than the double-head ol the same weight,

P P g et b athnatir At~ i At
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ar, hard granular 1ron 1s the best, better than what 15
As regards durabﬂlt}h z:igasl?esjl_wegtréel 18 & treacherous materials unless under one of
:sa;'oe conditions, difficult to attain—equally hardened and tempered
throughout, or equally annealed throughout If vaiying in hardness thlti rails brﬁak , 1{; 15,
theret%re c:ener ally recommended to keep them soft,” which means (i:o ta efout the é:a{) on
’fp the ongmal smelting, and reduce them to the condition o ron, and, be 1t
rt}aqulreg (}),r reneous mon without scale But as it 1s softer, 1t 18 not so well adapted to
(r)e):les;veth,e ac():?:gﬁezf the brakes till 1t gets hardened by the rubbing of the wheels, and 1n
me brittle
mOSt};a s ¢ NbaPt t(c)l b:l?: best form of rail, the next question 13 how best to secure 1t on the
aving o ta.m(il to give 1t the most continuous support, how to keep the head of the
ground or ballast, o]W tmg as possible above the bearing surface on the ballast, how to
rail with as Litle efeza es and parts to the mumimum, how to pack 1t eastly and without
zlesienbthe :{ll;ln:)lf:fage iﬁd lastly how to arrange the fastenings to be out of the reach of
isturbing )

pilferers gram form No 4, Sheet 1, wherein the deép rails’
These conditions arz:}ﬁéﬂ%‘isg’l&g dall{}eo placed 1 a successton of iron grooves, the rails
Iron groove sleepers 1,041 1ng beneath the head or upper table along the upper edggs of the
being 2 feet long and 12 inches wide, with a space of 12 inches between,
grooves, each slecper rted through two-thirds of their whole length  They are keyed down
thus the rails are suppo nele par;llel key of round iron, diiven 1n the mode technically called
o each sle(iper o a.hs rail cannot rise from its seat The opposite sleepers are locked
“ draw bore,” go that the r" ther by a tie-bar clipping them and fixing the gauge without
Jonts {,%Tf or screw, or key  Therail joints meet 1in the middle of a sleeper,
d by four parallel keys, so that fishes and fish bolts are dispensed with
and are secured by fo Thp then, the system 1s reduced to four types or parts, and fishes,
Four ty pes gcrlel\s’&:~b01t9’, wood keys, timber sleepers, spikes, and trenails are all
d d with  The keels descend about seven 1mches deep into the ballast, formmg a nearly
1spensed wi i g the gauge with perfect accuracy, but permitting lateral bending
contnmous keel, keeping hen laying on, to form accurate curves as sharp as may be desired.,
%b:nbéai'lnzr b(’amg on the surface of the blallast, any subsidence
th ils 18 restored with the minimum of labour, being at once perceived, and the
beneath the ra elevation of the rail being only three inches above the bearing, twelve
mnches wide, the angle of stability 15 at the maximum Shéet 2
shows a section of th(;, rail and sleeper lflull 51ze1=, w1t1h th&a txe-ba:;nd
nd side elevation on a smaller scale, placed 1n position
Zgu?]?el}i(;?laﬁy ’ %E?ea;;:tzn}:ag tli;]:x? siowu as applied 1n ordinary ballast, which may be earth
or broken stones
But there are conditions of land requning other provisions, notably boggy ground, and
what 15 called black earth, which 1n rainy weather becomes a species
of quicksand  To meet these conditions, the bearing surface sup-
porting the rails }I)nusg If)ie eixtende((li, almd1 made l;‘uoyant dSheeg 3
be done by placing broad flat ongitudinal sleepers of creosoted tim er
showstlh;)}?; itl;;agearmos, keel})’m}; thE‘IcI’I wn situ by lengthening the 1ron keys and turning
beneadl n at the endg’ The plan 13 shown to a scale one 1nch to the foot, the section full
* them B0 wshwood can also be used beneath the tumber still further to increace the surface
.SA]Z? 1 ql;‘; d model of & piece of rail and a sleeper, with key aud a portion of the bar, showing
the‘inode of fastening, accompanies the diagram sheets

. tems of permanent-way including that last described, gives

Sheet 1, showing fz:lzlzzs of partlc?llars for comgamon 'ighe last, No 4, has onlyofour

