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ADVERTISEMENT 

T O  THE A M E R I C A N  EDITION. 

THE increasing interest felt on the subject of Railroads has 
led to the republication of the present pamphlet. The value 
of stationary and of locomotive power is fully discussed in the 
subsequent pages by Walker and Rastrick, who were advocates 
of the first method, and by Locke and the Stephensons, who 
advocated, and have successfully introduced the latter on the 
Manchester and Liverpool Reilroat$ 

The description of this stupendoue undertaking, by Mr.Booth, 
will prove tvour readers that the difficulties to be surmounted 
were without a parallel, dud, consequently, afford no data for 
estimating the usual cost of Railroads. In the Appendix the 
cost ie stated in detail:-it appears that the bridges alone, on 
this road, (which extends only thirty-one miles,) have cost 
2108,565 11s. 9d. The land has cost 2105,282 14s. ad. (ex- 
clusive of the land purchased in Manchester and Liverpool.) 
These two items, h, ezceed the whole estimated cost of the 
Pennsylvartia Railroad from Columbia to PhiZade@hia, which is 
neurly thrice the iength ofthis road. The actual cost of 40% 
miles now finished (with the exception of the rails and their 
blocks) has been 8281,755 14 cents; being only 86,93% per 
mile! This Railway extends 81; miles. The following official 
account of the work may be interesting. 

On the 90 miles of road formation from the' Schuylkill Ri- 
ver, .westward, the cost of construction was much increased by 
the undulatory nature of the country. Several deep excava- 
tions through rock and hard slate were required, and in some 
inetances considerable embankments formed. Of the former, 
152 chains in length were excavated, the greatest depths of the 
particular portions varying from 14 to 26 feet, and of the lat- 
ter, 51 chains in length, from 16 to 39 feet. The curves upon 
this division vary from 631 feet radius, to 1891 feet. In the 



dietance of 90 miles, but 56 chains of curvature is formed from 
the lesser radius: the amount of straight line is 11 miles, 

On the 20 miles of road, west of the Susquehanna River, 
the excavations and embankments, with one or two exceptions, 
are moderate. The bridges across the Big and Little Cones- 
toga and mill creeks are large etructures. That across Big Co- 
nestoga is 1400 feet in length: the number of stone piers is ten, 
and the two highest are each 60 feet. The piere and abutments 
contain 8312 perches of masonry. Little Conestoga bridge is 
80Q feet in length, with five stone piers, the highest of which 
is 47 feet. The masonry of this bridge contains 3336 perches. 

"The following statement from the Canal Commissionera' Re- 
per& of 1830, shows the expense of road formation of the 
4% miles finished:- 

Cost of excavating, embanking, &c. 4% miles 8164,441 10 
10 road and k r m  bridges, stone abutments, - 

wooden superstructure, span from 31 to 54 . 

feet - - - - - - - 13,217 53 
12 bridges, forming 510 feet of the Railway - 

line, principally stone arches - - - 9,401 a q  
5 bridges, forming 3578 feet of the Railway - 63,735 29 
25 stone culverts, whole span 128 feet - - 8,406 49 - 

70 miles of fencing - - - - - 32,592 71 - 

For repairing and protecting embankments - 3,528 64 
Incidental expenses - - - - - 1,272 55+ 
Engineers, superintendents, &c. - - - !21,50900 
Additional amount to pay engineers, superin- 

tendents, and contingent expenses - - 2,000 00 
Amount paid as damages - - - 525 29 

Total cost of 4% miles - - $390,629 89 
From this deduct for the value of stone obtained 

in the excavations which will be used for the 
foundation of the rails - - - jE,8:4 15 - 

. Leaves - - ; $2$1,755 14 
. - 

And the average per mile of road formation, including all 
charges, is $6,93%." 





&n'Zway Company. 

~ S T L E M X W ,  

. , TEE geqeral question mbmitted for Mr. Ib- 
trick's and my conaideration, may be shortly stated in the 
following words:- 
" f i t ,  rcndcr aZZ circumstances, is the best &m!- 

rion er moving power to & cnrpbyrd upon Liarpool 
and Manclleat~ RaiZway?" 

The comparative advantap of the different kinds of 
power applicable to Rail-roads generally,, is at the p m t  
time avery interemting q d o n ,  the di5culty and import* 
ance of which, aq a matter of science, are much inaremnd 
by the magnitude of your concern, and by the various con- 
siderations neceswy to be embraced gnd balanced p v i -  
owly to arriving at any deciuion that would be umful to 
you, or consistent with the confidence you have placed 
in UB. 

The paper that was handed to us when we attended your 
. meeting at Liverpool, has proved to us that you are fully 

aware of the points to which I refer. I have endeavoured 
to view them without prejudice, being assured that as a short 
time muat show the true merits of the various modes of 
conveyance as applicable to your case and to others, I should 

. aa a professional man, but ill diecharge my duty to you, or 
consult my own interest, by allowing my judgment to be 
warped from advising that course wliich, Erom the best in- 
formation I have been able to collect, it will be advmtage- 
ous for you to follow. I 'may here also take leave to ray 



of Mr. R d c k ,  that in every thing connected with our in- 
quiry, and the conclusions we have arrived at, I have seen 
nothing like prejudice for or against any particular system, 
beyond what arose from his minute attention to the meritu 
of each, and from the result of a vary laborious inteatip- 
tion. 

It may be proper to give you, in a few sentences, an ab-. 
s b c t  of our proceedings, that you may know how w r  time . 
has been occupied. 

. 
On the loth of January I arrived at Stourbridge, where 

1-waa joined by Mr. Rastrick; another reason for my going 
#ere being to see a locomotive Engine intended for ~ r n &  
rim, which haa just been completed by him, with oome imd 
provementa and alterations, I had not before seen. 

OR the 13th January, the ,day after we attended you, 
we proceeded with Mr. Stsphenson along the line of yout 
Railway, and on the 14th arrived at Manchester. I think 
it unnecessary to occupy your time by any report on the 
progress of your great work, which must be well known 
to you, fwher  than by remarking, that the works appeai 
to be done in a very substantial manner, and that as re- 
spects the strength of the rails, the size of their supports, 
and the great pains taken in the cuttinga and embankmentd 
to reduce the inequalities of level, the Liverpool and Man- 
ahester Railway is very superior indeed to any thing of the 
kind that has yet been done. 

On the 15th Mr. Stephenson accompanied us to the Bol- 
ton Railway, lately executed under his direction. The 
principal object of our survey there was a locomotive En- 
gine made by him upon what he considers the best princi- 
ple of any he has yet constructed, and the report we have 
aince received from Mr. Sinclair, clerk to the company, (to 
which I shall afterwards have occasion to refer,) proves the 
great power which the Engine is capable of exerting. 

On the 16th we arrived at Leeds, Mr. Stephenson having 
previously left ua Here we examined Mr. Bleakinsop% 



Engine upon the Middleton Rail-road. We MW it make. 
a journey with 38 wagon4 each containing 45 cwt. of coals,. 
which, considering the small size of the Engine, exceeded 
our expectations, as we were told that a part of the wry is 
level. We therefore requested Mr. Blenkinsop to furnish 
us with futber particulars of expense and performance, 
which he haa kindly and gratuitously done, and hem allowed 
an exact measurement and section of the m y  to be taken 
for our uee. 
The l7th, 18th, 19th, and 20th January, we passed at 

Darlington, and upon the Stockton and Darlington Railway.. 
Here was the largest field for observation we had yet seen, 
there beitlg several locomotive Engines, of different form0 
and power; horses also are employed upon the same part 
of the line. Towards the upper end of it there are two in- 
clined planes, with stationary Engines. We had therefore 
the opportunity of seeing various modes of working, and 
of oollecting information, which was liberally given to us, 
and which was the more to be valued, as neither the very 
active and intelligent Directors whom we saw, nor their 
Agents, appeared to have any object in view but to ad- 
vance the prosperity and usefulness of their concern, and 
to extend the results of their experience for tbe information 
of others. 

On the 2lst we proceeded to Sunderland, and on this and 
the following day we examined the line of the Hetton Rail- 
way, upon the lower part- of which the work was, until 
within a few years, done by locomotive, but is now per- 
formed by stationary Engines, upon the reciprocating prin- 
ciple; the middle part is a seriea of inclined planm worked 
by stationary Engines, and upon the mile and half nearest 
the pits the locomotives are still used. From the different 
Agents upon this Colliery, we received very freely every 
assistance they could afford us; and Mr. Wood, the compa- 
ny's cashier, has, at our request, given us farther details, 
and besides taking as accurate section of the whole 



e x p d y  for our use, haa furnished us with an account of 
every particular of expenee, and a detailed statement of the 
various powers and modes of working upon the line. 

From Hetton we proceeded on the evening of the 22d 
to Newcastle, and we remained in that neighbourhood un- 
til the 29th. From the a36 till the 26th, inclusive, we 
were employed in arranging the observations of the paet 
week, in meetings with Mr. Thornpn ,  the Patentee of 
the reciprocating system by fixed Engines, and with Mr. 
Wood, the Manager of the Killingworth Collieries and 
author of the well-known treatise upon Rail-roads, both of 
whom wemed disposed to forward the object of our inqui- 
ry; Mr. Thompeon having also allowed us to extract from 
his private book the details of expense and of work done 
upon the Brunton and Shields Railway, with much valua- 
ble general information on the subject. Thus, although the 
fall of snow prevented our getting out until the 27th, our 
time was fully and I trust usefully employed.. The whole 
of the 27th was occupied upon the survey of the Brunton 
and Shields Road, which was constructed by Mr. Thomp- 
son upon his patent plan. Respecting the merits of the 
general principle I shall of course have occasion to say a 
good deal hereafter, but with regard to neatness of execur 
tion, despatch, and methodical system and 'arrangement, 
there is not, I believe, any road at present in use to be com- 
pared to this. 

The surveys and experiments at Killingworth, in which 
we were assisted by Mr. Wood, occupied the whole of the 
!28th, and on the 29th we left Newcastle. 

I t  is but justice to say, that in every quarter where we 
applied, information has been most liberally afforded us, 
and in some cases before the parties knew who we were or 
to what our inquiiy tended. The Directors, Proprietors, 
and Agents upon all the Rail-roads which we have visited, 
from the principal to the lowest, have received us courte- 
ously, and not only allowed us to inspect their works, but 



have prepared and furnished us rach documenb and ab- 
stracts as we required. And what is more remarkable m 
found but little of that prejudice and strong fwling in fi- 
your of one system, which leada to r &play of the favour- 
able features and a concealment of the disadnotagea on the 
one side, with a corresponding partial view opthe other. 

From the time of my return home I have given my d- 
most undivided attention to the subject, in drawing reralb 
from our experiments and from the information d v e d  
while upon the survey. 

Having made our separate calculations, Mr. Butrick md 
mymlf met at Oxford on the 20th of February, and ra 
mained there until the a4th, when we came to general con- 
clusions, in which it was aatisfoctory to find that there was 
little or rather no difference of opinion; and bad the time 
allowed we &odd either have remained there or met again, 
and I doubt not have signed' the mune Report; but knowing 
from you the importance of not longer delaying the delivs 
ry of 'our decision, we thought it bet& that each should at 
once transmit to you his opinion in his own words; and if 
thew be any diierence in the items of expense it is to be 
ascribed to the consideration we have separately given'the 
quelrtion since we separated. I believe that ouch difference 
would be found but trifling. 

- Your instructions state '' The comparative e x p m  of 
conveying goo& upon a Railway by locomotive and by 
jked Engiw," as the primaty oyect of inquiry. 

I shall therefore first consider this sabject. But previ- 
oualy to going into, detail, it may be proper to state that 
certain data are absolutely necessary to form a banis for the 
comparison. If the quantity of goods be very small or 
very uncertain, it would require no calculation to determine 
that the locomotive system is the cheaper, because by it 
you increase the power by an increase of the number of 
Engines, and can therefore always proportion the power to 
the demand, while upon the stationary syatem it ir news- 
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m y  6rrt to form m wtimate of the probable trade, and 
then at once to establish a line of Enginer, Ropes, &c. 

7 from end to end, that shall be complete and fully equal to 
it. There is therefore in the locomotive system an advan- 
tage in this respect that the outlay of capital may at the 
lirst be much less than by the other system. 

You have given us sufficient information to guide us  in 
the extent of power to be provided, 
. The gross weight from Liverpool or toward8 Mancherter 

is stated at . . . . . . . . . 3750 ton* 
And frola Manchester or towarda Liverpool 3960 ,, 
In the former number are 400 tons of coals and 200 tons 

of Wagons from Kenyon to Manchester, being nearly half 
the length of the line et the Manchester end, and 800 tonr 
of empty wagons from Liverpool to Whiston, Rainhill, and 
Newton, averaging about half the whole length at the Li- 
verpool end. In the trade towards Liverpool are included 
900 tons of empty wagons, from Manchester to Kenyon, 
and 8400 tons of coals and coal-wagons, from Newton or 
Whiston to Liverpool. 

This trade is equal to about PO00 tone of goods, or 3000 
to& gross, moved in each direction between Liverpool and 
Manchester daily, which quantity we have therefore taken 
for the basis of our calculations 

Excepting at Rainhill and Sutton, and at the Liverpool 
Tunnel, no part of the line rirm more than 1 in 800, and 
as 'the quantities conveyed in each direction are nearlp: 
equal, there the aaaistnnce received from gravity in the one 
.direction, is equal to the retardation cauaed by it in the 
other; we have therefore considered the whole line (with 
the two exceptions stated) as horizontal, 
As the stationary system mast be adopted in the L i v w  

pool Tunnel, whatever may be done in the other partr of 
the line, we have entirely excluded it in foming the cam- 
pmtive &mate. 

I ahd now pmeed with the Looomotive Qttitrrrte. 



We assumed the convenient power of each Engine to be 
10 horses, including the power necessary to propel itaelf 
and its tender. The diameter of the wheels we took at 5 
feet, and the strength of the steam in the boiler at from 40 
to 50 Ibs. per square inch. 

The gross weight of this Engine, with ita tender and wa- 
ter, we find to be 104 tons. 

While the Engine is in motion we suppose that its relo- 
city should be 10 miles per hour, to enable i t  to average 9 
miles between the two extreme points; and when the speed 
of coaches upon the road is considered, we apprehend that 
the rate ought not to be less. 

Now, an Engine of the above description will be found, 
hy referring to note A, to take 19a tons p 8 8  at 10 milw 
per hour, or 13 tons of goods and 6 1  tons of wagons, 

The expense of such an engine we estimate as follows:- 
. One engine will cost . £550 0 0 

But to havefive Engines always in repair six 
will be necessary, or the capital requisite to 
provide an Engine always ready for work 
will be 1 14 th  of an engine,--add, there- 
fore, 1 4 t h  of &550 . . . . .  110 0 0 

Together . 660 0 0 
For atender, tank, &C., £50, and 14 th  of £50, 

being . . . . . . . . . . . .  60 0 0 

Making the whole cost of one Engine at work 720 0 0 

Now, the average durability of the Engine, when the 
work is considered, may be taken at 20 years, or at 124 
years' purchase. 

The annual charge for capital is 
therefore . g57 12 0 

Less £60 receivable for the old 
materials at the end of 20 

2 



Brou6ht f m a r d  . a57 l 9  0 
years,. which is in the present 

. money equal to . L 16 0 

. . . . . . .  Which leaves annual cost 58 16 0 

Add for estimated annual repairs, as per note 
. . . . . . . . . . . . . .  B. 107 8 0 

And for wages, coal, and other working ex- 
penses, as detailed in notes C. and D. . 204 0 4 

Making the annual cost of each Engine work- 
ing 312 day8 . . . . . . .  g367 4 4 

W e  have now to ascertain the number of Engines that 
will be required. 

W e  calculate that each engine may work,~exclusive~f 
stoppages, from nine to ten hours per day, at ten miles per 
hour, or it will make three journeys daily between Liver- 
pool and Manchester, taking with it 13 tons of goods, which 
is the same as 1170 tons conveyed one mile. 

The daily traffic being taken at 4000-tons .. conveyed 30 
miles, or 130,000 tons conveyed one mile, will, according 
to this, require 102 Engines constantly at work. 

Our first great item of expense is therefore 109 Engines 
at 8367. 4s. 4d., amounting to $37,456. 2s. 

But in this we have allowed nothing for the additional 
power required at Rainhill and Suttoa, the rise of which 
is 1 in 96. Our idea was that an additional Engine might 
be employed to assist the others at these planes, but a little 
consideration showed us our mistake. I am unwilling to 
confuse my report by introducing calculations a into the con- 
text; but as it may be important that this point be well un- 
derstood, I will state the principle in a familiar way. Our 
calculation of friction upon a level is l-180th of the weight f 
moved; but the rise of Rainhill and Sutton being 1-96tb, 
the resistance of gravity is nearly double that by friction. 
Accurately it is thus:- 



a940 lbs. divided by 180 gives 12.44 lba for friction of 
1 ton on a level-or 124 Ibs. nearly. 

2240 lbs. divided by 96 gives 23.33 lbs. for gravity of 
1 ton, on rise 1 in 96. 

The whole resistance to 1 ton on Rainhill is therefore 
95.77 lbs. or say 356 1ba 

And the resistance to 108 tois, the weight of Engine, 
&P,., is 375 6-10th lbs. 

But the power of the Engine at 10 miles being by Note 
A. 375 lbs., it is evident that an Engine will just move its 
own weight up the hill at ten milea per hour, and therefore 
that an additional number of Engines could do no good, an 
the weight of each would be its load. Either therefore the 
power of the engine must be increased, or the speed dimi- 
nished, or some other plan be devised for the planes. 

The objection to increasing the power is, that it would 
be forcing the Engine beyond ita regular work, which it is 
desirable to avoid to so great an extent; for it would re- 
quire two Engines, each 18 horse power, (see note E.,) to 
raise themselves and 13 tons of goods up Rainhill at  ten 
miles per hour. Whatever may be done for a short length, 
or for an experiment intended to show what an Engine can 
do, I thihk it impossible to recommend such a system upon 
a road which is to unite the various advantages you state. 

If again we reduce the speed, say to five miles per hour, 
we shall have half the Engine's power applicable to goods 
and carriages, the other half being required for their own 
weight and friction. (See note F.) 

In this way, if we suppose the Engine to arrive at the 
bottom of the plane from Liverpool to Manchester at the . 
rate of ten miles per hour, with 20 tons of goods and wa- 
gons, it will require another Engine of the same power to 
go up the plane at five miles per hour, and will occupy eigh- 
teen minutes in ascending. Or if eight miles per hour be 
the standard of travelling, the Engine would then take 27 
tons of goods and wagons upon the level, (see note G.,) 
would require the assistance of another Engine of the same 



power to ascend the hill, with a speed of 3) miles per hour, 
and would occupy 84 minutes m ascending. 

I t  would consequently be doing an injury to the locomo- 
tive system to apply it to work for which it is evidently 
unfit. However good it may be in itself, it has itr limits, 
and an ascent of 1 in 96 is palpably beyond them, if the 
length be considerable. 

We therefore had recourse to the stationary system an 
the assisting power to the locomotives upon the planes, and 
fcund that it would be necessary to have two Engines of 50 
horses.at each end of Rainhill to do the required work, and 
that the locomotive Engines also should go up the hill, that 
they might accompany their load and assist in taking down 
the rope, which we found the empty wagons alone could 
not do with the necessary speed. To give 9 miles clear 

* per hour, the speed of the wagons, while in motion upon 
the planes, will require to be twelve miles per hour. The 
14 mile, that is, the length of the plane, will, therefore, 
take . . . . . . . . . . . . .  74 minutes, 
And the stopping and changing, h., . . 94 minutes, 

Making . 10 

Or six journeys per hour; or if ten working hours, say 60 
journeys per day; and SO00 tons being to be passed in each 
direction daily, the load for each journey will be 50 tong 
goods and wagons, or say fifty-two tons, which will require 
the power stated. (See note H.) 

We have now therefore to add the annual cod of the fired 
Engineb to the sum already stated for the locomotiveg 
viz., to . . . . . . . .  ;E37,456 8 0  

The stationary Engines, with rope4 &C., 

aa detailed in Note I., is per annum . . .  5,013 6 0  
Croesing upon level of way d2180, of which 

the interest is . . . . . . . . .  6 0 0  

. . . . .  Carn'ed over &42,475 8 0 



Bw8ht . &43,476 8 o 
And for annual expenses of water stations, . 

as detailed in note Note K . . . .  922 10 0 
Duplicates of Engines . .  a400 00 0 
Duplicates of ropes, 18 tons 17 , . 

crwt. 16 lbs. at a51 . 961 14 3 
Signals . 100 00 0 

g1461 14 3 

This sum; (J21461. 14s. 3d.,) considered as 
' a necessary additional capital for articles . 

of which the deterioration is already ac- 
. .  counted for, makes at 5 per cent. 73 2 0  

The interest of the capital and annual ex- 
pensea of the locomotive ~ystem is there- 
fofe . . . . . . . . . . -  -3,471 0 0 

This sum is exclusive of the expense of working the Li- 
verpool Tunnel, which is supposed not to be affected by the 
plan that may be thought most desirable upon the line ge- 
nerally, not exclusive also of the wear of rails by the En- 
gines travelling upon them. 

To reduce this to a rate per ton per mile, we have 4000 
tons moved thirty milea per day for 312 days, or 37,440,000 
tons moved one mile for &43,471, which is at the rate of 
.8787d., or about 7-25th of a penny per ton per mile. 

As the amount of capital necessary under each system ie 
also a proper subject for conrideratidn, I shall, before 
ceeding to the stationary, etate the sum requisite upon the . 
locomotive plan:- 

It comprises 123 Engines and tenders, 
at a600 . . . . . . . .  &!73,800 0. 0 

Engines for Rainhill and Sutton (see 
note I.) . . . . . . . . .  9,190 0 0 

. . . .  Carried over &8R,990 0 0 



- .  

Brought fomard . . &83,990 o o 
Duplicates for same and machinery, aa 

above . . . . . . . . . .  400 0 0 
Ropes for Rainhill, deducting old, (see 

note I.) . . . . . . . . .  792 0 0 
Duplicate ropes, aa above . . . 961 14 3 

. . . . .  Cost of iron crossings 120 0 0 
Signals for Rainhill and Sutton . . 100 0 0 
Ten water stations at S560, (see note 
K.) . . . . . . . . . .  5,600 0 0 

So that the requisite capital' is . &90,963 14 3 . 

The expense of the stationary system comes next to be 
dimated. 

Preparatory to this we conaidered the space between the 
Liverpool Tunnel and the foot o f  Rainhill plane, about s i r  
miles in length, to be divided into four spaces, each l# 
mile long-the ascending and descending planes each' to 
form one stage-the two miles level upon Rainhill two 
stages--and the 19 miles, from the foot of the plane to Man- 
chester, to be divided into 12 stages of 14 mile each, and 
one stage of one mile, nearest to Manchester. The speed 
of the wagons, while in motion, we supposed l& miles per 
hour, consequently the l& mile stages would be performed 
in 74 minutes, and if 24 minutes be allowed for stoppages . 
and changing ropes, the rate from one extremity of the line 

.to the other wouldibe nine miles per hour, which, when al- 
lowance is made for taking water, coals, &C., is about the 
clear rate at which we have estimated the locomotive En- 
gines. W e  have supposed the reciprocating plan upon the 
principle of the Brunton and Shields way to be adopted, 
and.that the weight of the goods and wagons forming the 
train is 52 tons, as we before calculated for the inclined 

. . . .  planes. 
The power to be applied to move this weight upon the 

level will be 526 . hoises . in each direction;-this we calcu- 



lated at 90 horses, makiig, thus two 3 0 - h m  Engines at 
each end of the 16 mile stages. (See note L.) 

The calculation upon the locomotive system showed that 
two 50-horse Engines at each end were sufficient to work 
the Rainhill and Sutton inclined planes; but as the Engine8 
will now, in addition, have to draw the wagons towan& 
them for a mile upon the level, an increase, of ten horses' 
power he$ been made to each Engine, making .two 60-horse 
Engines to each station. 

An additional power of 30 horses to the Engines at the 
head of the Liverpool Tunnel also, is applied to draw the 
wagons Cowards it, and two 12-horse Engines are calculated 
for the Manchester end, the work of both extremes being 
in one direction only.. . 

From the descent of the Rainhill planea and the two 
stages upon the hill being only one mile long, two Engine8 
of 20 horses each are sufficient in these situations. 

The estimate of the two 12-horse Engines at the Mm- 
chester end is (per n0te.M.) . .. . &1,725 o o 

.Fifteen stations, with two 30-horse En- 
gines at each, at g3500 (per note N.) . 52,500 0 0 

Upon Rainhill, and at the foot of the 
planes, three stations, each with two 
20-horse Engines, at $2710, (per note 
0.) . . . . . . . . . . . . 8,130 0 0 

At the top of the two planes two 60-horse 
Engines to each, (per note P.) . . . 10,000 0 0 

At  the top of the Liverpool Tunnel 30 
horses additional power . . . . . 2,000 0 0 

Amounting to . . . 74,355 0 0 

Pulleys for two lines, each 299 miles long, 
8 yards distant, No. 13,090, at 15s. in- 
cluding fittings . . . . . . . . 9,817 10 0 

Extras to foundations of Engines and En- 
gine houses in Chat Moss . . . . 3,000 0 0 

Making capital for Engines . $87,172 l0  0 



fatere& at 6 per oent., and depreciation at 
1 4  per cent,  on capital of Enginea and 
Buildings, as estimated, or 64 per cent. . 
on all upon &87,172. 10s. . .  £5,666 4 9 

Repaim, Coals, and working expenses, 
(eee noteQ.) . .  11,257 15 8 

Rope at 8-100th of a penny per ton per 
mile, upon 4000 tons conveyed 27 
miles per day, for 312 'days . . , 11,238 0 0 

Ropee for Rainhill and Sutton inclines 
(same ae upon locomotive syetem, de- 
tailed innote L )  . .  3,316 12 0 

Rope for tail-rope on Rainhill and Sutton 
planes, at 2-100th of a penny per ton 
per mile, upon 400 tons conveyed three . . . .  miles perday, for 312 days 312 0 0 

Spare rope interest upon value(8ee note R.) 219 15 0 
Sundry otber expenses and charges, as 

detailed in note S. . 1,291 4 6 

Making the total of working the stationary 
Engines, with interest upon capital . 833,294 11 5 

This sum, divided by the number of tons, as in the loco- 
motive system, makes the rate per ton per mile .g1 34 of a 

Penny. 
The capital employed in this case will be as follows:- 
Engines, as above . 887,172 10 0 

Duplicates for same (see note S.) . 1,354 0 0 
Ropes ~24395, (See note R.) and S792 

. . . . . . .  (see note I.) . 5,187 0 0 
. . . . . . .  Cast iron crossings 300 0 0 

Store ropes ;&5336, 16s. 8d. (see note R.) 
and £961. 14s. 3d. (per locomotiveesti~ 

. mate above) . . .  6,298 l1 0 
Signale. . . . . . . . . . .  550 0 0 

Making total comparstive capital , &190,862 l 0 



To bring the whole under one view I shall here state the 
mul ls  together. 

The capital necessary for the various ar- 
ticles stated for the locomotive system 
is . . . . . . . . . . .  &90,983 14 3 ,  

And for the stationary . . . .  . . 100,868 l 0 

Difference in favour of the locomotive 
plan of . . . . . . . . . .  &9,898. 6 9 . 

The intewst of capital and annual expense 
of the locomotive system is . &43,471 0 0 

And of the stationary . 33,294 11 5 

Leaving the difference in favour of the 
stationary plan of . &10,176 8 7 

The rate per ton per mile upon the loco- 
. . . . . .  motive principle is ,2787 of a penny. 

. . .  And upon the stationary plan 22194 of apenny. 

Making an excess ofcexpense per ton per mile ,0653 of . 
a penny, by the locomotive system, or the comparison of 
annual expenses is nearly as 7 to 9 in favour of the station- 
ary system. 

I t  is proper here to observe, that as the, object of our la- 
bours was chiefly a comparative estimate, we have not in- 

- 

eluded any general superintendence or contingent expenw, 
as these are supposed to be equal upon both principles, nor 
have I thought it necessary to calculate for the greater trade 
at the Liverpool end requiring a greater power of stationa- 
ry Engines, than that at the Manchester end, as this does 
not affect the aggregate expense. The allotment of power 
would have made the reports still more complex, and d- 
though this will be an important consideration previously 

3 



to resolving on the power of each particular Engine, ther 
a m a g e  appeared sufficient for bur present purpose. 

Having thus brought the question of expense to a point, 
I can readily anticipate a difference of opinion as to the core 
rectness of the result from those who may have pl.aviously 
arrived at different conclusions, and may therefore have 
been led to prefer the one system as being much cheaper 
than the other. 

The principa1 points of . difference . are likely to be- 
First, As to the of work which the locomotives 

are capable of performing. 
Second, Aa to their consumption of fuel. 
~ h i k d ,  As to therepairs they may require. 
Fourth, as to thd friction if the ropes used in thi station- 

ary system. 
Fifth, As to the expense . of . ropes per ton of goods con- 

veyed. 
I shall therefore state generally the reasons for our oon- 

clusions on each of these points. 
Firat, as to the power of the loc~motive Engines. 
W e  have cald~1at.e~ them at ten horses, including the 

power for moving their own weight, which employs nearly 
the exertion of one horse's strength when going at the rate 
of 24 miles per hour, and therefore reduces the efective or 
disposable power to nine horses. W e  consider it more, ac- 
curate thus to state the power of the Engine, as the propop 
tion of it necessary for propelling the machine varies with 
every degree of speed and inclination, until the dead weight 
require6 the whole exertion of the moving power to draw it 
along, as we found to be the case upon the Rainhill and Sutton 
planes at ten miles per hour. Now, as it has for the last fifty 
years been understood and agreed in expressing the power of 
a steam Engine by horses' power, to take the power of one 
horse at 39,000 lbs. raised one foot high, or 150 lbs. raised 
220 feet high, in a minute, or at the rate of 26 miles per hour, 
there cah be no difference as to what the power of a 10 horse 



Engine is. And it is almost as well agreed that the resistance 1 
upon a well-constructed Railway is upon a level 1-180thof the . , 

weight moved, or about 124 pounds to the ton. The effect 
of gravity in moving upon inclined planes is still more uni- 
versally agreed, and .is an abstract question altogether inde- 
pendent of experiment. .On all these points, therefore, 
there can be no difference of opinion. But it may be said 
that a more powerful engine. may be used. It may so, 
and probably a 12 or 13 horse .Engine, upon six wheels, . 
may be found to suit better; but if the costs and weight of 
tha machine and its carriage, and the consumption of fuel, 
be increased in the proportion of the power, (and this I 
deem requisite) .no advantage, so far aa respects the calculi+ 
t i0 .q  wi1l:be obtained. The limit is the size of the boiler, 
#he .cylinders of .the engines being generally eapable of do- 
io,g more if the boilers would supply the steam. The best 
criterion , . is.experience, and in referring to..the Engines now 
in :use, the most accurate .test is, not what they will do for 
.a short ;time in. an experiment, .but what they really do in 
their regular work. . W e  thefefore brought .into a tabular 
form (see note T;) the.result- of the information we had re- 
specting some bf the' Engines on the Darlington way, one, 
:which is very powerful and weighty, constructed by T i m b  
.thy kackworth, the machinest upon the line, the others, I 
believe, :made by Mr. Stephenson at Newcastle. It was 
stated to. us that the summer work of Hackworth's Engine 
is 24 empty. Nagons from Stockton towards the pits, at 51 
-miles per, hour, and.the winter work 20 wagons at the same 
speed; the other smaller Engines take a0 wagons in sum- 
mer, and 16  in.winter, 'ab 5 miles per hour. By reducing 
fhe work to a level; the former at the rate of 10 miles per 
hour,- appears by the table to draw of goods only 
.. .. In summer . . . . ., 178 tone 

I n  winter - . . . . 149 tons 

The average being therefore 16+ tons. 



The rmrlfer Enginw, in the h e  my, do what upon r 
levd would be equal to- 

In  summer . . . . . IS+ tom 
In  winter . . . . . lO+tons - 

Making an average of . : 12 tons nearly. - 
Now, this ir with their cpnd ing  train of empty wa- 

gons, which is the heaviesf work they have to do, owing to 
the descent of the way with the loaded wagons; they con- 
requently do this work only half the time. But the basis 
of. our calculation is 13 tons of goods conveyed, summer 
and winter, in both directions, which therefore is more than 
the Darlington Engines, excepting Hackworth's. In  the 
table the work of the Engines is compared also a t  the speed6 
of 5 and 8 miles per hour. 

The result of an experiment we made with a very good 
Engine at Killingworth, proved that, for a short ascending 
length, it did nearly the work of 13 horses; but this fol- 
lowed by an inclination in the opposite direction, in which 
its work was 74 horses, and upon a level of about a mile, 
where the way was very much out of repair, i t  did nearly 
l 1  horses. The Engine waa, I think, travelling beyond 
its average'speed, M is usually the case when experiments 
are being made; but even at this last work i t  would only 
carry 16 tons at 10 miles per hour. The Engine whs stated 
'to be of 8 horses' power, exclusive of its own weight, eay 
gross power 9 horses, and I believe this to be what it is 
fairly a a p a b  of doing. 

Mr. Sinclair's detail of an experiment with the new En- 
gine upon the Bolton way, when it travelled for 1 1 4 t h  
mile at 8 840th miles per hour, with 13 chaldron wagon4 
each about 79 cwt. upon a rise of 1 in 432, makes the power 
to have been upon that occasion nearly 84 horses. Were 
this to be taken as the work whieh the Engine is capable 
of continuing, it would (see note U,) take 41 tons of goods 



upon the Liverpool way at 10 miles per ,hour; but no one , 

edmatea the power of the Engine at 24 horses, so it M im- 
poesible to calculate upon the above as a bask for your 
work. In the same letter Mr. Sinclair states, that the En- 
gine usually takes 7 or 8 wagons, '6 that number being most 
convenient,*' at 6 miles per hour: taking 8 aa the number, 
thie would (see note V,) be the work of an 11 horse En- 
gine, and ir equal to 15# tods of goods, at 10 miles per 
hour, upon your way, which I apprehend to be thepacti-  
caZ fair every-day work of the Engine, and all beyond this 
is of value only to show how much the Engine can do, just 
as a horse may be made at a push, and for a short space, to 
do twice the work he is capable of continuing without in- 
jury. As there. is no lock-up safety-valve to this Engine, 
and m the valve is fixed down while the Engine is in mo- 
tion, it was, I presume, impossible to asoertaia the strength 
of the s tem at the time of the experiment to which I have 
referred. 

Mr. Robert Stepheneon ha8 reported to us an experiment 
with Hackworth's Engine, whieh I prefer, because that En- 
gine has a safety-valve, which, although not quite out of 
the power of the Engine-man, is stated by Mr. S. to have 
been at liberty at the time. 

I t  appears by this experiment, that the Engine took 489 
tone of goods 2500 yards, upon a rise of l0 feet in a mile, 
and returned down, being equal to 5000 yards upon a level, 
at the rate of 11 2-10th miles per hour, and that the steam 
was blowing off when the experiment ooncluded. 

I state the preceding as it has been given to us. Hack- 
worth'a Engine is undoubtedly the most powerful that has 
yet been made, as the amount of the tons conveyed by it, 
compared with the other Engines, proves-the boiler is 
longer, with a returned or double flue-there are six wheels, 
and the weight is incpwd nearly in the proportion of the 
power. Mr. Stephenson's report states the consumption of 
coals to have been 1 640th lbs. per ton per mile, which is 
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~ I U  than the average of former multa, and probably the 
&,earn may have been lowered during the experiment, which 
being for so.short a time (about a quarter of an hour) is not 
Better evidencetthan the regular work of the Engine which 
bas beeddetailed, and as the Engine-men are paid per ton for 
the work they do with the Company's Engines, there is rea- 
son to conclude that they work them to the best advantage. 

I have reaaoned upon the Engines generally in their pre- 
sent state,' and it is proper to say that improvements have, 
since my survey in 1824, been made in them, and that the 
attention at preaent beatowed upon the subject will in all 
probability still do much for them. The Engine made 
by Mr. Rastrick is different from that by Mr. Hackworth 
in the form of the flue and otherwise. Mr. Stephenson's is 
different from both, and every new Engine he makes dif- 
fen, in some respects from the one preceding it. 

Since l824 the diameter of the wheels has been increased, 
wrought iron tire substituted for cast, spring safety-valves 
have been introduced, and the Engine itself is auppor@d 
upon a spring carriage. I think these all decided and great 
improvements, and in estimating the question generally it 
is fair to anticipate others. It is true that improvementa 
in the stationary system may also be expected, but not, I 
should my, to the same extent. 

From the account of work by the Hetton Engines we 
find that.they are doing less than the others, owing, as we 
have calculated, to the rise in one part of their journey be- 
ing too great for their advantageous application. By the 
detail (see note W,) it will be seen that the work of these 
Engines is equal to only 10 tons of g o ~ d s  upon the Liver- 
pool way, at 10 miles per hour. 

The slope of the Middleton road is well adapted for lo- 
comotive Engines descending loaded, and ascending empty, 
the average fall being 1 in 440, which makes the load in 
each direction very nearly the same. Mr. Blenkinsop rates 
his Engine at 6 horses, and by calculation we find that the 



wbrk dobe, while in motion, with 30 wagons, is 88 h o r n  
descending and 6 l-13th horses ascending. 

Upon the whole, therefore, I am satisfied that the work 
we have stated for the Engines is as great as ought fairly to 
be calculated upon,-and I have gone the more'into detail 
that you might be in possession of the principal facts upon 
which our calculations are founded. 

I think it unnecessary to say more respecting the slipping 
of the wheels, than that it does not appear to form any 
ground of objection upon your line, when the weight to be 
taken is considered. The liability to slip is much lessened 
by the introduction of spring carriages for the Engines. 
B y  an experiment we made upon a very irregular part of 
the Killingworth line it was satisfactorily proved, that with 
48 tons of goods and wagons there was no slipping. 

Second, as to the consumption of fuel. 
This article is so cheap in most places where locomotive 

Engines are in use, that it is not customary to keep any ac- 
curate accounts of it, and the objections to a short experi 
ment are evident. 

The average of the experiments made at Het- 
ton and Killingworth in January, 1825, gave 
for 1 ton of goods conveyed 1 mile upon a 
level at 43 miles per hour . . . . . . 2.15 lba 

Mr. Blenkinsop's account at first made the quan- 
tity about 4 lbe. but an explanation since, . I 

confirmed by the statement of the Engine- 
man, reduces the consumption to . . . . .2..70 ,, 

The Hetton account of the present Engines, . . 
reduced to a level at about 4 miles per hour, 
is upwards of . . . . . . . . . . SA ,, 

The Hetton account of the Engines when upon . 
the line near Sunderland is . . . . . . 9-0 P, 

Mr. R. Stephenson's report of the experiment 
upon the Darlington line, already referred to, 
at 11 miles per hour . . . . . . . . L60 ,, 



But the account momt to be depended upon from the 
length of time, and the accuracy with which, from its ob- . 

jed, we may suppose it was kept, is that which has been 
furnished to us by Mr. Storey, Surveyor of the Darlington 
and Stockton line. The CompanyJs view wns to ascertaia, 
without the knowledge of the Engine-men, the actual m- 
sumption of fuel, in the uee of which (knowing that the 
men pay, as was before remarked, for the coals they burn) 
we may reasonably infer that they study economy. 

It appears then that 298 tons of coals were used by the 
four Engines during the months of May and June, 18M, 
and that the work done in that time was equal to 249,339 
tons of coal conveyed one mile upon the my. This is 
equal to 2.16 lbs. of coal per ton per mile, but as the coal 
was also employed to bring back the empty wagons, it be- 
came necessary to reduce the inclination to a level, and t~ 
suppose the Engines to have done work in both directions, 
which we did, and the result gave B 8-10th lbs. of coals per 
ton of goods per mile. These quantities do not include 
the fuel required for heating the water at the water stationq 
and generally it is coal of a quality superior to that which 
will be used upon the Liverpool road, but the quantity is 
nearly six times what is necessary for a fixed Engine of the 
aame power. As, however, the improvements i n  Mr. Rat+ 
trick's and Mr. Hackworth's boilers, to which I have al- 
ready referred, will cause a saving of fuel, and as Mr. Ste- ' 

phenson's attention is at present directed to the same im- 
portant subject, we may confidently expect that a reduction 
of expenee on this point will be effected. We, therefore, 
fixed upon 24 Ibs. per mile, (which may be equal to about 
a lbe. of Newcastle coal,) and our calculations are formed 

* upon this standard. 
Third, as to the annual cost of locomotive Engines. 
Any difference of opinion on this point is likely to be 

confined to the quantum of repair; for as to the original 
cost and men's wages in working them there can be little 



gromd for epeculotioa. On the other heads we have formed 
our own judgment, and we find that the details furnished 
by Mr. Wood, of Hetton, and by Mr. Blenkineop, are both 
rbave our estimate; but in this, es in other points, expe- 
rience will induce a saving. I may instance the use of 
wrought-iron tire, as well as the great difference in the qua- 
lity of this metal: one set of tire had worn out in ten weeks 
upon the Darlington way, while upon the Killingworth the 
Engine with which our experiments were made, had a tire 
which had been twelve months in use, and the effect wall 
mrce l  y perceptible. 

We have supposed that of six Engines j h e  may be con- 
sidered a s  always at work alrd the r~ixth under repair, which 
I do not think ip by any means overstating the number ne- 
wmary. 

Fourth, as to the friction of the ropes in the crtationary 
system. 

Upon this we have some di5culty in obtaining satisfac- 
tory data, The friction of a wheel carriage upon a RaiL 
mad we have taken at 1-180th of ita weight; but in the 
preaent case the number of eheaves to be moved, compared 
with the weight, the irregular surface of the road, its r d  
gidity. or stiffness in winding upon the barrels, and the fria- 
t i ~ n  of the drums themselves, make the aggregate of resist- . 
anse much greater. 

If the rope be taken at per yard . . . . .  4 lbs. 
A mend length of rope upon tbe drums will be 

also . . . . . . . . . . . .  4 ,, . . . .  The drums themselves will be equal to 2.6 ,, 
And the pulleys to . . . . . . . . .  4 ,, - 

. . . .  Making the total friction per yard , 14.6 lba - 
If the friction therefore be taken at 1-180th of the mass 

in m o b a ,  i t  v i l l  be about 140th of the weight of rope, 
4 

L 



taking the rope in one direction only, or at 4 lba per yard, 
viz. 180 multiplied by 4, and divided by 11.6. 

The reaulte upon the Brunton and Shields way are very 
different from each other. In some the estimated power of 
the Engine is not'sufficient to take the load'independent of 
the rope, while in others it leaves a large surplus:-where 
the former is the ease, it is evident that the Engine's power, 
has been underrated, which we found it generally to. be on 
this line, I n  two of the planes where the empty wagons 
are taken by gravity, we found (see note X,) the friction of 
the rope, as nearly as possible, 1-22d of its weight. These, 
I think, good data. 

> 
Mr. R. Stephenson has reported an experiment upon the 

Darlington road, by which the friction yas l-10th of the . weight. This was also with the empty descending wagons. 
Mr. Thumpson's own idea is much under any of the 

above results. 
I think that l-22d of the weight of the rope, in  one di- 

rection, may be taken for its friction, and that of the drums, 
sheaves, &c. and if to this be added l-180th of the other 
length of the rope, the result will not be far from the trutb, 
and the strength of the Engines is calculated to be quite 
equal to this. 

Fifth, as-to the cost of ropes. 
This being a mo$t important item in the fixed system, 

has occupied much of our attention, affecting as it does very 
materially the relative economy of the two systems. It 
will be seen by reference to the annual charge that ropes 
alone amount to upwards of ;E11,000 per annum, or about 
one-third of the whole expense. 

Upon this subject experience of course is the only guide, 
and Mr. Thbmpson's experience is by far the greatest upon 
the reciprocating system. Fponi an account kept by him, 
apparently with great accuracy of detail, The m an ave- 
rage cost of ropes has been found to be 51-1000 m S of a 



penny," or l-20th of a penny nearly. The declination of 
the way being in the direction of the loaded wagons, and 
the= being in some casea no tail-rqe, are both favourable 
to this line as compared with a horizontal road; but as here 
the wagons ai-e drawn back empty, the cost per ton of. 
goods, as compared with the Liverpool and Manchester 
linei, is increased. 

