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THE UNDULATING RAILWAY
by Alan Bednall

he 1830s was, for all practical purposes, the first decade of rail travel and a

period of rapid growth in the spread of this form of transport nationally. It was the
period too, which established George Stephenson and his son Robert as the
foremost railway engineers not only in Great Britain but also in the World. Their
genius and perseverence enabled them to overcome the very considerable doubts
which were expressed concerning the viability of railways.

The success of the Liverpool to Manchester line created a considerable enthusiasm
for new railway projects all of which required the services of engineers, not only to
survey and plan the lines but also to take charge of the construction and
commissioning of the line when Parliamentary approval had been obtained and the
necessary finance found. The Stephensons, Brunel and other established engineers
were thus in great demand, but they alone could not carry out all the projects and the
high fees and salaries offered attracted new " railway engineers".

Samuel Smiles describes how these engineers became leaders of the battle when
two or more rival lines were planned between the same points. Such battles were
trials of individual ambition as well as professional skill and considerable personal
feeling was involved. According to Smiles "many new men laboured to mature and
bring out railway projects more striking and original than anything heretofore
proposed" and amongst this group of "fast engineers" he identified Isambard
Kingdom Brunel, Dr Lardner and a certain "Mr Badnell".

Both Lardner and Badnall were, according to Smiles, proponents of railways
constructed with "rising and falling gradients" with Mr Badnall claiming that "an
undulating railway was much better than a level one for the purposes of working".

Richard Badnall, Railway Engineer.

The “Mr Badnell” referred to by Smiles was Richard Badnall of Cotton Hall in
Staffordshire . Richard Badnall, a Staffordshire man by birth, was the eldest son of
Richard Badnall of Highfield, a Leek, silk manufacturer, banker and dyer.

Richard Junior, was a well educated man, a poet, author and inventor who played the
flute and whose romantic disposition is evident in his writings and in his choice of
home. His book The Legend of St.Kilda, Zelinda: a Persian tale, and his poem The
Pirate illustrate his Byronic, romantic, view of the past and the Staffordshire homes
he chose for himself - Ashenhurst, Woodseaves and Cotton Hall - give further clues
to his nature.

His sister Mary Elizabeth Cruso, described him on one occasion as "as usual full of
schemes " and of "talking up and down the town (Leek) of his plans for enriching
himself and his family". In 1837, after hearing that her brother proposed to stand as a
Parliamentary candidate for Newcastle-under-Lyme, she described him as "strange
in his proceedings".

He was also, for a time, a silk manufacturer and dyer and perhaps would not have
ventured into railway engineering had not his first partnership with his brother in law
Henry Cruso and Francis Gybbon Spilsbury come to an early and abrupt end in
1826 with the bankruptcy of the partners and the parents of both Badnall and
Spilsbury.



Following the announcement of his bankruptcy, Richard Badnall Junior had tried
strenuously, both in this country and in France, to remedy matters, pay his creditors
and sustain his wife and their young family. The contents of Ashenhurst were sold off
and his wife's uncles, Samuel and William Philipps, took over the considerable
mortgage on the property. For several years Badnall's life was extremely unsettled
and between 1827 and 1832 he lived at six different addresses in London & Liverpool
before going to live with his father in Liverpool. For much of this time he appears not
to have had any settled occupation, except for a short period when he acted as a silk
broker and merchant.

In 1832 his petition as an insolvent debtor was heard at Lancaster Court and later
that year a patent application revealed that, although he may have been without an
occupation, his mind was as active as ever. It was this patent that formed the chief
item of discussion between Richard Badnall and Robert Stephenson, younger
brother of George Stephenson, over dinner at the Manchester home of JL Gardener,
and subsequently led to the formation of the Stephenson & Badnall partnership to
exploit the patent's potential.

Richard Badnall Junior was born in Leek at the turn of the 19th century. He was the
son of one of the town's most successful silkkmen, Richard Badnall of Highfield, Leek
whose family firm had been established in the town for some 75 years.

Richard Junior eventually took over the family firm in 1824 when his father decided to
concentrate on his young family, his duties as a JP and his farm. Richard Junior
entered into partnership with his brother-in-law Henry Cruso and Francis Gybben
Spilsbury and began to develop the firm to exploit their various patents relating to
tanning and the manufacture of silks. Unfortunately, they entered into the euphoria
of the times and within a short time they were bankrupt and their failure subsequently
caused the bankruptcy of Richard Badnall, senior. Following a period in which he
kept moving from place to place in a vain attempt to restore the family fortunes, he
lived for a while on the Isle of Man and whilst there developed his theories of the
"Undulating Railway". Though his theory proved in the end to have been flawed he
was convinced of the value of his railway design, primarily because of the practical
tests which he had carried out using, initially, clockwork models but subsequently, the
real trains of the Manchester & Liverpool Railway. There is a lengthy correspondence
in the Mechanics Magazine in which he vigorously defended his ideas. In 1833 he
entered into partnership with Robert Stephenson, senior, of Pendleton Colliery, to
exploit the undulating railway patent.

Richard Badnall was politically a Whig, and had a somewhat romantic nature. He
wrote poetry and several books, registered several patents for improvements in silk
machinery and stood as Parliamentary candidate for Newcastle-under-Lyme in the
elections of 1837. He appears to have had a tendency to enjoy the fruits of success
before they had been harvested. For example, on first entering into partnership with
Cruso and Spilsbury, he took on a mortgage of £12,000 in order to acquire the
Ashenhurst estate near Leek, and following his bankruptcy continued to try to live in
a style which his income couldn't maintain. Unfortunately too, he suffered all his life
from gout, and the combination of this and the stress under which he lived from 1827
resulted in his death in 1842, at the relatively early age of 42.
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PREFACE.

THE only apology which I think it ne-
cessary to offer, in submitting the following
pages to public judgment, is to those men
of science who may deem that I bave entered
too minutely into the explanation of some me-
chanical laws, which explanation must appear '
to them entirely useless and unnecessary : but,
conceiving it probable, at this particular pe-
riod, when RaiLways form a subject of uni-
versal interest and conversation, that this short
Treatise may fall into the hands of many alto-
gether unacquainted with mechanics, I hope
I shall be pardoned for having extended my
observations, especially on the laws of friction
and gravity, farther than I should otherwise
have done. My anxiety is, to be understood

by all; and my earnest desire, that public
benefit may be the result.

Mancheater,
March 1, 1833,



A TREATISE

RAILWAY IMPROVEMENTS,
- &c. &c. ' -

'INTRODUCTORY REMARKS.

THE chief object of the following pages, is
to submit .to public notice the particulars of
what I deem a most important improvement
in the construction or formation of Railways.
- In the accomplishment of this duty I shall
endeavour to be as concise as possible, seeking
not fame, on such an occasion, by the extent
or brilliancy of language, but by the innate
and material value of my subject. How far
I am justified in appreciating that value highly,
time and experience will testify. At the pre-
sent moment, after the most mature reflec-
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tion,—after regarding the nature of the im-
provement to which I allude in all its bearings,
and after numerous and impartial experiments,
I cannot help feeling a strong .presentiment
that it will prove one of those important
sources of public wealth and advantage, which
are decreed at intervals to swell the ever-
growing current of civilization.

1t is, I believe, universally acknowledged,
that in all countries, the rise of prosperity
mainly depends upon the convenience of con-
veyance from place to place. Let those who
dispute this doctrine, direct their attention to
the resources of any nation with whose con-
dition they are acquainted; let them refer
to those historieal records which treat of ages
gone, and they will find my assestion indis-
putably verified. '

- Seience, Religion, Morality, Industry, may
advance among any particular body, or in
any particular district, and according to their
Jjoint progress, the comfort and prosperity of -
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that body or district will be promoted; but
as the advantages of local situation vary, and
as the surplus produce of labour above. cone
sumption’ increases, the necessity of inters
course between man and man proportionately
increases ; and upon the convenience of that
intercourse, whether between mation and nae
tion, district and district, or town and town,
in a chief measure depend the value of pro-
duce, the general increase of wealth, and,
consequently, the advancement of happiness
and civilization. '

If such be true, no nation can promote its
real interests more effectually, than by en-
couraging in every possible way theestablish~
ment of good roads, and rapid and convenieat
modes of travelling ; for according to such
convenience will be the equality int price, and
the abundance of the supply of produce; the
real value of landed and other property, and,
as before stated, the increase of wealth and
comfort among all orders of society.

B2
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- Entertaining such opinions, it is not to
be wendered at that I have for some time
watched with anxiety and delight, the suc-
cessful establishment of the Liverpool and
Manchester Railway, and that I look forward
with hope that I may live to see the whole
of my country interspersed with the same
description of roads, every year witnessing
improvements, and every community exerting
its combined talent’ and means to promote
them; -

Thus fee]mg, and being passlonately at-
tached to' mechanical pursuits, it was impos-
sible that I could travel along the road to
which I have alluded, without endeavouring
to make wmyself thoroughly acquainted with
the : pature’ and operations of locomotive
power, and drawing my own conclusions as
to’ the ‘perfections or Jmperfectlona which
attended the- prevent ‘modés:: of conveyance
by:such power. : -

These .considerations naturally led to the
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wish of endeavouring to overcome any diffi-
culty which I believed to exist; and the result
of my reasonings upon these subjects, will,
I hope, be clearly laid down in the succeeding
pages.