Comparison types against eight types or parts, the maximum It hag only

Four systcms 9,936 parts per mile, as aganst 22,888, the maximum Elevation

Parts per mile above bearing surface, 3 1nches to 12 inches, as aganst 11} inches

to 10 inches No ymber sleepers or wood keys Rails'7 inches

" Rals deep, with 3 inch head, as aganst 5 inches deep and 2} inch head

Bearng sarfuce Bearing surface of rais ({Jr sleepers 5“;7 dsquare feet, as agam;lt

Length of bearing, two-thir 5, as against one-sevent

%earmgs mn Cha‘f“sle?iéee(fnpel)raﬁlzt: 7,04053quare feet, with angle of stability 8 inches to 12

ez}mng arez:; 0 St b(I:)arm" arca of 8,000, with angle of stability 11} inches to 10 inches

ehes, 43 agams Fastening all secured out of sight of pilferers, as against exposed

fdgtenlngc; Depth of ballast required 6 nches, as against 15 inches

Vertical strength of rail 43, as against 25, the weight per yard being
equal he keel descending bot el b

apted for bridges, the keel degcending between parallel beams,

vchlle'rt};l?xl)::f;gg;: r:;iuoﬁdtl?elr surface, _ Aud the form of the slecper 15 a strong one as

against breakage,

Hard uon or steel

Adapted for curves

Angle of stability
Shects 2 aud 3

Boggv ground and black
earth

Ballast

Strength

By the facility of forming curves, what arg called turn-tables—a Prece of costly machinery,

with costly foundations—may be dispensed with, and a great saving

Turn tables, of time obtained 1 reversing the engine and train  If 5 turn-table be

used on a Man Line, the loose parts are a great source of destruction of run over at speed,

and, 1f placed on a siding, 1volve extra expense of rails, sufficient to form curves and dispense
with the turn-tables altogether
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TLe gauze of way has been wisely scttled at 5 feet 6 1nches, an immense alvantare and

economy a3 compared with the narrow gauge which has unluchily

become the standard 1n England for our Main Lines Thare are ur}-

cumstances, as for towns aud suburbs, wherem gauge, 1f less than 4 fect, becomcs a u«eful
.

aud naportant cconomy, Lut with large traflic, a nairow gauge 1volves waste 1n transit

Crauge of wav

The gaure of way being scttled at 5 feet 6 inches, the neat question 1s, what should be
the gauge of trains as to therr carrying capacity ’ Tho widcer the
vehicles can be mae, the shorter may be ?.he tram, and other thines
being equal, the shorter the train can be Lept, the less will be the difficultios myolved 1a th
manrpulation.  Therefore 1t 13 desurable thit the vehicles should over-h e the whedl Lase tle
the greatest extent consistent with safety acunst tilting Practically the velncles m'x‘v I)g
safely made double the width of the giuge, and probably double the
width ot the sprng e, which may be “ahout 8 fict, and this would
gnve an 1nstde width of wludmlot ]!1 tect banches, equal to 7 thurd-dd we I’uLS\t’ll"( <, () scc:,):,ldt
ass, an 2 i T )
:‘l;l:fd ,‘,;j;,gii;(;cllish?;)nast n the ordinary mode of construction the usual Lt of widil

Gaungze of wehidles

Double the w dthof gange

With regard to the length of velueles, thers must be a certam propotion of 1 net]
bre ulth, to ensure stevhiness of wheel base and trecdom fro o ;Ito
tion  Three bieadths to a longth would be a convenieut pro N
four-whecl velueles, say 16 feet The pumnts of support should be dircct froln thP 11)01';10!1 b
to prevent the velucle from “hoggmg,” and the sprngs should he sufficiont] ](e o ~tucks,
and flexible, to prevent blows  ‘lhe springs and supports would thu‘cgr mz, and wile
length of the body to 25 feet The fiame <upports would thercfore be (h\’ xbi* ;‘Xtuul the
cqual lengths, of about 6 feet § wh, with a floor arca of ab(‘)'vé mto four
teet  The diagram, Shect 4, shows a diagiam elevation uf
constructed, with self-acting brakes ° v o

Length of veludles

Sheet 4 24,0 Square

a “dg‘)ll 80

/ Mcchunedlly considered, a vehicle with a 16 feet whecl base must of necc ity

ang molve
Pudud * caster” velucles T h flange fiiction, not mercly on speeial curves of small radins, L
also on the multiplieity of snall ecurveg caused | s, but