Mr. Storey reported to us, that the ropes upon the Brus- 
selton inclined planes cost, by an account kept by him, 
one-fourth of a penny per ton upon all the coal conveyed 
over &em.. W e  have by calculation reduced this to a ho- 
rizontal surface, and find that it would be 23-1000t.h, or un- 
der 140th of a penny .per ton of goods per mile, exclusive 
of the wear of tail:rope. (See note Y.) 

The reciprocating system being applied on the lower part . 
of the Hetton road, Mr. Wood has informed us, that 
901,800 tons of coal were conveyed over a distance of 24 
miles for an expense of ;E780 in ropes. By  reducing this 
to a level, and to suit our case, we find the cost to be 
19-1QOth of a penny per ton per mile, which very much 
exceeds either of the former results. W e  believe the Coal 
company pay a price per ton to  the rope maker upon the 
quantity of goods conveyed. 

After fully considering this important subject, in all its 
bearings, we fixed upon 8-100th of a penny per ton of 
goods per mile, dividing it into 6-100th for the head-rope, 
and 2-100th for the tail-rope. 

I n  a matter of so great consequence I have thought it 
proper to be thus particular, a t  the risk of being tedious; 
and having now discussed what you very properly call the 

primary object," I proceed to the investigation of the 
other subjects referred to in your instructions to us. 

. 
You inquire-" How far the injury which may he 

done by locomotive Engines is likely to occur to the Li- 
verpool and Manchester RaiLroad." 

My opinion is, that the' injury to other ways arises chief- 
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ly from the want of sufficient weight in the rail% f i  W 
blocks being too small, and from imperfect foundations; 
but that as great care appears te  have been taken, to guard 
against them evils upon your line, there is no injury in the 
way of breaking or bending to be apprehended, unlesr per- 
haps on Chat Moss, or upon the embankments f o r d  of 
the Moss, or other soft material, and that will be only'ud- 
til the foundations become consolidated. This opinion ia 
of course given with limitation as to  the weight of the En- 
gine and water in  the boiler, which we have cahwlatad 
not exceeding 8 tons. If  a s  Engine like Hagworth'r, or 
Mr. Stephenson's heavy one, be used, we conclude it shall 
have nix wheels like those referred tch 

It is proper also to state, that the lommotive Engine ha6 
to be debited with the wear of the rails, in even a greater 
proportion to its weight than the goods and wagons, owing 
to the greater load upon the wheels, and thevibration c a d  
by the working of the Engiue. I n  the account of annual 
expense, no sum has been charged for any wear of the 
Railway. 

'c The wear and tear of wagona is the next point to 
which you refer, and on this I anno t  do better than quote 
from Mr. Storey's letter on the eubject, especially M it is 
the Darlington wagons you state to have suffered so much. 

"The destruction of the wagons," eays Mr. Storey', 
(for it is not wear) '6 oocseioned by the Enginee, compared 
with that by horses, is much more by the former than by 
the latter. The principal parta damaged are the bottom, 
framing, and axles. The eause I conceive to be the sud* 
den jerks at starting and stopping, the frequency of bne, 
two, or  even three wagons getting off the way at the turn- 
o u t ~  or pass byes, and their being trailed a considerable d i s  
tance before the Engine man sees it, or the Engine feels i t  
m perceptibly as to infdrm the man that she has something 
more to do; and also when passing the aiding very freqt1811t- 
ly the switches get deranged; the Engine going from 6 to 8 



milee per hour, the wagonr are thrown out of their p p e r  
direction, when a twist takes place on the wagon-framin~ 
and with the sudden stopping of such a train 'at thrt speed, 
caum ~ e r y  great destruction to every part of the wagon." 

It may be added to Mr. Storey's observations, that an the 
speed with Engines is greater than with horns, the in& y 
is also greater, in case of any irregularity. The .ouwea 
upon ways are also injurious to wagons, by the greater fric- 
tion they oecaeion. From the Darlington line Wling in 
the direction of the load, the momentum of the loaded wa- 
gons tends to increree the damage, in case of any accident 
upon that part of the line. 

The straightness of your he, the strength of the rails, 
md the way being n e d g  level, except at the inclined 
plane$, ant all favourable for the wagons, wheo compered 
with the Darlington. Indeed I think that almoet the only 
probable cause of injury to the wagons with you, will arise 
from the sudden stoppages; but this may be muoh leaened 
by the iWuAuetion of a bent iron acting as a spring at the 
end of the wagon, to ease the effecta of blows from the con- 
cussion with the other wagon before and behind. 

As respects the a o ~ m o d a t i o n  to the public," 
Our opinion is, that it may be given by either system, 

m as to leave no reaeonable room for complaiat or dissatid- 
faetion, either in the direot oonveyance from end to end, 
or in the taking up or delivering of goods and passengers 
at the inkrmediate places. - 

Each system has its peculiar advantages. 
By the locomotive the train may be stopped at pleasure; 

bat a6 the grand object will be despatch between the ex- 
treme points, the stopping8 should be at the fixed stations 
only, where goods could be delivered, and passengers set 
damn. In the locomotive plan, this would be done by 
sidings at proper distances, and this system has the advan- 
tage, that the stopping of any aingle train might be longer 
or rhorter without a detention to the general trafEc. 



Upon the stationary system, there would be sidings also, 
where carriages and wagons might draw off, and w h e n  rea- 
dy to start again, they would return to the main l ine; bu t  
Sag *ere, they must proceed at the uniform speed, for 
aa there would be a general sympathy thron~hout the whole 
linq the stoppage or delay at any one point would affect the 
whole. This is a disadvantage of the stationary system. 

The probability of accident upon any particular part of 
the system is, I think, less with the stationary than with 
h e  locomotive; but in the former the effects of.= accident  
extend to the whole line, whereas in the latter they are con- 
fined to the particular Engine and its train, unless t hey  hap- 
pen to obstruct the way and prevent others from passing. 
The one system is like a .  numher . of .short unconnected 
chains, the other resembles a chain extending from Liver- 
pool to Manchester, the failure of one link of which would 
derange the whole. 

The locomotive Engines would follow each other a t  the 
average interval of about 4 minutes, and at two-thErds of a 
mile distance. 

It will require some exertion to methodize the stationa- 
ry ~y,ystem, and some experience to work it properly, but 
the knowledge that it is necessary to be regular and careful 
will produce a corresponding anxiety and attention in a11 
concerned, and in time the operation will become almost 
mechanical. There are about 20 changes of horses in  the 
mail between London and Liverpool, a stoppage at any .one. 
of which influences the whole: reverting to our metaphor, 
the chain here extends for 200 miles; and notwithstanding 
the various chances of accidents and delays the mail gene- 
rally arrives about the proper time. 

The most probable cause of delay will be from the ropes 
breaking. I t  is rather remarkable, that when we were upon 
the Hetton way one of the ropes'broke in two places, I be- 
lieve through carelessness, and delayed the train about an 
hour. Also while we were upon the Brunton way some 



delay in  the descending took place through a few of the ow- 
gans getting off .the road, a switch having been left in the! 
wrong direction. 

The stoppage of 24 minutes at each stage for changiag 
the ropes will give an opportunity for passengem and W* 

gons to' join, if the load be not already complete. The wa- 
gons going in opposite directions will meet at the stations, 
and by the proposed method there will be m, delay but for 
the 23 minutes. This can be effected by the trains cross- 
ing from the one line to the other at each station, (as shown 
by the diagram,) by which both lines of road will alwaya 
be occupied, and each Engine always drawing two trainu, 
one in  each direction, towards it, while in the mean time 
tbe two other ropes belonging to the same Engine will be 
going out as tail-ropes to the two trains that are moving ia 
each direction from i t  The journey from Liverpool to 
Manchester will thus be made in 33 hours with both goods 
and passengers. As the stations are 1d mile apart, the 
greatest distance to a station can never exceed three quu- 
ters of a mile. 

If thd switches or tongues of the rails be made with 
springs, they will act without any interference or care from 
the attendants being necessary. This wiH remwe in a 
great degree the evil of crossings, and there being two bar 
rels over each line of way, the motion of the Edgine need 
never be changed. 

As the mechanism of this is not eaeily expressed SO as 
to be intelligible either in words or by a drawing, I have 
ordered a model to be made, which will, I think, answer 
the purpose better. 

The crossing of roads upon the level of the Railway is 
more objectionable with the stationary than with the loco- 
motive system. Had the plan been fixed before the levels 
were formed this might probably have been avoided, in 
many 'instances, by making more of the crossings over, or 
sinking them under the level of the Railway, and with 



ram it may not be too late even now. Mr. Locke baa m 
ported ta us tbirty reads (chiefly for accommodation) upon 
the level of the Railway in the whole line. 

By the Engines working with what are technioally called 
f + t h  clutch, or with friction d m m ,  (by whioh, in 
CMC of stoppage, the Engine goes on without carrying the 
rope-drum along with it,) by having careful men to accom- 
pany the traina with powerful brakes, by coonecting the 

I head and tail-ropes together under the train, by a contri- 
ranee instantly to disengage the train from the rope, and 
by praper rignals of approach, any chance of accident to 
persons or cattle crossing would be very much lessened; 
but as the looomotive Engines can be baoked, and the'wa- 
gons consequently stopped more expeditiously, they are ao 
far eafer in this rerpect. 

You inquire particularly as to the cmnparative safe- 
ty of the two 

Aa a general anewer, I ehould say that the stationary ir 
the rrafer, chiefly from the locomotives being necessarily 
high presaure Engines, and accompanying the-goods or pas- 
angers  upon the way. I see no reason for changing the 
opiaion I gave in 1824 of the impropriety of fixing down 
tbs edty-valve, without having a lock-up valve wt of the 
Engine-man's power. Within the last year, two aceidents 
hare occurred upon the Darlington way, in each of which 
a life was lost, and in both cases the safety-valve waa fixed 
down. The Darlington Engines have since had additional 
rpring snfety-valves attached to them, by which the danger 
is mueh diminished; and Mr. Rastrick has, to him Engine, 
fitted an ingenious spring safetya-valve, completely beyond 
the reach of the workman, which will, I doubt not, answer 
an exeellent purpose. In your case, they would be indis- 
pensable; for any accident at the outset, attended with loss 
of life or limb, would seriously prejudice the conoern with 
the public. 

All the accidents that I have heard of have happened 



through the fire-tube bursting, and the steam blowing out 
the fire-bars, the hot water, &c. at the fire-door. Should 
you adopt the locomotive system, the fire-tube should be 
returned in the boiler, as in Hackworth's Engine, so that 
the fire-place be in the end of the boiler, farther from the 
train. By  these and the other means commonly in use+ 
and by the careful and frequent examination of the tubesy 
1 think there could be but little danger, as respects passea- 
gers or goods, to be feared: certainly not so much as to be 
a sufficient reason for not adopting the locomotive system, 
if in other respects it  be thought preferable. . 

I cannot, however, go so far as to say that there is no 
more danger with high than with low pressure Engines; 
for although i t  may be true, that if the boiler be made of 
strength proportioned to the pressure, a failure in the one 
description is as likely as in the other, yet the effects of 
such an accident, with a high pressure boil&, are naturally 
much more terrible than with a low pressure-the one may 
be called an explosion, often destroying all around it-the 
other is generally corifined to tearing the boiler, extinguish- 
ing the fire, and perhaps scalding the attendant, if close to 

. the place. 
I n  using the general expression, high pressure," I 

here refer to such a pressure as is necessary for locomotive 
Engines. ' 'Upon the Brunton and Shields way, the Engines 
are high pressure, but only about half the pressure of the 
locomotives. 

Your nezt inquiry is, "whether goods andpassengers 
can be conveyed upon the two lines already provided, 
a n d  if so, b y  what system the' desired oQect can be best 
attained?" 

My opinion is, that with communications between the 
two lines, and branches from them at proper distances, the 
objects contemplated can, be attained; but that with two 
lines, the stationary system will, upon the whole, be the 
preferable, a8 the trains will always meet a t  the station#, 

5 



and as there will consequently be no occasion for any turns 
out or breaks in the line, except at these places. 

With the locomotive, a third line would be a great ad- 
vantage, as the Engines might then pass each other, if go- 
ing at different speeds, or in case of any stoppage or acci- 
dent upon either of the main lines. 

Upon the consideration of the question in every point 
of view, taking the two lines of road as now forming, and 
having reference, to economy, d q a t c h ,  safety, and con- 
venience, our opinion is, that if it be resolved to make the 
Liverpool and Manchester Railway complete at once, so as 
to accommodate the traffic stated in your instructions, or a 
quantity approaching to it, the stationary reciprocating 
system is the best; but, that if any circumstances should 
induce you to proceed by degrees, and to proportion the 
power of conveyance to the demand, then we recommend 
Zocomotive Engines upon the line generally, and two $zed 
Engines upon Rainhill and Sutton planee, U i i w  up 
the locomotive Engines, as well as the goods and car- 
riages." 

Should the latter plan be adopted, you would of course 
only order such a number of Engines as you might see oc- 
casion.for, both on account of saving expense, and to ena- 
ble you30 take advantage of the improvemente which may 
be made; with a view to eticourage which, and to draw the 
attention of Engine-makers to the subject, soniething in 
the way of a premium, ar an assurance of preference, might 
be held out to the person whose Engine was, upon expe- 
rience, found to answer the best. The Rainhill Engines 
would at the same time enable you to judge of the compa- 
rative advantages of the two systems, and if upon any oc- 
casion the trade should get beyond the suppIy of tocosno- 
fives, the horse might form a temporary substitute. 

About three miles of the Brunton and Shields way are 
wrought by horses, the expense of which Mr. Thompson 
finds to be equal to 45-100th of a penny per ton of goods 



per mile upon a level road, and my calculation makw it 
43-100th of a penny; but this is at the animal's best speed, 
or about 2d miles per hour. 

The Darlington company pay a halfpenny per ton of coal 
per mile, for the horse hire and driver; consequently they 
pay 1Od. for every ton of c@ that is led to Stockton, a dis- 
tance of 80 miles, but this also includes the bringing back 
of the empty wagons. The locomotive Engine-men find 
coals, oil, tallow, hemp, oil for the wagons, and their fire- 
men or assistants, for f d .  per ton per mile. Now if find- 
ing and repairing the Engines be estimated at id. (which 
appeared to be the opinion of the company's agents,) there 
is a saving of one-eighth of a penny per ton per mile, by 
the locomotive Engines, under thia head; but I apprehend 
that the damage to the rails upon the Darlington is greater 
than the expense of repairing the horbe-track, and that the 
home labour would be nearly as cheap to this company.-- 

C This, however, (like the calculation for the Brunton way, q,. ' 
above,) is taking the horse at his most advantageous speed. , 

At an inereased speed the museular exertion is eo great 
that the effect of the horn is much reduced and the exper& 
so much increased, that if at 24 miles per hour the cost per 
ton per mile be taken at 46-J00th of a penny, it cannot at 
the speed of 6 miles, be taken at less than three times that 
amount, or l$d. and at 10 miles per hour, a not less than 
3d. per ton per mile. (See Note Z.) 4 

Horses' power for goods, at high speede, is therefore quite 
out of the question, while exclusive of the friction of the 
rope and drums, the stationary Engine costs the same price 
per toa of goods and wagons per mile, at all practicable 
speeds, and the locomotive varies from this only so far as 
it8 own weight forms a part of the load, If in one day 
the locomotive be so loaded as to have performed a full 
day% work, and have .travelled only 33 miles, and if 'on 
another day it hae moved over 66 miles, twice the quanti- - 



ty of power mill have been employed to overcome the En- 
gine's own friction on the second day than'was on the first. 
The power exerted in every instant of time to overcome 
the friction being proportional to the space passed over, the 
Engine will, at a great speed, have less of her power to ap-  
ply to goods. Thus, if an eight-horse Engine, at 33 miles 
per hour, take 414 tons, i t  will at the rate of 8 miles take 
anly 191 tons; but as i t  will travel a greater distance at the  
rate of 8 miles, the expense per ton per mile is by no means 
proportional to the decrease of load. The e'xpense per ton 
per mile being at 34 miles per hour equal to 3, that. at 8 

miles is about 4. 
I have thought it proper to say thus much, to give a ge- 

neral idea of the laws of the two steam systems and of ani- 
mal labour. 

The only remaining question ia as respects the Liverpool 
Tunnel, the system for working which will be the same, 
whatever be the plan for the other part of the line, with 
this difference only, that with the stationary principle 
throughout the line, the Engines that work the plane in the 
Tunnel wou1.d require an addition of power to draw the 
wagons for 1 4  mile towards the Tunnel. If the locomo- 
tives be unfit for the Rainhill and Sutton planes, they are 
of course more so for this Tunnel, I apprehend there can 
be no difference of opinion as to the kind of power to be 
employed here. We recommend two sixty-horse Engines, 
the speed 10 miles per hour, and the gravity of the &- 
wending wagons being used to assist the ascending. (See 
Note A, a.) 

I n  concIusion, I beg to add, that when so great a trade 
aa 50 tons of goods and wagons, despatched every ten mi- 
nutes, ie contemplated, the Company would do well to em- 
brace any opportunity that may offer for giving them an 
ample space of ground, particularly at the top and bottom 
of the Liverpool Tunnel, where they appear at present 



much confined. A considerable area will be required for 
the wagons to prevent any delay in starting from the two 
extreme points, and upon tiiis much of the desired punctua- 
lity and despatch must necessarily depend. 

I am, Gentlemen, 

Your most obedient Servant, 

J. WALKER. 

Limehowe, 7th March, 1829. 



NOTES OF BEPERENCE M MR. WALKER'S k~EI'. 

NOT. A. Lad of Locomotive Engine, 
Hwar' power for alcul.ting of Engines, 33,000 lba per mi- 

nute, or 150lbr 2% f& per minute, or at 24 & 
per hour, thereupon + 37.51bs. - power at 10 
miles per how, a 375 lbr for 10 hems, equal to W o n  of 
30 tono, taking friction at & of weight, say then - - JObnr. 

Deduct weight of Engine, Tender, and Water - 104 S, - 
Leaves for goods and vrgollll - 

Ncrn B. Repaim, &c of Lacmotive Engine. 
A Tube and Chimney-bresst every three yevg or anndly - £12 10 0 
Ocadonalrep.irrtb Boilem - . - - . . - 3 0 0  
New Chimney each year and deduct old - - . . 7 x 0  
Set of chimney-b& every taro month - . - - 6 0 0  
& and ~nsseq one ret d y  - - . . - 10 0 0  
WheeL - - . - - - . - - . . _  36 0 0  
Tender, Carriage, and Tank - . . . - . .  - 2100 
SmiUaCprin - . - m - . - 12 0 6  

89 10 0 
Add onefiAh for rp.re Engine - - 17 18 0 

Total - -S107 8 0  

N o n  C. Coal for each Locomotive Engine. 

A ten-hone Engine will bke  13 tons of goods 10 miles per hour, and will 
go between Liverpool and MMchester three times each &y,30 X 3 
'= 90 miles per day, and 13 X 90 r+ l170 tons of goods 1 mile per day 
by each Engine. 1170 tons of goods at 24 lba of conl per ton per mils 
= 2925 lbs. of c d  per day, and 2925 X 912,600 lbs. per year = 380) 
tom, or soy 382 tom of cod for each locomotive Engine per yew. 

NOTE D. Account of Workkg Expensea. 
Engine-man% Wages at 21s. per week - - - - M 1 2 0  
Boy to - . - . - . - - - - 26 0 0  
Cad (Note C,) 382 tons at 5a10d. - - - - - 111 8 4 
Greaac, Oil, Hemp &c. - - - - . . - - 12 . 0 0  

Totrl - .&204 0 4  - 



N o n  E. Locomotive Engines for B.iM and Sutton. 

l&hme Engine upon these planes = 104 tons at 10 miles per hour. 
13 tons of goods = 194 tons of goods and wagons. 
If 104 tons weight of one Engine and Tender require - 10 horse power, 
Another Engine without tank or water carriage 84 tons, 

will require - - - - . - - - 8 hoasea 
And on the same proportion, 193 tons of @ and car- 

rirgesdlrequire - . - - - - - 184 homer - 
Total power - - 364 homes. - - 

Nom F. Locomotive Engine at RPinhill at five miles per hour. 
Horse's power at 5 miles = 150 2 = 75 lbs. or for 10 homes 750 lbs. 
Deduct gravity and friction of carriage - . . - 375 ,, - 

Leaves applicable to load - - - - 375 lbs. - - 
375 lbs. + 35-77 lba (resistance of one ton, text) gives p a s  - lOjl tons. 

On goods only 7 1-9th tons. 

N o n  G. Locomotive Engine at RPinhill at eight miles per hour. 
Horse power at 8 miles = 150 X 24 + 8 = 47 lbs. or for 10 

horses - - - - - - - - - - 47Olbs. 
Then 470 ; 124 (reahnce of one ton) gives - - - 37.6 tons. 
Deduct Engine, &c. - - - - - . - 10.5 ,, - 

Leaves goods and wagons - - - - 27. l tom - - 
Or goodr 18 tong and wagons 9 tons. 

NOTE H- F'ised  engine^ for Rainhii 
m tonsor116,480 lba+96 the riseof the plane gives for gravity 1313 i k  
~ d d  116,,4801bs.+180 - - . - for fiiction 647 ,, - 

Together - - 1860 lbs. 
Friction of rope = & of its weight, or of 10,560 ibs - - 480 ,, 
Gravity of rape = d, of its weight - - - l10 ,, 

24,50 lbs. - . - 
2450 lbs. + 31 lba (power of horse at 12 miles) = 80 horaes, or allowing 
for surplua power, my 2 Enghea each 50 h m s '  power. 



N o n  I. Expenae of Enginca upon Rainhill. 

Two 50-horse Engines at £1500 each - - - - S3000 
Machinery and drum-barrels - - - - 300 
Engine-house and chimney - - - - - - 600 
Engine-man's dwelling - - - - - - 100 
Reservoir or well for water - - - - - - 100 
Pulleys, Na 330 for each line, or 660 for the two lines 

at 15s. - - - - - - 495 - 
£4595 

Interest on £4595 at 5 per cent - - . - 13 6 
General depreciation at 14 per cent. - - - - - 69 0 0  
Boiers, say 3 to 
= £480 to be - 13 4 0  - 5 0 0  

Repairs to Engine and Machinery - - - - 35 0 0  
Oil, Tallow, Hemp, &c. - - - - - - - 20 0 0  
Wear and tear of Pulleys - - - . - - 25 0 0  
Coals equal to 80 horses working 12 hours per day, 

pllow 15 lbs. of small coal per horse per hour, 
which gives for 312 day4 1872 tons at ~II. M. 

given to us) - - - . - - S34 0 0  
A cod for raising steam, S77 tons at 2s. 6d. - 47 2 6 

l 2 6  
wages as follows:- 

Engine-man - - - - - - - £54 12 0 
Fireman - - . - - - - - 39 0 0  
Brakeman - . - - - - - 39 0 0  

> 

132 12 0 
Men to grease aheaves, one mnn to both p h e q  nay for each 

:lane 
- - * - - - - - - - 19 10 0 

0' , 150 gallons, at 29 6d. - - - - - - - 18 15 0 

Similar Engine and expense for the other plane - 

Ropes; 4 ropes for these two inclines, each 2640 
yards long, 54 inches circumference = 4 lbs. to 
one yard, each rope therefore 94 cwt. 1 qr. 4 lbs. 
and the 4 rones 18 tons 17 c w t  16 lbs. which at 
S42 per to; (being G1, less L9 for old ropeq) 
mves H92. 

12erest upon £792 capital, at 5 per cent. - - 
AnnuaI expense of ropes being for tons, 

passed 3 miles daiiy for 312 days at & of a 
enny per ton per mile upon a level, and adding 

k r  dope of 1 in 96, being nearly three time8 the 
wear upon a level - - - - . 



A %home power Engine to each station - - - £200 
Pumps, kettle, and machinery - - - - - 100 
Engine-house and cistern - - . - . - 150 
Cottage for man - - . . - - - 60 
Well or pond - - - - - - - - - 50 

£560 

Interest and depreciation on £560 at 63 per cent, - - - £ 4 2 0 0  
Wear of boiler and bars, grense, &c. - - - - . 5 0 0  
Coal for Engine, kettle, k - 5 0  tons at 2s. 6d. - 6 5 0  
Engineman - - - - - - 3 9 0 0  

£92 5 0 - 
10 S t a t i o ~  at B 2  5& each, B22 10. 

NOTX L. Power of Stationary Engines. 

Fridon of 52 tons = 52 -+ 180 - - . . - - 647 
F%ction of ropes, sheaves, and dnunr = of weight, SSJ' of 

3,400 lbs. (being weight of 13 mile of rope, equal to 155 ,, 
Friction of rope upon barrel - . - . - 13 ,S - 

815 lba - - 
Power of horsc at 12 mile9 3; 150 X 24 + 12 s; 31 lbr. then, 

815 + 31 -2 26 horses, or my, allowing for spare strength, 
30 horsea. 

NOTE M. Engines at Manchester end. 

Two 12-horse Engines, each GO0 - . * m . 
Machinery and drum-barrels - - - - 
Engine-house and chimney - - - - . - 
Dwellin house - %- 

- - - - . - - 
Well an pump, or pool for water - . - - - 

No= N. Engines upon 11) mile stages. 

Two 30-hme Engines, each £1200 - - - - 
Machinery, dnuns, &c. - - . . - - . 
Engine-house and chimney - - - - - - 
Dwelling-house - - - . - - - - 
Well or pool for water - - - - - - 



N o n  0. Engines for middle of the 2 miles level, and at the foot of 6 4 1  
plane. W 

Two 20-horse Engines, each £900 - - . - - - £1800 
Machinery and drums - - . . - . - 300 
Enginehouse and chimney - . - - . - 450 
Dwelling-house - - - - - - . - 75 
Well or pond - - - - .  - - - . - 85 - 

£2710 - 
Three Engines at £2710 = f8130. 

NOTZ P. Engines to Work Planes. 

Two 60-home Engines, each £ l800 - . . - - E3600 
Machinery, h m s ,  &c. - - - - . . 500 
Engine-house and Chimney - - - . . - - 700 
Dwellin -house - 2 - . - . - . - 100 
Wellan pond - . - - - . - - - 100 

,;E5000 - - 
Two Engines at £5000 a A!10,000. 

N o n  Q. Repairs and Working of Stationary Engines. 

Repair to boilers of Engines for the power of 1354 horses, 
taken in the pro ortion of £13 4s. to 100 horses - r; - £178 14 6 

Fire bars taken in ke roportion at £5 - 67 14 0 
Repairs to Engines ancf Machinery at h. for one iorse; 

power - - - - - - - .  - - 473 18 0 
Oi , Tallow, Hemp, &c. at 4s. for one horse's power - 270 16 0 
Coal in proportion to former estimate for 100-horse En- 

-gine I 18.72 tons per horse, or 25,346% tons per an- 
num exclusive of coal for raising steam (Note S.) at 2 s . a  ' 3168 ? 2 

Men required as follows:- 

-- 
Enginomen..2 30 6 4 l = 43 at £54 12 E £2347 l 6  
Bankmen ...... 2 30 6 4 2 = , 39 0 - 1716 0 
Bmkemen ..... l 30 6 4 1=42, ,  39 0= 1638 0 
Assistants ..... 0 15 3 2 l = 21 ,, 39 0 = 819 0 
10 men to oil pulleys at £39.. . .. . . . . . . .. . . .. . . .. . . . 390 0 

6910 16 0 
Oil, 30 miles at 50 gallons per mile a 1500 gallons at 2s. 6d - 187 10 0 

£11,257 15 8 - 



N o n  R Capital .nd interest upon Rope. 

114 mike of 34 in& rope at 15 lb. per yard, is 104 tom 12 
cwt. 3 qn 14 h. at L51 per ton for new - - - £5336 16 S 

Le= S9 per ton for old - - _  - - 9 4 1 1 6 8  

m 9 5  0 0 - 
Interest on £4395 at 5 per cent. = £219 15 0 

m N o n  8. Bundry Expenses and Charges. 
30 crossings by iron ipes, capital U 0 0  at 5 per cent. P - £15 0 0 
Coal each morning or raising steam, 28 lba per home per 
day for 1354 horses for 312 days - - - - - 616 2 6 

Wear of pulleys, in proportion of £25 for 3 miles - - 250 0 0 
Interest upon cluplicateq say 1354 horses at £1 e £1354 - 
Ropes, capital as above, (Note R) £5336 16 8 - - 
For planes per locomotive estimate 961 14 3 - -  - 

£6298 10 11 at 5 per ct. = 314 18 0 

Interat uDon siRRplq £550 at 5 per cent. - - - m 10 o 

N o n  T. Work of Darlington Engines reduced to a level surface, the 
rise of thls way awaging 1 in 246. 

Hackworth's Engine. 

This Engine's draught as dated in the text, is equal to the following upon 
a level surface 

Summer. Wtnler. 

5 milcs. 8 miles. 10 m&. 5 miles. 8 m i h .  l0 m&. 
Goods..., .............. 46.75 25.00 17.75 39.90 21.00 14.30 
Wapna  ................. 23.10 12.50 8.80 19.80 10.20 7.20 
E n p e  and Tender. 16.50 16.50 16.50 16.50 16.50 16.50 

-p---- 

86.35 54.00 ,43.05 76.20 47.70 38.00 
- - p  ------ 

Smaller Engines. 
Summer. WWer. 

5 mika. 8 rnika. l0 m i h .  5 miles. 8 miles. l0 mih.  
Goods .................. 34.66 18.66 13.33 28.75 15.00 10.33 ................ Wpgons 17.33 9.33 6.66 14.50 7.50 5.20 
E n p e a n d  Tender. 12.00 12.00 12.00 12.00 12.00 12.00 

----p- 

64.00 40.00 32.00 55.25 34.50 27.53 
P - - -  ------ 



Non U. Erperiment upon Bolton Railway, rqorkd by Mr. Sbcbir. 

Cwt. Lbs. 
Weight of one - -30 0 
Weight of its IT - - 42 96 

72 96 = 8160 lbs. X 13 angol~, 106,080 lbr - 
Add Engine = 10 tons 13 cwt - - - - - 23,856 Y ,  

M.ss mwed - - - 129,936 lbs. 

129,936 lba +- 180 n 722 lbs. friction. 
129,936 lbs. + 440 s 295 lbs. = gravity. 

Friction of 1 Ton. 
1017 lbr. X 8.8 miles = 89496 lbs. -+ 12.5 ibs. 71.6 tom 

Deduct Engine - - 10.6 ,, 
Gross - - 61.0 tons 

Deduct ) for wagons - - 20.3 ,, - 
Goods - - 40.6 tom, or llry 41 twr - - - I 

N o n  V. Bolton Engine, with 8 wagons, at 6 milecl per hour. 
By note U. above, one load gross = 8160 lbs. which X 8 wa- 

gem equal - - - - - - - - - - - - - - - - - 65,2801b.. 
Add Engine - - - - 23,856 ,, 

Mssp moved - - - 89,136 lbr. - 
89,136 lbn. -+ 180 = 495 lbs. friction. 
89,136 lbr + 440 = 202 lbs. = gravity. 

697 lbs. = resistance. - - 
Friction of 1 Ton. 

697lbr; X 6 miles+lOmiles=418 lbs. 4 2 . 5  lbs. 3; 33.5 tm 
Deduct Engine - - - 10.6 ,, 

G m  - -22.9 tom 
Deduct ) for wagons - - - 7.6 ,, - 

Goods - - 15.3 tom, 01-15) tons - - 
N o n  W. Hetton Engines, by &Wbr. Wood's Report. 

In 30.00 chains fall - - - - - 14 ft. 0 in. which is equal to 1 in 141 
72.45 ,, . - - m -  ,, 1 in 514 9 34 

102.45 23 3r) l in287 - - 7 



ummtr taker down 16 wagons confaining 848 cwt. of c d .  
Mdwagon - - - - 512 ,, 

Engine, &c. - - 210 ,, 
Together - - 1570 cwt. - 

m 
20 journeys = 51 miles per day, say 4% miles per hour for 12 houm, or, 

allowing for stoppages, 5 miles per hour. 
1570 cwt = 175,840 lbs. + 180 =. 977 lbs. = friction. 

Deduct - - - 175,840 ,, + 287 = 612 ,, = gravity. - Load. 
Resistance descending 365 lba+12+ 29 tons, down. 

512+210 = 722 cwt.= 80,864 l b a +  180= 449 1bs.s friction. 
Add 80,864 ,, +287 = 282 ,, = gravity. - 

Resktance wending 731 lbs.+l2+583 tonq up. - 
873 tons. 

Divide by 2 for average or on level - 43# tons. - 
m 

But M the rise on part of the road is not favourable, say the work on r le- 
vel is 504 tons at 5 miles per hour. 

Upon this basin the work at Merent speeds is as follows- 

5 m i h .  8 milu. 10 m i h .  
GO& - . -  - - 234 14 
Wagons - - - 162 7 
Engine - - - - 101 103 - - 

503 - 313 - 25t - - - - 
NOW, 504 tom at 5 miles = 101 tons at 23 miles, and 101 + 12 8 5-12th 

horses' power. 

N o n  X. Riction of Rope on the Brunton and Shields Railway. 

By observation, seven empty wagons took down rope in 3' 45" 
(= 8 410th miles per hour,) which makes friction - - 883 lbs. 

Mr. Thompson says 8 wagons take it down in 3 minutes (= 104 
d e n  per hour,) which gives friction - - - - 82 ,, - 

, Average friction - - - 854 lba - - 
Weight of rope = 1861 lbs. + 853 = 22, or say friction of rope, sheaves, 

barrel, brake, &c. = & of weight of rope. 

E&ngwmtA.-l6 empty wn ns descended Killingworth plane in 4 mi- P nutes with 4) inch rope a ter them, of which the weight was 3096 lbs. 
Inclination of plane 1 in 623. This leaves for friction of rope, &c. 1434 

on say of weight nearly. 



. 
N o ~ r  V. Rope on Brwaelton P h -  

1851 yards-imclination 1 in 33+ascended with load. 
825 yards- ,, 1 in 30+lescendd with l d  

Average taken at l in 33, which &ves 69 lbs. = parity of 1 ton. - 
1851 X (69 + 124) X 1.5 = 2.26.281 1 

69 - 124) X 1.5 = 69.919 
69 + 124) X .5 = S3.618 

l651 X (69 - 124) X .5 = 52.292 

382.113 + 12) = 30.569 

11.58 say 114 

113 miles : 1 mile : : .25, : . O M  of a penny. 

NOTE 2. Horse's Power. 

At 21) miles per hour, a good horse will, upon a 
good road, go 20 miles per da with 32 cwt 
including the carriage. The e X. ect per day is 
therefore 32 cwt. X 20 miles - - - 640 cwt. mmed one mile. 

. At 6 miles per hour in the short stages round 
London, a lighter horse of nearly the same va- 
lue will go 16 miles with 17+ cwt. (say coach 
20 c*, passengers 134 cwt., and ackages 
14 cwt.) equal to 174 cwt. X 16 mi f es - - 280 cwt. mwed one mib. 

At 10 miles a still lighter horse will not do more 
than 10 miles er day in a mail coach with 10 R cwt. (say c- 20 cwt., passengers 12 cwt., 
bags and parcels 8 cwt. = 4.0 cwt.,) say 4.0 
c d  + 4 = 10 cwt. X by 10 miles. - - 100 cwt. mwed one mile. 

Therefore, at 24 miles per hour the hone does the work of 24 horser at 6 
miles, and of 64 horses at 10 miles per hour; besides at the high speed, 
the horse will not last half the time he will at the low speed, 

NOTE A, 2. Engines for Liverpool Tunnel. 

1970 yards long-rise 1 in 48 - - - - 
Gravity = 2240 + 48 = - 
Friction= 2240 + 180 - 

Together - - - 
Gooda and wagons - - - - - - - 
Rope 7 inches = 6$ lbe. per yard - - 

To the'r - - - 
De t= uct - -. - 

- lbs. 
46.66 
12.44 - 
59.10 - 
52 tone 
54 ,, - 

574 descending empty 
174 



- - - - - - 1866.4 - 75 ascending 
and descending wagone 75 X 12.44 - 933.0 

2799.40 
Gravity of rope - 5.5 tone X 46.66 - 256.66 
fiction of rope - & of 53 tone = - 597.00 

3653.00 

3653 + 374 (homes' ower at 10 - 973 horses - power 
of Engine, my 100 \ omeg or - - - - - - - - 50 harcru. 

Add for stage 13 mile goods drawn towardn Liverpool, my two 
o f -  - - - - - - - - - - - - - - - - - - 10 ,, - 

Twoof - - - 60 homes. - 
L 



OBSERVATIONS 

COMPARATIVE MERITS 

LOGOMOTIVE BND FIXED ENGINES, 

AS APPLlED TO RAILWAYS. 



Tm increauing importance of Railway camm~nicriiow 
rendem it very desirable that the principle of applying 
steam power should, in all cases, be well understood; and 
h m  the interest which has been excited by the late dircus- 
siow on the best method of conveying gods on the  live^ 
pool and Manchester Railway, it is evident that the public, 

, as well as the Proprietors of that p t  work, are not in- 
aible of the advantages to be derived fram its application. , 

It was in the latter part of 1898 that the'Direct0~~1 of the 
Liverpool and Manchester Railway turned their attention 
to this subject. The peat ezpense which hrs been i n c d  
in forming the works rendered this an i~vestigation of 
much importance. 

A deputation from that body made; a tour through the 
northern part of the gauntry for the purpose of collecting 
information from the experience of others: their opinion 
wns decidedly adverse to Horn Power, and rather in fa- 
vour of b e d  Engines. 

Mr. Stephenson, the Company's Engineer, next visited 
Darlington and Newcastle, and inspected those Railwap 
where both kinds of power were employed. In this inves- 
tigation we accompanied him, wherein we had every op- 
portunity of ascertaining the actual cost of conveyance and 
the liabilities of derangement to which each mode was sub- 
ject Mr. S t ephem,  in his Report to the Directors, ex- 
pressed himself decidedly in favour of Locomotive Enginea 

This Report differing in some degree from that of the 
Deputation, it was deemed necessary, in order to come to 
a satisfactory conclusion, to employ two Engineers, who 
might be able to give the subject their full consideration. . 



Mr. James Walker, of London, and Mr. Rastrick, of  
Stourbridge were named and appointed to inspect the Rail- 
ways in the ' ~ o r t h :  they devoted a considerable portion 
of time to the examination, and embraced a very compre- 
hensive view of the subject 

These gentlemen, however, did not seem to be very h- 
vourable to one system more than another, although they 
considered Fixed Engines to be the most economical; and 
they differed essentially in several very important itema of 
expenditure with which Mr. Stephenson had previously 
made himeelf acquainted. 

Notwithstanding the conclusions to which Messrs. Walk- 
er and Rastrick had arrived, the majority of the Dinectora 
still believed that Locomotive Engines, from the simplici- 
ty of their appliEation to any quantity of trade, would best 
answer the purposes of their Railway. Under this impres- 
sion they offered a premium of 8500 for the best Locomotim 
Engine, which, being constructed on the principle of born- 
ing its own smoke, should take a certain weight at a given 
speed. This offer induced the competition which took 
place at Rainhill in October last, an ~ c c o u n t  of which will 
be found in the following pages. 

The Reports of Mesars. Walker and Rastrick were 
by the Directors and circulated amongst the Pro- 

prietors, since which Mr. Walker has revised and repub- 
lished that part which was written by himself, and caused 
i t  to be generally circulated. . It is our object to examine 
how far the statements it contains are consistent with the 
experience before us. . . 

W e  indulge not in speculative theories, and we shall of- 
fer no opinion that has not been substantiated, either by 
daily practice or more recent experiments. 

Liverpool, February, 1830. 

. 



T ~ E  advantages which Railways possess over every other 
mode of conveyance at present known, are not only athi- 
butable to the smooth and hard surface which the iron rail8 
present to the wheels of carriages rolling upon them, but 
also in a great degree to the facility of applying Steam 
power as a Locomotive Agent. 

It is considered by some that horses, in point of ecoao- 
my, are preferable to Locomotive Engines; while others 
have advocated that mode called the reciprocating plan 
of conveyance by Fixed Engines." Each system has ito 
peculiar advantages, depending chiefly on the nature of the 
surface of the country, and on the extent and character of 
the trade. 

The horse may be said to be preferable when the quan- 
tity of goods to be conveyed is small, the distance short, 
and when colls are so scarce as to render the use of steam 
power less economical. 

Locomotive Engines are best adapted for Railways that 
are continuous and horizontal, where. the desideratum is 
despatch, and particularly when the conveyance of patwen- 
gers becomes an important part of the trade. 

Fixed Engines with ropes are most suitable 'for hilly 
countries, where the gravity of the horse, as well as of the 
Locomotive Engine, becomes a material part of their whole 
power. 

It may easily be imagined that a difference of opinion 
may exist, as regards the economy of these different modes, 
in their application to particular.localities. Our object is to 



compare the merits of Locomotive and Fixed Engines on a 
horizontal Railway, or nearly so. 

Previous, however, to entering into the queation of the 
general conclusions to which Mr. Walker has arrived, we 
shall examine the correctness of the data employed by him 
in the following order:- 

1st. Friction of Railway Carriages 
ad. Estimate of the mechanicai effect of a Locomotive 

Engine moving at the rate of 10 miles per hour, and its 
requisite weight. 

9d. The mode adopted for ascertaining the average per- 
fermance of Locomotive Engines at present in use on the 
Darlington and other Railways. 

4th. The consumption of fuel. 
5th. Annud repairs. 

The friction of carriages moving on Railways is certain- 
ly not well agreed," as Mr. Walker has supposed, to be 
l-180th of the weight moved, or 124 lbs. per ton. The 
most popular work on this subject, and where the most care 
seems to have been taken to procure accurate results, is that 
of Mr. Wood, who instituted a set of experiments hr  the 
purpose: he has invariably represented friction at 1-200tb, 
or 11% Ibs. per ton; and, considering the imperfect state ef 
the road where these experiments were made, we should 
not think that it would be increased on a well-construct- 
ed Railway." Indeed, from some experiments i$cently 
made on the Liverpool and Manchester Railway, with a 
carriage having the bearings on the outside of the wheels, 
the friction was found to be only 1-?80th of the'weight, or 
8 lbs. per ton; but, since these experiments were made un- 
der the most favourable circumstances, (the rails being pre- 
viously swept,) with a new carriage fitted up for the pur- 
pose, whilst those of Mr. Wood were made under a11 states 
of the road, and with wagons that had been for some time 



in use, we have thought it better to adopt his formula: and 
we know of no experiments that could warrant friction to 
be represented at l R #  lbs. per ton, except those which Mr. 
Walker himself made on a stone pavement road which is 
now constructing in the neighbourhood of London, and 
which, we believe, was exaetly 124 lb .  per ton; but no 
one for a moment can euppose, that the resistance on a 
smooth iron Railway can be as much as on a stone road. 
Smoothness and hardness are necessary qualities in a good 
mad, and so long as iron possesses them in a greater degree 
than stone, it follows that the amwnt of friction will ever 
he leas. 

I n  estimating the effect of a Locomotive Engine, moving 
at the rate of 10 miles per hour, Mr. Walker commences 
by assuming the power of an Engine weighing 8 tons to 
be uniformly equal ,to 10 horses, and a horse equal to 33,OOQ 
Iba. raised r foot per minute. 

Much has been said by various writera on mechanicn re- 
specting the uncertainty attending the practice of desie 
pating the power of machines in terms of horses, since 
eminent Engineers differ widely in their estimate of the 
latter power. This difference of opinion, however, is of 
little importance, so long as it is understood upon which 
formula we found our calculations. We shall, therefore, 
for the sake of clearness, adopt the same estimate of a horse's 
power as Mr. Walker has done, viz. 150 lbs. moving at the 
rate aE 2a miles per hour.. 
The effect of high-pressure Engines is now dmost uni- 

versally admitted to depend, no$ so much on the size of the 
cylinder, as upon the quantity of steam which the boiler 
pan generate, and upon its degree of elasticity. The capa- 
bility, therefore, of a high-pressure Engine is wont accu- 
rately aacerkined by the size and construction of the boiler, 
and more especially by the latter, since the quantity of 
steam supplied by boilers of the same dimensions is mate- 
rially influenced by the manner in which the fire is applied. 



To explain thii by an erample, let us suppose two high.- 
p m r e  Engines constructed precisely alike in every p a ~  
titular, except in the height of the chimney: in this re- 

- rpect let one have a chimney 20'feet high, and the o the r  
one of 40 feet high; it is clear that the draft created, and 

the temperature of the lire connected with #e 
latter, will be much greater than that connected with the 
former. 

Supposing, under these circumstances, that the quantity 
of ateam generated, and the consumption of fuel, be in di- 
rect proportion to the temperature, it is obvious that the 
power of the two Engines will be proportionate to the 
quantity of fuel consumed. 