ON THE
. ADVANTAGES OF RAILWAY CONVEYANCE .
OVER ANY QTHER MODE, &c.

TrE leading advantage which the public
can expect to derive by this excellent mode
of conveyance, is that of sPEED, either as it
regards passengers, cattle, or merchandise.

The limit to speed which has hitherto
existed on common roads, is attributable to
two causes,~—inequality of surface,and circum-
scribed power. From these two causes, many
acknowledged inconveniences, though until now
comparatively unfelt, have originated.

About the year 1795, it was a twelve
hours’ journey from Liverpool to Manches-
ter; a man, therefore, having business to
transact in either town, was compelled to
sacrifice twenty-four hours of valuable time
in travelling.

In the year 1830, the journey from Liver-




T

pool to Manchester was, on the average, about
four hours; the sacrifice. of time was conse-
quently reduced at every journey 1-Srd.

The time it occupied to convey merchan-
dise at these respective periods from one
town to the other, was proportionably incon-
venient ; inasmuch as, before the establish-
ment of canals, the expense and delay by land-
carriage was severely felt; and the advantage
derived from their establishment was, con-
sidering the rates of freight, and the conve-
nience of conveying large quantities of mer-
chandise, fully equal to any advantage derived
by passengers from the increased speed of
coach-conveyance.
~ The improvements which have taken place
in the speed of conveying goods and pas-
sengers by Railways, as at present established
upon one line of road, have reduced, since
1830, the loss of time occupied in travelling
5-8ths, and in the conveyance of merchandise
21-34ths; and carrying the same principle
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into general adoption, how enormous mmld
be.the national advantage ! -
Passengers, merchandise, cattle, &c. can
row be conveyed with perfect ease from Li-
verpool to Manchester, or the contrary.way,
in one hour and a half, a dwtance of thlrty-
one miles. - : ' g ‘
- A person may leave Lwerpool at 7 o'clock
in the morning, he may devote nine hours to
business during the day at Manchester, -and:
he ‘may return to ‘his'own house by.7 o’clock:
the same evening. By ‘similar means, the
bale of cotton which leaves Liverpool in the
morning, may be in progress of rapid manu-
facture before the close of evening; and thus
the tide of wealth rolls on, swelled by every
improvement in science, and essentjally pro-
motive of: public good. - .
Momentous, "however, as are the benefits
which we derive from this speed of conveyance,
as an immense assistant to national industry,
it i8 attended with other advantages of .great,
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if ‘not equal importance: it is by such means
that we equalize the price of provisions, and
of all productions, rendering the produce of
one town or district ‘subservient to the wants
of others, reducing the expense of travelling,
and, as all wealth must continually be invested
in land or building, thus increasing the real
and absolute value of all soil*, ..~

* I trust I may be pardoned for introducing, in the form
of a Note, a sentiment, bearing upon my present subject,
which I expressed in my “ Letter to the Lords and Com-
‘“ mons, on the Commercial and Agricultural Condition of
“ Great Britain,” published in 1830: * All the accumulated
“ wealth of the world must gradually be invested in land,
“ and every increase of population, cultivation, liuilding,
“ and civilization, must ‘necessarily enhance the bond-fide
“ value of the soil of all countries; as long, therefore, as
“ any country can maintain her rights and independence,
“ and is governed by wise and equitable laws, so long
“ will her land be the best and only security for wealth ;
¢ for wealth, like expanded steam, which by ingenuity
“ is rendered the most powerful engine of production, has
“ its origin in the self-productive power of land, until,
“ expanded by labour and mgenmty ‘into immeasurable
“ gpace, it falls again condensed opon its native earth,
“ which is its source, its strength, and its reality,”

If this be true, how blind are men to their own interests,
who oppose any species of improvement !
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Who then can dispute the advantages de-
rivable from everyimprovement in conveyance,
and from the rapid intercourse between place
and place, and between man and man ?

To deny that these advantages can best be
attained by the adoption of Railways, appears
- to me irrational : the smoothness of surface
opens every facility to the acquirement of
convenient speed, by the reduction of friction ;
and the power of steam possesses the most
undoubted advantage over every other known
assistant power in promoting that speed ; and
in proportion to the extent of such power em-
ployed, in a great measure ought to depend
the amount of load conveyed.

These advantages have been distinctly and
indisputably proved by the result of two
years’ experience on the Liverpool and Man-
chester Railway ; for, despite of the original
expense of this wonderful undertaking, the
heavy cost of the numerous locomotive en-

gines at work upon it, the great expense of
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the servants and labourers employed upon it,
and the many necessary attendant outlays,
it bhas, while conferring the greatest possible
benefit upon the public, by conveying both
passengers and merchandise so rapidly, and at
such reduced charges, hitherto produced, after
the payment of interest, an ample equivalent -
to the enlightened, patriotic, and high-spirited
individuals who have conferred this blessing
on their country.

I cannot leave this subject,. without offer-
ing my tribute of respect and praise to
Mr. G. Stephenson, who has so very ably
conducted this undertaking; he has proved
himself, in perseverance and in talent, well
deserving of the regard of his country and
mankind. His fame can never be tarnished
by the improvements which others may sug-
gest; and to hig candour I have little hesita-
tion in referring the fallowing opinions :
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On the Objections which naturally occur to the

" immediate general Establishment éf ' Rail-

ways, and Imperfections in the present
Mode. of Railway Conveyance.

Among the most important objections to
the general establishment of Railways at. the
present period, and to their successful adop-
tion throughout Great Britain, are the fol-
lowing : o o

1. The great inconvenience which persons
must, for a while, sustain by their
accustomed modes of conveyance
being withdrawn from the roads to
which their property is contigunous.—
The great expense of excavations and
levelling, of building bridges, "tun-
nels, &c. and of purchasing pro-
perty ;—and, The opposition which
landed proprietors are, in general,
disposed to offer to new roads being
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cut through their estates, and canal
proprietors to a competition so inju-
rious to their interests.

2.. The difficulty of ascending inclined
planes.

3. The great weight of locomotive en-
gines, which aré consequently so
destructive of the rails or trams, and

. their rapid wear and tear.—The limit
which exists to the full employment of
: great steam power,and, consequently,
of conveying:in one train so great a
number of passengers, or weight of
merchandise, as could otherwise be
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1.—The great Inconvenience which Persons must, for
a while, mtaiﬁ, by their accustomed Modes of
Conveyance being withdrawn from the Roads to
which their Property is contiguous, &c. &c. §c.

So great have been the improvements in
the common turnpike-roads throughout Great
Britain within the last fifty years, that, taking
them in general, it would be almost impos-
sible to select more convenient lines of road
from town to town. It is true, that many
alterations are essential for the saving: of dis-
tance, and to avoid mountainous ground;
but we find these desirable alterations cone
tinually going on, as the various Trusts can
command, or, otherwise, the requisite funds.

Now, when we seriously consider the
enormous expenditure which has been incur-
red to establish these roads,—the numerous
buildings and farms which are contiguous
to them,—the well-constructed bridges by
which we cross every stream and river
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throughout the empire,—how conveniently
they stretch through every town and village
of the slightest note,—and how much the
value of property in those towns and villages
depends upon direct and convenient commu-
nication with other districts,—we cannot help
confessing, that the establishment of new
lines of roads, in different directions, must,
for a time, have the effect of depreciating the
value of immense property, and producing
excessive inconvenience to many individuals,
and to many estates.

It is true, that the present roads may stil}
exist, but where will be the stage-coaches and
stage-waggons ?—where the necessity of ex-
pending the same money in repairs?—what
will become of the numerous taverns already
erected for the convemience of travellers >—
and how serious the inconvenience to the
inhabitants of country residences, and to
farmers, by these alterations |

Again, when we consider the great outlay
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that has been made in "the. establishnient .6f
canals for the conveyance of merchandise; we
are equally strack with the loss of property.
which the canal proprietos must suffer, by
the construction of new lines of road for
Railway conveyance; and the recént fate of
the London and Birmingham Railway Bill,
in the House of Lords, is rather staggering
evidence of the disinclination -of some landed
proprietors to disfigure (in their opinion) even
a ‘small "portion . of their property for the
public good. _
I do. not thus argue, with a view of advo-
cating the undue protection of private, at the
expense of public interests, but to prove how
natural and how extensive is the opposition
which for many years may be reasonably ex-
pected to the general adoption of new lines of
road, however great the public convenience.
. . The  preceding may therefore be fairly
stated as strong’ objections to the immediate
general. establishment .of Railwayss. and to
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these may be added, with truth, the enormous
first cost of purchasing property, and of level-
ling Railroads, throughout a country like
England; an opinion of which may be formed,
by considering that the Liverpool and Man-
chester line did not cost less than one million
sterling ; and if thirty-one miles cost one
million, how great would be the expense,
upon the most economical plan, of interspers-
ing Great Britain with such lines of road {
To these objections, therefore, my atten-
tion has been particularly directed. How
desirable would it be to remove sach objec-
tions,—to reconcile as much as possible the
landholder and the canal proprietor,—to
free the public who now. reside in particular
districta, from that inconvenience and .loss
which they must sustain, from the depreci-
ation of their property, by the removal of
their aoéustomed means of conveyance,—to
give to the towns and villages through which
a turnpike-road now passes, the same facilities
C
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-which they at present possess,—and how
desirable to save, if possible, the immense
outlay which must be made for the purchase
of land for new lines of road !