¥
tics of the rails  The cones of the wheels ate supposed to compensate for thurjlf” u'r(;:,'uhn_
erularitios,

but that 1s fallwy  To accomphsh this, lateral movement of the whedls 15 ded
mosement, tulhlling the requucd conditions, can only be attained by a “ C'L\(tlc cd, and litoral
the wheels at aither end, permutting the axles to take radial lines cor respml‘dn:{: tm();( ment of
ot therail curves  Wath this arraugemeunt, the velides may run without H 0,} i cehtres
round curves as sharp or sharper than one chain radius  In such case, the hie 1‘;1]66' frc tiam,
vehide <hould be formed with cwived buflurs, so that the tlmht’ will alv(y ‘KUCT vf the
to the frame centies, without risk of getting off the line This class of ?le,,()le tml(i\
3] 3 C Wi
Sheot 4 a. }S"lllce?;ua adapted  fur goods or passengers  for ordinwg Y use
But supposing a very luge traffic, vehicles of double the length will be rore adya t
as mvo'ving fewer openings 1 the length of a trag and It]oageo;xls,
them to traverse sharp curves the wheels should be di. osed ot
groups of four each group, one near each end The \ehrl)cl l{’ tho
be built 1n two parts, to couple together by bolts to form one frame, thus afford, ncsf should
for removing them fiom the hne 1 case of repairs Wagons for l,mlky eoods {:Slltd“m;w
Inside mesare, 30 fret by mode will afford rauch more stowavq'e spaca  With x?;() feet of ‘int,,‘tlg
11 fect 6 1nches. and 11 feet nidth, a floor area of 530 feet superficial may be artan, o
This general construction 1s llnstrated 1 Sheet 5, hereytl " ?:;tmued
No 1 shows a double carmage with an under.’fmme at,le lazram
suspended by springs with long swingzing shackles, so that the wheels ca d‘-‘ ich ¢nd,
nglit or left, tive guidance bemg given by central pivots hxed to the un )lverge to
wiich rise and fall through coniesponding holes m the sprmg fiames T‘Pp:}r {raincg,
fiames brakes are attachcd, revolving 1ound the central bars, and which Lrakes :a ]le §pling
by gravitation levers pressing the blocks on to the “hlée;‘f‘ﬁorkod
every wheel can have a block, without any jar or maot 8 Thuy
communicated to the body of the velucle, and withoyt tlmn Leing
supplementary brake-vans No. 1 represents a second cluss with 10 spiate | dxe need of
passengers each, total 120, No 2 shows a third class, with 10 bodies f-); HO)U vy for 12
Sheet 6 No 3, a first class, with 8 bodics, 8 passengers each, 64 tot‘,,llmm’g;‘g' rs,
shows this 1 cruss-section ' et ¢

E ght-wheel radul “cus
ter” vehicles.