Hence, we perceive that the power of high-pressure En- 
gines is more directly connected with the quantity of fuel 
consumed in a given time than with the size of the cylin- 
der, or even the capacity of the boiler itself. We are 
aware that the above assumption relative to the quantity of 
steam and consumption of fuel being in the direct ratio,to 
the temperature of the furnace, may be deemed gratnitoua 
This does not, however, affect the result, for it  is clear that 
the quantity of steam generated in a given time, and also 
the quantity of fuel consumed, will bear some proportion 
to the temperature. Whatever this proportion may be, the 
respective powers of the Engine will still be governed by 
the quantities of fuel more thaq by the size of the boiler, 
or any other part of the Engine. It will, therefore, be 
readily inferred that ae much steam may be generated in a 
small boiler as in a large one, if the temperature of each 
be duly proportioned; or, in other wordg the same Engine 
may be greatly increased in power. by applying means to 
increase the temperature of the fuel. 

In taking this view of the subject of Steam Boilers, no 
mgprd is paid to the comparative economy of fuel, it not 
bebg our object in this place to enter upon a subject on 
which there m two opinions eo widely different. Some 



~ n g i n e e k  maintain that economy in the consumption d 
fuel applied to Steam Engines is most efficiently aecorn- 
plished by allowing combustion 60 proceed at m low a tem- 
perature as is consistent with circumstances, and make up 
for a deficiency in this respect by increasing the quantity 
of fuei in combustion, and also the surface by which the er- 
loric is transmitted to the water i n  the boiler. The truth 
of this view of the subject is not unfrequently very striking- 
ly exeinplified in practice. The other opinion, which is 
advocated by several scientific gentlemen, is diametrically 
opposite to that already mentioned. I t  is maintained that 
the more elevated the temperature the greater is the eco- 
nomy of fueh This opinion, hence, differs from the for- 
mer by substituting intensity of temperature for the area of 
heating mrface. 

In  Locomotive Engines hitherto constructed, the area of 
the eurface in the boiler acted upon by the tire is much less 
than that generally employed in Stationary Engines? and 
hence it is that the consumption has been mpch greater to r 
produce equal effects. This inconvenience has been sub- 
mitted to, in order that simplicity and compactness might 
be achieved: 

To compensate for the loss of heating surface it was ne- 
cesezry to augment the temperature of the fire. This war 
effected, shortly after the first Locomotive Engine waa tried 
on the Killingworth Colliery Railway, by conveying the 
steam into the chimney, where it escaped in r perpendicu- 
lar direction up the centre, after it had performed its office 
in the aylindera. The velacity of the steam on entering 
the chimney being much greater than that due to the rs- 
cending current of air from the natural draft of ihe furnace, 
the effect was 'to increase the draft, and consequently the 
temperature of the fire. 

From what has already been said respecting the connex- 
ion existing between the power of high-pressure Engine4 
the temperatutt of the furnace, and aonsumption of fuel, it ir 

8 



obvious by this contrivance for augmenting the draft, that 
a corresponding increase takes place in the power of the 
Engine. This being admitted, to which there is no reason- 
able objection, let u s  suppose that a Locomotive Engine, 
moving at the rate of four miles an hour, has its velocity in- 
creased (by reducing the load one-half) to eight miles per 
hour-it is evident the steam from the cylinders will es- 
cape into the chimney at twice the velocity; an increase o f  
draft im the result, accompanied with a more rapid consump- 
tion of fuel, and consequently a more profuse generation 
of steam. Since it has been shown that the power of these 
Engines, under similar circumstances, is chiefly dependent 
on the quantity of fuel consumed, i t  is evident that by this 
application of the waste steam to accelerate combustion, the 
power of the Engine actually varies under different veloci- 
ties. The precise law by which this augmentation of power 
is governed remains yet to be determined, and must depend 
on future experiments. The detail of experiments made 

' with the uocket," at Rainhill, subsequent to the com- 
petition, will suffice to prove, without doubt, that such an 
increase of power does really take place as the velocity of 
the Engine is multiplied. This curious fact, connected 
with the construction of Locomotive Engines on the princi- 
ple of the "Rocket," has not hitherto, we believe, been 
represented in this mauner; and it is so important, that any 

' calculation neglecting its consideration a t  high velocities 
must be regarded as futile and absolutely falae. 

Mr. Walker takes the power of a Locomotive .Engine, 
of the size and construction of those used upon the Darling- 
ton Railway equal to ten horses, at 21 miles per hour. 
Presuming that the effect is inversely as the velocities, he 
reduces the power of the Engine at ten mires per hour to 
24 horses' power, or = 375 ibs. This conclusion would 
have been perfectly correct if the quantity of steam gene- 
rated in the boiler in equal times were the same at all ve- 
locities; but the fallacy of this assumption, in reference to 



Locomotive Enginm, has been d c i e n t l y  explained in tb 
foregoing remarks. 

From the method adopted by Mr. Walker to ascertain 
the effect of Locomotive Engines at d i f f i n t  velocities, he 
deducesa gross weight of 191 tons at ten miles per hour, as 
a proper load for an Engine weighing 8 tons. The weight 
of a Locomotive Engine is so very important in the inquiry, 
that we are surprised that no reason has been assigned for 
stating it at 8 tone. It ought not to be inferred, that be- 
cause the Engines on the Darlington Railway are of thia 
weight, that similar ones would be required on the Liver- 
pool and Manchester Railway, where the occasional ascent8 
to be overcome are tritling, when compared with those on 
the former. 

To explain this more clearly: on the Darlington Railway, 
although ita avenge fall be 1 in 246, there are several 
planes whieh are level, or nearly so, and others that ascend 
1 in 100. The Engines have to overcome in their regular 

.work the resistance of 20 loaded wagons on a level, and of 
90 empty ones on an ascent of 1 in 100, at the rate of four 
miles per hour. 

Weight of 20 loaded wagone = 80 tonq 
Engine and Tender . . . = 12 ,, - 

92 tons, 
or  206,080 lbs.+ 200= 1030 Ibs. the maximum resistance 

1030x4 
with a load at four miles per hour,. l. =412 lbs. at ten 
miles hour:- 

I n  returning, weight of Carriages 25 tons 
Engine and Tender 12 ,, - 

37 = 82,880 lbs. 
82,880,;-200 = 414 lbs. friction. 
82,880,+100 = 828 ,, gravity. - 

1e43 ,, the maximum resibtance with the 



60 
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ampty wagon& at four nil- per hour, or  1#sX4a 407 Ibs 
. at 10 miles per hour. 

But since Mr. Walker takes 375 lbs. as the effect o f  a 
10-horse Erigine, it follows, that the Darlington E n g i n e s  
are daily working to upwards of 13 horses' power, yet 
they do not exceed 84 tons, exclusive of tender. If 
we examine the statement ~ e n t  by Mr. Sinclair to Mr. 
Walker, respecting the performance of the "Lancashire 
Witch," on the Bolton and Leigh Railway, where 8 wa- 
gons, each weighing 8160 lbg., form the fair every-day load, 
and are propelled up an ascent of 1 in 432 at the rate of 6 
miles per hqur, then- 

8160 lbs.x8+23,856 lbs. (weight of Engine & Tender) 
= 89,136 ibs. total weight moved. 
89,136 -- 
432 

206 gravity. 
89,136 , - - 445 friction. 

200 - 
651 1ba total resistance. - 

And = 3Q0.6 lbs., which, at lit lbs. for friction, 

leaves, after deducting weight of Engine and wagons, 16 
tons of goods at 10 miles per hour; but allowing it to be only 
154 tons, which Mr. Walker admits to be the practical, 
fair, every day's work" of this Engine, it is easily shown, 
that the difference Bet&en 156 tons and 13 tons for an En- 
gine's load affect8 very materially the ultimate results. It is 
calculated that 8,000 tons will pass each way between Liver 
pool and Manchester daily, which is equal to 4000 tons over 
30 miles, or 120,000 over one mile. One Engine is pro- 
posed to travel 90 miles per day with 13 tons of goods, 
equal to 1170 tons over one mile; consequently, 108 En- 
gines would be required to perform the work: but if each 

took 15) tonq only 87 Engines would be required. 



Therefore l5 working and three spare Eoginea would be 
saved, which would produce a reduction in the first cost 
amounting to near &11,000, and r saving in annual cost of 
nearly &5,000. 

This calculation is brought forward to show how impor- 
tant it is to take into account the most recent improvements 
in this class of Engines. The "Lancashire Witch" was the 
most efficient Mr. Walker had examined, and the deductions 
from its performance would have approximated neareF the 
truth, than data drawn from the Darlington ~ n ~ i h e s  that 
have been several years in use, and working under very 
great disadvantages. . 

Scarcely a single journey is performed by these Engines 
without being interrupted by the horses or other trains of 
carriages passing in a contrary direction, there being only a 
single line of road, with passing places. A t  each end of 
the distance traversed by the Engines great delay is occa- 
sioned from the irregular supply of carriages, which, from 
the nature of the trade, and other local circumstances, it is 
impossible to avoid. 

None of these disadvantages are taken into consideration * 
by Mr. Walker; he even neglects the consideration that all 
the Engines he examined were constructed to move at mo- 
derate velocities; and in determining the effect produced by 
those used at Darlington, a most unaccountable oversight is 
committed. I n  this distance several different rates of ascent 
occur where the Engine is required to exert a power much be- 
yond the average performance. In the adaptation of Engines 
to this line, i t  was requisite to construct them in such a man- 
ner that these ascents might be surmounted without difficul- 
ty, though such a construction would render them less suita- 
ble to the more fGourable parts of the line of road. This is 
evidently a great diawback, for which, instead of making a 
due allowance, the line is assqmed by Mr. walker to as- 
cend uniformly at the rate of 1 in 946, being the average 



of a series of planes, varying from a level to an ascent of 
1 in 100. Several miles of the distance ascends from .3t to 
nearly 8 of an inch per yard, where the Engines are daily 
exerting a much greater force than Mr. walker affixes to 
them; and it ought to be observed that this increase o f  
power is not called into action by any improper meanq 
such as he supposes to take place when experiments are 
made merely to show what the Engine will do. It is re- 
markable that this method should have been adopted in cal- 
culating the actual performance of the Engines, when in 
another part of his Report Mr. Walker eays- 

From the account of work of the Hetton Engines, we 
find they are doing lesa than the others, owing, as we have 
calculated, to the rise in one part of their journey being 
too great for their application." 
Now, if the rise in ono part of the line of road in this 

instance reduces the effect of the Engines, is i t  not evident 
that the ascents in the Darlington Railway should operate 
in  the same manner, and in a proporticinate degree? Though 
thia is, from the above extract, Mr. Walker's opinion, he 
has deserted it entirely ia making his calculations respect- 
ing the performance of the Darlington Engines. I n  order 
to show, in as clear a manner as possible, the inconsi&ency 
of estimating the effect of a Locomotive Engine on a level, 
from that produced on a road consisting of a series of in- 
clined planes, some of which nearly approach the utmost 
limits of ascent where Locomotive Engines can be pro- 
fitably employed, we will take an imaginary case, where 
animal power is used. Let us suppose that a Railway, 20 
miles long, ascends on an average ten feet per mile, making 
the total ascent200 feet. 1f the ascent in the first instance be 
taken uniformly, a horse will pass over 20 miles with a load 
of 7 tonp, which may be considered a fair average day's 
work. Instead of the ascent being uniform, let it be irre- 
gular, and in some places to ascend so rapidly as to require 



an assidant horse, to enable the load to pam uninterrupted. 
ly. Here, therefore, we are compelled to have two harm 
t o  accomplish the same work that one would do if the 

L cent were uniform. It must be granted that the assistant. 
I horse would not in this case be fullyemployed; but although 

the  additional power may not be fully employed, it i, 
still necessary to overcome the increased resistance. 

This case is a precise parallel to the Locomotive Engine6 
on the Darlington Railway. 

In quick escents they exert occasionally, in ascending with 
the empty wagons, a force equal to l242 lbs,, whereas if the  
road be assumed to ascend uniformly 1 in 246, the greatert. 
resistance would only be 751 lbs. We may take an extreme 
case, by conceiving a Railway to consist of a number of le- 
vel planes, with intermediate ascents so great as to require 
the whole power of the Engine to propel itself. Here Lo- 
comotive Engines would be entirely useless; whereas if the 
ascent were made uniform, they might be the best possible 
kind of motive power that could be employed. 

The consumption of fuel being much greater in Locomo- 
tive than Fixed Enginea, it becomes a highly interesting, and 
indeed an essential point to determine the proportion with 
precision, before a correct comparison can be instituted be- 
tween the merits of the two systems of conveyance. 

It is probable that the consumption of fuel by Locomo- 
tive Engines will always be greater than by Fixed En- 
ginee. 

In  ,the latter the heat may, without inconvenience, be 
applied in the beet possible manner, and care taken to pre- 
vent loss o? heat by radiation; but lightness, compactness, 
and simplicity being absolutely necessary in Locomotives, 
we are compelled to adopt less economical methods of ap- 
plying the fuel. 

The great disparity which exists in this respect between 
these two kinds of Engines is a sufficient reason for making 
diligent inquiry on the eubject, 



In his estimate for coals for'the Stationary Engines, Mr. 
Walker takes 15 1bs. per hour per horse, which is con- 
siderably below the average consumption of these Engines, 
except kept in the most complete order; and even with this 
rare condition, and great uniformity of the work to be 
performed, few Engines are brought so low as 17 lbs.: 
more generally the consumption is 20 lbs. per hour per 
horse power. The fuel consumed by the Darlington Lo- 
comotive Engines appears to have guided Mr. Walker in 
fixing 23 lbs. per ton per mile as the probable average 
consumption b n  the Liverpool and Manchester Railway. 
The information he received from Mr. Storey, the resident 
Engineer on the Darlington line, respecting the quantity 
of coals consumed in two months by 4 Engines, and of the 
work done in that time, is unquestionably correct; and if the 
Engines had been as adequately employed during this pe- 
riod as Stationary Engines are, when the quantity of fuel 
is estimated, no objection whatever could have been urged 
against the.conclusion to which Mr. Walker had arrived; 
but these Engines are seldom or never kept in regular work, 
on account of the irregularity in the supply of wagons at 
each end of $he journey, which has been already alluded to. 

In  considering the subject of fuel in reference to thee  
Engines, it is very material to take into account the s top 
pages to which they are subjected, not from any inherent de- 
fect in the system or construction, but from casualties con- 
nected solely with the character of the trade. 

If, therefore, certain contingencies (in those instances 
where Locomotive Engines are employed) occagon a waste- 
ful expenditure of fuel, the same influenoe ought certainly 
to be calculated upon if any other species of power be ap- 
plied. Mr. Walker does not, however, appear to have 
made any inquiry as to the consumption of fuel by Station- 
ary Engines, where they are employed on Railways and 
subjected to delays similar to those we speak of on the Dar- 
lington line; and instead of drawing a just parallel on this 



point between the two systems, he takes tbe fuel consumed 
by fixed Engines ata minimum, even under favourable c i ~ .  
cumstances, and employs in his estimate the maximum, or 
nearly so, of coals consumed by Locomotives under very 
unfavourable circuinetances. 

It is extremely difficult, if not altogether impracticablq 
to determine accurately the quantity of fuel consumed by 
Locomotive Engines during the time they are actually in 
operation on any of the Railways where they are adopted. 
To arrive therefore at data to enable us to compare them - 
with Stationary Engines, we are compelled to rely upon 
experimente made expre&ly for the purpose, which, if made 
carefully a id  impartially, are certainly more valuable than 
information derived from, and applicable only to, particular 
localities. When it is stated that experiment is most valu- - 
able, it  must be understood that we refer to the comparison 
between the two classes of Engines similarly situated. Se- 
veral experiments with different Locomotive Engine6 a n  
detailed by Mr. Wood, in his treatise on Railways, which 
give the consumption of fuel as follows:- 

No. 1 Experiment . . 8.9 lbs. of Coal per tbn per mile. 
9 ,  2Ditto . . . . 8.13 ditto ditto. ,, 3 Ditto . . . . 2.05 ditto ditto. 
2, 4 Ditto . . . . 2.34 ditto ditto. 
$9 5 Ditto . . . . 1.60 ditto ditto, , 

Nos. 1 and 4 are the only experiments which could war. 
tant the consumption taken by Mr. Walker; and when the 
construction of the Engine is taken into account, this large 
quantity of fuel required is satisfactorily explained. The 
experiments 2, 8, and 5, were made with wheels of 4 feet 
diameter, to show the economy arising from large wheels, 
and the result approximates much nearer a true average, M 

compared with Fixed Engines, than that taken from the ac- 
counts furniehed from Qarlington, 

0 .  



The above experiments were made with Engines having 
a single fire tube through the boiler, similar to the whole 
of those on the other Railways visited by Mr. Walker, er- 
cepting one at Darlington, which hPe ,a double tube, and 
presents a greater surface to the fire. . 

Mr. Walker sp&ks of this construction as a great im- 
provement, yet he rejects the experiments made with thie 
Engine (for the express purpose of ascertaining the con- 
sumption of fuel,) and calculates upon the data he received 
from Mr. Storey, relative to the fuel required during two 
months by Engines which he acknowledges to be construct- 
ed upon less economical principles. That the experiment 
just alluded to is.good data upon which to form a judg- 
ment, the following by Mr. Wood will show in a very aa- 
tillfactory manher:- 

The Darlington Engine with a double tube, gave the con- 
suhption . . . . . . . . 1.60 per ton per mile. 
Mr. Wood's experiment, No. a, gave 2.1 3 ditto. 

Ditto, 3, ,, 2.05 ditto. 
Ditto, 6, ,, 1.60 ditto. 

Taking into consideration the smaller quantity of surface 
exposed to the fire in the Killingworth Engines, the accord- 
,ante is as near as could be expected, since difference in the 
condition of the Railway, as well as in the state of the wea- 
ther, would occasion some discrepancy. 

The "Lancashire Witch," from the Bolton and Leigh 
Railway, has recently been employed on the Liverpool and 
Manchester line, to draw made, &C., from an excavation on 
a part of the road exactly level. The construction of 
this Engine is different from any at that time in use, and 
it was interesting to know whether any economy in the 
consumption of fuel was produced. TWO distinct tubes 
pass longitudinally through the boiler, each of which con- 
tains a fire. The object of this arrangement was to apply 
a larger quantity of fire, as well as to obtain a greater ex- 
tent of surface. The following experiment was made with 



this Engine, and the greatest httention was paid to obtain 
accurate results. 

In 12 hours 158 wagons of matle and sand, each weigh- 
ing 4 tons, exclusive of carriage, were conveyed over a dis- 
tance of 1 410th miles, or 884 tona over one mile, without 
any allowance for back carriage, which was l58 wagons, 
each weighing 20 cwt., over 1 4-10th miles, or 221 tons 
over one mile. Two-thirds of the weight'of the empty car- 
riages' may be supposed goods: the performance will there- 
fore stand thus:- 

884 tons of gbods over one mile in one direction. 
147 ,, of ditto over one mile in the other direction. 

1031 ,, total conveyed by the Engine over one mile. 
Coals.-1 5 cwt. consumed by the Engine. 

1 ,, in heating water. 

16 ,, total weight consumed. 
This, divided by 1031 tons, gives 1.73. Ibs. per ton of goode 
per mile. 

From the duration of this trial i t  almost loses the cha- 
racter of an experiment, and may be regarded as the near- l 

est approximation to a fair average consumption. This is 
on the supposition that the Engines are fully employed, 
which becomes a vital condition when Locomotives are to 
be compared with Stationary Engines. 

On the annual repairs of Locomotive ~ n ~ i n e s  we agree 
with Mr. Walker, that there is little ground for speculation 
respecting the original cost of these Engines, and the men's ' 

wages in working them. So far, therefore, in our calcula- 
tion, we adopt the same amounts; but we think his estimate 
of annual repairs is considerably overrated, and, we believe, 
not borne out in any single instance by experience. I t  would 
have been more satisfactory if Mr. Walker had given his 
reasons for estimating the annual repairs so high as to make 
the yearly cost of keeping, in complete brder, one Locomo- 



tive v n t ,  to 4107. 8s. With the exception of one item ' 
in thb  .estimate, viz., u . f i~bars ,"  they are all at variance 
with our experienae for upwards of 14 years; but as no ex- 
planation of the i~dividual items is given, we refrain from 
eptering into an investigation of each separately. 

We have been favoured with an account of the actual as-  
nnal cost incurred in keeping in repair the Locomotive En- 
gines on the Springwell and Darlington Railways. On the 
former, two Engines have been employed about 41 years, l 

and, according to the account furnished by Mr. John Wood, 
the colliery viewer, these Engines cost, during the year 
1887, a8 f~llowsr- l 
Wright WO& - I - - - . 9 f t £10 15 S. 
$mith work + - T . - - - 4017 3 
pundry trademen% nccountr - . . - - 5 0 2 4  

£101 14 8 
W u c t  old materials - . . - - - . - 9 19 3) 

Total cast of repairs for two Engines - - - - 7 B1 15 44 -- 
Or, for one Engine - - - . . - - £45 17 8f - 

The same Engines csst during the year 1888:- 1 
~ m i i  work 2 - . - . - - - £22 1s Q 
Malleable Imn Bars - - . - - - c . 27  8 3 
Wright work - . . - - - - - - 4 3 2  
Bunrlry tradesmen's accounts, including Carting, Stop Cocks, 

Pumps, Clacks, &C. - - . - - - - 31 l7 64 

Total cost of repairs for two Engines - - V . - £86 3 114 

Or, for one Engine - . - . - - - - 1 113 

In 1829 the annual repaim -of four of the Ddrlington En- 
gines, aa per account, carefulb taken by Mr. Rackworth, 
~xclusive of Fire Bars, m, - . - . -£l54 8 0 

A d d f ~ r F i h  - - - - .  - - - 2 4 0 0  

Or; for one Engine - - - - - - W 1 2  0 -- 
.I 
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The near coincidence existing Between these two esti- 
mates, made by different individuals, is a strong proof of 
their accuracy; and when we consider that they refer to 
Engines without springs, and some other recent improve- 
ments, we are eatisfied that &50 is an ample allowance for 
the annual' repairs of Locomotive Engines more recently 
made. 

The necessity of employing Fixed Engines for the pur- 
p m  of assisting the Locomotiires to ascend the Rainhill . 
and Sutton inclined planes, comes next to be considered. 

These planes have a rise of 1 in 96, and were originally 
laid out for Fixed Engines; but, since that time, Mr. Ste- 
phenson has recommended the use of Locomotives entire- 
ly, and in his Report to the Directors on that subject says- 

<' I propose each Locomotive to take 30 tons of goods, 
and to keep an assistant Engine at the bottom of each 
plane, which will make the load of each 15 tons, or, with 
the wagons, 22 tons, and they will be enabled to ascend at 
the rate of 6 miles per hour." 

S Mr. Walker has taken great pains to investigate this sub- 
* ject, and has made several calculations to show how hope- , 

less it is to expect Locomotives to work on these planes 
H e  states that the effect which an Engine weighing, .with 
its tender, 10$ tons is capable of exerting, is only 375 lbs.; 
and that it will only just move its own weight up the hill 
at 10 miles per hour, and, consequently, an additional num- 
ber of Engines could do no good, as the weight of each 
would be its load." Adding-<' I t  would consequently be 
doing an injury to the Locomotive system to apply it to 
this work, for which it is evidently unfit. However good 
it may be in itself, it has its limits, and an ascent of 1 in 
96 is palpably beyond them, where. the length' and requi- 
site speed are so great." 

It very fortunately happens that there is already experi- 
ence enough to decide which of these two opinions approx- 



imatea nearer the truth, and we are surprised that Mr. Wal- 
ker should have entered' into a lengthened calculation to - 
prqve what' every day's experience demonstrates to the 
contrary; for there is no doubt but that three-fourths of the 
Locomotive Engines, now in use, are daily exerting a force . 
greater than would be required to ascend the Rainhiil planes 
at 10 miles per hour. 

We  have before had occasion to observe, that th6 Dar- 
lington Engines have frequently to exert a force equal to 
1242 lbs. at 4 miles an hour, or 1242 X 4 . e  10 = 497 lbs.. 

9 

at  10 miles an hour. 
On the Springwell Railway, where two Locomotives are * 

used, and where the angle of inclination varies from 1-280th 
to 1-80tb, the average being 1 in 122, one Engine travels 
with 18 wagons weighing 228 tons, or with Engine, &c. 
33 tong at an average speea of 6 miles per hour. 

In  the first place, the average resistance for the whole 
length of the line will be- 

Gravity 606 lbs. 
Friction 370 ,, 

976 X 6 c 10 = 5853 Ibs. the effect at 10 miles 
an hour. 

I n  the rlecond place, the occasional resistance on a rise 
of 1 in 80 will be- . , 

Gravity 924 Ibs. 
Friction 370 ,, 

. 1294 X 6 i 10 = 776 lbs. 

But as this part of the road is not very long, we have 
thought proper to take the average of the whole line. 

From an experiment made on the Bolton and Leigh Rail- 
way with the " Lancashire Witch," i t  appears that 58 tons 
were moved up an inclination of 1 in 432 at .the rate of 
8 8-10th miles per hour, which gives the effect at 10 miles 
per hour equal to 836 lbs. 



Mr. Walker rejects this experiment, because he suppores 
the safety-valve was tied down, and because the distance 
run was not sufficiently continuous; yet we should think, 
that with such a load, and at a speed of near 9 miles an 
hour, the repid abstraction of steam from the boiler would 
prevent all necessity of fastening down the valve; and the 
distance was very little short of the length of the Rainhill 
inclined plane, and therefore bears some resemblance to the 
point in question. 

On the Hetton Railway the rise in one part is consider- 
ably more than the average of the whole length, the former 
requiring the Engine to exert a force equal to 488 lbs. at 
10 miles an hour, while the latter, which is stated to be 
the Engine's real performance, is only 343 lbs. 

If  we recapitulate the foregoing, we shall have for the 
effect produced on the 

. Darlington Railway . 497 lbs. 
Springwell Railway . 5851 ,, 
Bolton and Leigh Railway . . .  836 ,, 

. . . . . . .  Hetton Railway 488 ,, 
Now, the whole of these results (excepting that of the 
"Lancashire Witch," just referred to,) are derived from 
the everyday work of Engines which have been in use for 
the last five or six years:-and, suppose that the force re- 
quisite to propel an Engine up the Rainhill inclined plehe 
be S75 lbs. as has been stated by Mr. Walker, it is evident 
that the whole of these Engines are exerting a greater force 
than would be required to surmount auch an inclination. 

The abrupt ascents which frequently occur on these Rail- 
ways will, in some degree, account for the weight of the 
Engines employed on them. The estimate of their actual 
performance has been erroneously made by considering the 
line to rise uniformly from one end to thk other, forgetting 
that the Engines are obliged to be made so heavy as to be 
able to overcome the greatest acclivity, a id  that the surplus 



weight upon other parts of the road becomes a clog upon 
the Engine, and reduces its beneficial effect. 

But to reduce the effect of Locomotive Engines on in- 
clined planes to a still greater certainty, same experiments 
have been instituted on the very plane in questioo, which 
must remove every doubt on the subject. 

EXPE~IMENT FIRST.-The Rocket" Engine, weigh- 
ing 4.i) tons, including the weight of water in, the boiler, 
took a load of C 

Engine . . . . . 4 tons 5 cwt. 
Tender . . . . . 2 ,, 10 ,, 
Wagona and Load . . 8 ,, 10 ,, 

15 9, 5 ,, up an inclination 
'of 1 in 96 in 5' SS", the distance being 14 mile, which is 
at the rate of 16 miles an hour. 

EXPERIMENT SECOND.-Engine . . 4 tons 5 cwt. 
Tender . . 3 ,, 0 ,, 
Wagons. . 13 ,, 7 ,, 

20 ,, 12 ,, UP 
the same inclination and the same length in 7' lo", which 
is at the rate of 121 miles an hour. 

In confirmation of these it may be added, that during se- 
veral trips up this plane with a coach containing 30 per. 
aons, a speed oT 24 miles an hour was maintained. 

No care in these experiments was taken to render them 
more striking than the ordinary work of Engines would 
justify. The " Rocket" had a lock-up safety-valve, load- 
ed to 50 lbs. on the square inch, and the rails, if any thing, 
were in a worse state than they usually are. Our object 
being solely to ascertain whether such an inclination might 
not be overcome by an Engine of that weight 

That these experiments have sufficiently answered the 



purpom Sir which they were intended is quite evident; and 
- 

even if facts had been wanting to prove the fallacy of Mr. 
Walker's position, these, from their direct application to 
the point in/ question, cannot fail to remove a difficulty 
wbich 8uch a statement was calculated to create. 

Onthe 19th of October some farther experiments with - 
6 e  same Engine were made, to determine what load waa 
be& adapted for regular work. The plane was level. Tbe 
distance in one direction was 14 mile, the weight attached 
waa 30 ~ B U ,  Tender 3 tons, Engine 4.t tons. 

Teight. Space. Time. 
1st Trip Eastward.. . .37f tons. l$.mile. 6' 10'' 

Ditto WestcRard.. .37) ,, 13 ,, 6' 46" 
M Trip Eastward.. . .S74 ,, 13 ,, 7' !W 
nitto Weetwad.. .37) ,, 13 ,, 6' 411 

3d Trip Enstward.. . .37) ,, l , 6' 35'' 
Ditto Westward.. .374 ,, l , 7' 12N 

9milesin41r 18" = 13 milca per hau. 

W2ght. S ' .  Tilne. 
&h Trip Eastward. . . ,413 tons. 1 4  mile. V 30" 

Ditto Westward. . A13 ,, 13 ,, V 45" 

3 miles in 13' 15" = 134 mile8 per hour. 

weight. &ace. nme. 
SthTrip -. . . .W tons. 14 mile. 6' l W f  
Dim we&nd.. .* ,, l , 6' 3Y' 

3 miles in 13' W = 1s miks per hour. 

It  may appearhgular that the increase of weight should 
be attended with an increase of velocity, but this may be 
accounted for by the steam rising during the times that the 
wagons were fixing on, and also by Engine getting in 
better working order after a few trips; but taking every 
thing into consideration, we regard the average rate of per- 
formanee on that day to be 371t tons, (gross,) or 20 tow of 
gmdq at 13 miles an hour. 

10 



In m experiment whioh waa a b m u d r  made wiib a m 
lord of 344 tons, in starting from one end of the stage tbe 
oteam was H) low that the Engine aould only juat mova 
the load. During the first quarter of a mile the avanga 
rate was not more than 6 or 6 miler an hour; in the & 
quarter it increased, and on rmving at the o h  end of the 
etage we were moving at  the rate of upwardl of 1% miler 
m hour. No additional fuel wrs put into the iim daring 
the whole length of the stage, nor wrs my extim rbebm 
thrown into the cylinders; in short, not a valve nor any 
part of the Engine was interfered with, but WM left to er- 
ert such power only as m ordinary fire might be capable 
of generating. 

~ x p e r i m d a  generally are deemed objectionable, becauee 
the Engine is forced beyond whgt it is capable of maintaia- 
ing; but, in this instance, them was more steam in the 
boiler, on arriving at the end of the atage, than there wan 
at the commencement; and hence the conclusion, that the 

' power of the Engiw is at least adequate to move a gosa 
weight of 344 tons, at the rate of l2 miles an hour: and w k  
&er the speed might not have inereased atill fartber is ; 
point which the shortness of the stage alone prevented our 
urcertaining. We do not, however, wish it to be suppod  
that this Engine would take three times the weight at one- 
third the rpeed, or 946 X 3 = 1034 tons at 4 mila an h o v ~  
k u s e  it WM made expressly for 1% mika an hour. There 
b, in all Engines, a certain speed for the piston, at which 

amximum effect L produced, and, if not striotly adhered 
to, a proportionate reductioo in the effect will be the con- 
reqaemce; and, therefore, to adopt wcb a plan of oalcula- 
tion would be M unfit and M erroneow IU that of supposing 
the speed of the Drr l inen  Enginer inareaeed 60 l0 miles 
m hour, md giving the multae the e k t  to be produced at 
that rpeed 

To give an e x a m p l e d n  the Railway, near Liver& 
m Engine vm employed for drawing the wagom loaded 



w&h m& It8 gentd bad WM h t  70 teer, (exdurive 
of its own weight,) whioh it moved at the rate of about 64 
m h  an hour; bat when detached, and haring only itr 
owa weight to mote, we found that it  war incapable of 
~sriatriaiig a rpeed of 20 miles an hour. But if the the 
eoy of pmportioning the load inversely, is the relouity, m 
adopted by Mr. Walker, had been correct, the Engiw 
ought to have taken 124 tons at that speed. Aleo, the pew 
bancm of the Rocket" hg ine ,  at 13 miles m hour, 
waa found to be 97.) ton8 grocn, and at S5 miles an hour 
the weight of the Engine w n  itu load; but, acaording to 
the m e  mle, it ought to have taken 94 ton& 

Fmm the experiments which have been detailed, it ir 
evident that, on. a level Railway, a Loaomotire Engine, 
weighing from 4 to 5 tons, will convey 80 tons of goode, 
uclwive of c a r r i a p  at the rate of l2 miles per hour; and 
tbat m the Rainhill and Sutton planes, which am erch 1) 
mile long, mending 1 in 96, the mme Engine will dmw 
8 tons of goods at 10 miles an hour. The force, thewfore, 
which the Engine hre to exert at thort apeedr on tha level, 
rrrd on the inclined plane, ia respactirely 497 lbr. and 
656 h. 

If we calculate tbe effect whioh r Ldcomotire Engine ir 
-able of producing at 10 miles per hour, hrviog two 10 
in& cylinders, with pirtow, moving 180 Eeet par minu6, 
and an etkctive prewow of %S lb. per Mjurre inch, (being 
one half tbe elasticity of steam in the boiler,) we shll 
hare 157 inches area of the cylinders X 26 lba X 180 feet 
+ 880 feet per minute (being 10 miles per hour) - 803 lba 
the power of the Engine, which exceeds the resistance of 
8 tons of goodq on a plane ascending 1 in 96, by 147 lk: 
hence the Engines are fully adequate to the load assigned. 

t h e  the Engines are proved to be more h equal to 
the mirtmce of 656 lbs. and proposed to work at this, it 



may aesm inconsi&nt to apply a load on the level, the re- 
sbtance of which only amounts to 497 lba 

Experience, however, has shown, that though a Loco- 
motive Engine may be constructed capable of overcoming 
a certain resistance, where unavoidable and peculiar local 
impediments render it expedient, i t  is injudicious to work 
regularly with a load that approximates m nearly to the 
utmost effect of which i t  is eusceptible. This is the rea- 
son why the load has been eo apportioned on the .halined 
planes and on the level; that on the former being 656 lba 
md on the latter only 497 h. 

The load for the Locomotive Engines on the Liverpool 
and Manchester Railway is therefore taken at 20 tons, ex- 
cept at Rainhill and Sutton, where assistant Locomotive 
Engines will be required, each capable of ascending with 1 
l2 tons of goodsl at 10 miles per hour. 

Admitting, as it is in Mr. Walker's report, that each En- 
gine will make three journeye daily between Liverpool and 
Manchester, we shall have the work of one Engine, equal ' 
to 80 tons of goods, conveyed over 90 miles, or 1800 tons 
conveyed over one mile. 
The daily traffic being stated at 4000 tons conveyed 30 

miles, or 120,000 tons conveyed one mile, will coneequent- 
ly require 67 Engines to perform the work. 

The assistant Engines requisite at Rainhill and Sutton 
planes being estimated equal to #ths of the load on the 

~ 
level, the daily work to be performed by them will be 
1OOO X 12 

20 = 8400 tons. 
Each Engine, when fully employed, may safely be cal- 

culated to make 20 journeys, or 60 miles per day, which 
is equal to 240 tons. Hence, 2400 tons will require 10 ae- 
h t a n t  Engines, making 77 the n~mber'constantl~ at work, 
to convey daily 2000 tons in each direction .between Liver- 
pool and Manchester; to which mus't be added one;fi.fth for 
spare Engines: the total number, therefore, will be 93. 



ESTIMATE OF CAPITAL BEQmBEU. 

W E m g i ~ ~ ~ a d T e ~ ~ d ~ m , . t ~  - - - - - BS,1106 
4 Water Btationa, at fSOO - - - . . - %W 

Cmrsinga at the Rainhi and Button inclined p k n g  for the U- 

rj l l trntEnginertopbonel ineofdtotheoth~r - 200 . 
Total capital - - - f58,m 

7 

ESTJMATE OF THE ANNUJUA COST OF EACH EN-. 

One Engine and Tender will cost - - - - f.600 
Add one-fifth fbr apare Engine and Tender - . 120 - 
Whole cost of 1 Engine at work - - - - H 2 0 0 0  

Inkrest of clipitnl, inchEding d e p e ,  at 7) per cent. $34 0 0 
- - 

Add annual repairs, as necertained by actual ob&rvation, on 
the Springwell and Darlington Railways - - - 5 0 0 0  

Waes,  CC& snd other expenses, as follown+ 
hgiaGrminS~ wage+ at 2ln per week - - AM12 0 
Ami8b~~t - - - - - - 26 0 0  
Coalr-l Engine hae been stated to convey 1800 

tom WC? l mile per day, which at 1.75 lbn 
per tan per mile, ia 5150 1ba per day, or, 
taking 312 working day in one yur, in 439 
toan per year, at 5n 16d. - . . - 138 0 1 0  

Gmmc, Oil, Hemp, &c. - - - - 1 2 0 0  
n o  12 10 

Annd cost of working 1 Engine - - - £324 l 2  l 0  

ANNUAL COST OF WATER STATIONS. 

.ad depreciation on original cod of each Water S& 
tim, viz. &WO, at 74 pn cent - - . - f37 10 0 

hnd pm &C- - - . .. - 5 0 0  
 orb for crch station, 100 ~OIM at 4a 6d - - . . nio o 
Attendant - - - - - .. - . - 3 9 0 0  

CostoflStation - - - S104 0 0 

Annual coat of leading 2000 tons of goods per day each 
m y  between Liverpool and Mancheeter:- 



b a n d c o ~ t O f ' W O t k b g ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ a .  -mm 8 2 
A n n d  cmt of 5& Water Stnti~nq at S104 each - - 520 0 0 

This sym divided by 4000 tons, conveyed over 30 mi& 
, per day,. er for 31a days, equal 37,440,000 tom conveyed 
over 1 ?h, $ves the cost at 0.164 of a penny per ton per 
mile, or 4 9-loth8 penes for the whole distance. 

The method of drawing goods on M w a y s  by means of 
Fixed Engines and .ropes, called the " reciprouting plalq 
of conveyancs," was said to be invented by Mr. Thomp 
non, who teok dut a patent for the improvement. 

The plan consists in placing Warn Engines at intervald 
of one or one and a half mile along the whole line of Rail- 
way, and having ropes running on rollers, @wed between 
the rails, to extend frem one Engine to tfPe other, by whicii 
the wagons are drawn farward. When a train of wagons 
leaves a station, it takes along with it another rope, techni- 
a l l y  called the tail-rope,," which serves to bring back 
the next train which is moving in the contrary direation; 
the rope which drew the first train then becomes the  tail- 
rope,yy and is drawn back by the former, which then be- 
eomerr the "head-rope." This is called the reciprocating 
system. 

As the application of thia kind of power is at present, 
very limited, there is necessarily a went 6f experience as 
to its practicability, where despatch and regularity .are inr 
dispensable. 

There can, however, be no doubt but that a upeed of 10 
or 19 milk an hour, or even more, may be maintained 
during the time the carriages are in motion; but whether 
the atoppages in changing ropes and crossing from one way 
to the other at the Engine stations may not reduce the ave- 

speed very considerably, ir a poiut on @&h we shall 
offer a few -ks. 



The Bninton and Shielda Railway lma five aontiliaapr 
planes worked by Fixed Engines, only one of which may 
be said to be on the reciprocating plan; for on three of the 
planes the loaded wagone run of themselves, and the rope 
ia merely used to draw back the empty ones; and on the 
othsr the full wagons are. drawn up, and the empty ones 
run k ~ k  with the rope: from which it appears, that on foui 
of the plane6 it is only neceamary to urn one wpe, the g r a b  - 
vity of the wagons dispensing with the other. 
- This mode is highly advantageous, in point of dmplieity 
md economy, when compared with the reciprocating eys: 

-tarn, where two ropes to each train are required. 
The Brunton and Shielde Railway hur only a single line 

@f mile with a passing place at the Engine rtatione; but, on 
tbe Liverpool mad, two lines would be required ,to be 
worked by the same Engine, which coneequently l e ~ e n a  
the airnflicity still farther. 

Mr. Walker has shown a plan,* by which the wegoM 
and ropes are to be managed at the stations, which, if not 
altsgether impracticable, ie certainly very dompler; but 
this may arise, in some degree, from the nature of the m, 
chineiy consequent upon the system, and not entirely upon 
the peculiar plan which Mr. Walker has pmposed. 

To explain this by example :-The diagram, No. 2 shorn 
two traitw'of wagom being drawn towards the station. The 
train d having to take the #witches at e to c m  into the ather 
road, necesmrily comes in contact with ,&e rape from the roll, 
No, 2, which is out at the next station. The same obstruction 
arises to the train c by the rope which isgout at the station 
in the opposite direction. e 

To remedy this, the ropes might be camed an frame-work 
above tbe loaded wagops, an h as where the latter wwld 
p w  tbe switchee ; but even in that case, the rope, in drawing 



a train towards any station, would ieqhlire b be detached'on 
arriving at the frame-work, and the impetus of the wagons 
would not carry themselves and the tail-rope through the 
.switches to the place where the next rope;would have to be 
attached. 

There are several methods of arranging the rope rollers for 
tbis system, which have objections more or less important, 
any of whidh will require a much greater stoppage of the 
train at the statiolls than bae been calculated upon. 

We are convinced of the truth of this, from an investigation 
which we made last year of the relative rates of speed on the 
Brunton Rail&ay, just referred to, which was embodied in 
one of Mr. Stephenson's reports on the same subject 

In commencing from that part of the Railway adjoining the 
river, we intended to have given a statement of the speed on . 
each plane ; but, owing to the wind being so very high, and 
the empty wagon8 not running freely on some of the planes, 

. we were obliged to wait for a considerable time at the sta- 
tions, and we therefore took little notice in passing up, far- 
ther than tlqt we were nearly two hours in going 5 miles and 
193 yards. 

In returning with a gross load of 31 tons, we had the wind 
a 

in our-favour, and the following is the result of the experi- 
.gent :- 

Y d  hg. !n?w 
Fht Plane.. ............. .l287 in 5' l@" W' 20" 

rs.yoppagu. 

Second ditto .............. .B16 in 7' 30" 4' 30" 
Third ditto.. .............. 1562 in 6' 30" ff 00" 
Fourth ditto.. ............ .l760 in ff 00" 5' 00" 

................. Fifth ditto 2068 in 5' 10" V 00" . 
S# m9es. 8993 in 30' W' 23' 50" 

From thii it appears, that during the time the wagons were 
in motion a speed. of upwards of 10 miles an hour was main- 
tained, which, by taking into account the stoppagea for ' 

c b g i n g  ropes, &c. :a reduced to 5; miles an, hour. These 
stoppaga, however, would not have been so much kthe En- 



ginee had been sufficiently powerful to draw both way at a 
time, as would be the case on the Liverpool and. Manchester 
Railway ; but this advantage may very likely be counterba- 
lanced by the complication in the machinery necesaay to work 
two lines of road 

We agree nevertheless with Mr. Walker that 24 minuta 
for changing the ropes, &c. is amply sufficient where dapatch 
is requisite; but who can look upon 30 mila of Railway, di- 
vided into equal stages, with 40 trains of carriages, moving 
a t  the rate of 12 miles an hour, and drawn by 90 different 
Steam Engines (a delay in any one of which would stop the 
whole,) without feeling that the liability to derangement alone 
M sufficient to render the stoppages extremely uncertainl 
And in considering this long chain of connected power, given 
out by so many machines, with the continual crossings of the 
trains from one line to the other, and subject to the govern- 
ment of no fewer than 150 men, whose individual attentioa 
is requisite to preserve the communication between two of 
the most important towns in the kingdom, we cannot but ex- 
press our decided conviction that a gstem which necessarily 
involves, by a single accident, the stoppages of the whole, M 

tot,ally unfitted for a public Railway. W e  have hitherto epo- 
ken of general disadvantages, but what inconvenience would 
individuals not suffer, on arriving at any particular point find 
that from some accident, which might have occurred several 
miles off, they were compelled to stop, without knowing the 
cause of the delay, and without a chance of any other carriage 
coming up to take them ' forward ? 