It is quite obvious, that if Great Britain
could command sufficient funds,—if the ma~
jority of landed and canal proprietors were
favorable to such a measure,—and if Parlia-
ment would sanction the public wish, the
construction of new lines of road would not
only give employment to thousands who,
under our present unwise and restricted com-
mercial laws, require it, but be of undoubted
public advantage. But I am inclined to think,
if there prove to be no practical objections,
that more general satisfaction would be given;
much valuable time would be saved, and very
great, though not equal advantage would re-
sult, by the establishment of Railways upon;
or contiguous to, the present turnpike-roads,
or by the conversion of canals to Railways.
‘These are important considerations, and well
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worthy of attention. The objections which
arise are, nevertheless, numerous, especially in
reference to turnpike-roads; I think them,
however, by no means insuperable, nor do I
conceive the difficulty of ascending the locks,
nor the indirect course of canals, any serious
obstacles to their conversion to Railways.

These are matters, however, for public
Judgment. If men would consent to make
private sacrifices for public good, entirely new
lines of road are best; but if not, we had far
better take all the immediate advantage pos-
sible of every improvement in science, than
allow those improvements to slumber, even
for a single year.

Men ure too apt to form their opinions of
~ general welfare by a comparison with self-
interest. Nothing can be so egregiously er- |
roneous,—nothing more fatal to the prosperity
of a state; and although I ought, perhaps,
to apologize for mingling a political sentiment
with scientific matter, yet I cannot withhold

c2
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an opinion, which History and modern ex-
ample fully establish, that Governments, like
individuals, - seldom commit an error in judg-
ment where the immediate advantage of the
few is sacrificed to the prospective advantage
of the many.

2.—The Difficulty of Ascending Inclined Plares by
Locomotive Power. '

This difficulty is amply proved by the
Railways already established, and may be
witnessed either upon the Liverpool and
Manchester, or upon the Bolton lines. The
cause i8 obvious. Whenever the gravity of
a-body, or its natural tendency to descend, is
greater than the resistance prodaced by the
adhesion, or friction, of the wheels upon the
surface of the plane, an advance of the car-
riage is impossible; consequently, upon all
inclined planes, the power as well as the speed
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of ascent is altogether governed by the amount
of friction; which friction may be termed the
fulcrum upon which the power of steam can
be more or less effective; from this has arisen
the necessity, which has hitherto existed, of
levelling land for Railroads, so as to avoid
inclined planes. It is true, that either sta-
tionary engines, or locomotive engines with
cog-wheels, would enable carriages to be
drawn up inclined planes, but such modes
would be attended with serious, if not insa-
perable inconveniences; and hence the-greaf
difficulty, hitherto, of conveying merchandise
or passengers by steam upon common turn-
ptke-roads*, even if rails, or trams, were laid
down thereon: to this second objection, there-
fore, my attention was particularly directed.

* I am aware that steam-carriages have been con-
structed to ascend hills with heavy loads on common
turnpike-roads ; but when I consider the amount of fric-
tion necessary to be overcome, I cannot believe that steam
power can ever be rendered advantageously effective on
- such roads.
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8.—The great Weight of Locomotive Engines, which
are consequently so destructive (o the Rails, or
Tram-plates, &c. &c.

I had not long witnessed the experiments
tried by Mr. Stephenson and others upon
the Livel:pool and Manchester line of road,
before | drew the conclusion, that the load
conveyed, and the speed of conveyancé, did
not so much depend upon the eztra power of
~ steam, as upon the extra weight of the engine ;
in other words, that in proportion to the weight

of the apparatus, is the amount of pressure -

upon a common Railroad, and, consequently,
the amount of power absoiutely at work.
Indeed, 1 soon formed the opinion, that if
30-horse power of steam were applied on a
common Railway, with an extremely light
apparatus, it would not convey so great a
weight of goods, or so rapidly, as 10-horse
power of steam with a heavy apparatus ; and
an observation is scarcely necessary to prove
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the disadvantages attendant upon heavy en-
gines, where light ones can be rendered
effective. .

Referring to the following figure, let A B,
be a common Tramroad, upon a level,—C,

the engine,— D D, the wheels,—e e, the
points of friction upon tbe plane,—f'f, the
points of friction upon the axles.

Now the only power of steam which the
engine C, can effectually employ, is in pro-
portion to the amount of friction at the points
eeand ff; and the amount of this friction
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is in proportion to the weight of the engine
C; governed of course by the diameter of the
wheels and axles. '
Now, sppposing the amount of this friction
be just sufficient to render 10-horse power of
steam effective in dragging 50 tons;—and
supposing 1Q-horse power of steam just suf-
ficient to move the wheels, D D, along the
plane, without slipping, with the load at-
tached ;—if we were to add 30-horse power
of steam in addition, without increasing the
weight of the engine, the machine would not
be more effective ; for if we added 20 tons to
the weight dragged, the friction or adhesion
at ¢ ¢ would not be increased by any power of
steam, and, consequently, the wheels would
simply turn upon their axis, and the whole
train would remain stationary :—that is, the
comparative quantity of goods or passengers
eonveyed upon a Railroad, as at present con-
structed, by different engines, does not de-
pend upon the extent of steam power we
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have. at disposal, but upon the weight of the
engines, which altogether governs the amount
of effective power.

This compulsion to employ such extremely
heavy engines, is, it cannot be disputed, a
serious subject of scientific consideration,
~ That such engines have been found necessary
by Mr. Stephenson, is obvious; for without
them, he-could not convey the loads of mer-
chandise and the number of passengers in
one train, which he now does. The result is
obvious, that the immense pressure produced
upon the rails, naturally leads to their more
rapid wear ; and in many parts of the Liver-
pool and Manchester line, this effect is even
now visible. Nor is the injury confined to
the rails; for the wear of the engine-wheels
is proportionately great; and, by comparing
them with the wheels of the lighter vehicles,
the truth of these objections will be evident.
I therefore am strongly impressed with the
belief, that one of the greatest desiderata in
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Railway improvements, is that of reducing,
as much as possible, the weight of the loco-
motive engines. |

From the preceeding observations it will
be obvious,-l that as the effect of locomotive
power, as also proved by experience, depends
altogether upon the amount of friction pro-
duced by the pressure of the periphery of
the wheels upon the rails, if a given power of
steam be employed, and if such power be
Just sufficient to turn the wheels without slip-
ping, with a maximum load attached, any
increase in that power is altogether useless;
indeed, upon the Railways already established,
the full power of steam is seldom or ever
exercised; and for the evident reason, that
the friction, or fulcrum, is not sufficient to
allow of its full activity ; for, as before ob-
- served, .whenever the load to be conveyed is
just such as to permit of the steam power
moving the wheels of the engine along the
plane without slipping, no increase whatever
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qf that power, whether 50, 60, or 100-horse,
could enable the engine to draw the load.

From this reasoning I was led to form the
opinion, tht locomotive steam power never
could be brought to any thing like effectual
operation upon a Railway, until greater acti-
vity could be given to its exercise, and until
we depended more than we now do upon the
extent of that power, for the amount of weight
we should be capable of conveying.

The speed of a steam-vessel depends prin-
cipally upon the extent of power employed
to overcome friction ;—the quantity of ma-
chinery moved in any manufactory, or the
quantity of ore or water drawn from any mine,
depend upon the same extent of power ;—but
upon Railways, as at present constructed, the
speed of the train, and the weight conveyed,
depend more upon the extent of the weight
of the engine, than upon the extent of steam
power.

The weight, too, of a locomotive engine,
as now used, is one great cause of its heavy
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first cost. The body of the cartiage being
so ponderous, it becomes essential that all
the wheels, the axles, and every other part
of - the machinery, should be proportionately
so; and this great weight leads, as before.
observed, to their rapid wear; so much so,
that few of these engines last beyond 12 to
18 months ; they are frequently out.of re-
pair, and the original cost of each is from
£600 to £800. Now, when we consider -
the length of time which the engine in a
vessel will endure®, and how many years a
stationary engine will work, we are at once
compelled to infer, that there is some great
error in the present mode of adapting loco-
motiva power to Railways. The whole riddle
is, that fulerum, or resistance, ¢s wanted ;
and until this can be given to the fuller
activity of steam, neither light nor cheap

# It is quite true, as Dr. Lardner observes, that the
immense distance which locomotive engines travel, osght
to be taken into consideration when we speak of their
short duration ; but this, in my opinion, is not a sufficient
justification of the evil I speak of,
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engines can be employed : it is, in a word,
the want of this resistance that, upon Rail-
ways, as at present constructed, preveats the
ascent of inclined planes, and leads to the
more rapid wear and tear of the engines,
which are constantly overstrained, and, in
my opinion, far too ponderous, and, however
highly we may already appreciate them, are
by no means perfect in their operations.