Sheet 5

First sccond, and third
class, 324

There are conditions 1 which 1t 13 not desirable to divide the vehile Mo separat
ars
Sloms for long journey s conxpaxt}])ents all alike  The double carige can he dl”dg& late
sadmz doors two parts, sepuition by shiding doots, one-Lilt for 1 the oﬂu .
t balt tor gentlemen  Lweh bait can have a salvon, a l\xtcl’u n,a b‘n][er
A 3] A
, e lobby, anc > ¢
rocla, two psx ate compurtments, a close lobby, l an open lobhy at the end \‘vnht :
ﬁntmnc..sh aln commumiction throughout Al the doors ae made to glide m;'cul uf“to
. LS Sre
mge, which gives a tacility for heeping them open dunng & joutncy, a most .
ruleration for coolness and venulation  And tlus shdin r alla y’ t o1y ot
: 1ement 18 v
avonhing rish at staton platforms wnd 5AVIDG Space 5 r e
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It s of the utmost unportance that larre many-wheeled earriages should be employed, {\ Ty
Transport of Troops. and that the wheels should be radiid to enable them to run round ¢ )
rharp curves, bec ause indepe ndently of thewr advantages on the low flat
eountry, 1t 15 essential to the easy surmouning of the steep and curvilmear rowls guang [;
access to the slopes and elevations of the hedthy lull countiy  And the same vchueles that 4
serve the purpose of the low country will be pafictly adipted for the transport of tioops to and i
from the Lills  And such vebicles will be equally adiptcd to the transport of troops to ‘
Artillery batterics movn and fiom the hills and to the transport of batteries of Artillery of
8 cononlerable size andwaght, capable of buing used on the large
wagons i pursuit of an entmy, with abundince of ammunition, if need be, under armour 14
shelter ;
Each aght-whedled third-class could cary 140 soldiers, weiglung say 103 tons, with the ;;
6.000 ¢ velucle, say 20 tois  Forty-three velucles would thus take a lod |
90 troops, enc tram of 6,000 soldiers, anl saying 10 extra for luggage, making 53, would 4
be equal to about 1,100 tony |
An engme with cylinders 24 mches in diumeter could Laul such a tram up and ‘
2 Fugines. down gradients of § 1 200 at a speed of 20 mules per hour, ;i
Twin engmes, 20 miles and a par of such ewgmes radially coupled, up and down gradicnts |
' per bour ot 1to 50, with ar ample supply ot fucl and water for a consider- 5
Gradients 11 50 able distance 3 :
; Sheet G shows, 1n cross-section, the whedls, sprungs, fiame, and body of a four-wheel \
Shect 6 or aght-wheel passiager carriage as betore desuibed ;
: Shect 7 shows a pair of coupled engineswith true radial movement to roll frecly without J
‘ Sheet 7 flange firction roundcurves of 2 chains radius .
Each engine 15 carried on eight duving wheels, 3 feet 6 1nches in diameter, worked by a )
T pair of c¢ylinders 24 inches 1n diameter, and 2% 1nches stroke The
{ wn engmes total wheel base 15 .1 fect 6 mnches, and the four cential dnwvers are :
‘ without flanges  Tle fire-box 18 about 8 { et lung, and the height from the rals 7 feet 6 ¢
- inches A par of vedge brake blocks, one on each side, actuated by ;
team bhrakes
- - a pur of small eyludders, put g, retarding force by stcam on all eight
whecls, at the will of the diver, and of cour< 616 wheels to the two engines '
As these engines are contemplated to be used for war purposes, they are shown provided
with au armour coverng, denoted by the blue lines, 14 inch thick, -
e Armour coverod engmes  capable of glincing or resisting mushet shot, or anything less than |
! Shect 8. cannon  Sheet 8 slows the whole or cross-section, boiler, cylinders '
\ frame, bearmg, spnngs, wheels, axles, boxes, and ammuuition .
H Everything 18 covered to withn 3 inches of the rals, and the driver or ditvers, if two tfor o
| necurity, are sheltcred by rising armour hood,  The armour can be hfted on o1 off by a crane '
| at pleaswme The total weight of each engne, armour and water tanks nclusive, would be "
! ahout 53 tons, or 7 tons per wheel, a weight excessive tor ordinary purposes, but not dam 1g- )
| g if hoops of spring steel be applied betwecn the wheel and tire, of which theie has been
' ample practical demonstiation )
| . With the armour taken off, these engnes may be se{mmted and used apart , each can
| have a tender, with radial wheels bolted to the fire-box end, making :
A u,gff,‘,’,',‘,“&iﬁg twin engmes o complete engin.s for ordinary use, running with perfect stea x?; )
i ness round sharp cu-ves ;
, There are two classes of engines 1n ordinary use, those withinsule and those with outside
: cylinder, the latter are the simplest and the easiest kept 1n repur 4
' dL::alde and outside eylin- )0 gdvocates of msyle cylmders claim as thewr advantage that the .
{ cylinders placed cloe together on the smoke box can be kept warm . 1
J to prevent condensation, and that the pistars being near together mside the wheels do not ]
cause the engime to oscillate so much as when +he pistons are outside  But to sct against this, «
. 1t sumetimes happens that the cylmders mn the smohe box get too warm, 50 as to 10ast the oil >
on them, and, agam, the wside cylinders require a crank axle not
Crank and straght axles " 904 for the outside, for which a straight axle sufficcs  And, more- '

over, the smoke box can be made to cover out-ide ¢y hinders, and keep them warm without the

rnsk of burning  And there 14 a senous disadvantage 1u the crank aale, that 1t causes the I

boiler to be carried a foot gher to get out of the way of the crauks, elcvating the centie of *

gravity, and this ciank axle, if straightened out, would be found to be four fet longer than the "

straight axle with four outside eylinders, and, thewc fore, 1t15a weak axle, and constantly subject ,

to a transverc and tortional stiam, which 18 a fiequent source of aceidents  Agam, a catan

amount of osallation 18 Pmdumd by the msids cylinder engme, awing to 1ts ngh centie of i

gravity and its short whee base The advantage of the mside eylindirs 15 that they can be ,
. placed ncarly close to the leadng arle, being within the wheels, whercas the outside cylinders

must be projected beyond the wheels, causing overhanging  But 1 the arrangement of the '

coupled engines, shown at Sheet 7, the overthangma of the outside cylinders 13 count2rbalanced
by the length of the wher | Lase, which 15 38 feet, agaunst 13 feet, the