Mr. Walker has compared this system to " a chain extend- 
ing from Liverpool to Manchester, the failure of one link af 
which would derange the whole." But he addseu there are 
about 20 changes of horses in the mail between London and 
Liverpool, a stoppage a t  my one of which influences the 
whole; reverting to our metaphor, the chain here extends for 
two hundred miles, and notwithstanding the various chances 

1 l 



af rcci&nte and delays, the mail generally h v e ~  about tbe 
proper time." 

We do not see the comparison ao striki&ly as Mr. Walker 
seems to have done, for when an accident happens to a horse 
in the mail, another is generally brought to supply its place; 
but it would be impossible to supply the place of a 60 home 
Steam Engine with fhe same facility. But to place the two 
cases in a parallel position it would stand thus :-In case of 
accident to an Engine or a rope, every train between Liver- 
pool and Manchester would be stopped until the injury was 
*paired. So would it be with an accident with the mail, 

\ 

amry coach, and cart between Liverpool and London would 
be delayed, but as tbia sympathy does not end ,  Mr. Walker's 
metaphor is quite inapplicable. 

It engbt .not, however, to be inferred that we deem this 
mode of conveyance to be more liable to accidents than that 
%y Locomotives; but i t  must be admitted that an accident oc- 
curring to a Locomotive Engine only stops the particalar traia 
of carriages which is attached to it, and may, therefore, be 
considered only a partial delay, whereas a derangement in 
the reciprocating system, as we have already shown, create 
a general stoppage. 

I n  edirnating the cost of conveying goods by means of Fixed 
Engines, the friction and the wear of ropes become the most 
important considerations. 

The friction of ropes on a level Railway has hitherto been 
but very partially understood, owing to the dificulty of making 
experiments for the purpose of ascertaining it. Mr. Walker 
has given two experiments, whereby he shows that the 
amount of friction is equal to & of the weight of the rope; 
but as he has not given the weights of the wagons, nor the in- 
clination of the road, on which the experiments were made, 
we  are unable to ascertain whether this deduction is correct. 

We allude to this more particularly, because in experiment- 
ing for this purpose, the gravity of the rope itself has been 



almost univereally neglected. In the experiments made by 
Mr. Wood, he has given the friction of ropea on inclined 
planes of various rates of inclination, but his results can only 
apply to such planes as those cm which the experiments were 
performed, because the gravity of the rope was not conaidered 
a part of the accelerating force. 

Themethod whichwe adopted in investigating this part ofthe 
subject, was by placing so many empty wagons on an inclined 
plane a9 would move a given length of rope at a uniform ve- 
locity; this being ascertained, it is evident that the gravity of 
the rape and wagons will be equal to their friction. . 

Exnca~xmr FIRST.-Three wagons, weighing 72 cwt. 
maintained a speed of 14 mile an hour, with 930 yards of rope, 
weighing 3397 lbs., on a plane,ascending 1 in 33. 

EXPE~IMENT SECOND.-Four wagone, weighing 96 cwt. 
maintained the same speed, with 1370 yarde of mpe, weighing 
M)a4 lbe. 

EXPERIMENT TEIRD.--F~V~ wagons, weighing 6 tons, main- 
tained a epeed of 15 mile an hour, with 18 10 yards of rope, 
weighing 6600 lbs. 
TO redace these to fractional parts of the rope's weight- 

let. Gravity of wagons . . . . . 2443 Ibs. 
Gravity of rape. . . . . . 103 9, 

3474 ,, 
Deduct fiction of wagons . . . 39 ,, - 

Leaves 3084 ,, or of the weight 
of tbe rope for its friction. 

2d Gravity of wagons . . . . . 326 lbs. 
Gravity of rope. . . . . . . 152 ,, 



84 

&duct e t i o n  of wagons . . . 52 ,, 
Leaves 426 ,, or nearly 

3d. Gravity of wagons . . . . . 4071 lbs, 
Gravity of rope . ' . . . ' . . 200 ,, 

6074. 9% 

beduct friction of wagons . . . 65 ,, 
Leavb 5421 ,, or nearly 

There is in this result a material difference with-that of Mr. 
Walker, who states the friction at dZ, but as our experiments 
were made 6 t h  the greatest care, we cannot but tbink the 
result very nearly collect. 

1 

But to s b w  how much the weather, and consequent state 
of the roads, affect such experiments, we quote the following 
i h m  Mr. Wood. Speaking of a Fixed Engine plane hying 
an inclination of 1 in 75 nearly, he eays- 

"When regularly at work, this Engine drags 12 loaded 
carriages up this plane, and the rope is taken out again by 
the empty carriages descending the ;lane. In bad weather 
that number is not sufficient to accomplish it, and a horse is 
obliged to be constantly kept at the Engine, to assist the car- 
riages in overcoming the resistance of the rope."" 

If, therefore, these twelve wagons, each weighing 3080 lb. 
cease to move near the bottom of the plane, where the fric- 
tion of the rope is at its meximum, we s h d  have for the gra- 
vity of the wagons 

3080X 12+75=492 lbe. 
And For the gravity of the b p e  3527i75 = 47 ,, - 

539 , 
From which deduct friction of wagons . . . . . . . 180 ,, - 
Lecrves for the friction . . . . . . . . . . . . . . . . 359 1 bs. 

Treatise on Rail Roadq page 213. 



which ia rather more than #h of the weight. It would eri- 
deotly be very injudicious to calculate the power of Fixed En- 
gines on the assumption that the friction of the rope is only 
of. ita weight, when the cbaoges in the weather v e y  o h  
increase it to more than doqble that amount. 

It is well known that the Engines erected on the Brunton 
Railway were found to be inadequate to perform the work, 
which we believe to have-arisen entirely from an imperfect 
knowledge of the power requisite to move the rope. 
' The load which Mr. Walker has assigned to be conveyed 

by each Engine is 52 tons, to be dragged by a rope 31 inches 
in circumference; and, before estimating the cost, it will be 
necessary to examine whether such a size is adequate to such 
a load. 

In this, as in-most other cases, we can only refer to those 
Railwaysj where similarity of circumstances will warrant a 
comparison. The resistance of 52 tons will be 5841 ibs. 

On the Hetton Railway a five-inch rope is used to dmg 24 
empty wagons, each weighing 28 cwt. up an ascent of 1 in 
250. On this plane a three and a half-inch rope was origi- 
nally used, but it was so frequently broken that it was re- 
moved in four months. 

Then 3136 X 24 + 250 = 301 lbs. gravitp. 
And 31 36 X 94 i. 200 = 376 ,, friction. 

R&itance requiring a five-inch rope . . : 677 ,, 

On another plane, which is quite level, a rope four and a 
half inch- in circumference is used to drag the same number 
of wagona; consequently, 3136 X 24 i 200 = 376 lbs. the 
resistance requisite for a four and a half-inch rope ; and, by 
reducing these to the resistance of 52 tons on a level, we shall 
have by the former for the requisite size of the Rope, 

4.6 inches 
By the latter 5.6 ,, 



In  the foregoing we have not taken the weight of the 
rope into calculation, as the length of the planes are nearly 
alike. 

We are aware that on the Bmnton Railway ropes lighter 
than those at Hetton are used; but, since tbere are no level 
planes worked by this method at Bmnton, we think the de- 
duction~ from Hetton better data. 

But although the ropes used at Brunton are lighter than 
those which we should propose on the Liverpool line, it 
should not be inferred that the strain on the former is equal 
to that on the latter. 

For example :-On two planes, where three and a quarter 
inch ropes are used to draw back the empty wagons, the full 
ones running down by their own gravity, the rise being 1 in 
re0 and 1 in 123 respectively; if we take it at 1 in 122, we 
shall have for the resistance of 12 tons of wagons equal to 
354 lba. which is not quite two-thirds of the resistance of 52 
tom on a level. . 

The breakage of ropes at Brunton has been very frequent, 
which, on a Railway where comparatively little traffic is car- 
ried on, may not cawe much delay. We recollect noticing 
twenty-seven splices, or places where it had been broken in . 
one rope, and there were several others which showed evi- 
dent marks of being overstrained. 

On the Hetton Railway a very considerable trade is car- 
ried on, and a etoppage would consequently be a serious loss : 
it is very probable that the substitution of a five-inch for a 
three and a half-inch rope was occasioned by the delaps arising 
fiom the breakage of the latter. 

It is clear, therefore, that for such a line of Railway as the 
Liverpool and Manchester a rope of three and a half inchea 
in circumference is too small ; and, in order to prevent 88 

much as possible those delays arising from breakage, L a four 
and a half-inch rope is the very least in size that should be 
used ; and on the inclined planes a rope not less than five and 
a balf inches. 



In comparing the two spatem8 of conveyance, the con- 
sumption of ropes is a ve y material point ; and in conaidering 
it, Mr. Walker obsemes that experience ought. to be our 
guide. 

There can ip no doubt that experience ie the safest crite- 
rion in c a m  of this description, but great care is requisite in 
transferring the resulta from any particular Railway to ano- 
ther not similarly situated. 

The Brunton and Shields Railway, on which the cost of 
ropes is said not to exceed p'& of a penny per ton of goods 
per mile, is extremely favourable ; but the chief portion of 
this line deacends gradually with the load, and in favourable 
weather the reciprocating ,system ds adopted on one plane 
only. The data, therefore, afforded by this Railway cannot 
apply to the Liverpool and Manchester, where the whole is 
supposed level, or nearly so. 

The next instance which Mr. Walker adduces as a guide, 
is a Stationary Engine on the Darlington Railway, at Brusrel. 
ton, which works two planes, one ascending 1 in 33, and the 
other descending with the load 1 in 30. The cost of ropa  
is here stated to amount to id. per ton of goods per mile. 

To  determine from this data the cost of ropes on a level 
Railway, a mode of calculation is adopted a t  variance with 
everyday's experience. 

The average load upon the Brusselton planes is reduced 
to a level, and the cost reduced in the same ratio, without 
considering that the wear of ropes upon Railways is very ma- 
terially influenced by starting or putting into motibn the train 
of wagons a t  the bottom of the planes. Now the resistance 
to be overcome by the rope, when carriages are in unifonn 
motion; is much less than at the starting of the train, arising 
not merely from the friction of the axles being augmented by 
the adhesion between the axle and bush, when the wagons 
are in a state of rest, but also from the vis-inertiae of the mass 
to be moved. Every one experienced with the operations of 



W o n i r y  Enginea on Railways can bear teetimony that the 
breakage of ropes is mainly occasioned by the starting of the 
trains. 

On the Brusselton, as well as on inclined planes generally, 
tbe bottom is made level, and sometimes descending in the 
direction of the load, in order that gravity may aid the rope 
in giving motion to the train ; but, notwithstanding these judi- 
cious precautions, the rope receives the greatest injury a t  
starting, which of course exists to as great an extent on level 
Railways as on inclined planes, which are made flat at the 
bottom. 

The deductions drawn from the latter, omitting this consi- 
deration, are therefore totally inapplicable and uselees as a 
guide in determining the strength of ropes requisite on level 
planes. This view will show that the cost of ropes on inclined 
planes is a much nearer approximation to that on a level Rail- 
way, when large trains are employed, than is generally ap- 
prehended, and that the wear is far from being directly as the 
load. 

The last instance to which Mr. Walker refern in his Report 
as affording data on this important point, is on a part of the 
Hetton Railway, which is nearly level, where 301,800 tong 
are conveyed over 24 miles for an expense of S780 in ropes, 
which gives, according to the most favourable mode of calcu- 
lating, of a penny per ton per mile. 

This part of the Hetton road is worked by the recipro- 
cating system to a greater extent than on the Brunton and 
Shields, and theaplanes not varying widely from a level, is bet- 
ter data than either of the others ; yet it does not seem to have 
influenced Mr. Walker's conclusions on this point, having fixed 
on & of a penny per ton per mile, whereas the daily erperi- 
ence at Hetton indicates #&a. 

Since, however, the curves which exist on that line may in- 
crease the wear of ropes in some degree, we shall take the cod, 
when applied to the Liverpool and Manchester, at &#I of a 
penny per ton per mile. . 



. I t  appears that the accounts which gave onatwentieth of 
a penny per ton per mile on the.Brunton and Shields road, 
were founded upon the assumption, that (e*epting three 
ropes which had been actually worn out) those in use would 
do about half as much more as they had already done,"- 
a method of calculating quite inadmissible. 

There exists another powerful reason why the cost of 
ropes on the Brunton Railway should not be followed as a 
guide in making estimates in reference to the Liverpool and 
Manchester; viz. the di5xent planes do not only ascend 
and descend in the same direction with the load, but also 
with different degrees of inclination. This being the case, 
when a rope becomes insuffioient for the ascending planes 
with the load, i t  is not rendered useless, but may be applied 
to  some of the planes in succession, as the inclination de- 
creases, or where the empty wagons alone ascend: thus a 
rope may be employed much beyond the period that it 
would be serviceable on i line of road on which it was pro- 
posed to convey a gross weight of fifty-two tons in each 
train, and over a series of planes, scarcely differing from a 
level or from each other. A rope, when. unserviceable for 
one plane, mould be equally so for the wholo distance. 

Before entering into an examination of the requisite 
powers of the Engines, it will be necessaPy to divide the 
line into stages, which, for the sake of perspicuity, we adopt 
those proposed by Mr. Walker. 

The space between the Liverpool tunnel and the foot 
of Rainhill plane, about six miles in length, is divided into 
four spaces, each 14 mile long;-the ascending and de- 
scending planes each to form one stage;-the two miles 
level upon Rainhill two stages;-and the nineteen miles, 
from the foot of the plane to Manchester, to be divided into 
twelve stages of 1 4  mile each, and one stage of one mile 
nearest to Manchester. " 

12 . 



Tbe speed, when in motion, is proposed to be twelve 
milw an hour, which, including stoppages, will be reduced 
to nine miles an hour between the two extreme poiots. 

The power of the Engines on the 14 mile stages will b e  
thus:- 

. . . . . .  Friction of 52 tons at &th = 582 lba. 
Friction of 14 mile of 43 inch rope, weighing 

. . . . . . . . .  6888 lba at lrpth 574 ,, - 
1156 ,, 

Power of a horse at 12 miles an hour = 150 X 24 c la 
= 31 lbs.: then 1156 + 31 = 37 horse power; or, allowing 
for spare power, say 40 horses for one line, .or 80 horses 
for two lines. 

Power of Engines for the one mile 6tages:- 
. . . . . . . .  Friction of 62 tons, as above 588 1 b ~  

Friction of the one mile of rope, being two-thirds 
of the above . . . . . . . . . . .  382 ,, 

964 . 
But, since theee Engines need not be made to propel the 

goods a t  more than 8 miles an hour, because the space of 1 
mile can only be travelled over in the same time that the 
others are ,moving 13 mile, (on account of the necessary 
dependence of these Engines upon the others,) therefore, 
the power of a horse at 8 miles an hour will be '150. X 23 
i. 8 = 47 lbs. which, divided into 964, gives the power of 
these ,Engines = 201 horses, or for spare power 24 horses, 
or double that for the two .lines. 

The power of the Engines to work the two inclined 
planes will be- . , 



52 tons i 96 gives for gravity . . . . . 1819 lbe. 
52 tons+200 gives for friction . . . . . 682 ,, 
Friction.of rope, (54 inches circumference,) . 

10,700 lba -i- le = 891 ,, 
Gravity of rope . . . . . l q 7 0 0  lbs. + 96 = 111 ,,, 

. -  
2797 ,, 

8797 lba i (31 power of a horse at 12 miles) = 90 horsee. 
This would be the power of the Engines in case no d e ~  

scending train was passing down the plane at the same time, 
but which, according to the regularity of the system, be- 
comes a necessary consequence. W e  shall, therefore, as- 
sume the ,power requisite to work these planee, and the 
one-mile stages, to be 80 horses. 

The power of the Engine at the foot of the inclined 
planes.wil1, by allowing 10 horses to assist in overcoming 
the friction of the rope, be 50 horses, and the extra power 
et the tunnel 4Q horses. 

The total quantity of power will, therefore, be- 
17 Engines of 80 horses' power . . . . 1360 horses. 
1 ditto at the tunnel, 40 . . . . . 40 ,, 
1 ditto on the level at Rainhill, 48 . . 48 9, 

B ditto at the bottom of planes, 50 . . 100 . 9, 

1 ditto at Manchester, 24 . . . . . 24 ,, 
Total . . . 1572 ,, 

ESTIMATE OF CAPITAL REQUIRED FQB ENGINES AND 
MACHWERY. 

One Engine of 80 h& power - . - - ~ s o O  
Four Rope Itoh and Machinery - . . 550 
Engine-house and Chimney . - - - - - 650 
Dwelling-house, Re~ervo'm, &c. - - - - 200 

£4200 - 



Bw&een Strtioa, at m - - . . . . 
Ertrr power at the Tunnel, 40 homes - . . - 
One Engine of 48 horsess power - - - - S1600 

Bope Rolls - - - - - - - 500 
Engine-houie and Chimney - - - . - 600 
.Dwelling4puse and Reservoir - . . - 180 

# Two Engines at ottom of planes, 50 horses, game a# last - 
One Engine at Manchester, 24 homes - - - B60 
Rope Rolls - - - - . . - 250 
Enginehouse, &c. - - - - . . - 500 
Dwelling-house, Reservoir, &c. - . - - 180 - 
Sheaves for Ropes, 13,090, at 12s. - . . - . 
Four acts of Cminga and Tum-outs at each atation, 88, at 

£50 - - - --  . - - - - - 

ANNUAL EXPENSE OF STATIONARY ENGINES. 

Interest and depreciation on ~ 5 , 9 0 4  at the rate of 64 per 
cent. - - - . . - 

Coab for Engines, being diogether 1573 horse power, 
working 10 hours per day for 312 days, at 17 lbs per 
horse power per hour 37,223 tons, at 4s. 6d. - - 

Bepaircl of Engines and Machinery, including Fire Bars, 
Boilers, Hemp, Oil, &C., at £1 per horse power per an- 

43 Engine-men, at S54 12% - - . - - 
21 Assistants, at - - . . . - . 
42 Brakemen, at S40 per annum - - - - . 
84 Men to ride the trains, being one man to each rope, at 

fXQ per annum - - - - . . - - 
Wear and tear of Rope Sheaves, at &sper mile of double 

way . - - - - - - . . - - 
Oil for Sheaves, 2100 gallons, at 2s 6cl. - - - - 
8 Xen to oil &eaves, at £30 per ,amurn - ' - - - 
b u d  coat of keeping the Machinery in working order S25,156 4 2 



ROPES. 

108 miles of 44 inch Rope on the level stages = 2213 tons 
(after deducting value of old material,) at £42 per ton B296 0 0 

6 milea of 54 inch Head Rope for inclined planes 19 l-10th 
tons, at £42 - - - - - - - 8 0 2 4 0  

6 miles of 34 inch Tail Rope for inclined plrneg 7 tow 
17cwt. a t H 2  - - - - . - - - . 329 14 0 

Grooves for Ropes d n g  roads, 30, at £10 - . 300 0 0 

210,727 l 8  0 

WEAR OF ROPES. 

Interest on the above cost, at 5 per cent. per annum - S 3 6  7 10 
Although the wear and tear on ascending the inclined 

- planes will be inrrepsed, there will be a saving in de- 
ncending, and we therefore take 30 miles at l-10th of a 
penny per ton per mile, on 4000 tons conveyed daily, 
equal to 37,480,000 tons over 1 mile per mum - - 15,600 0 0 - 

Annual cost of Ropes, &c. - - - Zl6,136 7 10 

DUPLICATE ROPES, &c. . 

108 miles of qmre 43 inch Rape, 221+ tons, at S1 - - S11,288 0 0 
6 miles of 54 inch Head Rope for in+ed planeq 19 l-10th 

tons, at S51 - - - - - - - - 974 2 0 
6 miles of 34 inch Tail Rope for inclined planen, 7 toncl 17 

cwt at £51 - - - - - - . 400 7 0 
Dupliwtes for Engines, at the rate of &l per horse power 1,572 0 0 
Signal Stations, 22, at S25 - - - - - - 550 0 0 

9214,784 9 0 

Interest on this amount at 5 per cent per mnum, being the 
annual cost of Duplicates, &c. - - . - - £739 4 5 

SUMMARY OF ANNUAL EXPENSE OF ENGINES, ROPES, 
DUPLICATES, &c. . 

Engines, being e q d  to 1572 h o w  ' - - . - S25,156 4 2 
Bopea . - . . - . . - - . - 16,136 7 10 
Duplicates, &c. - - . - - - - - 739 4 5 

M,N1 16 5 



Which, divided into 37,440,000, the number of tone con- 
veyed over one mile annually, will leave ,02694 of a pen- 
ny per ton per mile, and the capital invested in this esta- 
bliihment will be- 
Engines and Machinery - - - - - - - £95,984 0 0 
Ropes, &c. in use - - . - . - - 10,727 l8 0 
Duplicate Bopee and Machinery - . . - - 14,784 9 0 

To compare the two estimates in one view:- 

The capital required to convey 2000 tone each way per 
day by Locomotive Engines will be - - - 338,000 0 0 

G by Stationary Engines - - - - - - 121,496 7 0 

~kerence in fovour of Locomotivee - . - - £63,496 7 0 

annual cost of conveying the same quantity by Loco- . 

. motive Engines - - - - - - 
. . - B5,517 8 2 

And by Stationary Engines - - - - , - 42,031 16 5 

Annual saving in favour of Locomotives - - - - £16,514. 8 3 

The rate per ton per mile by the ~ocomotive system 
is . . . . . . . . . . . . . 0.164 of a penny, 
and by the Stationary plan . . . . 0.269 9 3 

making an excess of expense per ton per mile of 0.105 of 
a penny by the Stationary system; or the proportionate ad- 
vantage is as 8 to 5 in favour of Locomotive Engines. 

We have not thought it necessary to include any contin- 
gent expenses which may be common to both systems, and 
we have made our calculations on the supposition that the 
trade be quite regular and uniform from one end of the line 
to the other. , 

These conclusions, considered in connexion with the Li- 
verpool and Manchester Railway, we believe are fully borne 
out by experience, especially when the disadvantages to which 



the Locomotive system has been exposed in ifs application to 
practice are attentively and impartially weighed. Until with- 
in a short period, Railways have been principally employed 
for the conveyance of coal or other. mineral, from mines to 
an eligible shipping place, and, since mines either become 
wholly or partially exhausted in a few years, it is essential, in 
constructing Railways for such purposes, to study economy 
i n  the first outlay. This necessity, combined with a want of 
information on the great importance of reduciog,the irregulm 
ities of the natural surface of the ground to obtain a unifonn 
section, has tended much to retard the progress of Locomo- 
tive Engines. 

When they were first introduced in the north of England, 
they were either very imperfectly constructed or were applied 
to  situations not adapted for their profitable employment. ' 
The'Collie ry Railways in the north have rarely been coustruct- 
ed with a due regard to the best sectional line, so that the 
greatest effect might be produced with the least expenditure 
of power; they more generally present ascents and descents, 
to an extent that render both horses and Locomotive Engines 
almost useless. Hence we perceive why the introduction of 
Locomotive Engines has been eo tardy and so frequently at. 
tended with unfavourable results. Such failures are ima- 
gined by many to arise from imperfections concomitant with 
the system itself, whereas they have really arisen from a 
misconception of their capabilities when properly brought 
into operation, and particularly from a want of discriminatio~ 

. in determining the limits, beyond which they become expea- 
sive and troublesome. 

In drawing a comparison between Locomotive and Sta- 
tionary Engines, as applicable tp the Liverpool and Manches- 
ter Railway, the relative expense is certainly of vast impor- 
tance ; but though this is a primary object, that of despatch 
ahd public accommodation are of the utmost consequence, 
and may be said to rank higher in the scale of importance 
than,expense, when the difference between the two systems 



fn the latter item m not veygreat. When the traffic upon a 
Railway is either small or variable, the Locomotive Enginea 
are not only cheaper but much more convenient, because the 
number of Engines in operation at one time may be regulated 
as the trade fluctuates; but when the Stationary system is adopt- 
ed, the whole of the machinery must be employed to convey 
the goods, however trifling. Where the trade is p a t  and near- 
ly uniform, as is the case between Liverpool and Manchester, 
the expense of the Stationary system approximates probably 
more nearly to that of the Locomotive than in any other 
locality in England. It is in this instance, therefore, that 
despatch and public accommodation claim particular atten- 
tion. 

In this respect Mr. Walker is of opinion that either sys- 
tem is fully adequate; but he does not appear to have duly 
considered the practical difficulties which are unavoidable 
where achain of Stationary Engines is employed. Locomo- 
tive Engines may be compared to horses, as far as conve- 
nience is concerned, with this advantage, that they are 
much more manageable, because each Engine is an indepen- 
dent power; but the case is widely different in the other 
syntem, where the whole is dependent on each individual 
part, and also upon a series of regulations, liable to be de- 
ranged by the inattention of workmen. With the Locomo- 
tive Engines the carelessness of one w o n  extends, in most 
cases, only to one train of carriages; whereas an accident 
produced by the same cause with Stationary Engines occa- 
sions a delay from one end of the road to the other, and the 
risk of aacident is evidently proportionate to the length of 
the line of road. We may go so far as to conceive a line of 
Railway, with Stationary Engines, so kmg, that accidents 
would be almost perpetually occurring: which leads to the 
inference, that the conveyance of a large quantity of goods 
by such a series of Engines and ropes, ,would in the end, be- 
come actually impracticable. 

This latter supposition is not advanced as applicable to 



the Liverpool and Manchester Railway, but medy to'abow, 
in a conclusive manner, that despatch and public accolrrmo- 
dation would be obtained by such a system with much greater 
diiculty in that line of road than upon any other h i r t o  
constructed 

I t  must be admitted that accidents with Engines applies 
with equal force to both systems, but accidents with the ropecl 
are the most general sources of delay, from which the La- 
comotive system is entirely free. When a line of rope al- 
ways occupies the centre of the Railway, i t  is almost a b  
lutely necessary, to prevent accidents at the crossings oftarn- 
pike roads, that the level of the Railway should either be 
considerably above or below tbe common road, to admit of 
bridges being constructed. This creates an increase in the 
orignal outlay, which may in some inetancea be very eeriollr, 
if not nearly impracticable. Mr. Walker, with 8 view to 
avoid the Raiiway carriages coming into contact with carts 
on the common roads, where they c m  on the name level, 
proposes to attaah what are technically called "friction 
clutches" to the Engines, so that the trains may be stopped 
by powerful brakes when necesiary, whilst the Enginea and 
the ether trains continue to move at the regular velocity. 
 his expedient is certainly practicable, but it would injure 
the ropes very seriously when the requisite force is applied by 
the brakes to stop the train of carriages, because the friction 
of the clutch must greatly exceed the &stance of the train, 
since it must be more than sufficient to give motion to them 
from a state of rest at each station. The inconvenience from 
sucb an adaptation of friction clutches would not stop here, 

, but would give rise to an irregularity at each Engine station 
from the trains, moving In opposite directions, not arriving at 
the same instant of time, which is cer&nly necessary to se- 
cure that despatch which Mr. Walker calculates upon in 
other parts of his Report. 

Another c0ntrivanc.e is suggested, viz. :-L& By connecting 
the head and tail ropea together under the train, by a contri- 
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imtmnq ta disengage the train from tbe rope, and 
by proper signals of approach, any chance of accident to per- 
mns er cattle crossing would be very much lessened." 

We eitlrer do not understand Mr. Walker% idea, fnwr 
the explanation he has given, or it is quite impossible to 
carry the suggestion into effect. 

If tht bead and tail ropes are connected under the train, 
tire7 will continue to move after the train is disengaged, and 
will mntihue to do so though the train may be brought 
m themefore the junction of the head and tail ropes can. 
notbe replaced under the train, but will arrive at tbe stetion 
before it. This beiog the case, inetead of disconnecting tbe 
bead and tail ropes from each other at the station, the Engine 
most continue to wind the tail rope on the drum until the 
hain arrives, or Ute ropes mast be disengaged, and the train 
brought  forward'^^ manual labour or horses, wherever it 
may be situated, ta the Engine station. 

This never can have been contemplated by Mr. Waker; - 

bdeed without an endless rope, the h i d  cannot be disen- 
gaged during the paseage from atation to station. 

The conveyance of intel&nce, from one Engine to am- 
tber, in the Stationary system, is liable to be interrupted by 

weather when telegraphs are adopted. Belhs .are 
wme6imea resorted to, but their operation is also uncertain, 
being indoeneed by the directisn and strength of the wind.' 
The wceaaary intelligence may also be conveyed from one 
station ,h the &her by attaching the tail-rope to the train, 

I and applying the Engine to drag it, together with the head- 
rape, in a contrary direction: this girw motion to the dnrm 
at tbe adjoining station, and signifies that the carriages are 
ready for proceeding. 

. 
. Though this M the most certain method when the state of 

atmosphere renders the common telegraph useless, it 
occupies too much time where despatch ir of vital impolr 
b e .  

, p m  t4e bcal dtuation of the Liverpool and Manchester 



Railway, it L evident that, in a very &W yam, moral 
branched from tbe various towns on each s i h  will job  the 
main line. Hence the t d e  on the different parts d tbe 
line will annually undergo some mdication. If, however, 
the SOItionary aystem were established in the oobet, it woaM 
be neceasay to construct the Engines of sufficient power to 
meet my probable increase of thie kind. If the Engines were 
Wt poreeesed of such extra power, and only made adequate 
to the trade already contemplated to crist between the sodr 
of the line, it is evident that much pelaonal inconvenience, 
or well & a poaitive dddfciment to the trade, would be ex- 
perienced. 

We allude to thia to show that much di5culty would 
arise in adjusting the powers of the Engines requisite for 
tbe different parts of the line of road between Liverpool 
and Manchester, excepting, indeed, they were all made very 
powerfid to meet apy future increase of trade. If such a 
provision were not made, we may suppose that goods from 
one end of the line is equal to the full performance of the 
Engines; in this case, the goods from any intervening town 
or branchline must be detained until the more distant tmde 
eubaidea It is unnecessary to make any comment on the con- 
sequences of auch a detentim. 

Whezever the Statioaarg. system ia adopted, it is eyideot 
that every branch-road must form a junction at an Engim, 
station, which will very frequently cause a material increase 
of expenditure in the formetion of such branch Railways, and 
therefore, produce a correqponding increase in the coat of ' 

conveying goode from town to town, The whole of these diffi- 
cultiea, which are ineeparable from the Stationary system, on 
a public line of road, where the trade must necesaaril y fluc- 
tuate, are easily and effectually obviated with Locomotive 
Eegines; for should the trade in any part undergo a tempo- 
rary increase or decrease, the requisite power may be im- 
mediately applied or withdrawn. 

Many other practical considerations might be adduced to 



eremplify tbe p a t  ~uperiority of the Locom~tire over the 
Sta t iow  system on a public Railway, but they are of a 
&c&tion not w i l y  understood or 'duly appreciated, except 
by , thw who have bad experience and frequent opportunity 
of witnessing the daily operation of machinery on Railways. 
Obataclee often arise from casualties, which, by bare mention 
in this place, would appear frivolous, whereas to the practical 
mpn they are of importance, and tend to demonkrate that it 
ie of great coneequence to 'adopt a system, the efficient ope- 
ration of which,. as a whole, is not dependent on each indivi- 
dual part. 





A& OUNT OF THE COMPETITION OF . LOCOMO- 
TIVE ENGINES FOR A PREMIUM OF 2500,' OF- 
FERED BY THE DIRECTORS OF THE4 LIVERPOOL 
AND MANCHESTER RAILWAY COMPANY, CON- 
TESTED AT RAINHILL IN *OCTOBER, 1099. 

The intense interest excited by the offer of this premium . 
was almost unparalleled; the friends of Locomotive Engines 
hailed i t  ae an era which was to create one of the great- 
est changes in the internal communications of the king- 
dom that had ever yet taken place. The, canal proprie- 
tors dreaded lest the issue of these trials should prove that 
a more economical mode of conveyance might be ee- 
tablished; and the projectors of the Railway viewed the 
experiment as one calculated to make that grand work pro- 
fitable to themselves and beneficial to the country, or show 
to them that an immense expenditure had been incurred 
which might otherwise have been avoided. 

The public were not idle spectators: they considered the 
successful termination would not only confer individual 
benefits and local advantages, but a great national good, by 
introducing a system of conveyance,throughout the country 
which is at once easy, safe, expeditious and economical, af- 
fording'to the poor a luxury hitherto denied to them, and 
to the more opulent adespatck which hitherto no sum could 
purchase. There are few classes that such a change would - not, in some degree, affect. A reduction in the price of 
coal may be said to affect all: the same may be said of a re- 
duction in the rate of carriage, and pkticularly as i t  re- 



@r the manufacturer, who, ae ia generally the crse in this 
country, is so internally situated, as to be conipelled either 
to relinquish a portion of his profits, or lay an additional 
price on the manufactured article, on amount of the ex- 
penses arising from conveyances. The facility afforded for 
conveying all kinds of agricultural produoe, for bringing 
into cultivation those lands which, on wcoubt d their re- 
mote situations and want of proper cornmudcation, have 
bean so long neglected." 

The enormous expen& of maintaining such an establish- 
ment of coach-horses, as the increase of travelling within 
the last few years haa M) fearfully augmented, is a subjeet 
too serious to be overlooked,-to say nothing of the cruel- 
ties so often practised on these poor animals, and which 
tends so much to lessen those enjoyments which travelling 
would otherwise give. We need only consider the ta% 
which such an establishment involves on the country, and 
then my, whether the introduction of Steam power is not 
"a consummation devoutly to be wished." 

In  a political as well as in a military point of'view, we 
would also remark, that the facility of moving W h  great 
rapidity from one station to another, shows, how a whde 
nation may be concentrated. Distance may very propedy 
be estimated by the time required to traverse it: thus Li- 
verpool may be said to be 41 hours from Manchester, and 
22 hours from London; but since 90 miles an hour has been 
found to be attainable, Manchester would only be 1: hour 
and London 7 hours from Liverpool. From this view of 
the subject, every town in the kingdom would be brought 
nearer to each other, and the whole civil or military force .. of England might be concentrated in any given point within 
the period of a few hours. The last, though not by any 
means the least important consideration, is the saving in 

* The method now doptad for cultivating Ghat Mosr, by -- of 
Rdwayo, wemplifitr t U i ~  position m& strikingly. . 
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time. It may ba i n k e d  that time qmt by men of bud- 
neaa in travelling fmm one place to another (exoept q r e m  
ly for pleasure,) is loot, because it is turned bno predtable 
=nt; thus a p e w n  who makes two journeys from Li- 
mrpool to Manchester, and back in  r week, upends on the 
road 18 hours, which might be accomplished in five houm, 
d m t i n g  a saving of 13 houm per week, which is no 
lem than five years of his life. When thee  advmtageo 
are properly estimated, it will not appear surprising that 
&ese trials should have produced so general an interest 

The day fixed for the competition was the first of Octo- 
ber, but, to allow the Engines sufficient time to get into 
p o d  working order, the directors extended it to tbe 8th. 
The followiag conditions were issued from the Board p 
lriwdy to the day of running:- 

6 6  1. The said Engine must effectually consume ib own emote, 
r)eeordingto the provieions of the Railway Act, 7th Geo. 4. 

6 4 %  The Engine, if it weighs six tons, must be capable of 
drawing after it, day b l  day, on a well-constructed Railway, on 
8 level- plane, a train of Carriages of the gross weight of tsren6 
tone, including the  ender and Water Tank, at the rate of ten 
miles ,per hour, with a pressure of steam in the boiler not er- 
ceding 50 lb. on the square inch. 

((ad. There must be two safetpvalves, one of which murt be 
completely out of the reach or control of lhe Engine-man, md  
neither of which must be fastened down while.the Engine ia 
working. 

"4th.. The Engine and Boiler must be supported on spridgr 
and rest on six wheels; and the height, from the ground to the 
tep of the chimney, must net exceed fifteen feet. 

4' 5th. The weight of the Machine, with its complement of 



water in tbe boiler, muat, at mod, not exceed six tonr; and a 
Machine of less weight will be preferred if it draw after it a 
proportionate weight; and if the weight of the Engine, &c. d o  
not exceed five tons, then the gross weight to be drawn need 
not exceed fifteen tons, and in that proportion for Machinea of 
still smaller weight, provided that the Engine, &c. shall still be 
on six wheels, unless the weight (as above) be reduced to four 
tons and a half or under, in which case the Boiler, &c. may be 
placed on four wheels. And the Company shall be at liberty t o  
put the Boiler, Fire Tube, Cylinders, &c. to the test of a pres- 
sure of water, not exceeding 150 lbs. per square inch, without 
being answerable for any damage the Machine may receive in 
consequence. / 

6th. There must be a mercurial gauge a5red  to the ma- 
chine, with index rod, showing the steam preeeure abgve 45 
pounds per square inch, and constructed to blow out a t  a pres- 
sure of 60 pounds per inch. 

6 6  7th. The Engine to be delivered complete for trial at the 
Liverpool end of the Railway, not later than the le t  of October 
next. 

6' 8th. The price of the Engine which may be accepted not 
to exceed f i 5 0 ,  delivered on the Railway, and any Engine not 
approved to be taken back by the owner.'' 

"N. B. The Railway Company will provide the Engine 
Tender with a supply of water and fuel for the experiment. 
The distance within the rails is four feet eight inches and a 
half.!' 

T h e  gentlemen appointed to be judges on this occasion 
were Mr. Wood, of Newcastle-upon-Tyne; Mr. Rastrick, 
of Stourbridge; and Mr. Kennedy, of Manchester. 

T h e  number of Engines entered for the prize was five, 
VIZ. :- 

Owneta. Names of Enginer. Wight. 
Mr. R. Stephenson . . . . . 6"l'he Rocket" 4 tom 5 cwt 
Me-. Braithwaite and J3ricss& The Novelty" 3 ,, l 9, 

Mr. Hackworth . . . . . . The Sans Pareil" 4 ,, W ,, 
Mr. Brandreth9s (Horse Machine) The Cycloped" 3 9 ,  0 ,, 
Mr. BurstPll . . . . . . . The Perseverance" 2 ,, 17 ,, 



On the morning of the 6th the ground at Rainhiil ex- 
hibited a very lively appearance; several thousand persons 
m e  collected from all parts of the country, amongst whom 
Rere mveralof the first Engineers of the day. A commo- 
dious tent had been erected for the accommodation of the 
ladies, which was graced by the beauty and fashion of the 
earrowdiag neighbourhood; the sides of the race-ground 
were lined with carriages of all descriptioqs;-in short, the 
tout elcsemble exhibited as much bustle and excitement ad if 
the great St. Leger1 had been about to be contested. 

The Bocket of Mr. Stephenson was first called out. This 
Engine was placed on four wheels. The boiler is cylin- 
drical, having 25 tubes passing directly through it, for the 
purpose of conveying the heated air from the fire which is 
contained in the fire-box" attached to one end of the boil- 
er. The cylinders are fixed on the sides of the boiler, and 
work diagonally to the outside of the two fore-wheels of the 
Engine. These wheels are 4 feet 8 inches in diameter; those 
on which the "fire-box" rests are only two feet six inches. 

This plan of passing tubes through the boiler was sug- 
g a h d  by Mr. Henry Booth, the Treasurer to the Railwag 
Company, whose object was to expose the greatest surface 
to the action of the heated air with the last area of tube: by 
this means the heat is rapidly transmitted into the water, 
and prevents that escape into the chimney to which large 
pipes are more or less subjected. 

The weight of the Bocket being 43 tons, the load, ac- 
cording to the conditions already cited, was 12# tons, 
making the total mass in motion 17 tom. The distance 
run at full speed was 12 miles, which was accomplished in 
53' 20", being at the rate of 131 miles an hour. 

This being only a preparatory trial, no account was kept 
of the consumption of fuel, or of the other circumstances 
requiring consideration. 

The Novelty of Messrs. Braithwaite and Ericseon was 
next exhibited. . This Engine is so far novel as to carry the 
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' .  requirite quantity of. water and fuel on the rame carriage 
with the Engine. It consista of an upright boiler or steam 
rerervoir, at the bottom of which is the h p l a c e ,  surroulp&- 
ed with water; the fuel is conveyed down a small tube 
which passes through this boiler, and combustion M r u p  
ported by means of a blast worked by the Engine. From 
the bottom of thir boiler another, of a cylindrical h p e ,  
purer horizontally above the main axle13 of the carriage, 
and a pipe, twice returned, passes through it for conveying 
the heated air from the furnace. The cylindeb are placed 
perpendicutarly with cross heads, working to two bell- 
cranks, which are connected by rods to the main axle of 
the carriage. 

The appearance of the NozeZty is very much in its h- 
vour: the machinery is ingeniously contrived to work out 
of sight, and thq whole forms as compact a machine rs can 
well be imagined. 

The day being kr advanced, and some dispute having 
arisen as to the method of w i p i n g  the proper load for the  
NoveUy, m p a r h l a r  experiment was made, farther than 
that the Engine traversed the course by way of exhibitioa, 
occlsionally moving at the rate of 94 miles an hour. 

The Sans Pareil of Mr. Hackworth WM ale0 exhibited. 
Thir Engine differs very little in its construction from 
thwe used on the Dadington Railway. The tire is con- 
tained in a tube which ir continued along the inside of the 
boiler, and is returned back to the tame end at which it en- 
tered, The cylinders, as in the Novelty, are placed perpen- 
dicularly, and the pistons work from beneath to the con- 
necting rods which am attached to the outside of the two 
fore-wheels of the carriage. No particular experiment wu 
made with the Sans Pareil on this day. 

October 7th.-In consequemce of the dispute above al- 
luded to, the judges thought proper to dmw up a new bt 
of ~pnditiolls, which WM printed and circulated on the 
ground. The fallowing M a copy:- 



6' The weight of the Locomotive Engine, with ib full com- 
plement of water in the boiler, shall be ascertained at the 
Weighing Machine, by eight 09clock in the morning, and the 
load a-ed to it shall be three timer the weigbt thereof. 
The water in the boiler rhall be cold, and there shall be no fuel 
in the are-place. As much fuel rhall be weighed, .ad m much 
water shall be meamred tnd delivered into the Tender C- 
r e ,  as the owner of the Engine may consider su&ierrt fat& 
supply of the Engine for a journey of thirtpfive miler The 
fire in the boiler shall then be lighted, and tha quantity of hel 
consumed for getting up the steam shall be determined, md 
the time noted. 

The Tender Carriage, with the fuel and water, rhall be 
considered to be and taken as part of the load assigned to 
the Engine. 

Those Engines which carry their own fuel and water, shall 
be allowed a proportionate deduction for their load, according 
to the weight of the Engine. 

*' The Engine, with the camsgcr attached to it, shall be run 
by h d  up to the Starting Part, and m soon ar the etaam is 
p t  up to fifty pounds per square inch, the Engine &all ut out 
upon its journey. 
a The distance the Engine shall perform &h trip hal l  k 

ope mile and three quarters each way, inaluding one-eighth of 
r mile at each end for getting up the speed and for @topping 
the train; by this means the Engine, with its load, will tnrd 
one and .-half mile each way at full mpeed. 

The Engines shall make ten trip3 which will be equal to 
a journey of 35 miles, thirty miles whereof shall be performed 
at full speed, and the average  ate of travelling shall not be 1ew 
than ten miles per hour. 

"As soon as the Engine has performed this task (which will 
be equal to the travelling from Liverpool to ~anchestei,) there 
shall be a fresh supply of fuel and water delivered to her; and, 
as rooa an she can be got ready to set out again, she shall go 
up to the Starting Post, md make ten trips more, which will bd 
equal to the journey fmm Manchester back again to Liverpool. 

"The time d performing evtq trip shall &G acctuatdy 
noted, M well as the time occupied in  getting ready to set out 
on the second journey. 



Before the Judges arrived on the ground the Novelty had 
been got ready for the purpose of trying the load which 
the Judgea had assigned,to it yesterday, and, before the se- 
cond trip was accomplished, the bellows for creating t h e  
blast gave way, and rendered the Engine ineapable of go- 
ing through ita perhrmance on this day. 

A defect having been discovered in the boiler of the Sans 
Pareil, the judges allowed Mr. Hackworth some farther 
time to get it repaired. 

To lessen the disappointment which these accidents oc- 
casioned to the nuyerous assemblage of anxious spectators, 
the Rocket was brought out, add a coach, capable of con- . 

taining thirty persons, attached to it, which was moved at 
the rate of 24 to 30 miles an hour, to the great gratification 
of the several parties who had thronged during the day t o  
enjoy so extraordinary a ride. 

This evening the Judges ordered the Rocket to be in 
readiness at eight o'clock on the following morning, to go 
through its definitive trial according to the new conditions. 