How to remove these evils, at least in part,
I shall. endeavour to. explain in a following
Section. Before closing this, however, I am
anxious to point out another objection which
occurs to me in the present adaptation of
carriages to Railway conveyance; I allude to
the unpleasant jolting which, at every start of
the carriage, is felt by the passengers.

Although this is a very minor evil, it is,
nevertheless, important that it should be re-
medied. The plan I propose is, to attach
the carriages together by strong rods, moving
on ball and socket-joints.—(See fig. 2).
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s

Fig. 2.

A B, is a rod by which two carriages are
to be joined together, to the end of which are
the balls, ¢ c;—e e, are the sockets which
open to admit the balls, and which are firmly
attached to each carriage by the screws, ff, -
and are s0 made as to admit of the rod, A B,
being moved with ease in any direction.

By this means,- it is evident that each
carriage will accommodate itself to the motion
of the others, and that the chains now em~
ployed being thus dispensed with, the jolt
which is now experienced at the starting of
the carriages, ‘and which is owing to their
being drawn together when stopping, by their
momentum, will be no longer experienced.
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ON THE NATURE OF THE IMPROVEMENT TO
WHICH THESE PAGES REFER; THE PRIN-
CIPLES ON WHICH IT IS FOUNDED, AND
THE ADVANTAGES LIKELY TO ACCRUE .
THEREFROM.

Tue improvement in the formation or
construction of Railways, to which these
pages principally refer, is the substitution of a
curved, or undulating, or, what I denominate,
a serpentine Railway, for the horizontal Rail-
way now in use.

The improvement occurred to' me on' the
7th June, 1832. 'The impressions upon my
mind; before the trial of any experiments,
were, that by an undulating Railway, a greater
resistance would be opposed to the power of
steam, or any other locomotive power, than
upon a level Railway ; that much would be
gained by the power of gravity, multiplied by
active power, down a descent ; and that, cons
sequently, a locomotive engine of any given
power, would travel at a greater speed, or
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drag a greater weight, than upon a horizontal
Railway. o

I was also of opinion, that the increased
resistance, or fulcram, offered by-the descend-
ing part of each curve, and the advantage
gained by the power of gravity, multiplied by
active power, would be sufficiently great to
render locomotive engines more effective than
they have at present proved to be, up inclined
planes. How far these opinions are warranted
by experiments, the following remarks will
shew ; before I proceed, however, to describe
them, I consider it necessary to make some
observations on the subjects of friction and
gravity, which are essential to a clear under-
standing of my discussion.

If one plane surface, being a dead weight,
be dragged over another plane surface,. the
amount of friction will be in exact proportion
to the weight of the body dragged; but if such
body be placed upon four wheels, and rolled
along a plane surface, the attrition produced
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by the dead weight is principally removed,
and the only friction is that produced by the
rolling of the peripheries of the wheels along
the surface of the plane, and the friction, or
attrition, produced by the revolution of the
axles; the total amount of this friction being
altogether determined by the weight of the
vehicle, the smoothness of the plane upon
which the body moves, and the diameters of
the wheels and axles.

It is difficult to establish any decided data
as to the proper comparative amount of rolling
friction and axle friction, as they vary in
almost every carriage or engine ; but, taking
the experiments of Mr. Nicholas Wood as a
guide, they may, jointly, be stated to be, in
Mr. Stephenson’s earlier locomotive engines,
about the 240th of the entire weight, and
their proportions as 6 to 19;—the rolling
friction being 6, the friction upon the axle
being 19. _

- Adopting also the formula of Mr. Wood,

D
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the power required to move a locomotive
carriage on a Railway, will be as follows :
Let W, be the weight of the carriage. -

'W’, that part resting upen the axles.

S, = to the rolling friction on the plane.

g, = to the friction upon the axles, in part of

' the weight, W’ =f"§ '
D, = diameter of the wheels. .

"d, = diameter of the axles.
P, the power required to move the vehicle.

Then, _w W

+5.

- The power, P, would be equally effective,
and in the same proportion, were a stationary
engine employed in moving a whole train of
carriages ; but when locomotive power is em-~
ployed in one vehicle to drag numerous ve-
hicles, it will be evident, that the extent of
such power will depend upon the weight of the
vehicle on which it immediately operates, or,
what is tantamount, upon the absolute amount
of friction between the periphery of the wheels
of such particular engine, and the plane on
which it travels.
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Remarking upon the preceeding formula,
Mr. Wood observes, * We have ne decided
“ experiments to prove the value .of £, with
‘ different-sized wheels; but as large wheels
“‘ more easily surmount obstacles than wheels
“of small diameter, we may .suppose the
“ former will always be preferable.”

Now, in my opinion, there is no mechanical
principle more established, - than that the
greater the diameter of a cylinder of a given
weight, rolling on a plane, the less is the
amount of friction. For instance, if a car-
riage weighing 1 ton, move on 4 wheels of
4, feet diameter each, whose axles are of given
dimensions, and the same carriage, with the
same axles¥*, move on wheels of 2 feet diameter
each, the amount of pressure being the same,
the rolling friction of the 2-feet wheels would -
exceed the rolling friction of the 4-feet, in the
proportion of 4 to 2,

* Of course,axles of the same dimensions would not, in

this case, be necessary: it is for the purpose of clearer elu-
cidation that I have considered them, in this instance, alike.

D 2
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Again, I look upon the amount of friction,
or attrition, produced by the moving of a
wheel upon its axis, or of an axle within a sta-
tionary cylinder, to be clearly demonstrable,
the diameter of the axle and the diameter
of the cylinder, as well as the amount of
pressure, being ascertained. In this instance,
the amount of friction, or attrition, does not
altogether depend upon the amount of pres-
sure, but on the leverage gained by the less
or greater diameter of the wheel.—Thus:

Fig. 3.

A, is the axle of the wheel, B C, revolving
in the hollow cylinder, DE, the point of fric~
.tion, or attrition, being at E, with a leverage,
EL. -
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Now, let P be the power employed to move
the wheels round, and it is evident, that the
wheel, when revolving, acts with a leverage,
B A, in overcoming the friction, F.—Thus:

F:P::BA:EL

__pBA
F“"Piﬁ.;

shewing, that the point of attrition at E, is
equal to the power applied, P, multiplied by
the radius of the wheel, BA, and divided by
the radius of cylinder, D E, in which the axle
revolves. . '
Having thus, I conceive, sufficiently ex-
plained, for our present purpose, the nature
of rolling friction, and of the attrition "pro-
duced by the pressure of the axles, I have
only on this point to add, that it is the
former which alone and altogether determines
the amount of resistance, or extent of fulcrum,
upon which the power of steam in locomotive
carriages can be rendered effective. Hence
it will be evident, that if a load be attached
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to a locomotive engine, sufficiently great to
counteract or overcome the amount of the
adhesion, or friction, produced by the gravity
of such engine, the engine itself cannot pro-
gress, but the wheels will simply revolve,
without progressing ; consequently, the load
which a locomotive engipe will convey upon a
horizontal Railway, as at present constructed,
is always in proportion to the gravity, or
weight, of the engine, and the friction upon
the rails produced thereby.

Having said thus much on the subject of
friction, I am anxious to make a few remarks
on the laws of gravity, which I consider it
requisite to define, in order to elucidate, as
clearly as I can, the merits and nature of my
improvement. |

If a carriage descend freely down an in-
clined plane, and pass over a certain space in
the first minute of its fall, it will pass over
4 times that space in the 2 first minutes, and
9 times that space in the 3 first minutes ; the
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force of descent down the incline, being to
the force with which it would descend per-
pendicularly, as the height of the plane to its
length; or to ascertain the space which it
would pass over down a regular incline, in
any number of minutes, we have only to
multiply the space through which it descends
in one minute, by the square of the number
of minutes in the time of the fall, Thus the
velocities with which bodies descend, and the
spaces which they pass over, whether down
inclines, or perpendicularly, increase in the
following ratio :

1, 8, &, 7, 9, 11, 13, 15, 17, 18, 3}

shewing, that if a carriage descend five yards
in the first second of time, in the next second
second it will fall ¢/iree times five, or 15 yards;
the whole space passed over, as above re-
marked, being 20 yards; and so on in exact
proportion. This motion of descending bodies,
is termed their accelerating motion ; and if
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any power be employed to assist this force of
gravity, the descent is more or less rapid, in
proportion to the extent of that power. For
ipstance, let v represent the velocity which a
carriage dragged down an inclined plane would
acquire in one second of time, and let N be the
number of seconds taken in descending from
the top to the bottom of the incline, and let
V be the total velocity gained ; then we have,

V=uoN.