Length of whed] base ordinary base of the mwsde cylinder engme  If the straight axle, v
measuring 4 fuet G 1nches between the whedls, be 7 inches 1 diumeter, the crank axle mea-~
suring § fect 6 1ches between the whecls, should be 1+ mches  diameter
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These coupled engines, Sheet 7, ae well acdpted to draw Leavy tramns on steep inchnes
and sharp curves, such as the ghits on the slpes of the Himalaya  But for working steep
inclines with heavy traimns, 1t becomes a 3 ery mmrtant consideration how to prevent acculents
The radial system betore described prevents gl nisk of the wheels getting off the rails, but
there 1s the question ot couplings breaking awar or shpping  In such case, a portion of the
tiain may get loose and ran back, without the (iver bemgoaware of it Its possible, by a
. Sflf acting continuous fitting arrangcment of self-acting br ihes, to prevent this Sheet 4,

rukes shows this  The brakcholders, forged on the ends of long lev ers,
aie suspended from the axle-boxes 1 such mele that the ?velrrht of the lever actj’n(7 as a
steelyard by gravitation, brings the blocks 1 bre ible contact c{\ ith the “hcds’ and Cl’f two
levers be used, all four wheels may be braked Thus the noimal condition of théqe brakes 1s
to be a}xlwa}s pressing on the wheels when not taen off The weirhts of the Llocks pressing
i)cx: :;xce:lgz;l‘r&ogﬁx Leels 15 1,120 hs | or one ton pe wagon on four wheels The weight at the
e et tobSO . 3, (ér)cl(collbsl per wagon By tie sheeves in the luver ends this weight 15
: o "a ccond sheeve - a snatch-liock reduces 1t to 40 Ihs, and this agam, by
tl ;}eﬂxﬁm tt;pg;tu?h\;ui‘ch ”}]nth(;‘ guardt-van bdlnlmd, orin the engine 1 fiont, may bLe reduced to

5. eight of one ton at the wieels A thin 10pe hing 1 11
suffice to put on or take off brak Bhe tran. S quer rollers w.
Lave the lﬁakes put out of use b;saﬁl?::ll]lda\glync? STy magon w the tram, Any wagon can

Now supposing a he:;va train, ascending a steep wncline, to separate 1ato two parts by
Sufets 1 case of & conp- the breaking away of & coupling, the Lfting rod will break at the
ling breahing on an tnc s sa}xineltlme, and every lrake Llock will drop 1 succession on the
attached to the engine wthe:less,c;xﬁltn?rnltyh:ndthe l,nnd;:tr part, bLut also on the part remamning
; gine, 4 1ivels attention T 2
Lrahes 13 all of the commonest kind, and they a1 not hable to o o "oF omenelap of e

- et out of order
With regard to the sprine ¢ o
g pung tires before alluced to, an accompanying reprint from two

E;f’:e‘i;’ozyls]f:edCross (in locomotine engines, for sharp curves, and
be roferved té mlm(lmt? rllctlon between wheel tires and rails may
tion ot Civi] ’E Which he questions were discussed at the Institu-

Vit Lnginects, showing the increased durability of spring

tires and their greater amo \
pres and their 5;') v unt of adhesion Thoe 19 g hagram sheet, 1llustrating the plan,

Sheet 9 shows an engine with g 29 feet wheel base, six drivers, 4 feet G inches 1

Spring tires to wheels

Papers Institution of Civil
Enginecrs

Sheet 9 g‘?::;gte!‘, and four radia trailers 3 feet G 1nches 1n diameter, outside
Goods engines. t) ers, one fiame,1n wo parts, bolted together by inch clamps,
Radial, O scparate when needcdor to take out the wheels ~ Water n tank

2,000 gallons, 22 1nche P
» , 22 5 cyhinder, 30 inches stroke, small steam
cylinders to Lift wedge Lrakes between drivers, brakes to radial tiailcrs attached to the axle-

boxes, pulling off by gravity, and put on b h 1
adapted for «frawmg l?eavy s p y cha1a and capstan on foot plates  Thus enge 13