October 8th.-The Rocket, after having got a sufficient 
mpply of water in the boiler, was weighed on the Machine, 
and found to be 4 tons 5 cwt. The load, therefore, was- 

Tons., Cwt. Qrs. h. 
Engine - . - - - - - 4 5 0 0  
Tender, &c. - - - - - - 3 4 0 2  
Two Caningea loaded with Stones - - 9. 10 3  26 

Whole mnss in motion - - 1 7 0 0 0  

The time occupied in getting up the steam to 50 ibs. on 
the square inch was 57 minutes, and the fuel weighed out 
for the purpose was 142 lbs. of coke; but, since the '6 fire- 
box" was full of ignited coke when the steam was up, we 
cannot say how much was actually consumed in the pro- 
cess; neither do we consider this of much importance, be- 
cause the quantity of steam generated will always be in 
proportion to the quantity of fuel consumed, and in insti- 
tuting an inquiry into the comparative merits of Engines, 
a superiority in principle will show itself more readily 



when fully at WWL tbur in the mewe operation of getting 
up the stwn. 
The length of the course was 15 mile, exclunive of one: 

eighth of a mile at each end for rtoppiog and getting up 
the rpeed of the Engine, train, &c. as &own by the follow- 
ing diagram:- 

No. 1. No. 2. 
j i mile. t 13 mile at full speed t i d e  tEUL wa4t. b v e l ,  

The. number of trips for the first experiment was ten, 
making the distance travelled at full speed 30 miles, and 
the total distance 35 miles. 
The following Table will show the time occupied in pas#- 

ing along the stage in each direction, and also the time lost 
in stopping and getting up the speed of the train at each 
end: 

EXPERIMENT FIRST. 

Ended at 
l0 48' . 38'# 

Whole time 
3O 1 48" 

Frne of s m ~  
ng and gel 
og UP 
leed. 

VEST EXD. 

h e  goin! 
nt fmm Pw' 
0. a to PWI 
0. I. 

fin. See. ...... 
6 43 ...... 
8 22 ...... 
8 03 ...... 
7 03 

..a .S. 

6 05 ...... 
8 42 ...... 
7 35 ...... 
6 57 ...... 
7 05 ...... 
5 12 

O 11' 47) 

rime wben ; 
in motion. ( 
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2 35 ...... 
3 14 ...... 
4 02 ...... 
2 01 

2Y 06'' 



iio 
Thir prrt of the U dea l"  bang eampleted, the Ebgine 

Nn down to the wateminb rtation and took a fnrh isupply 
of water; it then ran baok to the atrrting post, and after 
baviog tab in rome more fuel, it pnprrad for the eecond 
journey. 

The time occupied was 14' 34". 

EXPERIMENT BECOND. 

Time p i  r ime gain 
wat l l l t iS -ah~ .  
WO. StoPmtNo.  1to h 
n0. L NO. S. 

In the former of these experiments 30 miles were tra- 
velled in !2O 14' S", which is at the rate of 13A miles per 
hour, and the time occupieh at both ends of the stage, in 
stopping and getting up the speed of the train, was 57' M", 
during which time the Engine.travelled 5 miles. 

In  the latter experiment 30 miles were travelled in 5!O 

6' 49", which is at the rate of mile8 per hour, and the 

ended& 
So . W 21" X 

Whole h e  
2O 57' W' 

... ... 
2 02 

... ... 
2 18 ...... 
2 13 ...... 
1 S7 
0 45 

W W' 
26' 16" 

.......... T o e ~ l  .SW 2 0 ~  'Z P U 4 ~ '  

7 18 ...... 
7 46 ...... 
8 19 ...... 
6 32 ...... 
5 18 

l0 W 37" 

~ - ...... 
6 09 ...... 
5 23 ...... 
5 25 ...... 
3 44 ...... 
57' 12" 

l0 W 37" 



r b o p w  at the e h  .mounted to 60' $W"' dudng whi& 
ti l~e the Engine travelled 6 miles. 

The quantity of hd wneumed in 70 m k  was 1085 lbs. 
otmk,e, which, by taking the whole mm8 moved vic. 17 
ton8 conveyed over 70 miler, or 1190 tons over one mile, 
gives 0.91 lba per ton per mile; or if we deduct the Engine 
and tender, and conrider the available load only, it will be 
1.63 lb .  per ton per mile. 

The q d t y  of water wed in 70 mile8 war 680 imperial 
gallons. 

I n  referring to the Tables, it  will be found that the last 
trip of 3 miles, in eaah experiment, waa made at the rate 
of 199 miles per hour; and the last eastward trip of 14  mile 
wrs performed in 3' 44", which is upwardo of 24 miles per 
hour. This fad shows that the Engine wpr working quib 
within its power, having in both experiment8 a reatmeof 
uteam for the lost journey. 

Thess experimeatr show that there is more friction in 
propelling the train than in drawing it, for it will be wclr 

in the Table, that the time occupied in traversing the west- 
ward trip wrs almort invariably longer than in the contrary. 
direction; and the wagon8 were pmpelled before the En- 
gine in going westward, and drawn behind it in going 
eastward. If, in the laut experiment, we take the time 

, for the eutwrrd trips only, we shall have 57' 1%" in run- 
ning 15 miles, which is at the rate of 159 miles pew hour; 
and since in practice the train may always be drawn after 
the Engine, the average rate of speed may be taken at 159 
mile8 per.hour. 

Neither the Nortclty nor the Sans Pareil being ready to 
&ter upon their trials, the J u d p  deferred the fvther pro- 
secution of the experiments until the lea, u, as to give the 
ownem of them Engiaed an opportunity of gatting every 
thing ready. Subrequently, however, to this amngement, 



Means &ritbwaite and Hricsunr requested thet . their 
Engine might be tried on Saturday the loth, whikh the 

- Judges very readily granted, and an advertieement appear- 
ed, h t i n g  that thb Engine was to 'be tried on that day, 
and that it would perform more work than any Engine on 
the ground. 

The 9th Oatober then became a dies non.?' 

On the loth October an unueual assemblage collected o n  
the course to witness the exhibition of the Novelty, and 
this being Saturday, it was fully expected that the trials 
on this day would give some idea as to whom the premi- 
um would ultimately be awarded. 

The Nmlty was weighed, and after deducting the weight 
of the water and tank, was found to be 3 tons 1 cwt. As 
this Engine was constructed to carry its own water and 
fuel, the judges had some difficulty in assigning its proper 
load; however, after much discussion, they resolved on the  
Eollowing method:- 

That since the Rocket weighed 85 cwt. and carried 
191 cwt. of useful weivht, then the Novelty, weighing 61 
cwt. should by a rul of three question, take 137 cwt. of 
useful weight, leaving each of the Engines to carry their 
fuel and water in their own particular way. 

The weight of the whole train then was as follows:- 

nm6. Cwt. Qrs. Lbr. 
Engine, water bnk, water, and fuel - 3 17 O 14 
Two Carriages loaded with etones - 6  11 0 0 

Whole mass in motion - - 10 14 0 14 

The time occupied in getting up the steam to 50 lbs. on 
the square inch was 54' 40", and the quantity of fuel weigh- 
ed out for the purpose was 66 lbs. of coke and fire wood; 

0 

but for reasons before given, it waa not ascertained how 
much remained in the furnace after the steam was up. 

At eleven o'clock the Novelty commenced and p m d  



the first post in good style, but in returning the pipe from 
the forcing pump burst, and put an end. to the bid. The 
average rate of speed when in motion was upwuds of l5 
miles an hour, but sihce the distance waa m short, it wae 
impossible to form a correct estimate either of the powem 
of the Engine or of the consumption of fuel. 

The pipe, however, was in the course of the day repaired, 
and the Engine made several trips with a coach (in which 
were many scientific gentlemen) at the rate of 84 to 88 miles 
per hour. 

I t  wan then agreed that the Sans PareiZ should perform 
its task on Tuesday the 13th, and that the Novelty should 
be allowed another trial on Wednesday the 14th, these per- 
formances to conclude the contest. 
, 

The Sans Pareil having been at work during the night, 
the water in the boiler was etill hot, and consequently 40 
notice was taken either of the time or the quantity of fuel 
required to raise the steam to 50 lbs. on the square inch. 
This part of the inquiry being of so little consequence, the 
Judges did not think it necessary to attend to it, particu- 
larly since much would have been lost in ascertaining it. 

The Engine, with its complement of water in the boiler, 
was then placed on the weighing machine, and found to be 
4 tons 151 cwt. One of the conditions issued by the Di- 
rectors was, "that if any Engine be more than 44 tons 
weight, it must b e  placed on six wheels;" and, since the 
Saw Pa&l was not on six wheels, the Judges considered 
that it was not entitled to compete for the premium. 

Mr. Hackworth contended that his Engine war not above 
weight, and that the weighing machine was not correct; 
however, it was at length thought advisable to let the En- 
gine run on the same footing with the othen, k d  aee whe- 
ther its merits entitled it to a more favourable considera- 
tion. 

15 



The weight of tbe wbde train wpr aa follow8:- 
!lb. Cwt. Qlv. Lbr, 

Engine - . - .- - - 4 1 5  2 0  
Tender, water, and he1 - - - 3 6 3 0  
Thnewspnslaodedwith stoma - - 10 19 3 0 

Whole mana in motion - - 1 9 2 0 0  

The manner of gerfonniag this ezpaaiwmt wrrr prwiue- 
ly rrimilir to W with the Aocht. 

Min. Scc. Min. Sec 
5 9 . . . . . . .  

7 37 ...... ...... 6 3 
7 8 ....... 
... ... 6 8 '  
7 21 ....... ....... ; 5 34 
6 34 ...... 

S.. a.. S 59 
6 56 ..a.... 

a. . . . .  6 1 
7 ie ....... ...... 6 22 
B 1  ...... ...... 31 ...... ...... 

. 
In mturnlng westward in the eighth trip the oald water 

pump got wrong, and from want of a supply of water in 
the boiler the leaden plug wam melted, and the water and 
steam rushed into the clzimuey, and pat an end to the ex- 
pepirnent. 
?'m tbe time of starting to the time of arriving at the 

post No. 2 in the eighth trip a distance of 221 miles was ran 
in ld 97' 16", which is at the rate of 133 miles per hour, and 



tbc time occupied ia rtoppsga Ww 39' 5S", duriq wbich 
time the Engiae and train travelled 3s milea The wbob 
dibtence &eh is 96d milee, but unce the Engine had got a 
conaiderable way m relaming the eighth trip, tbe whole db 
tance run to the time of stopping was 271 miles. The con- 
mmption of coke waa 1369 lbe. in carrying 1% over the 
upwe of 974 miles, or 5a5) tom over 1 mile, and which giver 
9.& lbr. per ton per mile for the whole mag moved, or by b 
due* ffYe might of the Engine and tender gives 4+ lb. of 
coke per ton per mile -Ay. 

The qwtity of water ueed in 271 miler was 274 imperial 
gallonsr 

Before the Engine could be got ready again, it became too 
hte to cattinm the experiments. 

OcJbbsr 11th.-This being the day on which the pm 
mium WM to be won, then  was an unusual assemblage of 
visiteta 

The N i Z t y  was again brought out, and the usual preli- 
a inar ia  being gone thmgh, i t  made a trip by way of reheae 
sal, to see if all its working parts were in good order. This 
-being ascertained, the Engine was brought up to the starting- 
post, and tbe same lord being attached to it as on the loth, it 
darted on its journey. 
The fitat trip of 3 milea was performed in 16' 43", which 

i n  at the rate. of 10) miler an hour. In the second trip the 
@pe which conveys the heated air from the furnace through 
the horizontal boiler collapsed, and the etearn, forcing its w a ~  
into the h place, was evolved from the bottom of the furnace 
into the rtmocphere. Thin fklure .was a t  the time attributed 
fb ,the yielding of a green joint," and wan conaidered ae wch 
bp the Jndger ; but having seen the pipe when it was taken 
out, we h 1  convinced'that ita failure alone wan eufficient to 
aacapat for the accident, without the addition of any joint 
giving way. 

The h l t y  was then withdrawn, and Mr. Hackworth 



requmted that he might be allowed another trial. The Judges 
refased, on the ground that his Engine was not only above 
weight, but that it was on such a construction an they could 
llot recommend to the Directors of the Company. 

The Pmscverance of Mr. Burstall, which had met with an 
accident on its way to the course, had been got ready and 
brought out this day, but not being able to move at more 
than b or 6 miles per hour, Mr. Buretall declared that he had 
no intention of competing for the premium. 

We believe also that Mr. Brandreth withdrew the Cy- 
czoped. 

The course was thus left clear for the Rocket, which, after 
having gone through the '' ordeal," and ful6lled every stipu- 
lated condition, was pronounced by all tg be fully entitled to 
the prize; and to show that it had been working quite with- 
in i@ powers, Mr. Stephenson ordered it to be brought on 
the ground and detached from all incumbrance, and in making 
two trips it moved at the astonishing rate of 35 miles 'an 
hour. 

These experiments have accomplished, one very material 
object, and that is, getting rid of the smoke. .Every Engine 
was constructed for using coke, and every one present must 
agree that in this respect they all fulfilled the conditions 
impoaed, for there was not one particle of smoke to be per- 
ceived. 

In considering the h i h  velocities which each' Engine at- 
tained with its load, we feelxonvinced that the loads assigned 
were too emall. The conditions stipulated that each Engine 
should take three times its own weight at the rate of 10 miles 
an hour; but we find them moving from 14 to 19P miles, and 
in one instance at 24 miles an hour, with this load; and the 
subsequent trials with the Rocket, given in our Observa 
tione, h." page 73, 'have shown that even with a load of 

. 



nearly eigbt tinm tbo weight of the E-, a epeed of 1s 
milea an hour was maintained. W e  name thir, becm w b  

. tbe weigbt of an Engine becomea one-fbnrth of the whole 
train, inatead of oneninth, the consumption of fuel, when ea- 

. . timated on the goods and wagons only, is very mrterially in- 
creased; fbr instance, in the Uordeal" which the Rocket 
passed tbroagb, 1190 tons g m c ~  weight were conveyed over 
1 mile with 1085 l b ~  of coke, which is equal to 0.9 1 of a b. 
per tan per mile, or by estimating the goods and wagons only 
ia 1.63 lb. per ton per mile ; but if a gross load of 37f tons 
had been conveyed over the same distance, or 2607 tons over 
l mile, then the consumption of coke would be thus :-If 
1190 tona require 1085 lbs., then 2607 will require 2377 lba 
which gives for the gross weight 0.91 of a lb. per ton per 
mile, as above, but considered on the available weight only is 
reduced from 1.63 lb. to 1.13 lb. per ton per mile, which b 
very nearly one-third less. 

In corroboration of the truth of this method of reasoning, 
we wiU give .the results of an investigation made with eucb a 
load es we consider to be about the average for economical 
purposea The Engines with which the two following expe- 
riments were made are precisely similar in the principle of 
their construction, and differing only from the Rocket by . 
having a greater number of tubes of a 1- diameter pmsing 
through the boiler. 

EXPERIYENT FIRST. 

A load of 344 tons was conveyed over a space of 433 miles, 
which is equal to 1500 tons conveyed over 1 mile, with a 
co~umption of coke amounting to 1422 b., which is equal 
to 0.94 of a lb. per ton per mile, and if we add the weight of 
the Engine and Tender (7 tom) it will be equal to 1804 ton8 
conveyed over 1 mile, and the conw~ption of coke will be 
0.78 of a lb. pef ton per mile. 



The avemge rped w b  in motion war from 10 to 19 milw 
per how. 

A load of 26 tons was conveyed over a space of 36) miles, 
and a load of 32) tone over a apace of 6 miles, which is equal 
to 1908 tow conveyed over 1 mile, with a consumption of 
coke amounting to 1808 lbs., which is equal to 0.83 of a lb. 
per ton per mile, or by adding the welght of the Engine and 
'Sender, as in the former experiment, will be 0.67 of a lb. per 
ton per mile. 

To these may be added an experiment which has been 
mode with the Nmlty, which, since the competition, has un- 
-one considerable alteration. An additional cylinder, ex- 
p d  J for working the bellows, has been applied, and a more 
effectual communication made between the horizontal boiler 
urd the steam reservoir. The pipe which conveys thebeated 
air from the furnace has also been ibwered, in order to p*- 
veat a recurrence of the accident which proved fatal to it 
daring the trials for the premium. All these are decided im- 
prooemente, and have enabled the Engine to work for a much 
longer time together than it was before capable of doing ; at 
the name time they have added to its weight. 

The distances and loads taken were as follows :- 

Tau. Cmt. Q?& TOM. cwt. W. 
3 mileavith 7 9 2 e q d  22 8 2 wer one mile. 
3 ditto 17 6 3 ditto 52 0 1 ditto. 
38) ditto 28 1 0 ditto 799 8 2 ditto. 
3) ditto 25 0 0 ditto 81 5 0. ditto. 

Total mmht of tono conveyed over3 015 
m e  mile.. . .. . . .. . . .. . . .. . . .. . . . . . 2 1 

The rwornmptioa of hel tm 588 lbs. of coke, which is 
e@al to Q614 of a 1h per ton per mile-or,  by adding the 
weight of the Engine as in the former c- (four tom,) will 
be 0.53 of a lb. per ton per mile. 



in comparing these experiments with t h  made in Octo- 
ber, we find them much more favourable, both in regard to 
the consumption of fuel and in the loads conveyed. Indeed, 
we consider that the perfo~mancea during the competition 
have not produced any result that can fairly be called rupe- 
n o r  to the daily performance of other Engines then in uae. 

We admit that a greater speed was attained than had been 
contemplated, but the loads attached to each Engine were too 
small to show that t&r application would be attended with 
so much economy as more recent experiments have demon- 
strated. The Directors, in apportioning the loads, were no ' 
doubt iduenced by the Report of Messrs. Walker and h- 
trick, who tixed on 191 tons of goods and wagons as a proper 
load for an Engine weighing 8 tons ; and they aim stated, that 
t o  increaee the power of the Engine, that h, to enable it to 
take more than 191 tons at 10 milea an hour, a correspond- 
ing increase to its weight must necessarily take place. The 
whole mf the experiments have given 8b decided anegative to 
this statement, as to require no farther comment. 

Locomotive Engines, as well aa Railways, may be said to 
b e  yet in their infancy, and but partially understood: when 
properly applied we believe they will be found highly advan- 
tageous ; but we fear lest the opinion which has got too widely 
circulated, that Locomotives will ascend steep inclinations, 
may retard their introduction even where they are best fitted. 
W e  should be sorry to eee their powers abused, for we doubt 
not but, when the Liverpool and Manchester Railway shall 
have been opened eo as fully to develope the usea to which 
they may with safety be applied, that their introduction will 
become general'throughout the kingdom. 



LIVEBPOOL AND MANOHESTER 



ACCOUNT, &c. 

CHAPTER I. 

INTRODUCTION-PARLIAMENTARY PROCEEDINGS. 

THE adoption of Railways as a means of inland commu- 
nication, for the transit of merchandise and passengers, 
forms an era no less remarkable than the first introd;~ction 
of Canals, add constitutes a change in the long-established 
modes of conveyance no less striking and important. The 
Railway, however, is by no means a recent invention: near- 
ly two centuries have elapsed since the f$st partial intro- 
duction of Tram-roads, rudely constructed of wood, at a 
trifling outlay of capital, and still smaller expenditure of 
scientific arrangement. The substitution of iron for wood 
was a great improvement; but the formof the rail continued 
for a long time very objectionable, consisting of flat pieces 
of cast iron laid on the ground, with a side flange rising 
two or three inches to confine the wheel to its proper track. 
The rails thus resting on the ground, were unavoidably co- 
vered with soil or sand; and i t  was not tiH the adoption of 
the edge-rail, raised above the ground, that Railways at- 
tained those advantages over common roads which they are - 
now acknowledged to possess. 

In  the last quarter, of a century Railways have multiplied 
rapidly, especially in the neighbourhood of Newcastle and ' 



Sunderland; hnd a hp amsunt of capital and.skil1 have 
been employed in their construction, and in the erection 
m d  adaptation of the different kinds of machinery with 
which many of them are worked. Still these Railways are 
comparatively of small extent; detached, isolated and pri- 
vate undertakings, and appropriated exclusively to the con- 
veyance of coals to the ehippiag wharves on the Tyne and 
Wear. b 

The first public Railway, established by Act of Parlie- 
ment for the conveyance of general merchandise and pas- 
#engeFs, as well as coab, wm the Stockton and Darlington. 
This Railway is about twenty-five miles in length, extend- 
ing from the Witton Park Collieries, in the neighbourhood 
of West Houghton, in the county of Durham, to Stockton- 
upon-Tees, and passing within a few hundred yards of Dar- 
lington, which is dtuate about midway between the two 
extremities of the line. This Railway consists of a single 
road, with -aiding8 every quarter of a mile, to allow car- 
riages to pass one another. A small quantity of merchan- 
dise, and three o r  four hundred pamengers weekly are con- 
veyed along this line between Darlington and StJckton: but 
here, as in the neighbourhood of Newcastle, Coal is the staple 
commodity, the tolls oli this artiole alone being six or seven 
times the amount derived from the aggregate of all the other 
murces of revenue. The subscribers to this undertaking 
hsd originally to encounter a long and strenuous opposition 
on the part of land owners, whom property was affected, 
and of'coal proprietors, whose pecuniary interests were in- 
terfered with. The first application to Parliament was un- 
successful; but in 1889 t h e ' ~ c t  for the present line was 
obtained; and the 97th of September, 1825, has become 
memorable as the day on which the Stockton and Darling- 
ton Railway was opened to the public. 

The pioject of the Liverpool and Manchester line was firat 
discussed as earIy as 1822. Mr. Wiliiarn James, of Lon- 
don, Engineer, having witnessed the powers of the Loco- . 

* 



motive Engine in the neighbourhood of Newcaatlesn-Tyne, 
conceived that it might be successfully employed on a Rail- 
way for commercial purposes. H e  brought a letter of in- 
troduction to Mr. Sandars, a gentleman who, haviog had 
practical experience of the insufficiency of the existing 
modes of conveyance from Liverpool to Manchester, was 
prepared to give all due consideration to any plan which 
proposed a remedy for a tried Mr. Sandam 
adopted the scheme, and became father to the present un- 
dertaking. A preliminary survey was made of the country 
between the two towns, Mr. Sandem being guarantee for 
the estimated cost. The line of road recommended in this 
survey was not ultimately adopted, but the project, after 
some intermission, went forward. 

A combination of striking and favourable circumstances 
evidently belonged to a line of communication between the 
towns of Liverpool and Manchester: the one a commercial 
sea port, second in importance only to London; the other 
a large manufacturing town, and the centre and focus of a 
populous manufacturing district. Looking, indeed, at the 
intimate and necessary connexion between the two places- 
foreign produce of every description passing daily from 
Liverpool to Manchester, and manufactured goods finding 
their way from Manchester to be shipped at Liverpool to 
every quarter of the globe; considering this incessant in- 
terchange of commodities, comprising at that period up- 
wards of 1000 tons per day conveyed between the two 
towns, and this large traffic being rapidly on the increase- 
one should reasonably have expected to find the utmost fa- 
cility of conveyance subsisting between the two towns, or ' 

at least that no very serious delays or difficulties would be 
found to impede the actual transit of commodities from 
the one place to the other. But how did the fact corres- 
pond with this reasonable expectation, and how far had the 
means of conveyance for goods and merchandise kept pace 
with the mighty commerce of the two towns? 



The great canal proprietors, which for nearly a century 
had taken charge of the conveyance of merchandise be- 
tween Liverpool and Manchester, are the Mersey and Ir- 
well Navigation (commonly styled the Old Quay) Compa- 
ny, and the Trustees of the Duke of Bridgewater's Canal. 
The flats or barges, in both cases, have to navigate the Ri- 
ver Mersey from Liverpool to Runcorn, a distance of about 
twenty miles, according to the ordinary track which ves- 
rels are able to pursue, and thence by separate routes, the 
Duke af Bridgewater's navigation by canal terminating in 
Castle-field, Manchester, and that of the Old Quay Compa- 
ny consisting alternately of canals and the Rivers Mersey 
a d  Irwell, till it reaches the same great depot; the whole 
distance being about fifty miles. The Old Quay Company 
obtained their first Act of Parliament i n  1733, and the 
Duke of Bridgewater in 1760. We shall take i t  for grant- 
ed that, at this latter period, the trade of Liverpool had so 
far increased as to render expedient the establishment of a 
second means of conveyance, namely, the Bridgewater 
Canal. We have now, therefore, to ascertain whether, 
since the period of 1760, there has been such an increase 
in the trade and commerce of this district, as. to render it 
probable that eveu a third line af communication might 
be desirable and beneficial to the public; and a few leading 
facts in the comparison will be abundantly sufficient to de- 
termine this point. : 

I n  1760, the number of vessels which paid dock duties 
at Liverpool was 2560. 

I n  1824, when the Railway Company was formed, it 
was 10,000; the tonnage of the port having more than 
doubled in the ten preceding years, namely, since 1814. 

In  1784, twenty years after the establishment of the se- 
cond canal, an American vessel arrived in Liverpool, 
having on board for part of her cargo eight bags of cotton, 
which were seized by the officers of Customs, under the 
conviction that they could not be the growth of America! 



In 1884, there were imported into Liverpool, from &me- 
&a, 409,670 bags of cotton. 

In 1760, the population of Liverpool was about 26,000. 
In 1824, the population was 135,000. 
The same stupendous increase is to be found in the trade 

and population of Manchester. 
In 1760, the population was about 22,000. 
In 1824, it waa 150. C I : 
The first steam-engine used in Manchester was in the year 

1790, t h i i  years after the d c t  was obtained for the second 
canal. 

In 1824, upwards of 200 steam-engines were at work. 
I n  1824, there were nearly 30,000 power-looms employed, 

while only ten yeam previous there was mt one.* 

Though the preaent argument required that I should show the great 
increase of trade up to 1824 it may not be amiss briefly to notice the aug- 
mentation of our commerce since that period. 

In 1824, year ending 24th of June, the number of vessels 
paying dock dues in the port of Liverpool is .stated above, at.. . .10,000 

In 1829. it was.. ........................................ 11,383 
In 1 8 ~ / / ~ e a r  ending 3 M  of December, the cotton imported 

into Liverpool was.. ...................................... 447,083 bnga .. In 1829, the importation W.. ......................... 640,998 
In 1824, the quantity of goods passing daily between Liverpool and Man- 

chesterwas estimatedat 1000 tons. It ia now (1830) about 1300 tons per day; 
in the proportion of 1000 tons passing h m  Liverpool to Wchester, a d  
300 tons pPssing fmm Manchester to Liverpool. 

But the trade which haa increased~withperhapa the greatest rapidity is 
the importation into Liverpod of live stock from Ireland, to be attributed 
mainly to the establishment of steam conveyance. The following M an a- 
thentic account of the import into Liverpool, principally from Ireland, for 
30 months; and of this large supply no amall portion it is calculated will 
seek a conveyance to Maneheater and the neighbourhood by the Rail- 
WaY* 

.. From June, 1827, to June, 1828.. 33,164 3,875 133,567 107,066 

1829,to . . 32,816 15,846 91,589 82,561 six months, 



It may be replied, however, to this statement, that ad- 
mitting this vart increase in the population and commerce 
of the two towns, atill, by increasing the number of boats, 
with facilities of loading and discharging, ample accommo- 
dation might be afforded to the public. But what are the 
facts as they existed in 18241 Mr. Sandars, in a pamphlet 
published in that year, expresses himself as follows:- 
"Notwithstanding all the aecommodation the canals can 
offer, the delays are such that the spinners and dealers are 
fiequenffy obliged to cart cotton on tbe public high rod, 
a distance of S6 mileq for which they pay four timeb the 
price which would be charged by a Rail-mad, and they are 
three times as long in getting it to band. The same o b  
servation appliea ta manufactured goods, which are sent by 
land carriage daily, and for which the rate paid is five 
times that which they would be subject to by the Rail-road. 
This enormous sacrifice is made for two reasons-some 
times because conveyance by water cannot be promptly ob- 
tained, but more frequently because speed and certainty 
as to delivery are of the first importance."-P. 17. 

About the same period also, the following Public De- 
claration waa signed by upwards of 160 of the moat w 
spectahle inerchants of Liverpool:- 

We, the undersigned inerchants and brokers resident in 
the port of Liverpool, do hereby declare that me have for 
a long time past experienced great difficulty in obtaining 
veseels to convey goods from this place to Manchester, 
and that the delay is highly prejudicial to the trading and 
manufacturing interest at large. That we consider the pre- 
eent establishments for the transport of goods quite inade- 
quate, and that a hew line of conveyance has'become abro- 
lutely necessary to coaduet the increasing tradeof the coun- 
try with speed, c e ~ i n t y  and economy."-(&n&~8, 
p. 29.) 

Considering it, therefare, as undeniable that an increased 
faaility of conveyance between the two towns WM highly 

l 
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desirable, it b e c q e  a question whether a Railway would 
best combine the essgntial requisites of safety, economy 
and despatch. In order the better to be enabled to form 
a judgment on this point, a deputation, consisting of Mr. 
Sandars, the late Mr. Lister Elliq Mr. Kennedy, of Man- 
chester, and the writer of this account proceeded to Dar- 
lington, where the Railway was then unfinished, and after- 
wards to the neighbourhood of Newcastle and Sunderland, 
where various Railways were in operation, and where both 
Locomotive and Fixed Engines were employed for the con- 
veyance of coals from the pits to the respective places of 
shipment This deputation made their Report to a Com- h 

mittee of Gentlemen in Liverpool, of which- John Moss, 
Esq. was Chairman, on the 20th of May, 1824, when it 
was finally determined to form a Company of Proprietors 
for the establishment of a double Railway between Liver- 
pool and Manchester. A subscription list was opened and 
speedily filled, principally with names connected with the 
towns of Liverpook and Manchester. A permanent Com- 
mittee was afterwards appointed, of which Chas. Lawrence, 
Esq. at that time Mayor of Liverpool, was eleeted Chair- 
man. Mr. Geo. Stephenson, of Newcastle-on-Tyne, wrur ( 
appointed Engineer. The necessary surveys were under- 
taken, and every preparation made for soliciting an Act of 
Incorporation in the ensuing Session of Parliament. 

On the 89th of October, 1824, the Committee issued 
their ~ r o s p c t u s ,  which, as the first public announcement 
of the objects of the Company and the nature of the under- 
taking, I insert in this place:- 



LIVERPOOL AND HANCHEBTER RMAOAD CDMPANP. 
OOYLIXTTEE. 

PmZicranentory dgcnt, T~oB.  MOULDEX S~SPWOOD, E*-Ehginca, GXO. 
8-son, Esq.-sblioilba, M- Pmm and Cur.-Bd&?d, M- 
HMS, ~ U I  and Mow, Liverpool. 

PROSPEOTUS. 

'6 The Committee of the Liverpool and Manchester Rail-road 
Company think it right to state, concisely, the grounds upon 
which they rest their claims to puMic encouragement and. sup- 
port. 

6' The importance, to a commercial state, of a safe and cheap 
mode of transit, for merchandise, from one part of the country 
to another, will be readily acknowledged. This was the plea, 
upon the first introduction of canals: i t  was for the public ad- 
vantage; and. although the new mode of conveyance interfered 
with existing and inferior modes, and was opposed to the feel- 
i n g  and prejudices of landholders, the great principle of the 
public good prevailed, and experience has justified the deci- 
sion. 
'' It i8 upon the same principle that Rail-roads are now pro- 

posed to be established; as a means of conveyance manifestly 
superio~ to existing modes: possessing, mo'reover, this recom- 
mendation in addition to what could have been claimed in fa- 
vour of canals, namely, that the Rail-road scheme holds out to 



the public not only a cheaper, bot far more expsditiour convey- 
ance than any yet established* 

The Liverpool and Manchester Rail-road is proposed to 
commencc near the Prince's Dock, Liverpool, thence to Vaux- 
ball-road, then through Bootle, Walton, Fazakerley, Croxttth, 
Kirby, Knowsley, Eccleston, Windle, Sutton, Haydock, New- 
ton in Mackerfield, Golborn, Lowton, L e i i ,  Pennington, ht- 
ley, Idam, Yl'ordey, Eeclee, Pendlebu y, Salford, Hume, to 
the neighbourhood of the westerly end of Water street, Man- 
chester: in the whole, a distance of about thirty-three miler. 
By a reference to the plan it will be perceived tbat the roul 
does not approach within about a mile and a half of the re& 
dence of the Earl of Sefton, and that it traverses the Earl of 
Derby's property over the barren mosses of Kirby a d  Know* 
ley, passing about two miles distance from the hall. In de- 
ciding upon the proposed route, the Committee hwe been anx- 
ims, at considerable inconvenience and expense, to select a 
line which may not only be e l i i l e ,  canaidered in itself, but 
may be as little objectionable as possible, with reference to ia- 
dividual and local interests. 

The ground has been surveyed by eminent Engineers, and 
the estimated expense of a Rail-road, upon the moat improved 
coastruction, including the charge for Locomotive Engines, to 
be employed on the line, and other contingencies, is &400,000, 
--which sum it ia proposed to raise in 4000 e h w s  of &l00 
each. 

U The total quantity of merchandise preeing between Liver- 
pool and Manchester, is estimated, by-the lowest computation, 
at one thousand tons per day. The bulk of this merchandise is 
transported either by the Duke of Bridgewater's C m l ,  or the 
4bMersey and Irwell Navigation." By both of these convey- 
ances goods must pass up the river Mersey, a distance of 16 or. 
18 miles, subject to serious delays from contrary winds, and not 
unfrequently to actual loss or damage from tempestuous wea-, 
ther. The average length of passage, by these conveyances, in- 
cluding the customary detention on-the wharf, may be taken at 
S6 hours, longer or shorter, according to the favourable or un- 
hourable state of the winds and tides. The average charge 



rpon mdmndirs ,  for the lbt fourteen yeam, bar bean 8-t 
15s. per ton. 

By the projected Rail-road, the transit of merchandise be- 
tween Liverpod and Mancheater wiil be effected in four or five 
hours, and the charge to the merchant will be reduced a t  leaet 
enothird. Here then will be accomplished an immense peca- 
aiary saving to the public, over and above what is perhaps etill 
more important, the econorr~y of time. Nor must we estimate the 
d u e  of this raving merely by ita nominal amount, whether in 
money or in time: it will afford a stimulua to the productive in- 
duntry of tha country, it'will give a new impulre to tbe powers 
of accumulation, the d u e  and importance of which can be ful- 
ly understood only by thorn who are aware how seriously cow 
merce may be impeded by petty restrictions, and how commer- 
cial enterprise is encouraged a d  promoted by an adherence to . 
principles of fair competition, and free trade. 

'6 The Committee are aware that it will not immediately be 
understood by the public, how the Proprietor8 of a B a i i d ,  
requiring an invested capital of.&oO,000, can a- to camy 
good8 at m great a reduction upon the char@ of the pmaent 
water companier. But the problem is easily s o l d .  It is not 
that the water companies have not been able to carry goods on 
more reasonable terms, but that, strong in the enjoyment of 
their monopoly, they have not thought proper to do m. ,Against 
the most arbitrary exactions the public have hitherto had no 
protection, and against the indefinite continuance or recurrence 
of the evil, they have but one 8ecurit-y: IT IS ~OMPBTITION THAT 

tr WABITED; and the of this assertion may be adduced from 
the fact, that shares in the Old Quay Navigation, of which the 
original cost was &70, have been sold M high as & ~ w I ,  each! 

But it is not altogether on account of the exorbitant 
charger of the water carriers tbat a Rail-road is d&rable. The 
present Canal establiihments are inadequate to the great and 
ipdispensable object to be accomplished, namely,, the regular 
and punctual conveyance of goods at all period8 and seasow. 
I n  summer time there ie'  frequently a deficiency of water, 
obliging boats to p only half loaded, and thus occasioning great 
inconvenience and delay; whiie in winter, they are mmetimer 



locked up with fmb for week8 together, to the mmifkat hin- 
derance of business. From these impedimenta a rail-road would 
be altogether exempt There is atill another ground of obj- 
tion to the prerent system of carriage by Canals, namely, the 
pilferage, an evil for which there is seldom adequate d r e ~ ,  
and for which the privacy of so circuitous and dilatory a p 
sage affords so many facilities. Whereas a conveyme by Raii- 
way, effected in a few hours, and where every delay murt be 
accounted for, may be expected to possess much of the publici- 
ty and consequent safety of the King's highways. 

B In additmn to the transpo of goods between Liverpool - 
and Manchester, an important ranch of revenue m y  be ex- 
pected to result to the Proprietors of the projected road, from 
the conveyance of Coals from the rich mines in the vicinity of 
St. Helens; an advantage which the water companies de not poe- 
see& and which, from ita importance and extent, may probably 
enable the Proprietors to reduce their rates of carriage etill 
lower than now contemplated. These ooals at pwsent pass 
along the Sanky Canal and down the Mersey to Liverpool, a 
distance of about 30 miles. By the Railway, the distance 
will be rhortened one-half, and the charge for tansit very 
materially reduced. 

Amongst the widely diffused benetits to be expected f m  
the proposed Rail-road must especially be enumerated, no in- 
conoiderable advancement in the commercial prosperity of Ire- 
land. The latent energies of that country, her capabilities M 

a manufacturing power, will be developed by being brought 
into easy contact and communication with the manufacturing 
diitricta of this kingdom: while every article of her agricultu- 
nl iedustry will experience an increaeed demand from the 
cbeapn-s and facility with which it will be introduced into the 
populous counties of Lancaster and York. Whatever shortens 
the time of conveyance practically diminishes the distav- 
a d  whatever is saved in the cost of carriage is a gain to 
land. 

"In the present state of trade and of commercial enterp 
despatch is no less essential than economy. Merchandi 
fiwruently brought across the Atlantic from New York k 



verpool in twenty-one days; while, owing to the various cnarres 
of delay above enumerated, goods have in some instances becm 
longer on their passage from Liverpool to Manchester. Bat 
&is reproach must not be perpetual. The advancement in 
mechanical science renders it unnecessary: the good sense 
of the community makes i t  impossible. Le t  it not, however, 
be imagined, that were England to be tardy, other countries 
would pause, in the march of improvement. Application has 
been made, on behalf of the Emperor of Russia, for models of 
the Locomotive Engine: and other of the continental govern- 
ments have been duly a p p r i w  of the important schemes for 
the facilitating of inland traftic, now under discussion by the 
British public. I n  the United States of America also, they 
are fully alive to the important results to be anticipated from 
the introduction of Rail-roads; a gentleman from the United 
States having recently arrived in Liverpool, with whom it is 
a principal object to collect the necessary information in order 
to the establishment of a Railway, to connect the great rivers 
Potomac and Ohio. 

The immediate and prominent advantages to be anticipated 
from the proposed Rail-road, are increased facilities to the ge- 
neral operations of commerce, arising out of that punctuality 
and despatch which will attend the transit of merchandise be- 
tween Liverpool and Manchester, as well as an immense pe- 
cuniary saving to the trading community. But the inhabitants 
at large of these populous towns, will reap their full share of di- 
rect and immediate benefit. Coals will be brought to market 
in greaterplenty, and a t  a reduced price; and farming produce, 
of various kinds, will find its way from greater distances, and 
at more reasonable rates. To  the landholdere, also, in the vi-. 
cinity of the line, the Rail-road offers important advantages in 
extensive markets for their mineral and agricultural produce, 
as  well as in a facility of obtaining lime and manure at a cheap 
rate in return. Moreover, as a cheap and expeditious means 
of conveyance for travellers, the Railway holds out the fair. 
prospect of a public accommodation, the magnitude and import- 
ance of which cannot be immediately ascertained. 

f6 The Committee do not think it necessary to dwell upon 



probable and contingent aourceq of revenue to the Propfiaton, 
and of benefit to the community: but it is impoesible entirely 
to overlook the tendency of increased economy and despatch 
to extend the commercial intercourse, not only upon the imme- 
diate line of road, but diverging in ramifications to the north 
and the south, and especially towards the rich and ppulous 
town of Bolton; a short branch line being su5cient to bring 
that extensive manufacturing distric.t into rapid and duect 
communication with this port. 

'6 Such is a brief view of the scheme in which the Liverpool 
a d  Manchester Rail-road Company have embarked, and which, 
while it  promises such manifold advantages to the public, the 
Committee feel confident will afford a fair and liberal return 
for the capital invested by the Proprietors. 

" CHARLES LAWRENOE, c h d ~ .  
".Livwpool, 39th October, 1824. " 

Such, then, was the scheme of the Liverpool and Man- 
chepter Railway, requiring, however, the sanction of the 
legislature before it could be oarried into effect. Parliament 
met early in the ensuing year, and a portion of the Rail- 
way Committee attended in London, in the first week of 
Feb. 1825, to watch the progress of the Bill through the 
House of Commons-an undertaking by no means a sine- 
cure, as those who have had the good or ill fortune to be 
concerned in carrying forward contested bills will readily 
admit. The Committee anticipated a strenuous opposition, 
and they were not disappointed. The Proprietors of three 
Canals (the Duke of Bridgewater's, the Mersey and Irwell, 
and the Leeds and Liverpool,) each in .itself no despicable 
opponent, forgetting their mutual jealousy and former dis- 
agreements, appeared in formidable array, acting on one 
impulse for the common safety, and prepared at all hazards 
to put down so intolerable an innovation on established 
modes and vested rights. This was to be expected. But 
the opposition did not end here. Two noble Lords, the 
Earls of Derby and Sefton, a part of whose estates the Rail- 
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way cmoaed, made common cause with the Canals to p 
vent the establishment of a Railway. On the part of these 
noblemen, i t  was contended that the sanctity of their do- 
mains would be invaded, and the privacy of their residence6 
destroyed, by thus bringing into their neighbourhood a 
public highway, with all the varied traf6c of cods and mer- 
chandise and passengers, that would be the consequence of 
such an establishment. 

The question being fairir brought before the House of 
Commons, the proceedings were briefly as follow :--On the 
8th of Feb. 1825, the petition for the Bill was presented to 
the House of Commons, and on the 9th the committee on 
Standing Ordera resolved that the " orders" had been com- 
plied with. On the 18th of Feb. the Bill was read a bt 
time in the House of Commons. On the 2d of March the 
Bill was read a second time, after,a debate of about an hour 
and a half, on which occasion Sir John Newport, Mr. 
Huskisson, Mr. W. Peel, Mr. Doherty, Mr. Calc* 
and Mr. Brougham, spoke in favour of the measure-bdr. 
Green, Member for Lancaster, and Mr. George Philip 
against i t  The second reading was carried without a di- 
vision. In the Committee on the Bill, General Gaecoyne was 
requested to act as Chairman, an office which he kindly un- 
dertook, and which he fulfilled with infinite patience and - 
perseverance during a protracted contest of nearly three 
months. On the 21st of March (all preliminary forms 
having been complied with), Mr. Counsellor Adam, on be- 

. k d f 6 f  the Raidway Company, made his opening speech in 

/--- 

/ Committee, and on the following days evidence was heard 
in favour of the Bill, or in Parliamentary language, in proof 
of the preamble-the general tenor of the evidence being 
in confirmation of the stafements and arguments put forth 
in tbe Company's Prospectus. Mr. Adam wan supported by 
Mr. Sergeant Spankie, Mr. Joy, and Mr. Wm. Brougham. 
'On the 2d of May, Mr. Spankie summoned up for the R d -  
way, slid on the 3d Mr. Counsellor Harrison led on the h* 



tile van, supported by Mr. Aldenon, Mr. Parke, Mr. M'Do- 
I nald, Mr. Earle, and Mr. Cullen. He did not deny that great 

inconvenience and delays had arisen from the defective sys- 
tem of Water conveyance, nor that occasionally it took a 
long a time to transport merchandise from Liverpool to Man- 
chester as it did to bring it from America to Liverpool; nor 
that a direct line of 30 miles on a Railway mould present a 
speedier conveyance than a circuitous'route of near 50 miles 
through Canals and tide-way. But it was contended that the 

, Canals and River were capacious enough for all the traffic 
of the port; that, moreover, our levels and sections were er- 
roneous; that the Locomotive Engine was an unsightly ob- 
ject; and that the formation of tbe Railway would cost three 
or four times as much as the estimate: nay, Mr. Francis Gilea, 
Civil Engineer, was produced to record hir opinion that it 

.would cost upwards of &200,000 to carry the Railway acrogl 
Chat Moss alone:-&m all which it followed, that, from con- 
siderations of kindnese to the Proprietors of so wild and im- 
practicable a echeme, the Bill ought to be rejected by the k- 
gifilatum* 

I nibjoin an abatwA &em bdi. Oiler' evidence befom the Committee 
d the Houre of Commona, on the 5th May, 1825, taken from an official 
copy :- 

Q. Be m good an to tell ucl whetha in your judgment a Rail-road of thb 
dwcription can be safely made wcr Chat Moeq without going to the bot- 
tom of tae MOW. 

d. I a a y e e r t i d y n d  . , - .. -.- 
Q. Will it be neceeeug, therefon, in making r Rail-mmd which is to L 

lturd, to take out, alongthe whole line ofthe mad, the whole of the Mor, 
to the bottom? 
d Undoubtedly. 
Q. Willthatmake'itncccmayto cut downthe33m34feetof which 

you have been speaking? 
.4. Yes. 
Q. And &rwards to fill it up with other iloil? 
k To ouch r height an the Rail-road b to be carried; other soil mixed 

r portion ofthe M-. 
18 



. On the subject of the levels and sections, the opponents of 
the Bill were correct in their animadvereions: a considerable - e m r  had b e n  committed by the Surveyors for the Railway, 

I 
I' 

which, when discovered, was acknowledged in Committee, 
/ The rectifying of this error was to the advantage of the Rail- 

'.' way company, inasmuch as the cost of the corrected line 
S I would have been less than that of the erroneous section. The 

/ impression on the Committee, however, was unfavourable; 
and some degree of doubt and uncertainty was necessarily 
thrown on the whole of the surveying department. 