Again, let s be the space the carriage
would pass over in the first second, and s N?
the space it would pass over in the number
of seconds expressed by N, and let S repre-
sent such space ; then we have, _

S =sN?;
or, to be more explanatory, the space over
which a carriage will travel down an inclined
plane in any number of seconds, may always
be-ascertained, by subtracting the space passed
over in one second, from the space passed over
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in' the first two seconds. Thus, if s represents
the former, 4 s will represent the latter, and

the difference is 3 s, or,
48— 3 = 33s;

and the space passed over in the third second
of time, will be ascertained in like manner,
viz. by subtracting the space passed over in
the first two seconds, from the space passed
over in the first three seconds, which latter

space is nine seconds; thus,

‘ 98 — 438 = 5s.

To those of my Readers who may be
unacquainted with mechanics, the following
Table may be useful, in reference to the par-
ticular object of these pages; it represents
the spaces over which bodies pass, the velo-
cities which they acquire, and the #imes in
which they descend, either perpendicularly,
or down inclined planes; the comparative dif-
ference between the time of descent down a
perpendicular, and inclined plane, being in
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proportiorn to the angle of inchination, and the
friction; and the total time of descent alto-
gether depending upon the time of descent,
and space passed over, in the first second.

No. of Seconds  Velocities ac- Whole Spaces Separate Spaces
taken in De- at passed over in  passed over in
eaxmgfmnd.

scending, each Second. each Second.
1. 2 1 . 1
2 . 4 . 4 . 3
3 i % B % .8 & 9 5
- 4 . . 8 .. . 16 . 7
5 . . 10 . 25 . 9
6 . 12 36 . 11
7 . . . 14 49 . 13
8 . . . 16 64 . 15
9 . 18 . 81 . 17
10 . . .. 100 19
and so on,

My remarks on gravity have hitherto been
confined to the operation of bodies, in their
descent down inclined planes, &c.; but this
operation widely differs in their ascent of
inclined planes, and it is to this difference
I am anxious to call particular attention.

If a power be employed to drag a body
up an inclined plane, the velocities are equal,
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and the spaces passed over in each second
are equal ; the ascent, therefore, will be,

T e oo g
1. ... , S S 1
2 . ... .. 1. ... 2
¥ 5 54 8 8 Lo 5@ & 3
4. .. ... S 4

namely, it will pass over the same space in
the second second as it did in the first
second, and the same in the third as in the
second, and so on. This, however, would
not be the case if a body were driven by
a single blow up an inclined plane; in such
case, the motion would be gradually retarded,
in the proportions,
0, 9, 8 7, 6 5 4, 8 2 1,

until the power were expended; when it
would of course descend, or run back, by its
own gravity.

It is true, that the counteracting power of
gravity upon all bodies dragged up inclined
planes diminishes the higher the body ascends;
but this diminution is so extremely minute,
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that it may be considered altogether unim-
portant, as, in practice, it is; for if the rise
of the plane be one yard, the difference in
the counteraction of gravity at the top and
bottom of the plane, is merely as one yard to
the distance between the surface and centre
of the earth.

Having thus endeavoured to explain the
laws which govern the motion of bodies in the
descent or rise of inclined planes, and allowing
the principle I previously laid down to be
correct, viz. that the load which a locomotive
engine will convey upon a horizontal Rail-
way, as at present constructed, to be always
in proportion to the gravity, or weight, of
the engine, and the friction upon the rails
produced thereby,—I will proceed to an ex-
-planation of the principles upon which I hope
to establish the merit of my improvement in
Railways.

Supposing the three wheels, or carriages,
A BC (figs. 4, 5, 6), to be all of exactly
the same weight and diameters, and the dia-
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meters of their axles the same, and that a

given power be required to move the carriage
A along the line D E, viz. from D to E, by

A

D B
Fig. 4.
a stationary engine. Now, if the same power

be applied to move the carriage B up the
inclined plane F G, it will be ineffectual. Tt

Cc

2 K
Fig. 5. o

must, therefore, be increased in proportion
to the angle G F K; but, supposing the
angle L I H equal to the angle G F K, the

Fig. 6.

power required to move the carriage C down
the incline H I, at the same speed, would
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be much less in proportion to the power re-
quired to move the carriage A on the level,
than the excess of power required to move
the carriage B up the incline F G.

This difference will be the gravity of the
descending carriage, C, which gravity is an
accelerafing or multiplying motive power*, in
addition to the assistant power supposed to
be employed ; whereas, the ascent up the in--
clined plane G F, is equal, and the resistance
of the carriage B, by gravity and friction, is
a regular, and not a multiplying resistance.

We will now suppose that the vehicles
A B C are locomotive engines, and that a
given power is employed, sufficient exactly to
move A over the surface D E, dragging any

# In using the words “ accelerating, or multiplying
“ motive power,” it may be said that I ought, more pro-
perly, to have appropriated the words, * this difference
“ will be the accelerated velocity, produced by the con~
“ glant power of gravity;” but as accelerated velocity
produces increased momentum, or as accelerated velocity
produces increased centrifugal force, I know not how I
ocan better describe the action of gravity on descending
bodies, than by terming it *“ an accelerating, or multi-
« plying motive power.” '
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maximum weight after it, (meaning, by maxi-
mum weight, such a weight as will not be too
great to counteract the friction between the
engine and the plane, which friction, as a ful-
crum, renders steam power effective). Now,
the power required to move the engine B up
the incline F G, will be as before, according
to the angle G F K, but if we attach the same
weight to B as to A, no increase of steam
power could drag such weight up the incline ;
inasmuch as when the weight was attached to
A, it was exactly that which the friction of the
carriage A upon the plane, as a fulcrum, could
enable the engine to surmount; bat on the
incline F G, the resistance, or friction, of the
engine B upon the surface, is reduced in ,pro;-
portion to the angle G F K, and, therefore,
exclusive of the difference in power requisite
to move the two engines and their loads by
fixed engines, is the difference in the fulcrums,
or resistance, by which locomotive power can
be rendered effective.

The comparative quantity of goods, there-
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fore, which can be drawn up an inclined plane,
and upon a level, by any given locomotive
power, differs very materially from the com-
parative quantity of goods which can be drawn
up an inclined plane, and upon a level, by a
given power from a fixed engine.

Let us now look at the descent, and we
shall find these properties widely different.
If the carriage C move down H I, assisted by |
the power of a stationary engine, that power
will be, as before stated, less in proportion to
the power employed to move A, than the
excess of power employed to move B, owing
to the accelerating power of gravity ; but, sup-
posing C to be a locomotive engine, with the
sume weight attached to it as was attached to
A, and employing the same power as A, that
power would not only be more effective than
it was along D E, in proportion to the angle
H 1L, but, in addition to the resistance offered
to steam power, by the friction of the engine-
wheels upon the plane, and which friction, like
that on F G, will be in proportion to the angle
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of the incline, is the resistance of the accele-
rating power of gravity, or accumulating mo-
mentum, not only of the engine, but the load
behind it, which becomes an additional and
most important fulcrum for the effective power
of steam.

The preceding remarks will shew the basis

. upon which the serpentine or undulating Rail-

way, as a mechanical question, depends; it
will also prove how desirable it is that upon
all roads the surface should be undulating,
instead of the perfect level, provided the
descents be not too great, to render the force
of gravity dangerous, when multiplied by
other constantly effective power.

In further elucidation—Supposing the car-

E
D
Fig. 1.

riage C to be travelliné from A to B, along
the curve A D B, impelled by any constant

E
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and equal power—in its descent to D, the
speed will be increased by the accelerating
power of gravity, multiplied (if I may so
express myself) by the accumulating effect of
constant and equal power; whereas, in its
ascent from ‘D to B, it has, notwithstanding
the counteraction, by gravity, of the mo-
mentum gained (though, in this case, uni-
formly retarding), the advantage of such con-
stant and equal power to support its motion.
Now, supposing that, without the employ-
ment of power, a carriage be placed at the
point A, it would' not move upon the level,
e ee, but it would run down A D, and ascend
the line D B to a certain distance, which dis-
tance depends upon the momentum gained by
the accelerating force of gravity, and which
momentum, as in all other cases, is in pro-
portion to the velocity of the body, multiplied
by its weight. Now, supposing the carriage
to have risen up the incline D B, as far as E,
we have here a space travelled over equal to
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A f: and it is to the result of this eccu-
mulating momentum produced by gravity,
multiplied by the accumulating effect of power,
that I principally look for the advantage de-
rivable from an undulating line of road.