Sheet 10 shows a simlar engine 1 elevation, and plan for greater speeds. It has four
Sheet 10 coupled duvers 5 feet 6 inches 1n diameter, and tour trallers 4 mnches
dl:{mle)ter Th(;a lt’rallmg \\hedsdare conneeted by side frames to the.
axle-boxes, an a crc:s curved frame workine betw
Radial engine structure to nght or lft, a);]d pla mg the wheels and axlt% m aef':dgl)l;omits

equivalent to a curve of four chains radius, Two sides springe
bearing on the axle-boxes, and with central shide, bolts passing through the axle-box hI:x ?’
the springs being fiimly connected by a crossbar support the land end of the eng m o
their buchles, shding beneath the upper frame, which 1s ngdly bolted together butoxmslulu
of separation by unbolting the coupling plates  Thus the length of the ira;ne t Ldipd Nt
against the crushing of the eylinders The breahs are steam-woried to the duv . ea'll“ N
The brakes to the tiading wheels fall off by gravity, and are applied by a ch‘:mm\f;ox{:(c;elx;;'
2:3 ;tukcm with a small capstan sunk on the foot plate  The tauk holds 2,000 gallons of

Radial speed engine

This engine 15 similar to 87 radial engines now worhmng on the Great Northern and
Chatham and Dover Lines, with the exeept on that mstead of two
tralmg wheels with 1adal axle-boxes and 1,000 glous of water, 1t
has 4 trathng wheels with ordinary boxes and a curved crose-bar, and
carries 2 000 gallons of water The buffurs ale radial, and the tiaction hooks Lave side o,

ments on bars to suit curves c e

By the rapid application of brakes to all the wheels of the engine and sclf-action

Brakes to all wheds, en. STAVItation brakes to the whole of the whecls of the tramn, the

sine and train retarding power can be so distributed as not to damage the wheel
tires by shiding

The brake blocks are not of timber, but of cast-iron studded with copper 1n perforations,
Actal brake biocks, giving good adhesion without requinng constant replacement, as
when wood 1s used

The question of axle fiiction should be well considered, and to this end €asy springs are
essential, as well ag ample friction beatngs  Fo ensure perfect
lubrication, an abundant ‘cushion of ol or grease should be inter-
posed between the axle-arm and the beanng If a visad unguent
like soap be used, the adliesion wull 1ncrease the resistance to traction unless in a corrcs-

\

Great Northern and Cha
tham and Dover Lines

Axle fretion and lubrica.
ton,

A -

B L v

Bea

=
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pondingly warm atmosphere, and if o1l be used, 1t will require a more ample beanng surface
With the whecls made radal to move with freedom laterally, and with easy spiings, the
rcsistance may be reduced to one-half that whieh a ngid system involves

Dranch Lines and tour hines may be worked on the same gauge with hahter 1als of
hcavy engines be hept of them  DButf engines of too great weight

Brauch hnes act on Light rails thcy will destroy the hine

Practically, for suburban purpases, a 3 fuet 6 inch gauge would suffice, giving vehicles
of 7 feet 1n width, equivalent to 50 passengcrs mside and out,
Saburban Laues, gauge 3 gocascible fiom the gwund levc], hke ordinary ommbuses, and the
fect 6 mclies. uestion 13 now <pungng up of heated air engines, which, fonnd to
stitionery purposes 21'l, cre long, become locomotive also  These
eneines 1nvolve no risk whatever, as they have no magasine of power
Hot air engines. like a steapn boler, lut only create their  power as they use 1t, and
no faster  Needing no water and no skilled workinen, and being very economical 1n fuel,
they will, though with a small power per squire mch, be very vmluabledas a motive power for
hght tranat, and also for stationary purposes  Aad these engines n(lzc Ing ’;0 shilled labour,
but only the most ordinary kind, will be fond ¢specially valualle for the production of
artificial cold and ventiation in dwellings, 8o «ll umportant 1 a hot chimate when a clear
biain 15 requsite for thought 1o the processes of science and for Judicial trials

Steam-engines weighing less than cight tons on four whecls would be equivalent to the
° Sransit of 200 puscrgers up gradients of 11n 30, and 1ound sharp

Shect 11 curves at 10 to 15 mil's por Lo, or 700 to 800 on the level

be quite pricticable for

. y ble to the adhesion required for
encral condition of dry railsan India s very favoura
The gen tl'aCtIOD?,bﬂt ﬁx Lnlly dustricts moisture prevails, and theo 1t Lecomnes