On the 30th of May, Mr. Harrison eonclu&d the case for 
the opponents of the Bill. 

On the 31st, Mr. Adam replied; aRer which, the Cotnmif. 
tee divided on the preamble, which was carried by a majori- 
ty of one; 37 members being in favaur of the Bill, and 36 
against it. 

Such a result, after a three months' Parliamentary campaign 
and after 37 working days spent laboriously in Committee, 
was far from encouraging to the promoters of the Bill. All 
the clauses and detail of the Bill had still to be discussed, 
scrutinized, and opposed: a d  it was hardly to be expected, 
a h r  so p~otracted anopposition, that Members of Parliament, 
without that strong personal and pecuniary interest, in defence 
of which the Canal Proprietors might be supposed to make 
every effort, would still persevere in what, to many at least, 

a. Rut suppose they were to work upod this sturt; could they get their 
3 - carriages to the place. 

d. No carriage can stand on the Mass short of the bottom. 
Q. What would they do to make it stand-laying planks, or something 

of that sort ? 

A. Nothing would support it. 
Q. So that, if you could carry a Rail-mad on this fluid etuff-if you c d d  

do it-it would still take a great number of men, and a great sum of m* 
ney. Could it be done, in your opinion, for &'6000? 

.R. I should say &200,000 would not get through i t  
Q. d4y Learned Friend wishes to know what it would cost to lay it with 

diamonds? &c. &c. 



might now be considered a hopeless contest. Accordingly, 
on the 1st of June, the tint clause of the Bill, empowering 
the Company to make the Railway, was lost, on a division, 
by a majority of 19 to 13. The clause to take land was then 
put to the vote and also lost; whereupon Mr. Adam, on be- 
half ofthe Railway Company, withdrew the Bill. 

Such was the result of the first attempt in Parliament to 
obtain the sanction of the legislature to the formation of the 
Liverpool and Manchester Railway. Scarcely, however, was 
the fate of the Bill decided for the passing Session before the 
filet movement was made, and the first steps taken, for a re- 
newed effort in the succeeding year. In the course of Parlia- 
menta y proceedinga it has been observed, that where a Bill 
is vehemently opposed, whether with a view to the public 
good or from the impulse of private interests, still the measure 
is seldom carried the first year. The ground is broken ; the 
ruguments on both sides are stated, and probably exaggerated ; 
the heat of parties ie displayed, and in some measure exhausts 
itself. In another Session the subject is more likely to be 
diecussed with calmness and temper; and if some public be- 
nefit be included in the scheme proposed, the chances of suc- 
cm6 are much increased in the second year. 
The promoters of the Railway felt confident that their fail- 

ure was not to be attributed to any lack of public opinion in 
hrv~ur of the great work in which they had engaged ; and un- 
derstanding that many Members of Parliament were strongly 
impressed with the importance of the measure in question, 
considered as a national undertaking, it was thought desirable 
that a meeting should take place between the Railway Com- 
mittee and such of the Parliamentary supporters of the Bill as 
could conveniently attend, to record some expression of opi- 
nion on the then posture of affairs, and especially with refe- 
rence to proceedings in future. Accordingly, the following 
Members of Parliament met the Railway Committee (by invi- 
tation) on the 4th of June, 1825, at the Royal Hotel, St. 

- 
James' street, viz.:- 



Gmr~u.  Gucorm. 
The LOUD V m o m  FOBBLI. 
SIR P~ILIP  Mu'osenovr. 
Srn R ~ B ~ T  WILEOR. 
Rrsm Hon. W. Hvaxrswn. 
& e m  Hon. W. B ~ W S L L .  
The Hoa. G n m r n ~ ~  &m. 
The HON. COL. LOWTEBR. 
Taolv~s S~nrns RICE, Esa. 
W. Y. P ~ r q  E e e  
WILLIAXIIOLYES, ESQ. 

General Cascoyne was called to the chair, and after some 
deaulto y conversation, 

Mt.. Hwkisson said, that he perceived nothing connected 
with the discussions on this Bill in the Committee of the House 
of Commons,'or in the rejection of the measure, after the pre- 
amble of the Bill was proved, which should deter the sub- 
acribers from renewing their application to Parliament another 
Session. Looking at the immense t d c  between Liverpool 
and Manchester-taking into consideration the weli-being of 
Ireland, which required the utmost facilities of introducing 
her produce into the great manufacturing districts-he had no 
hesitation in saying that, in his opinion, some additional and 
improved means of conveyance between Liverpool and Man- 
chester would be highly desirable. I t  was, therefore, that he 
considered the measure now under discussion of great pablic 
importance; and whatever temporary opposition it might meet 
with, he conceived that Parliament must ultimately give its 
sanction to the undertaking. 

Sir Robert FEZson expressed a wish that, as regarded the 
opponents of the measure, every discussion and proceediog 
might be carried on in the spirit of conciliation. 

Mr. Spring Rice said, he could state that almost all the 
commercial bodies in Ireland were favourable to the meamre; 
and he thought Hon. Members would render a great service 
to that country by supportiog the Bill when again brought. 
forward. He considered the Railway would be particularly 



important in hcilitating the intercourse between k e h c s t e r  
and those districts in Ireland which were already engaged in 
certain processes of the cotton manufacture. 

Mr. Holmes read a letter from Lord Lowther, regretting 
his inability to attend; also a favourable opinion of Mr. 
Mg&iarn, on the facility of carrying roads over bogs and 
mosses ;- a question which had occasioned much diiueeion in 
the Committee of the House. 

After some farther conversation, Mr. Lawrence, as Chab 
man of the Railway Deputation, kaving expressed his convic- 
tion that the subscribers would bt'disposed to renew their ap- 
plication to Parliament in the next Session, the following re- 
solution, moved by Mr. Huskhson, and seconded by *. 
F?? Peel, was unanimously adopted :- 

L' That it is the opinion of this meeting, that for the par- 
pose of ensuring increased facility, cheapness, and despatch in 
the very extensive intercourse in merchandise and manufao 
bred goods between the towns of Liverpool and Manchester, 
and also in the general trade between this great manufac- 
turing district and Ireland, it is expedient to provide addition- 
al and improved means of conveyance between Liverpool and 
Manchester." 

The second resolution was proposed by Mr. Spring Rice 
and seconded by Mr. Bagwell, 

That the failure of the Liverpool and Manchester Rail- 
way Bill during the present Session, in'consequence of the re- 
jecting of two enacting clauses, aftei the preamble of the Bill 
had been proved, does not appear to this meeting an event 
which ought to discourage the subscribers from renewing 
their application the next Session of Parliament, should it ap- 
pear to the subscribers advisable to carry this important mea- 
sure." - 

After this molution was agreed to, the meeting broke up ; 
and thus terminated the proceedings of the Railway Com- 
mittee, in connexion with their application to Parliament in 
the Session of 1825. 



The interval W~II  short between the laboura of this Seaion 
end the preliminary steps requisite to be taken preparatory 
to the ensuing Parliamentary campaign. The Committee of 
h e  Railway, on the return of their Deputation from London, 
advertised their intention of adopting measures for a renewed 

to Parliament the ensuing Session:" and on the 1st 
of July, it  was resolved that Mr. John Rennje be requested 
to undertake the office of Engineer to the Company. ARer 
@me correspondence, it was agreed that Messrs. George and 
John Rennie should be the Engineers of the Railway ; and Mr. 
George Rennie, pursuant to instructions, undertook a new 
8urPe.y of tbe country between Liverpool and Manchester, in  
order '* to report to the Committee the best line for a Rail- 
way." 

On the 12th of August, the Committee, on the recommen- 
dation of the Engineers, determined to adopt a new line of 
way, pawing considerably to the south of the f m e r  route. 
In furtherance of this resolution, Mr. Charles Vignoles, on be- 
half of Messrs. Rennie, was appointed to prepare the necea- 
say sections and plana of the projected undertaking. As 
these advanced bwards completion, it became evident that 
the costof the new line would much exceed the former estimate 
of S400,OOO. It became a question, therefore, with the Com- 
mittee, in what way to raise such additional sum as might be 
requisite. 

In  an early stqe of the undertaking it was proposed to R. 
H. Bradshaw, Esq. M. P. as Trustee for the Proprietors of 
the Duke of Bridgewater's Canal, to become a shareholder in 
the Railway. I t  appeared reasonable that the Proprietors of 
the Canal Navigations, whose property might be considerably 
affected by the establishment of a new mode of conveyance, 
should have the option of taking part in the projected scheme. 
Mr. Bradshaw, however, declined the proposition. If it  be 
inquired why the same offer was not made to the other great 
Navigation Company (the Mersey and Irwell,) the answer is 
obvious. The Duke of Bridgewater's Canal is private, en- 



tailed, and indisposable property ; whereae a Proprietor of the 
Mersey and Irwell Company had the power, any moment, to 
reduce his interest in the water conveyance, and take a share 
in the Railway, if he so thought fit. 

The Committee of the Railway, at the present juncture, 
determined to renew the overture which they had fonnerly 
made, but not through the interventionof Mr. Bradshaw. A 
communication was opened more directly with the Marquis 
of Stafford, the party beneficially interested in the Duke's 

. Canal, through the medium of James Loch, Esq. M. P. bie 
Lordship" confidential adviser. The proposal was met in 
tbe spirit in which it was made ; and, after the diicussion of 
various preliminary points, it was agreed tbat the Marquis 
should become a subscriber to the new line of Railway, to the 
extent of 1000 shares. This arrangement being completed, 
the Committee lost no time in issuing their second Prospectus, 
in which the circumstance is made known to the Proprietors 
and to the public. ~he ' fol lowin~ is a copy :- 



'*LIVEIIPOoL AND MANCHESTER RAlLWAY COMPANY. 
r n J V L r n .  

~ u u u  LA- Esq. Cibirmrcm. Tnous HPADUX, Esq. Liverpod 
R O ~ U T  GLAD~TOXS, Esq. 1  AD^ Honesox, Eoq. Ditto. 
Joer Moor, Esq. Iruo HODOIOX, Eq.  Ditto. 
Jmsm B A ~ D A R ~ ,  Eq. 

Chairmm. 
Jorsm Hormnr, Esq. Ditto. 

Bommp~ Bmxma, Eaq. Liverpool. Jonx Kmnnnnr, Esq. ~ulchestc?. 
K H. Bnux ,  Esq. Manchceter. b r o a  LE=, Esq. Ditto. 
J o r w  BIBLX~, E q .  Ditto. . W. '.SWELL, Esq. LiverpooL 
Bm- Boora. Esq. Ditto. Wxltrur POTTIB, Eq.  Ditto. 
Rmr Boom E q .  Lb.verpoal W- R A T E B O ~ ~ .  Esq. Ditto. 
Tuour S. B ~ ~ T ~ ,  Eq.  Ditto. WILLW~ ~ T B P E . U ,  W. 
J w  EWAXT, Esq. Ditto. Joaa Rnq Eeq. M~chwtcr. 
Prm EWABT, Esq. Mnncherta. Trio- SEA-% Eq. Ditta 
R H. Gn~eo, Esq. Ditto. Joer Wmoolr, Esq. Liverpool 
R HABYI~OB, Esq. Liverpod. 

Pcrliammbydbcnt, 'Ikomr X. BRXEWOOD, Eq.-E-s 
OWBO~ uxi JOQ ~ ~ ~ a ~ ,  M- p m  .nd cu~.-Bda% 
YaPr. Mow, Bee- and 3dou, Liverpool 

CAPITAT, . . . .. . . .. . . .. . . .. . . . £510,000. 

PBOBPEUTUS. 

The Committee af the Liverpool and Manchester Rail- 
way, before entering upon the labours which a renewed appli- 
d o n  f4 Parliament will impose upon them, are desihus to 
advert to the causes which led to the unsuccessful termination 
of their late efforts; and, at the same time, briefly to explain 
the grounds upon which they rest their anticipations of euc- 
c- in the ensuing Session. 

*A very prominent objection, taken by the opponents of the 
Bill, was founded on the errors in the section and levels, .e 
exhibited before Parliament. These errors the Committee at 
once a~lmo~ledged, and regretted; and to avoid all chance of 
similar compl.int in future, they have engaged the professional 
services of mbst eminent Engineers, aided by as~istants of un- 
doubted talents and activity, whose combined efforts justify the 



fullest armurance, not only of the correctness of the p b r  and 
sections, bat that the whole line will be laid down and arranged 
with that skill and conformity with the rules of mechanical A- 
ence, which will equally challenge approbation, whether con& 
dead as a national undertaking of great public olility, or u r 
magnificent specimen of art. 

A second objection to the measure (which, however, WM 

insisted upon out of doom more than in Parliament) was the 
interruption and inconvenimce anticipated from the line of 
road crossing various streets in Liverpool and Manchester. 
This difficulty has been completely obviated. In  the new lid% 
recommended by Messrs. Reonie, the Railway enters Liver- 
pool by means of a tunnel and inclined plane, thus effecting s 
direct and most desirable communication with the King and 
Queen's Docks, ~ i thou t  interfering with a single street It does 
not enter the ~ O I M  of Manchester at all, the line terminating 
near the New Bailey Prison, in the township of Salford. 

''A third objection to the meaaure was taken by the Old 
Quay Company, on the ground that the Railway interfered with 
their navigation, by reason of a bridge in the neighbourhood 
of Manchester, over the river Irwell. The Committee are hap  
py to state that this difficulty is avoided, inasmuch as the new 
line doea not cross the Irwell at all. 

"A fourth manifestation of opposition was on the part of 
the Leeds and Liverpool Canal Company, on the ground that 
the Railway passed under their Canal, in its way to the Prince's 
Dock. However futile such an objection, it is satisfactory to 
be enabled to state, that even this assumed ground of opposi- 
tion is altogether avoided, as the line does not go near the Ca- 
nal in question. 

Another and more plausible objection was founded on the 
employment of the Locomotive Engine. I t  wag contended, in 
the j r s t  place, that this new and ~eculiar power was incom- 
petent to perform the task assigned to it; in the second place, 
that it wan unsafe; and lastly, that in its operation it would 
prove a public nuisance. By the evidence, however, it was 
proved that it  was perfectly competent to perform all that *as 
proposed to be accomplished; and, before the evidence was 
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clorecl, the Counsel for the opponents of the Bill admitted that 
it was *. Upon the third point of objection, the Cornmitt- 
are confident such improvements will be made in the construc- 
tion and application of this effective machine, as will obviate all 
objection on the more of nuisance; and, as a guarantee of their 
good faith towards the public, they will not require any clause 
empowering them to use it,--or they will submit to such re- 
strictions in the employment of it as Parliament may impoee, 
for the satisfaction and ample protection both of proprietors on 
the line of road and of the public a t  large. 

(6  The last, but not the least important objection which the 
Railway had to encounter, was oa the part of eeveral land 
-re on the line. Amonget their opponents, on this ground, 
the Committee regret they were obliged to number the noble 
Earls of Derby and Sefton, whose estates the Rdway~roesed  
for a considerable distance, as well ae othere, whose property 
the line unavoidably intersected. 

A"I'he Committee most fully admit &at the opinions and per- 
mnal convenience of proprietors on the line of road are en- 
titled to every consideration, and they have been moat anxious, 
by all practicable meana to meet the wishes or to remove the  
objections of every land owner on the road. They are happy to 
be able to state, that they can no longer, in this respect, find an 
opponent in Lord Seftoa, as they do not, in the line of mad 
they are about to apply for, cross any portion of his Lordship's 
estate And with reference to the Earl of Derby, they con- 
ceive they are entitled to apply the same observation, inasmach 
as the new line crosses only a few detached fields of his Lord- 
ship's property, far removed from the Knowsley domain, and 
the great turnpike road from Liverpool to M a e e s t e r  in te r  
aening. 
" With reference to the land owners generally upon the new 

line, the Committee have to state, that they have s p e d  no 
pains to accommodate the exact route to the wishes of proprie- 

. tors whose estates they cross; whether, on the one hand, by re- 
moving the road to a distance from the mansions of proprietore, 
and from those portions of estates more particularly appropri- 
ated to game Preserves, or,on the other hand, by introducing it . 



more immediatery into the vicinity of districts abounding with 
coal, which, by this means, will be brought into a cheap and 
expeditious communication with the Liverpool and Manckes- 
ter markets. And they are happy to state, that their efforts 
in these respects have been in a great measure successful. I n  
an important national undertaking, where a road has tobe car- 
ried through a populous country for thirty miles, i t  will hardly 
be expected that every proprietor will assent, or that no indi- 
vidual will consider himself aggrieved. The Committee have 
used every effort to render the measure not only unobjectiona- 
ble, but advantageous to every land owner on the line. In all 
cases they are prepared to give a full value for the land they 
may require; and, should there be instances where unavoidable 
inconvenience is occasioned, they are most anxious ta admit, 
that peculiar damage must be met by peculiar compensatio& 

I n  mgard to the existing means of conveyance, the Com- 
mittee are deairous to state, that they are actuated by no hos- 
tile feeling to their interest and prosperity. They have felt that 
the increased and increasing trade of the two great towne of 
Manchester and Liverpool, and the rapidly increming inter- 
course with Ireland, demanded additional facilities in the 
means of transit; and the professed and sincere desire of the 
Committee has been confined to supply this want. The Com- 
mittee have the satisfaction of being able t9 state, that, in ac- 
cordance with this feeling, the opposition of the most powerful 
of the existing establishments has been removed, by the Mar- 
quis of Stafford having, for himself and those of his family who 
are beneficially interested in the profits of the Duke of Bridge- 
water's Canal, become a subscriber ta the Raiiway to the ex- 
tent of One Thousand Shares. Being satisfied that the pro- . 
ceedings of last Session of Parliament have removed the misap 
prehensions which existed, both in regard to the nature and the 
management of the Bridgewater Canal, they felt it would be 
unfit to continue their opposition to the proposed measure in its 
improved form. 

&'Having thus disposed of the objections and difficulties 
which the Committee have had to encounter, they will briefly 
advert to those prominent and unequivocal advantages of the 



a m  rrpon wkch they mt their claim to the favour of the 
public, and the sanction of Parliament 

66 In their pmpectus of last year, the Committee stated ' the 
W q-tity of merchandise passing between Liverpool and 
Mmchwter at  one thoueand tom per day.' This quantity, it 
would seem, is underrated, the whole traffic being admitted, 
on d 1  hands, in Committee of the House of Commons, to be 
lw tons per diem; which immense aggregate of tonnage is, rt 
present, subject to all the dehys incidentd to the river nail- 
gation. 

The Committee of the Railway propose to eff'ect the tram- 
nit of merchandise in a few hours, with uniform regularity, and 
at such reduced rates as will secure to the towns of Liverpool 
and Manchester a pecuniary saving, which, whether estimated 
in proportion to the expenditure upon which it is-effected or 
with reference to the aggregate amount, has seldom been 
equalled in any echerne of improvement submitted to the public. 

Neither is the immediate pecuniary saving to the towns of 
Liverpool and Manchester to be estimated with reference 
merely to the cost of conveying merchandise between the re- 
spective towns. The travclEing between Liverpool and Man- 
chester is upon the most extensive scale; and the economy to be 
effected in this branch of expenditure, though impossible to be 
estimated with accuracy, must be considered as most important., 
and, of itself, no small recommendatipn of the undertaking. 

6' The advantages, however, above enumerated are only a 
prrt of the beneficial results which this scheme proposes. The 
line of Railway, as now laid down, passes through a rich and 
extensive coal district, in full working, for the supply of Li- 
verpool~ and requiring only a facility of transport to be brought 
into requisition for the supply of Manchester. At a moderate 
computation, Liverpool requires for its local consumption 
nine hundred tons of coal per day, besides what is required 
for foreign commerce, and for the numerous steam-packets 
which sail daily through the season between Liverpool and 
various ports in Ireland, Scotland, and Wales. An aggregb 
consumption of 600,000 ton8 per annum may be taken as un- 
der the mrk*  Of this large .quantity, a considerable propor- 



tion M brought to market by land carriage; extemive fields of 
cod in the direct line of the Railway having no other means 
of access to Liverpool. With reference to Manchester, the 
ordinary consumption for domestic purpoaee may be cowidend 
the -me M in Liverpool, and the quantity used in the exten- 
aive factories of that town may be computed u, equivalent to 
the demand for the steam vessels, and for the export trade at 
Liverpool: the aggregate consumption, therefore, of the two 
towns may be estimated, with sufficient accuracy, at o m  NIL- 

' uon of tons per annum. 
G The importance to the community of a moderate price to 

be paid for an article of such extensive and universal consump- 
tion is immediately apparent; and some idea of the benefit to 
be derived from such a facility of transport as may ensure a 
more enlarged and effectual competition may be formed fmm 
the circumstance, that in Manchester the price of coals WM ad- 
vanced 1% Gd, per ton immediately upon the Railway Bill be- 
ing withdrawn in the last Seasion of Parliament; while in Li- 
verpool, within the last thirty-five years, the price of the best 
coal has been advanced upwards of 7s. per ton, th& is, nearly 
100 per cent. But, estimating the reduction in the price of 
thia article at a& per ton, here is a saving of 2100,000 per an- 
num (an amount equal to the whole assessed taxes of the two 
towns) effected upon a single article, not of luxury, and con- 
fined ta tbe higher or mercantile claeses of the community, but 
an article of the first necessity, of daily and hourly consump- 
tion, and forming no ema11 item in the expenditure of e r e y  
poor man's .family. 

Moreover, it would be to take a very narrow and imperfect 
view of the great question now under discussion, to limit our 
consideration to the immediate accommodation of the me-. 
tile classes, to the pecuniary saving proposed to the travelling 
community, or even to the still more important saving to the 
consumere of coals, and of every description of goods conveyed 
between Liverpool and Manchester. The question demands a 
wider rurvey, md the consideration of more diatant results. 
W e  must contemplate the important effects upon the com- 
merce of the nation, which are to be anticipated, on the one 



hand, from afirding, or, on the other hand, from denying fwi- 
lities to the commercial operations of this great county. Above 
all, we must look to Ireland, the natural granary of the manu- 
facturing districts of this country. To the sister kingdom a 
facility of intercourse and conveyance between Liverpool and 
the interior of Lancashire and Yorkshire is of paramount im- 
portance; in the first place, for the cheap and regular transport 
of her agricultural produce; and, secondly, for the rapid transit 
of cotton and woollen goods in different stages of their manu- 
facture, which alone seems wanting to foster the growing in- 
dustry of Ireland; to give to her some proportionate advantage 
for her cheap labour, and thus render her an auxiliary and + 
helpmate to the more stable manufacturing establiahmenta of 
this country. 

((But the subject does not end here. It becomes a question 
of serious import whether this country, which is indebted for so 
much ef her wealth, and power, and greatnew, to the bold and 
judicious application of mechanical science, shall now pause ip 
the career of improvement, while it is notorious that other na- 
tions will adopt the means of aggrandisement which we reject, 
whether England shall relinquish tbe high vantage ground she 
at present possesses, not more with a reference to the direct 
operations of commerce and manufactures, than, generally, in 
the successful application of the most important priaciples of 
science and of art. 

4' The Committee feel that it is unnecessary to dwell atgreat- 
er length on the question they have thus brought before the 
public. They are about to apply for the sanction of the legis- 
lature; and they are determined to relax no effurts on their part 
to bring about the honourable and speedy accomphhment of 
the great work in which they have engaged. 

"CHARLES LAWRENOE, Chcn'm~n. 
" Liverl,ooI, December 26, 1835. 

The time was now arrived when the. question was again 
to be brought under the consideration of the legislature. A 
Deputation from the Railway Committee accordingly assem- 
bled in London in the first week in February, 1826. .. 



On the 7th of February, the Petition for the Bill wau 
presented to the House of Commons by General Gascoyne. 

On the Sth, the compliance with the standing orders was 
proved in Committee. 

On the loth, the Bill was read a $rat time in the H o w  
of Commons. 

On the 20th, it was read a second time, without discus- 
sion . . 

On March 6, Mr. Counsellor Adam made his opening speech 
in Committee, and on the same side were Mr. Sergeant Span- 
Lie, Mr. Joy, and Mr. W. Brougham. 

After. the estimates and other evidence in the Engineering 
department had been recorded, the general evidence in favour 
of the Bill, and with reference to the trade and commerce of 
the two towns, occupied two days. 

On the 9th of March, Mr. Spankie summed up, and Mr. 
Counsellor Earle opened his case on behalf of the opponents. 

. 
The injury to be apprehended to certain land owners on the 
l i e  of Railway, and the competency of the Canal Compa- 
niea to carry on the trade 'between Liverpool and Manches- 
ter, were the topics principally enforced. 

On the 15th of March, Mr. Harrison, for the Canale, sum- 
med up, in a speech of two hours, the burden of which was, 
that the Railway, as a conveyance, would be neither cheap 
nor expeditious; that it would be a grievous injury to the 
land owners on the line, and at the same time ruinous to the 
projectors themselves. 

On the 16th of March, Mr. Adam replied; after which the 
room was cleared, and on the division, the Preamble of the 
Bill was voted to be proved, by a majority of 43'to 18. 

On the 6th of April, the Bill was read a third time in 
the House of Commons. The debate on this occasionwaa 
spirited; General Gascoyne moved the third reading, e- 
conded by Mr. W. Peel; the Hon. Edward Stanley moved 
that the Bill be read that day six months, and was seconded 
by Sir Isaac Coffin. Mr. Huskiion and Sir John Newport 



rpoke in f m u r  of the Bill; and Mr. Philips (now Sir OM. 
Philip) and Capt. L Bradohaw against iit On the divimion, 
the numbera were 88 in favour, 41 against-majority 47. 

On the 7th of April, the Bill was read a 6mt time in the 
Houee of Lorda 

On the loth of April, Lord Dacre moved the aecond 
d n g ,  when the Earl of Derby declared his intention to 
oppose the Bill in Committee, though he should not object 
to the m n d  reading. 

On the 19th of April, Mr. Adam opened the case for the 
Railway in the Committee of the Lords, thirty-three Peers 
being present, Lord Kenyon having consented to take the 
&air. 

The evidence, on both sides, wan similar in effect to that 
offered to the House of Commons. On the subject of the 
Locomotive Engine, howetet-a machine which had been 
repmented to the House of Commons in so formidable a 
light,--evidence was brought forward by the opponent8 of 
the Bill; but eo poor a case was made, and eo little objection- 
able did the Engine appear to be, even from the testimony 
of the opponents, that the Lords did not think it necessary:to 
hear any evidence on the other side, although it wan tender- 
ed by the Counsel for the bill. 

On the 20th of April, Mr. Sergeant Spankie summed up, 
on behalf of the Railway, and Mr. Alderson opened in oppo- 
sition. 

On the 27th of April, Mr. Harrison summed up for the op- 
ponents, and Mr. Adam replied; after which, the Committee 
adjourned till the 1st of May. 

On that. day the Committee of the Lords re-assembled, 
thirty-two Peers being present. On a division, the preamble 
wan declared to be proved, the numbers being 30 in favour 
-I against. 

Amongst the Peers in favour of the Bill were Lord Ken- 
yon, the Earl of Lonsdale, the Bishop of Bath and Wells, the 
Bishop of Chester (now Bishop of London), the Marquis of 



I Salisbury, Earl of Casdlia, Lord Dacre, Earl of Caemar- 
von, &C. &C. 

The EILrl of Derby and the Earl of Wilton were the op- 
posing parties. The Bill waa then read a. third time in the 
Lords, and passed without a divisioa. 
- Such is a brief outline of the Parliaments y p&.eedinga on 

tbe Liverpobl and Manchester Railway Bill; a measure which 
called into activity very powerful and conflicting interests. It 
could not, indeed, be expected that wealthy and long-eatabliih- 
ed Companies, exercising their joint monopolies by prescrip. 
tive right aad.undispukd usage, could contemplate with the 
liberality of advocates for FREE TRADE the establishment of a 
Company great and powerful as themselves, for the avowed 
purpose of carrying on, by lahd, that mighty traffic and in- 
terchange of commodities between Liverpool and Manchester 
which had been so long and so profitably carried on by water. 
T o  put down, in limine, a scheme so startling in its character 
and withal so full of unknown consequences, was an object 
worthy of a strenuons and combined effort. The attempt 
was accordingly made: no labour was spared, no expedient 
left untried, no expenditure withheld. The greatness of the 
effort, however, on the one eide, called forth proportionate 
exertion on the other. The aggregate pecuniary cost entailed 
on the parties concerned in the contest, was not less than 
from sixty to seventy thousand pounds: it has been estimated 
much higher. But the contest i s  over, and the result will be 
satisfactory to all who contemplate with pleasure the com- 
mercial prosperity of the county, or who take an interest in 
marking those great steps in the progress of mechanical oci- 
ence, the successful stud9 and varied application of which, 
to arts and manufactures, have contributed in no mall  degree 
to raise this county to its present pre-eminence in wealtb, 
power, and civilization. 



CHAPTER IT. 

FORMATION O f  THE RAILWAY AND EXPENDITURE. 

The . .  6rat . General Meeting of Subscribers, under the authp 
rity of a e  Act, was held in Liverpool on the 29th of May, 
1826, when twelve Directors were chosen by the f'rogrietom 
in ~oqjunction with t h e  Directors nominated by the Mar- 
quis of Stafford, to carry into effect the formation of the pro- 
jected Railway. The first meeting of Directors was on the 
fallowing day, when Charles Lawrence, Esq. was elected 
Cbirman, and John Moss, Esq. Deputy Chairman; a ~ d  the 
Board imgediately took into conaidektion the choice of a 
Principal Eogineer. It was obvious, that , in , an underta- 
king of such magnitude, a resideM Engineer of experienw 
and sbility waa indispensable; a& the Directors' naturally 
turned their attention to Mr. Stephenson, of Newcastle, a gen 
tleman tharoughly acquainted vith practical mechanics, and 
p q m i n g  more erperience in the construction and work- 
ing of P+ilwqs than perhaps any other individu& The 
Dimtore, at the sage time, wrote t o ' ~ e s s p .  G*. end J o b  
Benaie, requesting them to undertake the professional super- 
intendence of the undertaking. On the 17th of June, Mr. 
Geo. Rennie had an interview with the Directors, on which 
ocearisn the subject wee discueeed j and, in conclusion, Mr. 
Reqnie proposed to the Direatore to superintend the exesu- 
t$n af the work, making six visits per annum, and remain- 
ing on the ground aeven or ten days at each viait, but etipu- 
lating, at the same ,time, that the resident Engineer should 
be of hie own appointing. On the 19th of June, the Direc- 
tors took Mr. Rennie'e proposition into consideration. They 



would hve  been glad of the professional assistance of Mr. 
Rennfe, but it was their duty to take advantage of the best 
practical knowledge within their reach. The trust reposed 
in t h m ,  and fhe responsibility attaching t6 its due folfil- 
ment, were too weighty to allow o t  their being much in- 
Uttenced by d i n a r j r  puncfilios. Their coarse wag direct 
to  th8 great object they iad in view. Mr. Rennie'~ pro- 
position was respectfully declined, and Mr. GIeorge Ste- 
pbenm was ekcted pritxcipal En~ineer  to  the Company. 

The first pdn t  af ictual operation way oh Chat Moss, 
where tTre drainkg was1 commenced in June, 1826. The 
l h t  bFiaPt of the Live~poot Tunnel wa8 opened. in Septem- 
Ber of the same year, but vefy little progress was made in 
either of these departdents of the work during 1826; and 
the earth-work (comprising the cuttings and embankingr 
along the *hole line) was not commenced tit1 January, 
1887. I(! wii1 not be surprising that some delay should 
take place in the first idstance, before a sufficient quantity 
of wagond, implements, and iha'terials could be comtructed 
W collected, to enable- the Engineer to make much pro- 
w in the eaeobtitm of the work. I n  mechanicq it is 
fouhd that it is nor easy to put great weights speectily into 
rapid movement; and a variety of impediments must gene- 
rdly be encountered at the commencement of great under- 
tukhqp. I n  the cane of the Railway, the purchase of land 
was a' preliminary etep, requiring time and coneideration 
to accomplish. Earlp in 1,827, however, the machine was 
fairly in motion; the necessary arrangements were made; 
assistant Edgineera were appointed; and operatione in va- 
rious parts of the line were in progress. 

One of the objects of tbe Diectors, in thk summer'of 
1896, had been to make arrangements to obtain a loan of 
$100,000 from the Exchequer lean commissioners, appoint- 
ed by the authority of Parliament to aid the completion of 
public works by the loan of money, under proper securi- 
ties for its repayment by in8talrnent3 in a series of yeara 



On r tofiespondence with the Commissioners, it wm corn- 
d a d  neceaaary to have the authority of a special Act of 
Parliament for the purpose; and accordingly a General 
Meeting of Proprietors, on the 11th of December, 1826. 
empowered the Directors of the Railway to apply to Par- 
liament for an act to authorise the loan in question. Tbe 
Act was obtained in the Spring of 18.27, and in June of the 
m e  year 810Ck,000 was received from the Commiesionera 
With the aid of this loan, in addition to the several calls on 
the subscriks, the Directors were enabled tir push for- 
ward the work with more than ordinary vigour, and conse- 
quently to give employment to an increased number of 1a- 
bourers, which, at the period in queation, and under the 
cireumetances of the time, was an .object of no small im- 
portance. 

Durbg the whole year 1827, the formation of the Tun- 
nel under Liverpool waa carried forward with spirit and 
perseverance. Night and day the excavation proceeded, 
and many difficulties in the execution of the work had to 
be overcame. In some places the substan& kxcavated was 
a soh blue ohale, with abundance of water; in other places a 
wet ud pmented itself, requiring no slight labour and 
contrivance to wpport-till the masonry which was to form 
the roof was erected. In passing under Crown street, 
near the Botanic Garden, for want of sufficient props the su- 
perincumbent m m  fell in from the surface, being a depth 
of SQ feet of-loose mose-earth and and.* On some occa- 
sions the miners refused to work, and it not unfrequently 
required the personal superintendence apd encouragement 
of the Engineer to keep them at their posts. Nor is thie 
drprising, consideriag the nature of the operation: boring 
their way almost .in the dark, with the water streaming 
a u n d  them, and uncertain whether the props and staye 
would bear the pressure from above till the arch-work 

* 'I%h hppened while the Engineer was absent from LiverpooL 
! 



ehould bb completed. Those who vMit the Tunnel in itr 
preaent state, illuminated with gas-lights, and traversed by 
horses, carriages, and crowdo of passengers, will not easily 
picture to themselves the original dark and dangerous ca- 
vern, with the roof and sides supported by shores, while 
the miners pumued their arduous task by the light of a few 
candles, whose feeble glimmer glancing on the water which 
rm down the sides, or which spread out in a sheet below, 
was barely sdc ient  to show the dreariness of the ,place. 
But while some portions of the Tunnel were excavated un- 
der circumotances of no little difficulty and danger, and re- 
quiring all the akill and energy of the Engineer to accom- 
plish, other portions were hewn through a fine red sand- 
atone, clean, dry, and substantial, and requiring neither 
props nor artificial arching; the natural rock forming the 
roof of the excavation. 

The Tunnel was constructed in seven or eight separate 
lengths, eomrnunicating with the surface by upright shafts, 
through,which the subetance exaavated was conveyed away. 
The exact joinings of these diffmnt lengths, so as to form 
one complete whole, a8 now exhibited, was, of course, from 
time to time an object of considerable interest, and to the 
Directors of some anxiety; and the accuracy with which 
this was effeoted is highly creditable to the Engineer, and 
to Mr. Lock, the Assistant Engineer for that department. 

Nearly twe-thirds of the Tunnel were completed in 1827, 
at an expense of twenty thousand pounds; and about the 
oame money was expended in the cuttings and embankings 
along the line. The total expenditure of the Company on 
the 31st of December, 1827, including the cost of obtain- 
ing the Act of Parliament, and other prebinary disbum- 
ments, was 85312.855 19s. 8d. 

Early in the year 1888, it became evident, notwithstand- 
ing this large expenditure, that the progress of the worke 
was not advancing with that celerity which was to be de- 
sired. On the earth-work, the eetimate of ~hich~amounted 
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to iel W,oO, only iero,ooo had been expended at the a1- 
of 1W. The Dimtors became fully sensible of the itn- 
pmtanee of etpediting the whole work The intereot sa 
the arpitJ expended, and tbe lies of all income till thk 
RniIway, or at lea& a coasidarable partiea of it skauld be 
completed, dorded motive eefflaient to Saducs the Corn- 
p p t o  gmh &ward h opeP.risns with atill iboredng 

I n  the spring a4 thir year (18!28) the Wkecters obaaiaed 
o Act of Parliarneat for alteriug the line af road, jbc 

wog tbe curres, and shortming the disbace, by ovaid- 
ing seveml cireuiLourr roufes, es hid down in the parfiemen- 
tary plan. The imploved parts of the road are r s m p r k l  
between d n  lands in the tepPnship af Suttoa, near -R- 
biH, aad that part of the line situate in Culcheth, near 
Bury lane. 

On the 9th of June, 1838, it was mpopbed te the Direc- 
barr that-the l a ~ t  joining between the several lengths af 
the Tunael was e c t e d ,  and at tbat time all very serious 
diflScutties in the execution of tbb branch of tha undew 
takiog were snrmounted. I n  this year principally, m e  G 
Sacted the piiiw for the foundations of the piera of the 
great \iiadnct over tha Sankey valley, a business of much 
labour and amt, but indispensable for the security of the 
euperstruature. About two hundred piles, varying k m  
20 to ,SO feet in length, were driven hard into the founds 
tion site of each of the ten piera. The heavy ram am- 
ployed to impart the finishing strokes, hoisted up with 
double purchase and anail's pace tu the summit of the 
Piling Engine, and then falling down like a thunderbolton 
the head of the devoted timber, driving it perhaps a. single 
half inch into the stratum below, is well calculated to put 
to the test the virtue of patience, while it iflustratbe the old 
adage of-" slow and sure." The Viaduct comprises nine 
arabea of 50 feet span each, stcetching across the vdey of 
the hlrey, over which the Railway was to be carried, at a 



height af nearly 70 Eest abavo the level af tbe %nkey Ca- 
d. During the prewat year (1838,) wa8 completed. the 
Company's hridgt over the turnpike road and tbe aM Mill 
Dam rt Newton, and the operations op C b t  M m  were 
oarrid on without intermission, embanking at each end, 
and draining, levelling, h. on the ceptre portha 

On the 31st of Decembm, 1838, the total expenditure 
was d2461.899 39s. 6d., which included the following 
items:- 
Qa .c;couot of Chat Moss . . . . . &17,503 7 B 

3 s  Cuttings&Embanlringe . 84,665 19 S 
P* T u n d  . . . . . . 93,937 14 9! 
I 9 Sankq Viaduct . . . 32,923 6. 9 
2 I Land . , . . . . . 101,982 9 11 
3 Iron Rails, Chairs, &a. , 63,010 S lQ 

Early in the year 1829, the Directors, with the sanotion 
of the Propri&ors, applied to Parliament and oMained their 
fourth act, the purport of which wa.s-first, to improxe 
the termination of the line at the Mancherter end, by car. 
rying the Railway in a mope direct course over the IrwelP 
into Manchester, inatead of allowing it  to tsrmiaete nerp 
the New Bailey, i~ Salford, ,W set out in t4e original plau' 
This &mation was a great improvement, as it brought the  
Railway ta a station in Water street, in the eentre of tbe 
great Carrying Companies' Establishment@; afbrding, a4 
the same time, convenient access to the diflCerent parts of 
Mmcheeter,. whebher with a view ta merchaadie laden io: 
thg Railway w4gons, or passengers arriving in the Railway 
coaches. 

Another important object of the Act of the present p a r  
waq to autboriz;e the Company to raiae an additiwal eapitrl, 
of $127,500 by 5100'225 shamv, eaeh holder of an ori- 
ginal. Q100 dwre being eatitled to one 886 share, The 
pupwe. of thii new fund was to enable tbe Company to 
provide depots, machinery, waepoe, cmrriqps, &c. with all 
appurtenances bgosging to a Canyiag Btpartaent; for 



it ir to be o b m e d ,  that the original Railway Act requires 
the Company to be carriers, though it does not provide the 
means of carrying. That the raising of this additional ca- 
pital was deemed expedient by the Proprietors at large, 
may be inferred from the circumstance that only fifteen of 
the new shares (out of 5100) were declined by the parties 
entitled to them, under the Act. 

I n  the rpring of 1829, the Directors were still anxious 
for increased despatch in the execution of the work, and 
the Engineer, in consequence, was instructed ta order the 
Contractors at the principal cutting8 throughout the line, 
to employ two sets of labourers, and to work by night as 
well as day. The operations actiordingly proceeded still 
more rapidly than heretofore, though it must be allowed at 
considerably increased expense; and had it not b&n for an 
extraordinary wet wmmer and autumn, the earth-work for 
a complete line of communication between Liverpool and 
Manchester might have been accomplished by the end of 
1899, or the beginning of 1830, and the Railway laid down 
for operations within a few months from that period. As 
it was, very considerable delay was occaeioned by the hem- 
vy and long-continued rains, besides no trifling expenee'to 
the Company, in pumping the water from the deep-cuttings, 
which were too apt to assume the appearance of a Canal 
raiher than a Railway. 

The principal structure completed in 1829, was the Com- 
pang's bridge to carry the Liverpool and'Warrington turn- 
pike road over the Railway at Rainhill. The line of the 
public road at this place, crosses the Railway in an oblique 
direction, at an angle of 34 degrees, the span of the arch 
being 54 feet, while the breadth of @e Railway under the 
bridge is only 30 feet. It is called a Skew Bridge, in po- 
pular phraseology, and is a very fine specimen of this kind 
of building, every stone of the arch being shaped with an- 
gles and curve adapted to the position in which it is placed- 
The Winton bridge, oyer the public road, near Eccles, is a 



~ b r y  heat specimen of the some style of arch, but without 
the massive grandeur of the bridge at Rainhili. 

In the present year, one road-way was laid along the 
whole extent of Chat MOSS, and the Rocket Steam Engine, 
with a carriage and Company, passed over it on the first 
day of 1830. The practicability of carrying the Railway 
over this Moss was seriously questioned in the Houoe of . 
Commonq and was honestly doubted by numbers who 
were acquainted with the soft and pulpy state of this huge 
bog-in some places 30 to 35 feet d e e p a n d  eo fluid, that 
an iron rod would sink through the Mose b y  its own gm- 
vity. The Railway indeed, for the most part, floats ,on the - 

snrface, ib compactness and buoyancy in the most fluid 
places being ~ssisted by hurdles of brushwood and heather, 
hid under the wood sleepers which support the rails. The 
portion of the Moss which presented the most difficulty in 
itr completion was about half a mile on the east border, 
where an embankment 6f about 20 feet had to be formed 
above the natural level. The weight of this embankment 
reoting on a semi-fluid base, pressed down the original sur- 
h: many thousand cubic yards gradually and silently dis- 
appeared, before the line of road made any approach to the 
proposed level. By  degrees, however, the whole m m  be- 
neath and on each side of this embankment be!~~me conso- 
lidated by the superincumbent and lateral pressure, and a 
little pemeverance finally completed the work. 

In September, 1829, was commenced the Companyys 
bridge over the Irwell, in the improved line of mad a u h -  . 

r i d  by the Act of that year. This was the last great 
dmcture on the line of Railway from Liverpool to Mm- 
cheoter. 