If locomotive power be employed to work
a carriage along the dotted line eee, to which
engine is attached another vehicle, just heavy
enough to admit of progression, it would
accomplish the task in a given time. Now, if
these carriages were placed at the point D, it
is evident that they could not ascend, for the
reasons stated in page 47 ; but if the same
carriages be placed at the point A, the descent
to D will not only be much more rapid than
any part of the advance along the line ¢ee,
but the momentum produced by the acce-
lerating power of gravity, multiplied by the
accumulating effect of power, will have in-
creased to such a degree, that it will coun-
teract the difficulty of ascent from D to B,
and the vehicles would arrive at B in very

E2
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much less time than they would have occupied
in travelling along e ee.

By way of proving the truth of these ob-
servations, I had a curve made of the following
proportions: From A to B was 4 feet; depth
of the curve 2 inches. a, is a roller so con-
structed as to move easily along the curve,
and to revolve upon its axis, to each end of

Fig.8. -

which was attached the string, $ssss, which,
passing over a pulley at B, had a small paper
Box, b; suspended from it.
By reversing the solid piece of wood,
ABCD, the same roller, string, and sus-
pended box, were made to operate .on the
horizontal surface, C D. :

The following experiments were made with
different weights, just sufficient to move the
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roller, a, along the surface, C D, whien per-
fectly horizontal, and at different inclinations:

Inclinations. Timéiapassingover  Time dn pasiing over
. the Horizontal Plane. * the Curve.
Seconds. Séconds.
OnaperfectLevel . 24 . . ... 13
Inches, Inches,
Riseof3in48 ., . . 8 . . . . . 2
4in48 , ., . 5 . . . . . 2
Sind8 ., . . &6 . . . . . 2
6ind8 . . . 6 . . . .. 2

Thus shewing, that the greater the angle of
the incline, the longer was the time required
in passing along the plane, CD; whilst on the
curve, A B, the same exact weight being em-
ployed at each experiment as along C D; the
speed scarcely varied, and, upori all occasions,
was considerably greater than upon the - hori-
zontal plane. '

By way of reducing my opinions, however,
to certainty, and in order to judge of the effect
of locomotive power on an undulating line,
by the test of experiment, I ordered a small
engine to be manufactured, on clock-work
principles, with a strong spring in a barrel,
and a fusee sufficiently large to admit of tra-
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velling the len_gth of 50 or 60 feet, being also
particularly - anxious that the power of the
spring should be sufficient to overcome the
pressure of the engine-wheels on the plane,
when kept from progressing. Wishing to try
these experiments as privately as possible,
during the time which the manufacture of the
engine occupied, I was engaged at Douglas,
in the Isle of Man, in superintending the
making of two Railways, the one curved, the
other horizontal.

- These were each 32 feet in length (the
length of the most spacious room I could
find unoccupied) ; the length of the ascent
and descent of each curve, or undulation,
was one foot; and the height and depth of
each curve from the centre, was half an inch,
or one inch from the summit of the convex to
the base of the concave of the curve.

I bad also ordered a small carriage to be -
made, to be attached to the engine, when
necessary, and to run upon four wheels of
the same diameter as the wheels of the engine.
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On the 28rd July I received the engine
and carriage from Liverpool; their we:ghts
were as follows :’

Weight ofengine . . . . . 9lbs. 6oa.
Weight of carriage . . . . 8lbs. 100z.
Diameter of wheels . . . . 8inches.

Width of the periphery of the ga-aihs of an'inch;
wheels . . . . . . .

- On trying the strength of the spring, I
was sorry to observe that it was not sufficient,
when I placed the carriage on a smooth sur-
face, and prevented its progression, to turn
the wheels; that is, it had not power, as I
wished it to have, to overcome the adhesion,
or friction, between the wheels of the car-
riage and the surface of the plane.

I, however, resolved to try a series of
experiments with it, and afterwards to return
it to Liverpool, to have a stronger spring
attached to it.

Accordingly, I had the Railways placed
firmly down, and upon as exact a level as
circumstances would permit. The distance
between the lines on each Railway was eight
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inches ; the width at the surface of the rails
was half an inch; the distance between the
wheels of the engine governed; of course, the
width between the lines; and care was taken
to give the carriages sufficient play, to pre-
vent them being bound by friction against the
sides of the rails. o

Having "ascertained that both Railways
were 'ievel, the spring was wound up, by
drawing the engine backwards from the end
of the line to the commencement. It was
started without any weight attached, and
the following was the result :

On the Curved Railway, On the Horizontal Railway,
6 seconds. 7 seconds.

I then placed 71bs. weight upon the engine
itself, which had a platform for such purpose;
the result was,

On the Cugve, " On the Horisontal Rallway,
8 seconds. 9 seconds.

I then attached the small carriage to the
engine, and, without load, I found the speed
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of travelling along either line, was in the same
proportion a5 before. -

I then tried various weights in the carriage,
and invariably found a decided advantage in
the curved. Railway. This advantage was;
however, more evident in the fblloﬁing ex«
periments :

With 171bs weight in the carriage.

From North to South,

Curved Raflway, Horizontal Railway,
153 seconds. 20} seconds.
From South to North,

Curved Railway, Horizontal Railway,
17 seconds. 223 seconds. -

Now, omitting the half-seconds, and taking
the averages, the difference of space which
the engine would have travelled over on the
curve, in the time required to travel 32 feet
on the horizontal plane, is as follows :

16 :32:: 21 : 42 feet;

shewing a difference of nearly 1-3rd in the
speed. '
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Thinking it probable that, by the variation
in the time occupied in traversing the lines
from different sides of the room, that they
might not be perfectly level, I had them
sgain examined and adjusted with particular
caution ; after which, on again trying, with
the same weight, viz. 17lbs. the result was
as follows:

From North to South, and South to North,
On the Curvs, On the Level,

16 seconds. 22 seconds.

This last experiment was repeatedly tried,
and without any distinct variation ; the time
was ascertained by a second-hand watch, and
carefully noted by Mr. J. L. Gardener, of
Manchester, who witnessed the experiments,
as well as myself.

Although I perceived that 17lbs. was as
great a weight as the engine could well convey.
upon the horizontal Railway, I was anxious
to try the result of greater, and increased the
load to 221bs. The result was,
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From Novih lo South;

On the Curve, On the Horisontal Line, -

17 seconds. , 30 seconds.
From South to North,

On the Curve, On the Horlzontal,

18 seconds. 28 seconds.

It was here quite obvious, that the curve
produced a far more decided advantage ; and
this advantage was evident at starting; as,
on the horizontal road, the engine moved very
slowly at first, and traversed 12 or 13 feet
before it attained its average speed ; whereas,
upon the curved line, its motion was appa-
rently regular throughout.

Although these experiments were, in every
point of view, so satisfactory, in regard to
speed, I was surprized to find that the ad-
vantage was not so great as I anticipated
in regard to the difference of load the engine
was capable of dragging on the two lines.
I, however, clearly proved that we could con-
vey a much greater weight upon the curved
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line than upon the plane; for when the engine
would not move at all upon the horizontal
road, it would travel without difficulty upon
the curve; and it is extraordinary, that in
conveying any weight, from 151bs. upwards,
on the latter, the time occupied in doing so,
varied in a very trifling degree.

The same comparative results took place
up an inclined plane of 1 in 144.

After repeated trials, and the most evident
ptoofs of the success of these experiments,
1 sent the engine back to Liverpool on the
81st July, with instructions to the maker to
increase the strength of the spring as much
as possible, under the conviction, that when
I had the opportunity of employing greater
power, the result would be much more deci-
sive, and the advanhtage more determinable. -

During the delay which necessarily occurred
in altering the engine, I otdered another
Railway to be laid down, feeling quite con-
vinced that, if my curves were longer than
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those which I had already tried, the advantage
would be proportionate. [t also occurred to
me, that as the distance between the hind
and fore-wheels of the engine was equal to
the length of the descent of my curve, it was
impossible that I could have gained any very
material - advantage by gravity, except by
means of the carriage attached, containing
the load, the hind and fore-wheels of which
were only 63, inches apart. ,

The Railway above alluded to, was the
same length as the two former ones, viz.
32 feet; the ascent of each curve being 5 feet,
and the descent 5 feet; and the height and
depth from the centre 1 inch, or 2 inches
from the summit of the convex to the base ot
the conb_ave of the curve. |

On the return of the engine from Liver-
pool, I was gratified by finding a great in-
crease in its power, though still it was not
sufficient to move the wheels round when the

body of the engine was kept from progressing;
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and this could not be remedied without alter-
ing the arrangement of the wheels and pinions,
and of course reducing the distance over
which the engine was calculated to travel.
I considered, however, that it was si:ﬂiciently
powerful to answer every purpose of preli-
minary experiment, and on the 8th August
I proceeded to try my further experiments,
of which the following is the result:

| Number of Seconds.
[Horizontal Plane.] 1-foot | 5-feet
Curve. | Curve.|
Engine alone, weighin,
gllbs. 4 0z.* and thag hinﬁ
and fore-wheels 6 5 4 3
inches apart ..........
Ditto, and carriage, weigh- s 4 4
ing together 12 lbs. ldoz.} 4 3
Ditto, with 51bs. in carriage 63 8| 4
Ditto, with 10 — in ditto ,. 8} 6} 52
Ditto, with 15 — in ditto .. 93 7 6
Ditto, with 20 — in ditto .. 133 8| 73
Ditto, with 25 — in ditto .. 18 11 9
Dfﬂo, w.ll.h 30 — in dftto { ' i .?.?w, R TR
Ditto, with 35 — in ditto .. | could not go.| 18 | 12
mlto,wﬁ.hM—indi“O L [EE TR e [ X R R} 18
Diﬂ.o,withllﬂ—inditto se | sssspsssss asse 16

® The cause of the engine being lighter than before the alteration, is
owing to the iron platform having been removed, with a view of bringing
the hind and fore-wheels nearer to each other,
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From the preceding statement, two most
important results are evident :

1st, That upon & curved line of road, a
given weight, moved by a given loco-
motive power, will travel at much
greater speed than upon a horizontal
road; and,

2ndly, That a given locomotive power will
impel a weight along a curved line of
road, which that same power cannot
move upon a horizontal road.