Adhesion  of drnving  jeedtul Lto use sand tymercase the adhesion  But this adhesion 1s
wheels only wseful for the gme-duving wheels, As regards the tram
wheels, 1t 18 a nusclucf  But with the radiid system, the engine can bekmatlle t]o Proqol ti}e

train up achnes from behind, without any 1 ; nft ual mse:dt 18 .y
m\,?no‘;kt:fn up hull, engone carriaze wheels are not unpeded, while the sand can be lC(i y used to

the engine, and the m vunum result of load may be greatly mereas-
ed. And the flanges of the driving whecls nuy be formed 1mto cones fitting cortesponding
angles of the rails, 1n which case the adhesion nay be still further increased

There 18 yet one 1mportant question, fu.l ur locomotion  Whether the power be stcam
or heated air, we must have fuel Coal exists, and so does lquid

Fuel. coal or petroleum, butlin Rangoon and the Punjab, and boring 14
about to be tricd  Ful wlich 1s most easily disintegrated to form
Petrolema gases 18 the best, mivng the gases with atmospherie air for the

purposes of combustion, and that which gives ut the greatest volume of flyme 1s that which
yroduces steam most r:pudly, by mmpinging on the largest amount of
Flame beating surface  Antliate coal or coke 18 only steam making i the
ordiniwry way by the amount of surface that comes wto contact with its red heat  The hot
air evolved passes rapidly away by the clinney, without umparting heat to the boiler
Pctroleum blown by compresscd air 1n the ki of fine spray on to a small fire flashes 1nto
a large mass of flame rapudly, and developes o corresponding mass of steam  If petrol-um
be found in abundance, ag in the o1l wdlls of Amcrica, locomotive enumes may run without
smoke, or dust, or dut, or labour, or annoyance to the duvers or passengers, and also without
nsk of <parks communicating fire to the land, along the Railway The Punjab Railw ay,
running to the sources «t the Indus, may probably be worked 1n this
Puny b Line mode, and will opcn up to English colonisation as healthy sites ag
any 1n Furope, and will cvilise Affighanistan by constant contact with commercial profits
without the processes of war, possibly converting it into an Indian
101 Lines Switzerland ~ Along the boundaries of the Punjab, the English race,
looking upwards to Thibet and Ca-hmere, may become a permanent ofishoot of our nation,
and a futwe land of freedom, setting a type to the strony men of the warlike Erlbeq around
them to work by, till they shall grow into the conviction that has obtamed n England, that

commereial peace 13 more profitable than spobatory war

There 1s yet anothcr consideration conncrted with this question, our shortest route
between England and India What 1s 1 the future of ships along our occan Inghway w;a
have not yet worked out, but our possihilitics therem are yet far trom laving 0111111111.1te;e
Meanwhile, when we get to channd steamers Tuge cnough to abu}xsh sea m(‘Luese«i, (I“tlrlrmtxxll
will probibly he from the Thames through Degium, Germany, bmtzmlandl, a,(l;:( '"2 )l"md
we are agan on board of a non-sca-sichness steaner at Biindisy, and, passing >yw yj!g“n, e
at the ~ca-port of Aleppo, and thence by rail pis !
thores of the Enphrates to the Porsian Gulf, whence ’(i‘t]mn}:fi::}nomfcs
land us near the Indus, on the route to the Leal'hiest n(“lghlm\uhl)«)d m Ind'mbe ( 1i?t9‘a£s el
route lies thiough Turkish terntory, and assuredly Englsh capital may |

ansit that 18
vestul m thom as in~Russo Radways Aol it s more than our m:le \::}m e
concerned It 1s the re-avilisiion of the ancient easte

rercial
1t 15 the redlamation of the Arabs, with all their natural comme

f the rail
skill and aptitude, from the occupation ot mere camel divers to that of savdutS(;

Enphrates Rulway

Arab aivilizstion
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It 15 the reclamation of the desert, winmng another portion of the world from the wildernes
by economusing the waters of the streams and 1vers to yield a tnbute of green harvest bgforgé
they passinto the ocean, making the Euphiates mnto another Nile, with a woild’s commerce
pawing around it And with the awalkencd spint that grows with the perception of new
knowledge, 1t 1s more than probable that a new spn itual hfe will arise, when the Crescent
w1l subide 1nto the Cross As the Amenicans have a Far West, so have we a Near Ea,:lt
fallen mto sayagery by despotism, and only to be reclaimed by the advent of freedom