In the appendix will be found a general abstract of the 
total expenditure of the Railway, showing the cost of the 
different branches of the undertaking. This document 
may not be without interest to those who shall hereafter 
embark in similar adventureb; though it will be evident 
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tbat no very exact rule of comparieon can be laid down, 
whereby to estimate the cost of different Railways; for not 
only have the wages of labour and the expense of materials 
to be taken into the account, but especially, the time and 
ciroumtancee under which the work has to be accomplished 
-whether, notwithstanding unfavourable seasons, coneide- 
d d i o n e  of the earlier opening of the road, and m m  
epeedy acquisition of a profitable income, may still justify 
the prosecution of the work with unabated vigour-by 
night as well as by day-even at the increased expense 
which will thereby unavoidably be inourrred. The Liver- 
pool and Manchester Railway is a magnificent work; but 
it will be useful to keep in mind that such works cannot be 
executed except at an expenditure of no ordinary magni- 
tude. This Railway will coat above 2800,000, including 
the charge for stations and depots at each end, and machi- 
nery, engines, wagons, &c. for a carrying department. 
The immense traffic between Liverpod and Manchester 
unply justifies this outlay.- But with reference to any si- 
milar sobeme, in extension of the Railway system, it is de- 
sirable the projectore should impartially calculate the cost 
of the work, as well as the income it may be expected to 
produce; and especially that they should make an ample al- 
lowance beyond the first estimate of the expenditure, be- 
fore they embark in the undertaking. 



C W l ' E R  III. 

DESCRIPTION OF THE RAILWAY-EXCURSION FROM LIVERPOOL 
' TO MANCHEWER 

THERE is so little in scenery that is interesting on the turn, 
pike road from Liverpool to Manchester, that a formal de- 
rcription of the way between the two towne may appear to 
Be rather an unpromisiog undertaking. The traveller a l o q  
the Railway, however, will speedily admit that there ie little 
rimilitade between the two routes; the whole character, 
structure, and appearance of the Railway being altogether 
different from the general aspect of the turnpike road. ID 
stead of a uniform, flat, and unintereeting county, the line of 
Railway is divemified cohtin~ally by hill and dale, offered to 
the cootemplation of the traveller in a sort of inverse present- 
ment; the podeenger by this new l i i  of route having to tra- 
verse the deepest receam, where the natural surface of the 
gmund ie t h e . h i g h t ,  and being mounted on the lotlieet 
riclges and w e s t  embankments, riding above the tops of the 
trees, and overlooking the surroundingcountry, where the na* 
tural surface of the ground is the dowe&,--this peculiarity 
and thin variety being occasioned by that essential requisite 
in a well co~atructed Railway-a level line-imposing the ne- 
cemity of cutting through the high lands and embanking a c m  
tbe low; thus, in effect, presenting to the traveller all the va- 
riety of mountain and r a~ ine  in pleasing succession, whilst in . 
d i t y  he is moving almost on a level plane, and while the 
natural face of the country scarcely exhibits even thwe slight 
undulations which are necessary to relieve it from taaeneaa 
and insipidity. 

T o  accomplish a complete s w e j  of the Railway, we 



should commence our journey of obeervation at the Liverpool 
&l, in the Company's yard, in Wapping. Here the lower 
@mnce of the great Tunnel is accessible through an open 
cutting, 28 feet deep and 46 feet wide, being space for four 
lines of Railway, with pillars between the lines to support the 
beams and flooring of the Company's warehouses, which are 
thrown across this excavation, and under which the wagone 
pass to be loaded or discharged through hatchways or trap 
doors communicating with the stem above ; wagons loaded 
with coal or lime passing underneath the warehouses to the 
open whawm at the Wapping end of the station. 

Proceeding along the Tunnel, the line of Railway cnwea 
to the right, or south-east, till it  reaches the -m of the 
inclined plane, which is a perfectly straight line, 1980 yards 
in length, with a uniform rise of three-quartem of an inch to 
a yard. The Railway from Wapping to the commencement 
of the inched plane ia level ; the whole rise, therehe, fnnn 
Wapping to the Tunnel mouth, at Edphill ,  is ,193 feet. The 
Tunnel is 92 feet wide and 16 feet high, the sidee being per- 
pendicular for five feet in height, surmounted by a semickcu- 
lar arch of 11 feet radius : the total length is M50 yards. It 
in cut through various strata of red rock, blue shale and clay, 
but principally through rock of every degree of hardness, from 
the softest send-stone to the most compact free-stone, which 
the axe or the chisel will with difficulty penetrate. I t  ire- 
quently was found necessary, in the progress of the work, to 
make an artificial vault of masonry, whichhas been effected 
by brick arch-work in those places whege the natural roek 
could not be trusted to support the euperincumbent mm. 
The height from the roof of the Tunnel upwards to the open 
surface of the ground, varies from 5 feet to 70, the greatest 
mu bf supentratum being in the vicinity of Hope street and 
Crabtree lane. The whole length of this vast cavern is now 
furnished with gas-lights, and, the sides and roof are white- 
washed, to give better effect to the illumination. The U- 
&rent colours and peculiar appearance of the varying strata 
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through which the Tame1 passes are tbua hidden from 
and the attention is no longer attracted to tboae kults or 3 s 
in the solid rock, which indicate that the whole mass ha& 
been rent asunder by one or more of those terrible convd- 
sions of nature, of which the traces are M, frequently visibl~ 
but of which no other record remaioa The geologist will be 
disappointed, in traversing this subterranean vault, to 6nd'the 
natural varieties converted by lime-water into one uniform 
and artificial appearance; but the principle af utility is para- 
mount in a commercial undertaking. 

At the upper or eastern end of the Tunnel, the tnvella 
emexges into a spacious and noble area, 40 feet below the me- 
kee of the ground, cut out of the solid rock, md surmounted 
on every side by walls and battlementa From this area 
there returns a small tunnel, 290 yards in length, 15 feet wide, 
and 19 feet hiih, parallel with thelitrge one, but incliningupl 
wards in the opposite direction, and terminating in the Corn- 
panyys premises in Crown atreet, at the upper and eastern 
boundary of Liverpool; being the principal station for the 
Railway coaches, and the depot for coals for the supply of the 
higher districts of the town. 

Proceediog eastward from the two Tunnels, the road p- 
through a Moorish archway, at present unfinished, which ie 
to connect the two Engine-houses, and will form the grand 
entrance to the Liverpool stations. This structure is from a 
spirited design of Mr. Foster's, a representation of whicb I 
have placed as a suitable Frontispiece to this account of the 
Railway. The traveller now finds himself on the open road 
to Manchester, and has an opportunity of contemplating the 
peculiar featurea of a well-constructed Railway, the line in 
this place being perfectly level ; the slight curve, which wu 
unavoidable, beautifully set out ; the road-wq clean, dry, and 
free from obstructions ; and the rails finnly bed on maaaive 
blocks of stone. Crossing Wavertree lane, the Railway 
descends for 54 milea at the rate pf four feet in the mile,-- 
a declivity so alight and uniform as not to be perceived by 



tbe eye, bat atitill eufficient to give a mechanical advan- 
W facility of motion to a load paabg in that direction. The 
mad a little beyond Wavertree lane is carried through a deep 
&r1e cutting, under several massive stone archways, thrown 

the excavation to form the requisite communicati~~s 
between the m& and fa- on the opposite sidee of the Rail- 
way. Beyond the made cutting is the great rock excavation 
through Olive Mount, about half a mile to the narth of the 
village of Wavertree. Here the traveller passee though a 
deep and narrow ravine, 70 feet below the surface of 
ground, little more space being opened out than sutfieient for 
two trains of carriages to pas6 each other; and the road winding 
gently rou'nd towards the south-east, the prospect is bounded 
by the perpendicular rock on either side, with the blue vault 
above, relieved at intervals by a bridge high over head, coo- 
necting the opposite precipices. The aide8 of the rock ex- 
hibit already the green aurface of vegetation, m d  preaent al- 
together far more of the picturesque in their appearance than 
might be expected from so recent an excavation. At  pight, 
when the natural gloom of the place is farther deepened, tbe 
a e n e  from the bridges above will readily be imagined to be 
novel and striking. The light of the moon inurninsting about 
half the depth, and casting a darker shade on the area below 
-the general silence interrupted at intervals by a noise like 
distant thunder-presently a train of carriqes . led on by an 
Engine of fire and steam, with her lamps like two furnaceb, 
throwing their light onward in dazzling signal of their ap: 
pmach-with the strength end speed of a war-horse the En- 
gine moves forward with its glorious cavalcade of merchandise 
from all countries and passengers of all nations. But the 
spectacle is transient as striking ; in a moment tbe pageant is 
gone-the meteor is passed, the flaring of the lamps is only 
seen in  the distance, and the observer, looking down from the 
battlement above, perceives that all again is still, and dark and 
solitary. 

Emerging from the Olive Mount cutting, you approach the 



p a t  Roby 1 
embankment, formed of the materials dug oat of 

the excavation we have described. This embankment 
h t c h e s  a c w  the valley for about two miles, varying in 
heigtrt from 15 to 45 feet, and in breadth at the base from 60 
to 135 feet. Here the traveller 6nda himself affected by eea- 
d e n s  the very reverse of what he felt a few minutes before. 
Mounted above the tops of the trees, he looks'around him 
over a wide expanse of country, in the full enjoyment of the 
h h  breeze, from wbatever quarter it may blow. . 

This vast embankment strikingly exhibits how much may 
be acr;omplished when aur effbrts are concentrated on one 
p a d  object. There.is a feeling of satisfaction by no meam 
cewnon-place, in thus overcoming obstacles and surmounting 
difficulties, in making the high places low and the rough glacee 
pbun, and advancing in one straight and direct coume to h 
end in view; while the pleasure afforded by the contemplation 
of this great work is farther enhanced, when considered in 
contrast with ordinary and everyday impressions. 

Aftm passing the Roby embankment, you cross the Huy- 
ton hrnpike road, leaving Huyton Church and village on 
tbe left hand, and proceed in a slightly curved direction to 
the bottom of the inclined plane at Whiston, between sevea 
and eight miles from the, Company's station in Liverpool. 
This plane riees in the ratio of three-eighths of an inoh in 
a yard, or 1 in 96. I t  is a mile and a half long in one straight 
line, and the inclination (being so slight) would scarcely at- 
tract observation, did not a decrease in the speed of the 
carriages indicate that an important change had taken place 
ia the level of the way. At the top of the Whiston in- 
clined plane there ie a portion of the road (nearly two miles 
in length) on the exact level. About half a mile from the 
top of the inalined plane, the turnpike road from Liverpool 
to Manchester crosaes the line of the Railway at an acute 
aagle of 34 degrees, and is carried over the Railway by a 
substantial stone bridge, of very curious and beautiful con- 
rtruction, being built on the diagonal or skew principle, 



each atone being cut to r particular angle fo fit in* 8 p&- 
cular place, the span of the arch, measured at the face, being 
54 feet, while the width of the Railway underneath, mea- 
sured from wall to wall, is only 30 feet,-each face of the 
arch extending diagonally 45 feet beyond the square. Rain- 
hill bridge ie nine miles from the Company'e yard in Wap- 
ping, and it'was underneath andon each side of this bridge 
that the experiments took place with the Locomotive En- 
gines which contended for the premium of B500 in October, 
1889. 

P w i n g  over the summit level at Rainhill, we come to 
the Sutton inched  plane, which descends in the opposite 
.direction, and is similar in extent and inclihation to the 
Whiston plane, the top level being 8% feet above the bane 
of each plane. Par Moss is the next object of attention, 
the road-way across the principal part of it being formed 
by the deposite of heavy material (clay and stone) dug out 
of the Sutton inclined plane. This Moss is about 20 feet 
deep, and the material forming the Railway, as it was de- 
posited, sank to the bottom,\and now forms an embank- 
ment in reality 26 feet high, though only four or five feet 
appears above the surface of the Moes. The bordere of 
this waste are in a state of increasing cultivation, and the 
carrying of the Railway across this Moss will hasten the 
endosure of the whole area. 

Leaving Par Moss, we soon approach the great valley 
of the Sankey (about half way between Liverpool and 
Mancheeter, with its Canal at the bottom, and its flats or 
barges in full sail passing to and fro, between the River 
Mersey, near Warrington, and the great Coal districts near 
St. Helen's. Over this valley and Canal, and over the top 
masts and high peaks of the barges, the Railway is carried 
along a magnificent viaduct of nine arches, each 50 feet 
span, built principally of brick, with stone facings, the 
height from the top of the parapets to the water in the Ca- 
nal being 70 feet, and the width of the Railway between 



the p a r t a p  25 feet. The approach to this great M c t o r e  
is along a stupendous embankment, formed principally of 
clay, dug out from the high lands on the borders of the 
valley. Looking over the battlemenb, there ie a fine view 
down the valley to the south-Winwick spire rising in the 
distance, and below you, the little stream of the Sankey 
running parallel with the Canal; while the masts and sails 
of the vessels, seen at intervals in the landscape where the 
Canal is no longer visible, present a vivid specimen of in- 
land navigation. Immediately below you, the barges, as 
they approach the bridge, escape from view for a few mi- 
nutes, till, having sailed under your feet, they become again 
visible on the opposite side of the viaduct. 

On leaving the Sankey, we speedily approach the town 
of Newton, or rather the borough; for this ancient and 
loyal place sends two representatives to Parliament, under 
the auspices of Colonel Legh, M. P. A few hundred 
yards to the south of the town, the Railway crosses a nar- 
row valley by a short but lofty embankment, and a hand- 
some bridge of four arches, each 40 feet span. Under the 
eastern arch the turnpike road passes from Newton to W a r  
rington, and beneath another arch flows a stream which 
turns an old corn mill, immediately below the bridge. Ad- 
jacent also, is situate one of those antique mansions, built 
in the ancient baronial style, whose white exterior, with 
black oak crossings, and pointed gables, harmonizes well 
with the rude scenery around. 

A few miles beyond Newton is the great Kenyon exca- 
vation, fiom which about 800,000 cubic yards of clay and 
send have been dug out, part being carried to form the line 
of embankment to the east and west of the cutting, and 
the remainder, deposited as spoil banks, may be seen 
heaped up, like Pelion upon Ossa, towering over the adja- 
aent land. Near the end of this cutting, the Kenyon and 
Leigh Junction Railway joins the Liverpool and Manches- 
ter line by two branches, pointing to the two towns respec- 
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tivelg. This Railway joins the Bolton and Leigh line, 
md thus forms the connecting link between Bolton, Liver- 
pool, and Manchester. From the Kenyon excavation the 
transition is easy to the Brosely embankment, formed of  
the material dug out ,  of the cutting, as before described. 
Moving onward, we pass over Bury lane and the small 
ver Gless, or Glazebrook, being arrived on the borders of 
the far-famed Chat Moss. This barren waste comprises an  
area of about twelve square-miles, varying in depth from 
10 to 35 feet, the whole mass being of so spongy and soft 
a texture that cattle cannot walk ovef it. The bottom is 
composed of clay and sand, and it is not an uninteresting, 
if not a very profitable speculation, to carry our ideas back 
to that remote period when the sea flowed over the basin 
ef this huge fungus. There are they who profess, by ex- 
amining the vegetable fibre of the Moss, to calculate its 
rge; as the fortune-teller will cast your nativity by the fur- 
rows in your hand. No doubt this mass of vegetable mat- 
ter is still increasing. The flower and the leaf of the hea- 
ther still bud, grow to maturity, and fall; and the process 
of decomposition amalgamates the new and the old fibre; 
but what is thus deposited has been previously extracted 
from the Moss, save what has been supplied from the hy- 
dmgen and other gases absorbed and combined in thii great 
laboratory. At a very moderate calculation, Chat Moss 
cornprism sixty millions of tons of vegetable matter; and 
we shall leave to philosophers to calculate i n  how many 
centuries this weight could be drawn from the clouds and 
the air. Northward of the Moss, in the distance, is Tild- 
eley Church, one of the modern Parliamentary edifices; 
and, as me approach the eastern boundary, conspicuous on o 
gentle eminence to the left, is Worsley Hall, the seat of 
R. H. Bradshaw, Esq. M. P. so well known as Trustee for 
tha mnagement of the Duke of Bridgewater's Canal. 

Beyond Chat Moss we traverse the Barton embankmat, 
ero~rbg the low lands for about a mile between the M- 



and the Worsley Canal, over which the Railway is carried 
by a neat stone bridge. A t  this spot it is evident you are 
approaching a manufacturing district. On the banks of the 
Canal a great cotton factory rears its tall sides, with its hun- 
dred windows, and the fly-wheel of its steam-engine pursu- 
ing its continuous and uniform revolutions, as.if symbolical 
of that eternal round of labour and care, of abundant toil 
and scanty remuneration, of strained exertion and insuffi- 
cient repose, which, through day and night, through need 
time and harvest, through years uf civilization and ages of 
barbarism, have been the condition and tenure on which the 
existence of m large a portion of mankind haa depended. 

From the Barton embankment we soon arrive at Eccles, 
four miles from Manchester, leaving to the right the vicar- 
age and parish church of that village. Between this place 
and Manchesterthe Railway passes at no great distance from 
several country seats and villas, whose rich lawns and flou- 
fishing plantations afford an agreeable variety, after the. 
great sand hills at Kenyon, or the wide waste of Chat MOSS. 
The immediate approach to Manchester, by the Railwsy, 

is through a portion of Salford, as little interesting aa can 
-11 be imagined. Over the River Irwell the Railway is 
carried by a very handsome stone bridge, and then over a 
series of arches, into the Company's station in Water street 
and Liverpool road, Manchester; from which the traveller 
whose object is pleasure rather than business, will probably 
make his way, without loss or time, to the more genial at- 
tractions of the Albion Hotel, or New Bridgewater Arms. 



CHAPTER N. 

MECHANICAL PRINCIPLES AND PROPERTIES, AS APPLICABIZ 
T O  RAILWAYS. 

Tsa mos; obvious mechanical advantage which a Rail- 
way posseuses over a common turnpike road, is to be found 
in ite superior hardnesa and smoothness of surface. This 
comparative advantage, it is evident, can be measured by 
no b e d  standard; though i t  is common to estimate it iathe 
proportion of seven to one. It should constantly be borne 

* in mind, however, that this ratio of superiority in favour of 
a Railway can only exist on an exact level. Let there he 
a very moderate ascent-such as on an ordinary road 
would acarcelg attract observation-one foot in fifty for in- 
stance, and the effect of a horse on a Railway is at once re- 
duced to about one-fifth of its effect on a horizontal plane; 
and on arriving at such an inclination, with a load calcu- 
lated for a level, the horse would be unable to move a single 
yard with the utmost exertion of its strength; while on a 
common road, undulation such as I have stated are of ordi- 
nary occurrence-a horse. being able to exert a sufficient- 
l y  increased power as he ascends the eminence, and re- 
lieving himself as he descends on the opposite side. But 
let it not be imagined that the absolute resistance occasioned 
by a certain inclination, is more on a Railway than on a 
turnpike road: it is precisely the same, .and this peculiarity 
in the comparative result may be easily explained. The 
resistance on a Railway to the progress of the carriage 
wheels (sometimes called the rolling friction) being only 
about onedeventh what i t  is on common roads, the ordina- 
ry load on a level Railway is seven times as great aa the 
load on a turnpike road. Consequently, when the force of 
p v i t y  is brought into operation by an ascending plane, 



this oppoeing force (of gravity) being proportioned to the 
M, will be seven times as great as on a turnpike road. 
. Most of the Railways hitherto constructed have had an 
inclination dournwar&, being for the conveyance of coal 
from the pits to the river side. For purpoees of general 
t d i c ,  however, and where there is any thing like an equa- 
lity of tonnage passing in both directions, it cannot be too 
constantly kept in view, that to render the moviog power 
uniformIy effective, and to maintain for the Railway its full 
comparative advantage over the common roads, it must, aa 
far as practicable, be level. In the LiverpooLand Manches- 
ter line, this object has been in a great measure attained, as 
will appear from the annexed section. From the top of the 
Liverpool Tunnel to Manchester, with the exception of two 
inclined planes at Rainhill (one ascending and the other de- 
scending at an inclination of l in 96, and where some as- 

* sistant power must be used,) there is no greater indination 
tbah in the ratio of about 1 in 880; and since the advantage 
on the descending side will nearly counterbalance the disad- 
vantage in amending M, gradual a slope, the Railway may be 
regarded, for practical purposes, as nearly horizontal. 

A level line being attained, it is scarcely of less importance 
that the Railway should be straikht, or at least free from 
any abrupt curves. As carriages are kept on the rail by 
fianges on the wheels, i t  is obvious that where the curves 
are quick, the friction on the sides of the rails, and con- 
quent retakdation, must be very great. This is a point which, 
till lately, has not been su5ciently attended to. In the Li- 
verpool and Manchester Railway, the curves seldom exceed 
a deviation from a straight line of more than 4 inches in 
88 yards; forming a segment of a circle, which, if extend- 
ed, would embrace a circumference of fifteen miles. The 
aetting out of the curves on the ground is a work requiring 
considerable skill and exactness, and the manner in which 
this is performed affects the real efficiency of the Railway no 
l e ~  than it does the etyle and beauty of its appearance. 

The material of which the rails were to be'composed, 



whether of'caat or forged iron, was a matter of some impor- 
tance. Each description of rail has its advocates; but Pfter 
due conaideration, and inquiry into their respective merih, 
the Directors determined to adopt the forged or rolled iron 
rail, in lengths of five yards each, made after Mr. Birkin- 
abaw's pattern, as described in  Mr. Nicholas Wood's excel- 
lent book on Railways. A similar rail is used on the Dar- 
lington way, but somewhat lighter; the Darlington rail 
weighing 28 l h ,  and the Liverpool and Manchester, 
35 Aba per lineal yard. The rails are supported every three 
feet on stone yocks, each block containing nearly four cubic 
feet of stone. Two holes, six inches deep and an inch in  
diameter, are drilled in each block, and into these are driven 
oak plugs; and the cast-iron chairs or pedestals, to  which 
the rail is immediately fitted and fastened, are firmly spiked 
down to the oak plugs; forming, altogether, a construction 
of great mlidity and strength. On the embankments, wher~ ' 
the foundation may be expected to subside, the rails are laid 
on oak sleepers. 

But supposing the Railway to be completed, of the m ~ s t  
improved construction and the best material, the kind of 
carriage to be used, and the power to be ehployed, afford 
ecope for ample dibcusuibn and the most conflictingopinions; 
for so new, or so little understood, it would seem, is the a p  
plicetion of mechanical principles to a Railway, that as 
much dficulty presented itself to the Directors, in their 
endeavours to come to a conclusion on these points, as iT the 
matter at issue involved a question of law or metaphysics. 
Oa the firet announcement of a projected Railway, on a com- 
plete scale, from Liverpool to Manchester, the ingenuity 
of speculative mechanics anticipated the most astonishing 
results to be obtained from the most undeniable and ac- 
knowledged principles. It was understood to have been 
previously ascertained by Coulomb and Professor Vinae, 
that fir'ctiol, (as applicable to carriages) was the same at all 
velocities. I t  aeemed to follow, that on a level Railway, 
where friction constituted the tohole resistance, the inert 



1nae~1 being once put in motion, i t  would be as easy to tra- 
vel twenty miles per hour, as Jive. The fallacy of this idea 
arises in a good measure from a misconception of the ope- 
ratien of the principle alluded to - tha t  the f&ction i s  the 
wme at ad1 veZocities-from which i t  appears to have been 
inferred, that if you provide a power sufficient to overcome 
the friction a t  a very slow speed, and call that power one, 
and then apply an additiond pawer to augment the speed 
ten fold, you may at pleasure relinquish this additional 
power, and continue to move at the ten fold speed with 
the power one. The, truth is, however, that for every 
ratio of increased speed you must exert increasedpower, 
and must iwntiwe to use it. On a level Railway, friction 
uonetitutes the whole reeistance; and if it require a certain 
power to overcome such resistance at two miles per hour, &.J ,. ./ 

, ..' . 
it will require ten times that'power to overcome the resis- \ :  . , 

W c e  at twenty miles per hour, and it Gill require the in- *.;-&, 
m u s e d  power to be continued as long as the speed is -in- 
tdoded to be kept up. If - to convey a certain load at the U,. , S*' ( ( ..:. 
rate of five miles per hour requires a Locomotive Steam J ...- ..;.S 

/ tY F 
Engine with a boiler and pistons of a certain given area, .. % . 
then to move the same- load at the rate of fifteen miles per ,?, 6 :, , ,  F 

hour, the boiler and cylinders (if there be no improvement ,.' 

in the construction) must be three times the area. In  this 
latter case, therefore, there will be three times the steam (or 
power) expended per  hour, but the journey will be effected 
in one-third the t h e :  the whole. expenditure of steam (or 
power,) therefore, in overcoming the friction 'will be near- 
ly the same, whether the journey be   er formed a t  a slow 
or a quick speed. We  will suppose, for illustration, that a 
weight has to be raised, instead of friction to be overcome, 
the eame principle will hold good. If it require a certain 
power to raise a ton weight one hundred feet high in ten 
.minutee, it will require ten times the power .to raise it the 
same height in one minute-that is, at ten times the speed; -&,? I ,; / . ." 

, ! . - '1 

yet a ton is a ton at all velocities, exactly asfiction is the 
some, whiteper the epeed. 



There ~,another.error on the subject of friction, to which 
it may be as well briefly to advert. Mr. Rankin, in his pub- 
lication an Railways,' lays it down as a principle, that '&the 
friction of wheel carriages is equal in equal times;" and in 
proof of this position, details several experiments with a car. 
riage drawn by a weight descending from a pulley, which 
weight, he found, fell according to the ascertained law of gravi- 
ty, accelerating in the known ratio, in equal portions of time. 
It appears to me that the result, as stated, proves that friction 
is equal in  equal spaces, and rrot in equal times. Mr. 
Renkin does not give either the moving weights, the load 
drawn, or tho veloc.ity, as not being necessary to determine 
the principle. I will suppose a case, therefore, to  illustrate 
my position. A weight,. by the law of gravity, will fall- 

16 feet in the 1st second of time, 
48 feet in the Zd second of time, 
80 feet in the 3d second of time. 

Now the same weight, with the load or carriage attached 
to it by means of a rope and pulley, we will suppose to 
fill- 

5 feet in the 1st second of time, 
15 feet in the 2d second of time, 
25 feet in the 3d second of time, 

Accelerating as before, according to the law of gravity. 
Thus we have a descent, i n  equal dimes, of 5, 15, 25, in- 
stead of 16,48, 80. That is, the friction of the carriage 
caused the weight to fall in the Grst second only 5 feet in- 
stead of 16, being a retarding force of 11. In the second 
period tbe fall was 15 instead of 48, being a retarding force 
of 33, or in the proportion of 15 to 5. I n  the third second 
of time the fall was 25 feet instead of 80-being a retarding 
force of 55-being as 85 to 5, or exactly in proportion to . 
the spaces passed over, and not at all according to the times; 
in perfect conformity, however, with the law of gravity. In 
~ r . ' ~ a n k i n ' s  experiment the friction was a uniformly retard- 

* A Popular Exposition of the Effect of Forces on a Railway, with w e  
Eqdrnentr on Friction. By D a d  Rankii, Eoq. Glesgow, 1828. 



iag ferce, which we have supposed to be 11 out of 16; Bat 
whether it wen: 11 or 3 in the first 16 feet, it would be the 
same in every l6  feet: the friction, therefore, by the experi- 
ment was equal in equal upaces. On the other hand, sup- 
poeing the friction to be equal in equal timco, a power which 
would move a carriage six miles iri one hour, would encoun- 
ter only one-fourth the friction in 'traversing the same six 
miles in one-quarter of an hour, which would be very con- 
venient, if i t  were the fact. But experiment corroborater 
the doctrine, that the same resistance has to be overcome; 
and therefore the same power must be expended, in tra- 
versing a cer ta i~~ space, whatever be the time-whether you 
take m e  hour or three to accomplish it. 

Of course, in laying down this general rule as an ap 
proximation to the truth, we suppose a perfect Railway. 
If the road present considerable inequalities or obstructions, 
the greater the speed, the greater will be the resistance, 
from the shocks to be encountered. Moreover, at great 
velooities the mistance of the air must not be left out of 
the calculation. A t  ten miles per hour i t  has been found, by 
experiment, that the resistance of. the atmosphere is about 
half a pound weight on a square foot of flat surface; at fifteen 
miles the resistance is 1 lb. per square foot; and at twenty 
miles about 9 Ibs. per square foot; the increased resistance 
being nearly as the squares of the velocities. NOW if we 
suppose the moving power calculated to draw, at twenty 
miles per hour, one carriage weighing 4 tons, and present- 
ing in front a surface of 20 square feet, the resistance of 
the air would be 20x2-40 lbs., or 10 lbs. per ton, drawn; 
being about as much as the friction, and consequent- 
ly  dou6Zing the whole resistance. I n  pactice, it will 
probably be expedient to fasten a train of carriages to 
one moving power, in which case the 3rd wagon, or 
the Engine itself, will bear the brunt of the air's resistance; 
which, considered in proportion to the whole weight . 
drawn, and avoiding, as  far as may be, square flat surfaces 
in front of the procession, will bk less important. On the 

23 



other hmd, it seems probable that a farther modification 
must be admitted at very high speeds; for we can eaeily 
imagine a velocity, where the pojectile force must be so 
great as very much to diminish the gravity, and conse- 
qnentiy the friction. But again, as we are acquainted with 
no convenient power but steam, with which to effect rapid 
mot ionand  since steam loses part of its force from a very 
quick transmission th~ough the cylinders-or since, if you 
keep the velocity of your piston moderate, you must in- 
crease your speed by a complication of wheels, or a diminu- 
tion of your cranks, in which case the loss by the friction 
of the rubbing parts would be greater than by the quick 
movement of the pistons, any gain by the diminution of 
gravity at high velocities, will be more than counterbalanced 
by the mechanical disadvantages we have stated; bringing 
out the practical result, within a certain range for weight 
and speed, pretty nearly in conformity with the rule as 
above laid down-subject, however, to exceptions and ir- 
regularities, tending to prove, that when the construction 
of an Engine is adapted to a quick speed and a light load, 
you cannot, with proportionate advantage, substitute a heavy 
load and a slow speed; while i t  would be equally unavail- 
ing, with an Engine calculated for a heavy load and a slow 
pace, to attempt to substitute a light load and a high speed. 

But without dwelling any longer on the difficulty of re- 
ducing, with minute exactness, abstract principles to prac- 
tical operation, it will easily be imagined that the consi- 
deration of the kind of power to be employed on the Rail- 
way occupied no small portion of the Directors' time and 
attention: whether horses-or Locomotive Enginei-or 

L .  

Eixed Engines, drawing the load, by means of ropes, from 
one station to another. Each of these modes had been 
tried, and each had its advocates, for i n  this case experience 
had by no mean8 settled the point a t  issue. l 

Multifarious were the schemes proposed to the Directors 1 l 
for facilitating Locomotion. Communications were re- 1 
ceived from all classes of persons, each recommending an I 



improved power or an improved carriage; from professors 
ofphilosopby, down to the humblest mechanic, all were zea- 
lousin their proffers of ylsistance; England, America, and Con- 
tinental Europe were alike tributary. Every element and 
almost every substance were brought into requisition, and 
made subservient to the great work. The friction of the car- 
riagea was to be reduced m low that a silk thread would draw 
h, and the power to be applied was to be so v a t  as to rend 
r cable asunder. Hydrogen gas and high-pressure steam- 
columns of water and wlumns of mercury--+ hundred at- 
rmasphesee a d  a perfect vacuum--machiner working in a 
eimle without fire or eteam, generating power at one eng 
of tbe procere and giving i t  out at  the other-cmiyfea 
that conveyed, every one ite own Railway-wheels with- 
in whds, to  multiply epeed without diminishing power- 
with ewery complication of balancing , and countervailing 
ibea,  to the ne plus d h a  of perpetual motion. Every 
achemo which the rwtlew ingeauity or prolibc imaginatioo 
of man could deviae,was liberally offered to the Compury: 
the difficulty was to choose and to decide. 

The great theatre of practical operatione on Railwayu 
wu on the Stockton and Darlington liae; and on the Rail- 
wage in the vicinity of Newcastle-on-Tyne. A11 &be t s b  
blhhed m o b  of conveying carriages on Railways were 
there exemplified-Horses, Locomotives,. and Fixed Eh- 
&am. Facts were wanted to lead to a correct deeirion, 
and pemnal  observation seemed necemary, i n  order to ar- 
rive at a d & c t o r y  result. The Directors accordingly ap= 
pointed two of their own body, accompanied by the writer, 
to proceed to Darlington and the neighbourhood of Newcab 
tie, topbtain on the spot, the requisite information, and to 
report the same to the Board, with t h e i ~  opinion on the 
abject. This journey of inspection took place in the be- 
ginning of October, 1828, and the Deputation returned with 
a fund of information; but of so mixed, and in some respects 
of M) contradictory a nature, that the great question as to 
the comparative merits of Lbcomotive and Fixed Engines 



wrs an far from being settled as ever. One step was gain- 
ed. The Deputation was convinced, that for the immense 
trrfltic to be anticipated on the Liverpool and Manchester 
line, homes were out of the question. The debateable ground 
being thus narrowed, how was the remaining point to be 

l 
decided? Was a capita1 of ;El00,000 to be invested in 
Stationary Engines or in Locomotives? The Directors re- 
solved to obtain the assistance of two professional Engi- 
neers, who should visit the Darlington and Newcastle Rail- 
ways, carefully examine the working of the two species of 
mechanical power, taking note of the advantages and dis- 
advantages of each, make an accurate calculation of the 
cost of both modes of conveyance, and report to the Board 
fully on the whole subject. 

Jamea Walker, Esq. of Limebouse, and J. U. Raetrick, 
Esq. of Stourbridge, being severally applied to for the pur- 
pose, undertook the office assigned to them. On the 12th of 
January,.l8%3, they attended at the Board of Direction in 
Liverpool, previous to their setting out on their professional 
tour. On the 9th of the following March, their separate 
1Pepor.fs on the comparative merits of the two systems of 
moving power, were laid before the Directors, and ordered 
to be printed. 

It may be supposed that the great question waa now finally 
set at rest, and that the Directors would have no farther dig- 
culty in coming to a decision on the points at issue. Just the 
rev-. T h e  advantages and dia'advantages of each system, 
M far as deduced from their own immediate observation, were 
fully and fairly stated, and, in the opinion of the Engineers 
themeelver, were pretty equally balanced. The cost of an 
establishment of Fhed Engines between Liverpool and Man- 
cheater, they were of opinion, would be something greater 
tban of Locomotivee, to do the same work ; but the annual 
charge, including interest on capital, they computed would 
be lese on a syrtem of Fixed Engines than with Locomotives. 
The coat of motn'ng a ton of goods thirty miles, that is from 
Liverpool to Manchester, by fired Engjnes, they estimated 



at  6.40d., and by Locomotives at 8.36d., supposing in eacb 
case a profitable traffic both whys. But with a system of 
Locomotives, the cost of the first establishment need only be 
proportioned to the demands of the trade ; while with Sta- 
tionary Engines, an outlay for a complete establishment 
would be required in the first instance. And it was farther 
to be. considered; that there appeared more ground for ex- 
pecting improvements in the construction and working of 
Locomotives than of Stationary Engines. On the whole, 
however, and looking especially at the computed annual 
charge of working the road on the two syetems on a large 
scale, Messrs. Walker and Ragtrick were of opinion that 
&ed Engines were preferable, and accordmgly recom- 
mended their adoption to the Directors. 

On a careful consideration of the real state of the case at 
this moment, it will not be matter of surprise that the Direct- 
ors still felt themselves unable to come to a decision on the 
subject; more especially when it is remembered that Nr. Ste- 
phenson, the Company's Engineer, was decidedly, as he had 
uniformly been, in favour of Locomotive Engines, which he 
was coddent would be found to be the most economical and 
by far the most convenient moving power that could be em- 
ployed. On the whole, therefore, the Directors found them- 
selves in pretty much the same situation as they were before 
the recent survey was undertaken. The leaning on the paFt 
of a majority of the Directors was in favour of Locomotives, 
provided they could be constructed of adequate power and 
at a less weight than the travelling Engines then in use, which 
were generally 8 to 9 tons in weight, and some still heavier; 
the consequence of which was no small injury to the Rail- 
ways, and proportionate expense in keeping the road in re- 
pair. And farther, it was quite essential, according to the 
pvisione of the Railway Act, that they should not smoke. 
The Directors determined to obtain, if possible, a Locomo- 
tive Engine of improved construction, that should comply 
with these conditions. Mr. Harrison had for some time been 
of opinion, that the excitement of a reward, publicly offered 



by Ule Company, would be tbe mod likdy meam to obtaia 
tor them what tbey were in'  arch of. In this opinion his 
brother =&m now. coincided ; and accordingly they re- 
solved, on tbe Wth of April, 1889, to offer a premium of S500 
for the mort improved Locomotive Engine, subject to certain 
stipulations and conditions. [See page8 103, 104.1 

Meanwhile, all measures relative to the moving power 
wen suspended, till the result of the trials of the specimen 
I&ngines should be asoertained. On the 6th of October, 
which was the day subsequently fixed for the trials, four 
b m o t i v e  Steam Ehgines were on the ground appointed 
at Rainhill, a level portion of the Railway, about nine 
rmilms from Liverpool. That the Directore might come 

the most correct decision on the merits of the different 
nnrtchinea produced, they had engaged the professional aa- 
aintanee of Mr. Rasuick, of Stourbridge, and Mr. Nicho- 
lar Wood, of i G l l i n p r t h ,  both Engineers of great practi- 
d knowledge; aided by the co-operation of John Renne- 
dy, Esq. of Manchester, who kindly complied with the re- 
quest of the Directors, that he would be one of ihe Judge., 
on the d o n .  
The Steam Engines which were entered on the lists to 

mntend for the premium, were the " Novelty," a beauti- 
ful machine, of a new construction, built by Messrs. Braith- 
mite and Ericsmn, of London; the 6' Rocket," built by 
MWM. Robt. Stephenson and Co. of Newcastle, with s 
boiler of a new wnstruction, suggested by the writer of 
this ammnt; the "Sans Pareil," built by Mr. Timothy 
Hackworth, of Darlington; and the fi Perseverance," by 
Mr. Burstall, of Leith. 

The peculiarity of the exhibition, on the several days of 
trial, attracted a large concourse of spectators; and the uo- 
exampled speed of the Novelty" and the Rocket" 
errcited universal surprise and admiration. The trial of 
these Engines, indeed, may be regarded as constituting a 
new epoch in the progresfl of mechanical science, ae rela- 
tiag to locomotion. The most sanguine advocates of tra- 



velling Engines had not anticipated 8 speed of more than 
ten ta twelve miles per hour. It wrts altogether a new 
epectacle, to behold a carriage crowded with company, at- 
tacbed to a self-moving machine, and whirled along at the 
speed of thirty miles per bour. The contest for the pre- 
mium was principally between the "Novelty" and the 
'' Rocket." This latter Engine was the first to undertake 
tbe task amigned by the Judges, aa a test of tbe Engine's 
power. The distance appointed to be run wa4 mveuty 
mileq and i t  was a condition, that when fairly started, the 
Engine should travel on the road at a speed of ootlesr than 
ten miles per hour, drawing after it a gross weight of 3 
tons for every ton weight of itself. The prescribed dirc 
tance it should be understood was, owing to the cireum- 
rtances of the Railway, obliged to be accompliuhed by 
moving backwards and forwards, on a level plane of one 
mile and three quarters in length. Of course, the Engine 
had to pass along the plane forty times, haring to make aa 
many atope, and each time to regain the lost speed and mo- 
mentum. On the 8th of October, the Rocket," weigh- 
ing 4 tons 5 cwt. including the water in the boiler, started 
on her journey at about half-past ten in the morning, and 
performed the first thirty-five miles in three hours and 
twelve minutes, being nearly at the rate of eleven miles an 
hour. About a quarter of an hour waa then consumed in 
filling the water tank and obtaining a'fresh supply of c o b  
The second tbirty-five miles were performed in two hours 
and fifty-aeven minutes, or at the rate of twelve miles per 
hour, including stoppages. The whole time, from the first 
8 W n g  to the final arrival, was under six hours and a half. 
The epeed over the ground, with the prescribed load, wa8 
frequently eighteen miles per hour, and occasionally u p  
wards of twenty. The whole performance was considera- 
blY greater than required by the stipulations, or than had 
hitherto been accomplished by a Locomotive Engine. 

The '' Novelty" was the next Engine which undertook 
the appointed task; but owing to some derangement baving 



occurred in her pipes or machinery, she was obliged to stop 
at the commencement of the taok assigned. Another day 
was appointed, and another derangement took place. It 
became evident, therefore, she was not in a state of com- 
pleteness to warrant the Proprietors in prolonging the con- 
tent. Accordingly, they informed the Judges that they 
withdrew from the competition on the present occasion; 
having; nevertheless, full confidence in the merits and prin- 
ciple of the Engine, and in its relative performance, when 
they should have repaired the defects in the structure or 
workmanship of the machine. 

The Darlington Engine, the Sans Pareil," was the next 
sn  the list; but being 5 cwt. above the weight preecribed 
in the conditions, it may not be necessary to discuss her 
merits in other respects. Mr. Burstall, after considera- 
tion, withdrew from the contest, leaving the field to the 
G Rocket" The report of the'Judges corresponded. with 
the above statement, and the Directors accordingly awarded 
the premium to the writer of this account and the Mesera 
Stephensons, to whose excellent construction of the mr 
chinery I was much indebted for the favourable award of 
the Umpires. . ,  

From this date, the question 'between Locomotive and 
Fixed Engines must be considered as practically settled. 
The fitness of Locomotives for the purposes of trabelling, 
atalmost any speed that could be desired, was strikingly 
exemplified; and the importance of this circumstance was 
duly estimated; the conveyance of passengers between Li- 
verpool and Manchester having long been considered a va- 
luable branch of the undertaking. There still remained 
one point to be s e t t l e d 4  allude to the kind of power to 
be employed in ascending the inclined planes of Whiston 
and Sutton. These planes are each a mile and a half long, 
with an inclination of three-eighths of an inch to a yard, 
being a rise of 1 i n  96. Stationary Engines 'on the sum- 

'mit, with ropes passing over sheaves or pulleys alongthe 
whole ascent, are the means resorted to at the inclined 



plane in tbe Live1;pool Tunnel; also on the Darlington in. 
clined planes, and at the collieries in the north. It waa 
quite evident, however, that such a plan of operationa in 
tbe centre of the Liverpool and Mancheater line, with the 
interruption to be expected from a change of the moving 
power, to spy nothing of the danger always to be appre 
hemded from a system of ropes and pulleys, was to be avoid- 
ed, if possible. . I t  became an object, therefore, of no small 
interest to ascertain the power of the new Locomotives on 
the planes in question; and, in the first place, as the dec -  
tive power of the Engine is necessarily limited by the ad- 
hesion of the wheels on the rails (in as much as if .a force 
be exerted beyond that point, the wheels will turn round, 
while the carriage vill remain stationary,) it was impor- 
tant to know whether this difficulty was likely to occur on 
the planes in question. It has been ascertained that the 
adhesion of the Engine wheels now constructed with 
wrought-iron tires) on wrought-iron rails is equal to &th 
of the weight of the machine, in the most unfavourable 
state of the rails. If the Engiue weigh 4; tone, the adhe- 
sion on the four wheels would be &th of that weight, or 
about 500 ]be.; or supposing-which is frequently the case- 
that the machinery is only connected with two wheelg 
then, if the weight be equally divided, the adhedon will 
be = 250 lba; which, multiplied by 200 (the friction being 
only & t h  of the gravity of the load,) gives 22 tons as 
the load, commensurate with the adhesion, Sn the most un- 
favourable state of the rails,-about 40 tons being the ad- 
hesive load in an average state of the rails. Now them be- 
ing the data, an inclined plane rising one yard in a hun- 
dred, will present no impediment on the ground of adhe- 
sion, provided the system be to maintain the same speed 
throughout the journey; for supposing, as above, that the 
adhesion of the Engine wheels on the level, be = 250 ibs., 
it will be the same on the inclined plane, minus & r t h  part 
(24 Iba;) a difference so small as to occur, every day, in the 
varying states of the rails, and quite unnecessary to be take0 

24 



into the crlwllatioa. The qusstion to  be^ decided, there. 
h, was the power of the Engine to take a load up the 
iwlined plane, the adhaion being equal to the poww, at 
rimilrr speeds. For instance, 'l tons on an inclined p l m  
tiring one in a hundred, is a proportionate load to 30 tow 
ea. a level, at fifteen miles per hour, the weight of the En- 
gine being 4f tons, ae explained hereafter. B u t  if it be at- 
terupted to take 30 tons up the plane, by going propodon- 
ably abww, the power of the Engitle might do thin, but  

' 
the adhesion of the wheels would be insufficient, and they 
would turn round, while the Engine stood still, because 30 
toar on the inclined plane = 99 tons on a level, and we 
lnre supposed the adhesion to be equal to 40 tons on a level. 
It followe, therefore, either that the Engine must be worked 
M a u  the adhiveners of the wheels on the level, or you 
aurnot incre~se the proportionate load, by diminishing the 
rpesd on the inclined plane. 