The amount of advantage may be in some
measure judged of, by reference to the ex-
periments ; for instance, it required upon the
horizontal plane 13§ seconds to convey 201bs.
over a space of 32 feet; and on the curve,
the same weight was conveyed in 7§. Thus:

73 :82::18} : 57} feet;

shewing a decided advantage of full 3-4ths in
speed : the comparative advantage increasing
with every addition to -the weight of load.
Moreover, it will be seen, that the same
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power ‘impelled 40lbs. upon the curve in
13 seconds ; proving the capability of carrying
upon the curve twice the load that the same
engine could impel upon the horizontal plane
in the same time.

It will also be seen, as in the previous
experiments, that a much greater load could
be impglled by a given power upon a curved
than upon a horizontal road: inasmuch as
the engine had great difficulty in dragging
301bs. upon the latter, whereas, upon the
former, it carried 451bs. with facility. )

After repeatedly trying the above experi-
ments, in the presence of an individual whose
object was to discover, if possible, any defect,
and who, on every occasion, when a doubt
existed as to time, gave the benefit of that
doubt to the horizontal road, I next pro-
ceeded to try the effect of the engine up an
inclined plane.

. 'The inclination was 9 inches in 32 feet, or
1 foot in 425 The following is the regylt:
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Number of Seconds.

5-feet

Horizontal Curved

Railway. Railway,
Enginealone . . ., . . . 63 . . . 5}
Engine and carriage, without; 7 ) 3

load W 8 W s

Ditto, ditto, with1lb. 8§ . . . 6§
Ditto, ditto, 2— 9 .. . 7

Ditto, ditto, 83— n ... 7
Ditto, ditto, 4— 12 . . . 8
Ditto, ditto, 5— 133 . . .. 8%
Difto, - ditto, 6— 168 . . . 9}
Ditto, ditto, 7— 2 .. .10
Ditto, ditto, 8 — 30 e 12

Ditto, ditto, 9 — would notgo. . . 14

From this statement, the comparative ad-
vantage shewn, is as great as upon the level;
for instance, it required 11 seconds to move
3lbs. along the horizontal plane, whereas,
upon the curve, 7lbs. were carried in less
time, viz. 10 seconds.

After trying these experiments repeatedly,
I ordered a fourth Railway to be made,
upon a different principle; thinking that, upon
double lines of road, it might be found better
to have the undulations of long descent and
short ascent, from the supposition that, in

F
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traversing from A to B, the mementum gained

A .
N :_'—"“/r‘\_c _yBT_—
f‘f'g. 9.

at the points cc, would be such, aided_by the
gravity of the carriages and load attached, as
to enable the engine to rise the steep ascents®,
d d, with ease, when the resistance, or ful-
crum, offered down the next descent, would
be more continued than upon a regular curve,
and would, consequently, give far greater
effect to locomotive power; for it will be
evident, that, except in the momentary ascents
up d d, in which ascents the engine is assisted
by the still acting gravity of the following
carriages, the power will always be acting
against the side of a hill, and will, conse-
quently, be more effective.
. This Railway was accordingly completed
the length of each descent being 8 feet; the
length of each ascent 2 feet; and the whole
line being 32 feet. It consisted of 3 descents,
¥ It is almiost unnecessary to remark, that fig. 9 is not

drawn to a scale; it is solely to render the explanation
more distinct, that such deep undulations are represented.
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3 ascents, and a platform of 1 foot at each
extremity, the tops of which were on an'
exact level with the summits of each ascent ;
the depth of descent at the lowest point being’
2 inches from the highest rise, as in the
Railway whase curves were 5 feet.

It is necessary to remark, that the descents
in this Railway, except about a foot from their
lowest points, were regular inclined planes,
curving off at the bottom, to render the ascents
more regular, which ascents were also curved.

The following was the result of experiment:

Number of Seconds.
On the perfect Level. | & | Inclination of 1 in 423,
orizontal | 5-feet |Long &) & [Horizontal | 5-feet [Long &
Plane. |Curve.| Bhort | 'S | Plane, [Curve.| Short
e [ B Curve.
. 4 5 5
Do. and carriage ::* 5 Jms} gg G‘ ﬁi
Do. with 5lbs. ... 6 6 |1 6% 63
—_— 10— ... 5 7 12 7 7
15 — ... 9 6 7413 11 ;i 7
—_— 20— . 1 73 8 |4 12 7
—_—25—. 18 | 9| ag|5]- 13 8
-_—30— .. 33 11 9- 16 164 9
35 — 12 10 |7 22 10
40 — 13 1 |8 30 12 9
45 — 15 12 |9 berirescnann 14 16
56 == seifancsnsncsnnn] snnes 14
58 — wenee | 14
i 59 — Ldeeieeneenes eees | 14
——— 60 — with great difficulty| 16
\ fiisvics
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Such was the result of my experiments up’
to this period, shewing, that on the Railway
last made, there was considerable advantage
in the speed, and the power of conveying
heavy weights; and on trying the same
engine on the Railway the reverse way, the
result was found to be the same, although it
is a little remarkable, that the speed with which
very light weights could be conveyed on this
line, when on the perfect level, was, on this
trial, not so great as upon the regular curve..
. Being, however, satisfied, that both this
and. the 5-feet curved Railway presented
most important and indisputable advantage
over the plane, or horizontal road, I induced
Mr. Gill, of Manchester (one of the Di-
rectors of the contemplated Manchester and
Leeds Railway), to visit Douglas, for the
purpose of witnessing the experiments.

On his arrival, he very wisely suggested
the propriety of fastening all the Railways
firmly down upon strong 3-inch planks, to
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obviate the evident vibration which the Rail-
ways sustained, when heavy loads were pass-
ing over them: this was accordingly done.
Previously, however, he was anxious to' wit-
ness a few experiments upon an incline which
I bad’ prepared, which was about 1 in 94,
and these were principally confined to the
horizontal Railway, and to the 5-feet curve.
The result was as follows : '
Number of Seconds.

. Horizontal Plane. Curve.
Engine and carriage . . . . . 7 . . &}

Ditto, ditto, with1lb. . . 74 . . 6
Ditto, ditto, 2— .. 8 ... 6
Ditto, ditto, 8— . . 8 .. 6}
Ditto, ditto, 4— . . 9 . . 6}
Ditto, ditto, 5— . . 9% . .. 6}
Ditto, ditto, 6— . . 104 . . 63
Ditto, ditto, 7— . .11 . . 7
Ditto, ditto, 8§— . . 12% . . 71
Ditto, ditto, 9— . . 18 . . 7%
Ditto, ditto, 10— . . 14 . . 8
Ditto, ditto, 1L— . . 156 . .+ 8}
Ditto, ditto, 12— ., .18 . . 8
Ditto, ditto, 18— . . 20 . . 83,
Ditto, ditto, 14— . . 24 .. 9

Ditto, ditto, 15— ... 2 .. 9.
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Number n_)f §econ_ds.
Horizontal Plane, Curve.
Engine and carriage, with 16 1bs. could not go. 93

Ditto, ditto, 17— . . . . . 10}
Ditto, ditto, 18— . . . . . 10
Ditto, ditto, 19— . . ... 1
Ditto, ditto, ~ 20—~ . . . . . 11}
Ditto, ditto, P & w8 o ws 1R
Ditto, ditto, 22— ... . .12

. In the preceding statement, the advantage
offered by the curved Railway over the hori-
zontal, is very decided ; shewing an extraor-
dinary difference in speed upon all occasions,
and that 71bs. more could be conveyed upon
the one than ui)oh the other; 151bs. being
the maximum weight that could be dragged
upon the horizontal Railway, and 221bs. upon
the curve; while, in the latter instance, the
line was traversed in 12: seconds, whereas
upon the former it requited 12§ seconds to
take 9 lbs. o
On trying how much greater weight conld
‘be taken up this incline, upon the irregular
curve(i road, we found it to be as follows :



71

. 211bs. in 12 seconds.
221bs, in 18 seconds.
281bs. in 14} seconds.
24 1bs. in 16 seconds, which was the maximum,

Being anxious to ascertain, if I reduced the
rise of ‘the 5-feet curve nearer to the level,
what difference there would be in result, 1
ordered it to be planed down to"a one-inch,
instead of a two-inch curve; thipking it de-
sirable to ascertain with how little declination
the force of gravity, &c. could be rendered
practically advantageous, and being of opi-
nion, that the advantage over the horizontal
Railway would be, even with the most trifling
undulation, very important.