Sheet 11 shows a small steam locomotive for suburbs  Four drivers, 3 feet § mches

diameter , one trules, radwl, 3 feet diamecter, 9-mneh cy) >

Fhect 11 18-1nch stroke Stean brakes 380 gall 4 cylmder,

Swall locomotion -1nch stroke ¢ 980 gallons water Radial Luffors
and traction bais  JFhr one-chain curves

The conclusions armved at on the subect of rail transit in India may be thus

Conclusions summed up —

1 That timber, by reason of its rapid destruction, not mercly by msects, but by

alternations of hot sun and heavy ram, 13 an unfitting material for the construction of
permanent-way, unless on boggy ground or quicssands, as a meie float, and on small rises

© That the wron now used on permaneit-way 1n India 18 not so used as to produce

-

by 1ts mechanical structure the gieatest strength and durabihity in reference to 1ts carryine
capacity ying

3 That the carriages and wagons by teason of their non-flexibiity and want of
clasticity prevent the economic use of curves, the wheels bemng placed m paalleloeram
formmng tancents with the curves, grindmgout both tues and rails, and mvolving greaot rnlf

Al

of getting off the rails

4 That the carriages are hercby kept much shorter and much narrower than need |
the case were the mechanism so arranged as to keep the wheels parallel with the rails mstpaﬁ

ot at tangents

5 Properly constructed, the wadth of tle carriage bodies made should b s
the width of the gauge of the rails. - ° ¢ at least twice

6 That with bulky goods, not very dewse, the gireater the floor area m each wau th
larger may be the propoitionate amount cari d sun, the

7 That, by means of bolting two carriags together endwise, greater steadiness
obtained, with facility of structure and repan- and a greater numtl.)er of passenger. can be
carried with ease and comfort  And that for bng journeys such carriages may Pftc’mfl can be
convenience for eating, sleeping, bathing, and recreation, and, by submutting sliiyo ds ev?-y
hinged doors, cvolness and ventilation may be attained winle travelhngfaud‘éloeate(x)‘rzogf

ventence and safety at stations

8 That the ngulity of existing vehicles involves at least one-thud more resistance ¢,
would be the case weic they flexible and elu.tic, in wlich case one-third more passenge an
goods mught be carried with the same engine power StIs or

9 And that, wath flemibility and elastity, curves of two or three chains radius migh
easily be worked on steep inchnes, when ascending mountain slopes, a very 1mporta :
constderation on laying out Lines, to save cost in construction portant

10 That by flexible construction of locomotive engines, a greater number of dry
wheels can be used, and the tender connceted 1n one frame with the engine, so a tI'mng
either end foremost, without the necessity of reversing And by the nuombér o f‘ldo run
wheels the load may be more distiibuted, with an ample supply of water and fuel, 5 dl"le‘ng
a much more powerful engine may be obtand » 4nd thus

11 Thatsuch an engine would be capible of transpoiting a smull army of six to erolit
thousand Infantry on the level, with baggago up gradients of one 1n two hundred, at g s eaeil
of 20 miles per hour And two end engines, twin coupled, would work the same trzuﬁ up

gradients of one 1n fifty

12 That with such vehicles, batteries o” Artillery could be mounted and protected 1,
armour with ample ammunition under safe ccver y

13 That the engmes could be coverel with armour formed to glance shot, and with
the shirts of the armour reaching nearly to the rails, to prevent all chance of oversetting
(=

14 That such apphances bemng easily obtained and used by the State, and not by
revolters or uncivilised people, would give 1mmense advantage 1n case of outbreahs

15 That advantage could be tahen of ordinary roads to lay down raus on them when
requisite for multiplying communication,

ss of hines of mimAw gauge, to be worked by light engines;

16 That a cheaper cly
ble of carrymng 500 passengers per ;

could be constructed for about 2,000 per mile, capa :
trun on the ordinary gradients, and that there 18 a strong probabibty, that level lLines < ¥

. may use hot air as a motive power, simphfying structare, and greatly lowermg tost, whie™ ,
absolutely free from all sk of exploston, while needing no water, such hmes needing o,
platforms, the vehicles bemng accessible from the level and not requning skilled libour =, /7]

H

the best fuel for locomotive engnes, whether used for steam
petroleum, and that when solid coa]l 13 used, !

avalable by artificial preparation. R

17 That, if procurable,
or hot air, will be of the lhiquid fuel, such as
1t will be desirable to make 1t chemically more

amed ¥; widemng the curiages are 80 great as to

~18  That the alvantages to be g
nz the stations of existing lines .

“outweich all considerations of the cost of wident
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