During the trials for the premium, at Rainhill, the 
'4 Rocket" frequently ascended the Whiston inclined plane, 
with a carri.ge holding twenty to thirty passengers, at a 
rpeed of fiftean to eighteen miles per bow; and the ease and 
regularity with which this was affected produced a general 
md confident impression, that even up the inclined planes, 1 
the Locomotive Engine would be the power employed. 
Ideed  the feeling at the moment was very prevalent, that ~ 
it was immaterial whether the Engine travelled up an in- 
dined plane, or on a level; and various schemes were speed- 
ily in agitation for converting turnpike roads into Railways, 
regardless of the ordinary inequalities of the ground. Time 
and reflection wiH correct a notion ao plausible, but yet so 
erroneous; otherwise the most grievous disappointments 
will be the consequence. Dazzled and gratified with the I 

epctacle of the Engine, with her carriage and twenty p* 
rengers, moving up the plane at a speed hitherto not attained I 

by the swiftest mails, the spectator forgot, or was not aware, 
that she would have taken four carriages, each with its 1 
mow of passengers, at the same speed, on a level; or, in 



mare general terms, that the almuulperf6*maw of a LW 
comotive Engine, on a kvel Railway, would be about bar 
times as great as on an inclined plaoe, rising eat yurd in a 
hundred. I have said about fvur times; for the cornpan- 
tire ratio will depend much on the toeight of the Engim, 
the speed d travelling, and the construction of the corruge 
wheels and axles. The more power you ern comprise in 
the same weight of Engine, the greater will be her ooazp&. 
ta t ive  performance on an imZimdpZaw; sad on the other 
hand, the greater the improvement in wheels and axles, and 
the more the friction isdrnivaisRed, the p t e r  will be the 
comparative performance on a level. .Mr. Nicholaa Wood, 
in his book on Railways, estimates the friction of loaded 
wagons at 1-200th of the load moved; tbst h, that ona pound 
weight, suspended over a pulley, would draw f2OD l k  on a 
level Railway. Since Mr. Wood ma& his ebipsliarekts, 
farther improlemenfs have been BI& in the c o n d r d a n  
of wheels and axles; peri?aps to the extent of 25 per tent., 
leaving the amount of friction on a level Railway 1-8XRh of 
the load moved, or 9 lbs. per ton. This ratio, hmver ,  al- 
lows nothing for the resistance of t h e  air: it wppose~ both 
wagons and Railway in very complete order, and the lihe 
an absolute and unde~iating level. Moreover, experiments 
an the ftiction of wagons have generally been made on 
single wagons; and there is reason to believe, that the re- 
metrtlee offered by a number of w a g m  hsteaed each 
other is greater than the propvrtioaate weight would m8i- 
ate:  a d  thie may be accounted h r  by the separate carL 
riages being out of square, with reference to each other, 
thereby occesioning a straining aad lateral friction. On the 
whole, perhaps, we shall come dciemtly near the truth if 
we adopt Mr. Wood's ratio of 1-800th as the amount of re- 
sistance to a train of wagons on o level way, under ordin* 
r y  circumstances of raib and wagons, wind and weather. 
The imlbation of the Whiston plane being 1 in 96, the 
opposing force of gravity of any load on its ascent will be 
1-96th of the whole weight moved; or if we say l-100th 



p%, the rerirrtPnce by gravity will be double the m i s t w e  
by friction. It will follow, then, that if a Locomotive 
Engine, weighing 4 tons 10 cwt. is exactly able to draw aE 
ter it 30 tons weight on a level, at fifteen miles per hour 
'(which I estimate to be the power of an E n g i n e  on the 
6' Rocket" principle, with the latest improvements,) the 
nme Engine will draw only 7 tons, at the m e  aped,  up 
an i n c l i n e d p h e  rising one yard in a, hundred. This re- 
sult may be illustrated as follows:- 

The load drawn on the inclined plane is declrred to 
be . . . . . . . . . .  7 tone. 
Now the additional resistance (by 

gravity) is double the resistanae by 
friction; then, as the load drawn ie 
7 tons, the gravity of the plane 
equals the friction of . 14 tons 

But the Engine weighs 4 tons 10 cwt, 
and is opposed by a force of gravi- 
t y  equal to the friction of double 
that weight, - or . 9 toas. - 

Therefore 7 tons on the inclined 30 tons on a level, at 
plane e q d e  the dnught of J 15 miles per hour. 

Or the same result may be brought out by another pro- 
cess, as follows:-The gross weight proposed to be drawn 
on a level is 30 tons, at fifteen miles per hour, on which 
the friction, estimated at h, = 336 lbs. 

Then on an inclined of 1 in 100, the gross 
weight is declared to be seven tons, on 
which the friction, estimated at &, is = 78.4 lb. 

. Resistance by gravity, &, of 7 tons . . = 156.8 ,, 
Resistance by gravity on 41 tons, the 

weight of the Engine at ,& . 100.8 ,, - 
= 336 lba 



- 
The reridance to be overcome, in both inataocea, being 
336 lbs., at fifteen miles per hour, beaides the frietion of the 
Engine, which does not enter into the calculation in either 
ease-the efeciiue performance being what i8 required for 
all practical purposes. If a s l o w  speed be rubmitted to, 
a heavier load may be drawn on a level, and the perform- 
ance on the inclined plane (if the adhesios be snficient) will 
be found, by the same formula, to be more than prqwrtion- 
ably greater; the resistance by gravity of the Engine be- 
ing a fixed quantity, but smaller, comparativeljr, as the 
load drawn is greater. Thus an Engine of the same weight 
being exactly able to draw 45 tons on a level, at ten miles 
per hour, would take l a  tons on an inclined plane at the 
=me speed. 
Because the load on the incline being . . . 19 tons, ' 

The resistance by gravity is double that by fric- 
tion, or . . . . . . . . . . . . 24 ,S 

d a d  the resistance by gravity of the Engine be- 
ing equal to double its weight on a level . . .= 9 ,, - 

=45 tons 
on a level. 

I am aware that the recent performance of Locomotives, 
on our inclined planes, has been considered greater than 
in the ratio I have given: it is very possible, however, that 
the attained speed and momentum of the Engine and car- 
riages, before commencing the ascent, have not been taken 
into the account. The " Comet" Locomotive (a new En- 
gine, on the Rocket principle) had to ascend the Whiston 
inclined plane with about 26 tons behind her. With this 
load, she attained a speed of sixteen or eighteen miles per 
hour, on the level way, before coming to the ascent. As- 
sisted by this momentum, she accomplished the task: her 
speed, however, diminished from sixteen or eighteen milea 
to about three or four miles per hour, before she reached the 
top; the distance being one mile and a-half, and having suffi- 
cient steam the whole time. Now, it would be quite er- 
roneous, from these data, to take the average speed between 



time miler and eighteen, and to infer that the power of the 
Engine was equal to cwvey a load of 26 h s ,  up an incli- 
nation of one in 96, at ten milea and a-half per hour; her 
m 1  power, as shown by the experiment, and estimated in a 
continwing speed with the load as stated, being only three 
er h r  m i h ,  ar proportionate to about seven tons up the 
ume pkne, at fifteen miles per h r .  I t  bemmes worthy 
of remark, therefore, (connaated with this branch of our 
subjeot,) that in conaidering the section for a projected Rail- . 
way, the length of the inclined planes should be taken into 
the acconnt, as well as the deepness of ascent; since, on 
s plane half a mile long, it ie evident much more may be ac- 
coarplished than on one, three or four times that length. 

The actual cost of conveyance by Railway end h o -  
motive Engines is perhaps not yet very accurately arcer- 
tained. The necessity of using coke instead of d, in 
order to comply with the Parliamentary restrictions ae to 
smoke, will increase, in  some degree, the expense of the 
'Engines on the Liverpool and Manchester line. * Until the 
late trials, i t  was doubtful how far coke could be used at all, 
except at a very serious sacrifice of the power and efficiency 
of the Engine. By an improved construction of machine, 
this difficulty is in a great measure obviated; and the differ- 
ence in  expense between coke and coal, which still subsists, 
should be cheerfully borne by Railway Companies, to relieve 
the community at  large from the volumes of dense black 
emoke, with which, i t  is to be feared, Railways will be dis- 
figured, where there is no Parliamentary enactment, to pro- 
tect the public from M, serious and unnecessary a nuisance. 

The consumption of coke, by the different Engines in the ordinary busi- 
neee and working ofthe Railway, has yet to be determined by experience 
Merrw. Ihaithwaite and Eriesaon, the patentees of the uNo~lty," h v e  
contracted with the Company to furnish an Engine not exceeding fire tons 
weight, which shall draw 40 tons p s s  from Liverpool to Manchester in 
two hours (being assisted up the inclined plane,) the consumption of coke 
not tb earceedhalfr pound weight per ton drawn per mile. 



B l r a o ~ ~  concluding our account of the Railway, we rhrU 
take a single glance at the position we occupy, and the pro- 
bable changes, whether for good or evil, which may be ex- 
pected to occur (as the consequence of our operations,) in 
the atate and circumstances of the community around. The 
firat and most obvious result must needs, be a great revolu- 
tion in the established modes of conveyance, both for mep  
chandiee and passengers, between Liverpool and Manches- 
ter; and consequently in the private interest of a large clam 
of persons, wbo have been engaged directly or indirectly, 
in the coaching or carrying business. An undertaking like 
the Liverpool and Manchester Railway, completed at o 
eost, including i ts  machinery and carriages, of upwards of 
8800,000, for a line of thirty-one miles, and professing to 
be decidedly superior to existing establishments, cannot be 
brought imperceptibly or silently into operation. Bd 
though a great change must take place in the application of 
capital, and the distribution of revenue, amongst large 
companies and wealthy proprietors, the effect on the whole 
with reference to the employment of the labouring classes, 
may be considered as decidedly favourable. I t  has frequent- 
ly been matter of regret, that in the progress of mechani- 
cal science, as applicable to trade and manufactures, the 
great stages af improvement are too often accompanied 
with sevexe suffering to the industrious classes of society. 
The machinery of the present day continually supersedes 
that of a few years back; and as the substitution of mecha- 
nism for manual labour is the object generally aimed at, 
immediate privation to the labouring community seems the 
inevitable result. I t  has coneequently been a eubject of 



~ u l a t i o n ,  how far the rapid extension of manufactures, 
by the instrumentality of successive improvements in ma- 
chine y, is advantageous to a country, as regards its moral 
and social codition. I recollect that, during the  p r o p  
of the Railway Bill through Parliament, when some mem- 
bers of the Railway Committee waited on Lord Harewood, 
and urged the advantages to trade and manufactures to be 
anticipated from the facilities of communication to be afford- 
ed by the Railway, his Lordship demurred at once to our 
propomition, that any new impetus to manufactures would 
be advantageous to the country. And before this point 
can be settled, we must determine the broader and mow 
general question, whether i t  be desirable that a nation 
8hould continue in the  quiet enjoyment of pastoral or  avi- 
caltural life, or that it should be launched into the bustle 
and excitement of commerce and manufactures. We must 
refer to the history of the world, and compare the charac- 
ters and capabilities for happiness, of different ages and 
nations. We must decide between qualities of different 
kinds and claims of opposite chara~ters~between the sim- 
ple and the refined; between the passive and the active; 
between a state of society preaenting fewer temptations, 
and adorned by humbler virtues, and one where, amidst 
the collision of interests and the excitements of passion, 
there is room at least for the exercise of the highest quali; 
ties, both moral and intellectual. We  must determine in 
what happiness consists: whether in the cultivation and ex- 
ercise of all the active powers and faculties which belong ' 

to us as men, and citizens, and freemen; or whether i t  be 
wise to limit our ambition to more sober and tranquil en- 
joyment~, to a state of society, where, if there be fewer 
pleasures, there are also fewer pains, and where, at least, 
may be realized the poet's definition of contentment- 
" Health, peace, and competence." Fortunately, we are 
not required to make choice between two conditions of so- 
ciety, separated, in the history of man, and in the ordim- 
ry course of events, by centuries of gradual and impercep 



tible traneition. It must be admitted that the golden age 
is past, and i t  is to be feared the iron age has succeeded; 
that, with reference to many of us, our lines are fallen 
amidst eternal rivalries and j~alousies-agricultural, manu- 
facttiring, and commercial. The stern principle of compe- 
tition is prominent in every department. of industry. The  
most strenuous activity is hardly suficient, in the present 
day, to secure to the artisan, or his employer, a scanty re- 
torn for his labour or capital. Every invention, by which 
time is saved and business expedited, is seized with avidity,. 
and in self-defence. Every increased facility of produc- 
tim, though its inevitable tendency be to glut the market 
and to lower prices, yet, a~ it affords immediate gain to its 
possessor, is.eagerly resorted to. If  profit be reduced to 
the smallest per centage on capital, every one is active to 
realize this minimum, as expeditiously as possible: one 
step diminished in the process of a manufacture, or the 
saving of a few hours in the period of conveyance from 
one town to another, forms part of a nice calculation, eve- 
rp small item in which must be attended to, in order to ee- 
cure a very moderate remuneration. Hence all the con- 
trivances for abridging labour, for shortening distances, ancl . 
expediting returns. Every one is on the alert in his own de- 
partment, or he is left behind; the most active exertion k i n g  
barely sufficient to enable a man to maintain his station in the 
world. The  race of competition isuniversal and unceasing, 
every manufacture striving against every other; cotton and 
silk and woollen reciprocally against each other, and againat 
themselves, and iron against iron, in all its multifarious 
branches. Every class, and every individual, in every de- 
partment of industry, hurrying along, struggling.with for- 
tune and the times, and jostling his fellow-sufferers; while 
the Land-owneq boldly enters the list against the field- 
" Protectionm his motto-viewing with complacency the 
desperate efforts of the rival competitors, and especially the 
never-ceasing race of iopulation against subsistence-the 
great first mover in the busy drama. * 
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But how little soever to the taste of the contemplative 
mind may be the prksent condition and aspect of society, 
as constituting a vast trading community, the Liverpool 
and Manchester Railway presents one great object for-our 
admiration, almost unalloyed by any counteracting or pain- 
ful consideration. W e  behold, at once, a new theatre of 
activity and employment presented to an industrious pops- 
lation, with all the indications of health and energy and 
cheerfdneas which flow from auch a scene. Or  if we 
take a wider range, and anticipate the extension of Rail- 
ways throughout the country, intersecting t h e  island in 
every direction where the interchange of commoditit%, 
or the communication by travelling, will warrant the cost 
of their establishment; if we look to the construction of 
only one hundred Railways, equal in extent to the Livet- 
pool and Manchester, comprising a line of three thou- 
sand miles, in various situations, and absorbing a capital of 
fifty or sixty millions of pounds sterling, what a source of 
occupation to the labouring community! what a change in 
the facility of giving employment to capital, and conse- 
quently in the value of money! 

But perhaps the most striking reeult produced by the 
completion of this Railway, is the sudden and rnml lous  
change which has been effected in our ideas of time and 
space. D Notions which we have received from our an- 
tore, and verified by our own experience, are overthrow 
in a day, and a new standard erected, by which to form 
our ideas for the future. Speed-despatch-distance-are 
still relative terms, but their meaning has been totally 
changed within a few months: what was quick is now slow; 
what was distant is now near; and this change in our ideas 
will not be limited to the environs of Liverpool and Man- 
chester-it will pervade society at large. .Our notions of 
expedition, though at first having reference to locomotion, 
will influence, more or less, the whple tenor and business 
of life. In  the commercial world, the first mccessful at- 
tempt to'introduce fresh energy and deepatch into the 



@em of our foreign trade was the institution of Packet 
Sbips, a few years ago, to sail between New York and Li- 
verpool, on etated days, whether fully loaded or not. The 
cwmvenienw, both to paseeogers and shippers of goode, 
from knowing precisely the day of sailing, eoon made the 
Packet Ships the favourite conveyance, and accordingly 
their numbers and destinations rapidly multiplied. But 
thirr improvement, though great, was less open to general 
&ervatloo, and its etrecta, therefore, l w  h i k i n g  tham 
what may be expected from the establishment of Railway 
wnveyance and Locomotive Engines. A transition in our 
accustomed rate of travelling, from eight or ten miles an 
hour, to &kkn or twenty (not to mention higher speede,) 
gives a new character to the whole internal trade and com- 
merce of the country. A saving of time ie a saving of 
money. For the purpores of locomotion, about half the 
number of carriqes will suffice, if you go hPiw the rpeed; 
or the aggregate travelling of the country may be doubled, 
or more than doubled, without any additional expenm to 
tbe community. The eame may be said of the number of 
wagons for the conveyance of merchandise. The saving 
of capital, therefore, in this department of bus ine~  is con- 
siderable, from expedition alone. A great part of the in- 
land trade of the country is conducted by the agency of 
travellers; and here, what a revalution in the whole sys- 
tem and detail of business, when the ordinary rate of tra- 
velling  hall be twenty miles instead of ten, per hour. 
Tbe traveller will live double times: by accomplishing a 
prescribed distance in five hours, which ueed to requk 
tcn, he will have the other five at hir own diepod.. The 
mm of businew in Manchester will breakfat at home- 
proceed to Liverpool by the Railway, traneact hie business, 
and return to Manchester before dinner. A hard day'o 
jomleying is thus converted into a morning's excursion. 
It b.s been well observed, in our public jaurnale, that Man- 
chester is thus brought as near to Liverpool, as the east to 
the west end of London, whether we estimate vicinity by 



the cost of conveyance, or the time not unfrequently spent 
in effecting it. Gradually the whole internd traffic of the 
country, with all the varieties of local intercourse, will as- 
mume a new character. Already a Railway, on  a grand 
d e ,  is advertised from London to ~ i r m i n ~ h a m ,  and from 
Birmingham to Liverpool; and thus is cornmeneed that 
p d  trunk, which will unite the north and the south, and 
brig into closer communication the Capitals of England, 
Scotland, and Ireland. The rapid transit of intelligence, 
fmm one end of the country to the other, will not be the 
leaat important of the results to be accomplished; while 
tbe quick conveyance of merchandise will infuse new life 
into trade and manufactures. The grocer in Birmingham 
will receive his ponderous hogsheads of ' a g a r  or  coffee 
with the celerity of a parcel by the post-coach; and the 
workhowensan in the Metropolis will be supplied with 
bir baile of spring goods, from Manchester, in less time 
than he hrs been accustomed to receive his patterns by the 
%ying van. 

But we must not contine our viewe to London, or  Liver- 
pool, or Manchester : there can be no question that foreign 
countries will adopt the Railway communication, as one 
grerS otep in mechanical improvement and commercial enter- 
prise. France and Germany and America have already their 
Railways ; and the Pasha of Egypt may be expected to follow 
cl- on the heels of hi brother potentates. The county of 
the Pyramids, of Memphis, and of Thebes, shall then be ce- 
lebrated for Railways and Steam Caniages ; the land of the 
proud Mameluke or the wandering Arab, of Sphynxes and 
Mum&, will become the theatre of mechanical invention, 
reience and the a r k  The stately Turk, wiCh his turban and 
dippers, will quit his couch and his carpet, to mount his En- 
gine of 6re and speed, that he may enjoy the delight of mo- 
dern locomotion. So long is it, since a reward was offered 
to the inventor of a new pleasure, that some scepticism were 
excusable as to the possibility of any great and novel excite- 



ment. But the Locomotive Engine and Railway weFe W 
eerved for the present day. From west to east, and f m  
north to south, the mechanical principle, the philosophy of 
tJw nineteenth century, will spread and extend itself. The 
world has received a new impulse. To the fortunate few, 
who are independent of times and circumstances, the present 

0 
moment is a period of more than ordinary interest; to the 
world at large, it continues, as it was wont to be, a season of 
labour and difficulty. Whether the period will ever arrive 
when a whole community shall enjoy the pleasures and satis- 
factions to be expected from that happy combination of the 
powers and capabilities of the human race, which is concei- 
wble, but has hitherto been realized only by the Utopian the- 
orist :-whether we shall ever see united, the energy, activiry, 
and enterprise of a refined and commercial people, with the 
simplicity and quiet enjoyment of philosophical life, in its most 
favoured aspects ;-whether the period will sometime come, 
when the fervour of an earnest enthusiasm-religious, moral, 
social--shall not be inconsistent with the calculations of the 
merchant, or the speculations of the political economist;- 
when science and literature, commerce and the arts, and all 
the stirring influences of man's nature, in the highest state of 
wealth and civilization, shall be enlisted to promote the im- 
provement and well-being of the whole community ;-when, 
by a happy alchemy, the iron and the golden age shall be 
amalgamated, and man be allowed to enjoy the benefits of two 
state0 of society, hitherto deemed incompatible, or at least 
separated, in our experience, by inte~ening centuries, if. in- 
deed either counterpart has ever been realized-These are 
speculations which we may glance at, for a moment, in pass- 
ing, and forget when the vision is gone. But the world and 
its inhabitants are constantly before us ; and here we find no 
pause or resting place-no period of uninterrupted enjoyment 
or repose, for the million. The genius of Watt, or Davy, or 
Stephenson, may improve the state of natiohs, or the fortunes 
of individuals, but it affects not the condition:of the great 



i 
m ol the human race ; for thie comummatioo we mmt 1ook 
to other sciences than chemistry and mechan'ka ; to the tardy 
overthrow of prejudice, and the don progm of unpopular 
tmth ; to the diffusion of thet knowledge which teachee tbe 
hwa and principlecl on whicb depend the moral, phyeical, and 
political conclition, the snbaitence, and wehbehg of mae, 

kind. 
Meanwhile, tbe genius of the age, like a migbty river of 

the new world, flow@ onward, full, rapid, and irresietiMe. 
Tbe spirit of the times maat needs manifest itself in the pm- 
~IWE of eveab, and the movement is too impetuous to be 
stayed, wem it wise to attempt i t  Like the U Rocket" of 
6re and steam, or ita prototype of war and desdatiohewhe- 
ther the barbi ir  of peace and the arte, or tbe Engine of 

. bostile attack and devastation--though it be a futile attempt 
to oppose eo mighty an impulme, it may not be n n w d y  our 
ambition, to guide its progress and direct its courae. 
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55, 219 11 4 
Fonmtion of Bud ..................................... 20. 568 15 5 
ImnBrilAcwunt ...................................... 67, 912 0 2 
Intenrt Account (balance) ............................. 3. 629 16 7 
Iand Account ......................................... 95. 305 8 8 
Office Mblishment ................................... 4. 929 8 S 
Pul iuaen tq  and LQW Expenditure .................... 28, 465 6 11 
Stone Blocks a d  Sleepers.. ........................... 20. 520 14 S 
Surveying Account ................................. .... 19. 829 8 7 
~ v e l l i n g E x p e ~  ................................... l. 423 1 5 
Tunnel Account ....................................... 34791 4 9 
Tunnel Compendon Accwnt ......................... 9. 977 5 7 
WagonAceount ....................................... %l85 5 7 
Sundry Payme-nb for Timber. Iron. Petty Diebummentit, 

&c . not included in the foregoing Accounts ............ 2. 227 17 3 

f739. 165 5 0 



SCHEDULE OF BRIDGES ON T H E  

SAX118 OP BBIWES, 

Commencing at the Li- 
vbpool end. 

m M.nhal13s cG.Bridge - - 
so Button Brid - - - 
31 S a n k e y ~ ~ E c i  - . . 
"4 T,+hCw,le Archmy - - 
::; % ; , I ; . I :  ,iPs Bridge . - 
2 4 ,  S,:?ht..~~t l: ;kl - - m  

34.,rllrk,+! ,h& - - - 
3,; 1 wkin@!ap L.oe Bri+ - 
:;; Kmyon Tannel - - - I '  sa,trndma~h'.Bridge - - . 
. ?u l~a~~r ton '*  k i d m  - - - 

93 
33 
U 

S 
87 

I 1'I$'rrhin~:to1'1 Bridge 
re buckm~e~d 's  ?ridge 
U B u q  Lane Bnd e - 
44 Glazebrook B&, - 
U Hodgki~uon's Cattle B 
46 Chat Mow (Fnun~) Bri 
A 7  Le~b'. Brick Arch - 

Ditto. No.% - - 
m n ' s  Oteuption Bridge - 
C a m b e r h B r i d g c  - - 

4 6 S t o ~ L n n e B n d  - - - 
spnnl; ~ l l ~ ~ r $ e  - - 
FuiohJI Bridre - . . 

Sundry Col&, Foot Bridgm, 

61 

63 
M 
ss 
56 
67 
58 
59 
60 

l S uam. 
l AL. 
1 Askrw. 
I square. 
1 s q U 8 R  
1(sqnare. 
1 S q u u c  
1 squar& 
1 souare. 

Gody L n n e ~ C d ~  - . 
WintonSkrw Brd - - 

~ ~ u ~ . ~ ( ~ u t e ~ ~ r $ g e  - - 
Monh HaIIBridge - - 
E @ c b  Brid c - - - - 
Wbinker'r s i l l  Dun - - 
Stothardls Occtrpatiun Bridge 
GoreBwth5 9ridge - - 
CmuLmeBrid - - 
~ - * ~ t i d t p , i % . l  - 

No.2 - - 

1 squur. 
1 Square. 
1 squnre 
1 square. 
1 square. 
1 square. 
l Askew. - Unfinished 
1 Square. . 
1 Square. 
l Square. 
1 Askew. 
1 Askew. 
1 square. 
1 square. 
D Square. 
1 Square. 
1 Askew. 
4 Square. 
1 A&-. 
l square. 
I square. 
I square. 
I Square. 
I square. 
L squam. 
L squaw. 
L Square. 
L Square 
L Square. 
L Square. 
L Square. 
L Square. 
L squaw. 
L Square. 
L Askew. 
1 Square. 
L Squam 
I Sq.&& 

L squnre 
1 square. 
L Askew. 
L A~kew. 
I Aakew. 
1 Askew. 
l Askew. 
a Askew. 
I compsnaation i 

hder. 
hder. 
tnder. 
roder. 
hdcr. 
'nder. 
hder. 
ver. 
ver. 
ver. 
ver. 
ver. 
ver. 
ver. 
ver. 
wr. 
RI. 
Ter. 
'W. 
ver. 
rnder. 
'nder. - 
'rider. 
bder. 
'oder. 
'&I. 
Fer. 
&r. 
'nder. 
rer. 
ver. 
ver. 
ver. 
nder. 
nder. 
nder. 
nden 
nder. 
nder. 
ver. 
ver. 
ven 
v. Bmok. 
veli 
ver. 
rer. 
v. Bmok. 
ver. 
ver. 
ver. 
per. 
rider. 
nder. 

nder. 
oder. 
oder. 
nder. 
nder. 
nder. 
oder. 
v. Rmer. 
in lieu of 

Ashler with brick ucb,heed r i c h  aa 
Brick mrL. 
Brick rmt 

Ashler witb brick areb,lccd wifh 8- 
Ashkr. 

Brick work. 
Ashler. 
Ashler. 
Ashkr. 
Ashler. - . - . . 

Brick arch and uhlsr qmim. 
Ditht. 
Ditto 
Dittu. 
Ditto. 
Ditto. 
Oitm 

Rubble, witb ashler qdp 
Brick m h  and uhkr q a m h  

Ditto. 
Ditto. 

Ashler with brick arch, fheql with 8- 
Timber on stone p 

Ashler. 
Wood with stone +. 

~ s h l e r  nitb brick arch, f.ced nth imr. 
Athler. 

Ashler d rabble 
Ashler. 
Adder. 

3riek with stone face, quoins, and p n p  
Brick work. 
Brick w o r k  

Brick mrk, with rtone hebg. 
Bnck work  
Brick work. 
Brick mrk .  
Bdck roh 
Brick work. 
Brick w o h  
Brick work. 
Brick w o k  

Brick, with stone nobs. 
Irick, witb stone qno+ J s M e  pihm 

Bnek. 
Brick and timber. 

Brick. 
Brick. 
Brick. 

Brick and stone qnoim. 
Brick and stone i*aerr 

DmKd "hL. 
Hriek. 

Brick and atone 
Brick work and S?. 

Brick. 
Brick. 

Brick and stone wim to ucb. 
~ r i &  
Btick. l 

Brick and srrme quaim 
Brick and Itone quoinh l 

Ashler. l 
nBridp - - - . . . j  



LIVERPOOL AND MANCHESTER RAILWAY. 

41 %2 
g $4 % $4 &, 5 

4 
U r : S 

L* 
C 

'3 
F& 
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91- 
Stone. 
Stolte. 
5tune. 
Stone. 
h one. 
S l O r l ~ .  
Stone. 
!scms 
Stone. 
Slone. 
Stone. 
Scone. 
Btone. 
Stone. 
Stone. 
Smne. 
Stone. 
Stone. 

t Stone. 
,Stone. 

I Stone. 
I - 
I Stone. 
I Stone. 
)Stone. 
f Stone. 
I Stow. 
>Stone. 
1 Stone. 
1 Stone. 
t None. 
3 Stone. 
4 Stone. 
5 Stone. 
6 Stone. 
7 Stone. 
8 Stone. 
9 stone. 
0 Stone. 
l1 Stone. 
l2 Slone. 
U Stone. 
14 Stone. 
L5 Stone. 
(B Stone. 
U Stone. 
M Stone. 
49 Stone. 
M Stone. 
51 Stone. 
5% Slone. 
€3 Slane. 
M Stom 
55 
56 Scone. 
FI Stone. 
68 Stone. 
W Stone. 
€Q Stone. 
61 Stone. 
62 Stone. 
69 Stone. - .  

Brick. 18 090 
Brick. 18 830 
Brick. 48 030 
Brick. 42 030 
Ikick 42 030 
M&. a 030 
Bdek. 48 030 
M. 63 063 

In. Ft. 
0 26 
0 18 
0 18 
0 24 
0 40 
0 3.4 
6 18 
0 13 
0 l6 
0 16 
0 16 
0 16 
0 18 
0 20 
0 16 
0 19 

In. 
9 Level. 
0 Level. 
0 level. 
3 Level. 
6 Level. 
0 Level. 
0 1inM 

0 - 
0 18 0 1 i n M  
0 a3 0 LsreL 
o6otocuul. - 
0 6 0 - 
0 l6 0 - 
0 27 0 - 
0 18 6 l i n l 8  
o 18 o Level. 
0 19 0 Level 
0 20 A l i n  Q 
0 18 0 l i n l l l  
0 18 0 1in18 
0 14 0 - 1  
0 14 0 - 
0 16 0 - 
030 .b. Riv. - 
0 10 0 - 
0 13 0 - 
0 I6 0 - 
0 1 3 0 W S  - 
0 13 o - 
0 %l 0 
0 20 - 
o 1% to war. - 
0 18 0 l @ l S  
0 l8 0 l m m  

0 16 0 l i n l 4  
0 18 0 1in18 
0 18 0 1in30 
0 18 0 l h s o  
0 18 0 - 
0 18 0 l i n M  
0 18 0 1in 13 
QSO to Riv. A 

Pt. In. Ft. 11 

1 Iu& 

COST. 



BRICKMAKIN~ Aaaoums.-The greater art of these Bricks 
a re  faat using in the building of the Manc R ester Warehouses, 
Offices, &c. and some in completing the Bridgea a t  each end of 
the line. 

B ~ x ~ o ~ s . - T h e  foregoing description of the several Bridges 
in a fabular form, I have thought would not be uninteresting, 
as  affording a popular view of the kind of structures that may 
be expected to occur in similar undertakin S. I t  will be seen f that several of the Bridges are still unfinis ed, though fast ap- 
proaching their completion-for this purpose a fund is reserved, 
as er the estimate below. 
(!HAT MOSS-Under this head is comprised the earth-work 

.from Bury lane Bridge to Legh's Occupation Bridge, on the 
east border of the Moss, a distance of 49 miles. The embank- 
ments in this space consist of about 277,000 cubic yards of 
moss earth, in the formation of which about 677,000 cubic yards 
of raw moss have been used; the difference in measurement 
being occasioned by th; squeezing out of the superabundant 
water, and consequent consolidation of the moss. The expen- 
diture on this district has been less than the average expendi- 
ture of the rest of the line. 

CUTTINGS AND EMBANKMENTS.-under this head is COm- 
rised the earth-work op the whole line, exclusive of the Chat b oss district. The Cuttin s somewhat exceed the Embank- 

ings, the surplus is principa I deposited along the border of 
the great Kenyon Cutting. 

f 
$he Excavations consist of about 

722,000 cubic yards of rock and shale (including some side 
cuttings at Eccles, to expedite and improve the consistency of 
the Barton Embankment,) and about 2,006,000 cubic yards of 
marle, earth, and sand. This aggr ate mass has been re- 
moved to various distances, from a ? ew furlongs, to between 
three and four miles; and no inconsiderable portion of it has 
been hoisted u by machinery, from a depth of 30 to 50 feet, 
to be depositefon the surface above, either to remain in p r -  
manent spoil banks, as at  Kenyon, or to be afterwards carried 
t o  the next embankment, as at  the deep rock cutting through 
Olive Mount; the process in this latter case being rendered ex- 

edient from considerations of increased exped~tion. Where 
rand for the depo~ite of spoil banks has been purchased, the 
cost of the land forms part of the ex nditure under this head, P" and a good deal of substantial and ofty walling in the deep 



cuttinp is also included. The unavoidable expense of amp- 
sing out the water from the several cuttings on the line k r i n g  
a wet season, was adverted to in the text  

FORMATIOX OF THE PERXANENT RoA~.-This ~0nSiStS of 
what is termed ballasting the road-!hat is, depositing a la  er 
of broken rock and-sand, about two feet thick, viz. one d oot 
bdew the blocks, and one foot distributed between them, 
servin to keep them firm in their places. Spiking down the % iron c airs to the blocks or sleepers, fastenin the rails to the 
chairs with iron ke S, and adjusting the ral way to the exact 4' If 
width and curve an level, come under this head of expendi- 
tu re. 

IRON RAIL ACCOUNT.-This expenditure comprises the fol- 
lowing items:- 
Rails for a double way from Liverpool to Manchester, with 

occasional lines of commuaication, and additional side lines ' 

at the d ierent  Depots, being about 35 miles of double 
way, = 3847 tons, at prices averaging something less than 
S12 10k er ton - - £48,000 0 0 

Cast iron CL- 1428 tons, at anLe& o i  ~10-10s. - - 15,000 0 0 
Cost of Spikes and Keys, to M e n  the Chairs to the Blocka 
and the Rails to the Chair - - . - - 3,83000 

Cast of Oak Plugs for the Bloc& - - - - - 615 0 0 
Sundry Freights, Cartages, &c &c. - - - - 467 0 2 

3267,912 0 2 

h ~ ~ . - T h i s  is a heavy item of expenditure. The price of 
land in the vicinity of large towns is usually high; and the out- 
lay was farther enhanced by numerous claims for compensa- 
tion, owing to the prejudice which a few years since existed 
against Railways, and especially against what now appears their 
peculiar recommendation-the Locomotive Engine. A great 
chan e has taken place in this respect. At the close of 1828 
the c f arge under this head was nearly $102,000, but a ortion 
of this amount M n g  for the Depots, has been transferre to the 
Carrying Department. 

B 
OFFICE ESTABLISHMENT.-This comprises the salaries of 

Treasurer and Clerka, Office Rent, Stationary, Printing, &c. 
since Ootober, 1824. 

STONE B ~ o o ~ s  AND SLEEPERS.-Out OF the 31 miles, about 
l8  are laid with Stone Blocks, and 13 with Wood Sleepers, 
oak or larch; these latter being laid principally across the Enl- 
bankments, and across the two districts of moss. A conside- 

- rable uantit of Wood Sleepers have been destroyed, una- P K voidab y, in t e progress of the work. 
SURVEYING ACCOUAT.-This comprises the cost of. Surveys, 

Plans, &c. for the two applications to Parliament, in 1825 and 
1826; also the salaries of the Engineer, and principal Assist- 
ants, Stationary, &c. from the commencement of the under- 
taking. 

TRAVELLING EXPENSES.-T~~S includes the cost of sundry 



journegr and deputations to London, Darlington, NewcaeUe; 
&,C. eince 1824: also the cost of journeys of inspection on the 
line of Railway during the progress of the works. 
TUNNEL COMPENSATIOB Accou~~.-This  consists of com- 
nsation paid to parties under whose premises the Liverpool 

Funnel is excavated, for dama e, either real or sop 
farther, of loss sustained on t e resale of sundry Yd' ouses and 
1ande which the Company were required to purchase. Them 
will be a credit to t h ~ s  account for premises resold to the ex- 
tent of about ;ESOO.  

WAGON Aocoum.-This expenditure is princi 
gone used in the progress of the work. There wi I be a credit a -  
to this account from the resale of such wagons as cannot con- 
veniently be adapted to the future porposes of the Railway, and 
b a transfer of the remainder to the carrying department, at 
t l eir eetimated value. 

It will be observed that the statement of expenditure is up 
to the 31st of May, 1830. The Railway, however, will require 
a farther outlay to render it complete, though the Locomotive 
E n  'ne has seed over every foot of ground from Live 001 to 
6 # ord. T R" e slopes of the Cuttings want dressing, an '3' eeve- 
m1 of them want protecting with foot walls. The permanent 
rond way is not quite finished, and some ortions that .have 
been laid down require adjustin and releve P lin The fencing 
also in ortions of the line will e incomplete P or some time. 

The  irectors, in their Report dated 25th March last, esti- 
mated the total expenditure, including Warehouses, Machine- 

d Carriages, a t  ;E820,000, which may be apportioned as 
3'1:s:- 
PlrpendiFe., ns above, in actual payments, to 31st May - L739,165 5 0 
Outstandma enaa~ements to the same date - - - . 7.500 b Q 
For wallink th; glopes in Sundry places, and completing 

permanent road - - - - - - - - 6,750 0 0 
For completing the Bridges, including the Impell, S6000, 

.ad Parapets of the Sankey Viaduct £1400, and oom- 
ensation in lieu of Bridges - - - - - 9,500 0 0 

A t i o n a l  E p y  Wagons, and Machinery, part under 
contract for elivery - - - - - - 17,000- 0 0 

Completing Stations, Wharves, Warehouses, Offices, &c. 25,000 0 0 
Fencing at sundry places - - - - - - 3,000 0 0 
Contingencies - - - . . - 12,084 15 0 

~ 0 , 0 0 0  0 0 
h 

The  public opening of the Railway is a sub'ect of interest 
and inquiry. It is some time since coal for the A ompany's pur- 
poees was conveyed from the Elton Head Collieries, in Sutton, 
to the Crown street Station, in Liverpool; and on the 14th of the 
present month, (June,) an experiment was made which may be 

'T rded as a preliminary measure to a general opening, well 
ca culated to exhibit the peculiar character of Railway convey- 
ance, and to put to the test the capabilities of the Locomotive 



Engine. On this occasion the Directors, in two of their car- 
riages (the one a. close glass coach, the other an open carriage) 
proceeded in a journey of inspection from Liverpool to Man- 
chester and back. The Arrow Locomotive, one of the im- 

roved Engines on the Rocket principle, was the moving power. 
h e  grou weight drawn was about 93 tons, consisting as fob 
lows:- 

Stone in seven Wagon!i - - . - - 20 tona 
Weight of Wagons - - - - . - 7 S, 
Engme-tender and 6 persons - . - - 3 m 
Two Carriages and 20 pemm - - - - 3 9, - 

33 tons. 

With this load she travelled from the Engine-House, Liverpool, 
to  Oldfield lane Bridge, Salford, Manchester, the distance be- 
ing about 29 miles, in 2 hours and 25 minutes, including two 
stoppages to take in water. Up the Whiston inclined plane she 
was assisted by the Dart, an Engine of similar construction and 
power, and the first uarter of a mile of the ascent was accom- 
plished a t  a speed o 7 17 miles per hour, which, however, de- 
creased to aboot 4 miles per hour before the summit was ained, 
tbe mile and a half being accomplished in 12 minutes, t fl e ave- 
rage speed, therefore, ban  seven and a half miles per hour. 
At the top of the ascent, t % e Dart was unyoked, and the Ar- 
row proceeded with her cargo along the etraight and level plane 
a t  Rainhill a t  the Rate of 16 miles per hour. On the return 
from Manchester, the Engine-tender and the two Carriages with 
paseengers constituted the whole load drawn. The first nine and 
a quarter miles from Oldfield lane Bridge to Glazebmok Bridge, 
including the Chat Moss district, were accom lished a t  a speed R averaging from 19 to 20 miles per hour. T e whole distance 
was accomplished in 1 hour and 46 minutes, including s top  
pages, the speed general1 varying from 18 to 25 miles and up 
wards per hour, and the Hngine not working to her full power, 
n great portion of the way. The speed up the Sutton inclined 
plane, (without any assistant Engine,) averaged more than 15 
miles per hour. The da was wet, and the rails, in places, 
very d~rty;  the whole per 9 ormance, therefore, took place under 
circumstances by no means favourable; but the result was high- 
ly satisfactory. 

It will now be a t  the discretion of the Directors to name the 
day when they ehall consider the Railwa in that state of com- 
pleteness which may, render expedient t g e public conveyance 
of pasmngers or merchandise, either the whole distance, or 
a4ong part of the line in the first instance. It may be suficient 
to refer the date of the opening of the Liverpool and Manches- 
ter Railway to the summer of 1830. 

Liverpool, June, 1830. 

On Saturday last (December lsf, 1830,) the Planet Locomo- 
tive Engine (one of Mr. Stephenson's) took the first load of 



mercbandiee which has paseed a l o ~ g  the Railway from Liverpod 
to Manchester. The train consisted of 18 wagons, containing 
135 bags and bails of American cotton, 200 barrels of flour, 63 
sacks of oatmeal, and 34 sacks of malt, wei hing alto ether 51 

P f tone 11 cwt. 1 r. T o  this must be adde the weig % t of the  
wagons and oi cloths, viz. 28 tons 8 cwt. 3 qrs., the tender, 
water, and fuel, 4 tons, and of 15 persws upon the train, 1 ton, 
makin a total weight of exactly 80 tons, exclusive of the En- 
gine, a ?W ut six tons. The journey was performed in 2 hours 
and 64 minutes, including three stop ages of five minutes each, 
(only one being necessary under or l. mary circumstances,) for 
oiling, watering, and tak~ng in fuel; under the disadvantages 
also of an adverse wind, and of a great additional friction in 
the wheels and axles, owing to their bein entirely new. The 
train was assisted up the Rainhill incline S plane, by other En- 
gines, at  the rate of 9 miles an hour, and descended the Sutton 
~ncline a t  the rate of 1% miles an hour. The average rate of 
the other parts of the road was 1% miles an hour, the greatest 
speed on the level being 15* miles an hour, which was main- 
tained for a mile or two a t  different periods of the journey. 
The road, we understand, will be opened for the general carry- 
ing business in the course of a few weeks, when a farther sup- 
ply of En ines is expected; the above experiment having been 
made, in t E e mean time, for the purpose of ascertaining the pow- 
ers of the present Engipes, and of removing some doubts which 
have been most unaccountably entertained as to the practicabi- 
lity of transporting cotton and other bulky articles along the  
Railway. Taking this rformance as a fair criterion, which 
there is no reason to S" oubt, for Engines of the same class a s  
the Planet (with the assistance of one lar e Engine, construct- 
ed for the purpose, up the inclined plane, 7 would be capable of 
taking upon the Railway, all the cotton which passes between 
Liverpool and Manchester. 

On Saturday last, (December 15th 1830,) another new En- 
'ne, by Mr. Stephenson, constructed on the same principle a s  

%e Northumbrian, and named the Majestic, was placed upon 
the road, making in all ten in use; and an eleventh is expected 
from Newcastle. The wheels of the Majestic are made entire- 
ly  of wood, which is found to be less liable to accident than 
metal; and the metal wheels of the other Engines and tenders 
are about to be exchanged for wooden ones. The steamers on 
the Railway have conveyed about 60,000 passengers, and have 
traversed a .distance of 28,620 miles, or 954 t r ~ p s  from Man- 
chester to Liverpool and back, from the 16th of September t o  
the 7th of December inclusive, during which period there have 

been eleven instances of the journey exceeding, by half 
the time fixed for its performance. 

3 

THE END. 