The following are the particulars of my
experiments when this alteration was com-
pleted, and when all the Railways were nailed
firmly down updn 8-inch planks, and when
there was no possibility of vibration; the
first series being tried on an exact level, and
the last on an inclination of 1 in 9, which
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is the same ascent as the Rainhill incline,
upon the Manchester and Liverpool line :

Englnelndurdnge,wi&hontload..rii{.... 4 ... 4
6

Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,

On a Perfect Level.

Number of Seconds.

Horizontal B-feet Curve, IrregularCurve,
rise, [ inch.  rise, 2 inches.

with5 Jbs. .. 63 ...
8% ... 63 ... 6}

B~ oo 9 c0oo 7§ oo 73 -
20 — ..1f ... 8 ... 73
8 — ..13% ... 9 ... 8
30 — ..15% ...10 ... 9
32f — ..18% ...10§ ... 9
3 — ..20 ...11 ... 10}
37§ — ..213 ...1§ ... 10§
O — .23 ...12 ... 10}
@2p— .2 ...12% ... 12
6 — ..., 13§ ... 12§
B — cewan wag 16 ... 12}
BS — iiinuen. 19 ... 17

Experiment up an Inclined Plane of 1 in 96.

Engine and garriage, without load . . 5§ . . . 43

Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto, ditto,
Ditto. ditto,

viogbe . ok ey Il 8
5§ — .. 73 ... 6 6

74— .. 8% ... 6% ... 6%
10 — .. 9 ... 7 ... 7
126 — ..11 ... 8 7%
15 — ..12% ... 8} 8
173 — .. 14 9% 9
20 — 153 11 . 10%
22% — 19 12 1

24 — .27 1 12
25 ~— would not go, 13 .s 13
W — cvinnans 16% 16
29 — ... 183 17

It is necessary to observe, that before trying

the previous experiments, owing to the cord
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upon the spring-barrel having broken, I was
compelled to re-attach it, and regulate the
power of the spring accordingly, which will,
in some measure, account for the increased
speed upon all the Railways; and there being
no longer the slightest vibration, and the level
and incline having been most cautiously ad-
justed, I feel little hesitation in stating, that
confidence may he placed in this published
“result of these experiments.

Referring to those on the level, it appears,
that the speed on the irregular curve was
greater than on the 5-feet curve, the amount
of load capable of being conveyed on each
being equal ; whereas, on the incline of 1 in
96, so great an advantage did not appear,
though both, as in every other case, proved
far more effective than the horizontal Railway.

Referring, also, to the experiments tried
upon an incline of 1 in 94 (page 69), we find
that 151bs. was the maximum load conveyed
upon the horizontal Railway; whereas, in the
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preceding ‘statement (1 in 96), 24lbs. was
canveyed in 27 seconds. This differenge is
no daubt attributable to the differénce in the
inclinatian, and to the renewed strength of
the spring, as well as to the freedom from
vibration. S

- Again, in the experiments upon the perfect
level (page 67), it appears, that 30lbs. was
the utmost load which could be conveyed
on the horizontal Railway ; whereas, in the
preceding statement, 42 lbs. were conveyed in
26 seconds. . This difference is in like manner
accounted for.

In allusion to the comparative difference in
the speed between the two curved Railways,
in the preceding statement, and in the state-
ment at page 67, I confess myself in difficulty,
and can only account for it in the difference
in the vibration of the two Railways, or to
some inaccuracy in leyelling, especially as, in
the experiments at page 67, the depth of each

curve was similar.
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It may, probably, be thought unwise by
some, that I should have published these
conflicting statements; but I have considered
it my duty to give a detailed and faithful
account of my experiments, being sufficiently
satisfied with the fact, that, however different
has been the comparative result of .experi-
ment between the two curved Railways, they
have invariably, whether upon the level or
incline, proved an unquestionable and decided
superiority over the horizvontel Railway.
- It will be seen, too, that in the experiments
at page 67, where the inclination was 1 in 443,
that the irregular curve was decidedly superior
to the regular curve, both in speed, and in the
amount of load capable of being conveyed
upon it; whereus, in reference to the pre-
-ceding statements (1 in 96), the results are
altogether different ; the advantage shewn on
both curves, over the horizontal line, in the
amount of weight conveyed, being nearly
equal. This is more extraordinary, as the
5-feet curve had, in the recent experiments,
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been reduced 1 inch in depth; and I hold it
an established principle, that in proportion
to the length and depth of the descent,
will be the proportion of advantage gained.
I, therefore, expected a more favorable result
from the irregular curve up the incline of 1 in
96, whose depth had not been altered.

On consideration of the subject, however,
I decided, that the difference was attributable
to the same causes as before stated in regard
to the horizontal Railway, namely, to the dif-
ference of vibration, and to the extreme diffi-
culty of levelling with perfect exactness upon
an unequal floor, which, however particular
I had been, had, no doubt, considerable effect,
until I had the Railways affixed to strong
3-inch planks, which planks were levelled, or
inclined, with greater precision and ease.

Perceiving, also, that in the irregular curve
the ubruptness of ascent was, when heavy
weights were attached, a considerable obstacle,
I ordered them to be planed down, so as to
make the ascent 4 feet instead of 2, and,
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consequently, the depth of descent 1§ inches
instead of 2.-

The result of the following experiment
proves, that the speed of conveyance upon
the two undulating:lines, when upon a level,
more nearly assimilated ; and that the abrupt-
ness of ascent being removed, a greater weight
could be conveyed upon the 6 and 4-feet
curve (altered from 8 and 2 feet), depth of
descent '1f inches, than upon the regular
5-feet curve, depth of descent 1 inch.

Hence I am led to the conclusion, that
v‘zhether, in practice, it may be found better
or not, to adopt undulating Railways with
short ascents and long descents, or with the
ascents and descents proportionate, as regular
curves; ‘the advantage gained over a common
horizontal Railway will be in proportion to the
length and depth of descent; taking care never
to have the ascents so short as to render them
abrupt, nor the descents so deep as to render
them dangerous.
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Ezxperiment on a Perfect Level.

Irregular Curve, 5-feet Curve
4 feetnscent, depth  as before.

of descent 1§ inch.

Beconds., Seconds,
Engineand carriage . . . . 4§ . . 43
Ditto, ditto, with 5lbs. . 53 . . 6
Ditto, ditto, 10— .. 6} . . 6§
Ditto, ditto, 16—.. 7t .. 7}
Ditto, ditto, 20— .. 8 . . 8}
Ditto, = ditto, 25— .. 9% . . 9%
Ditto, ditto, 80— ..10 . . 10
Ditto, ditto, 85— ..1 . . 11
Ditto, ditto, 40— ..12. . . 12
Ditto, “ditto, 50— ..14} . . 16
Ditto, ditto, 55— ..15; . . 19
Ditto, ditto, 59— .. 20

Having thus submitted to public notice,
the particulars of my experiments, by which
it is distinctly proved, that a curved line of
Railway presents the most undoubted advan-
tages over a horizontal one, for the rapid
conveyance thereon of merchandise and pas-
sengers, and for the effective and economical
exercise of locomotive power, few observations
are necessary, beyond those I have already
made, to make evident the cause of this
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advantage, which altogether results from ren-
dering the power of gravity, which is a natural
motive power, or the accumulation of velocity
and momentum produced thereby, applicable
to a most important purpose; and I confi-
dently believe, that such assistant power being
taken advantage of on Railways, any loco-
motive steam-engine (assisting gravity down
each descent, and opposing it up each ascent)
will traverse a given space, when drawing
what may be, at the present time, deemed its
full load upon a horizontal line, in half the
time which it could otherwise do, or will, in
the same time, convey twice the weight of
merchandise. It must be borne in mind,
that the previous experiments have been tried
with a power mnot sufficient to overcome the
Sriction of the periphery of the wheels of the
engine upen the plane, when stopped from
progressing : I look, therefore, to a far more
admntagedus result than s thereby shewn,
when, upon a regular line of road, efficient
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steam power can be employed—a result which
cannot fail, in my_ opinion, to be peculiarly
advantageous in the ascent of inclined planes.

To state, from the preceding experiments,
what the exact amount of advantage is, would
be difficult, as it varied with different loads ;"
but, referring to those trials which are last
detailed, and which were made with a strength-
ened spring, on the perfect level, and when
the roads were free from vibration; and taking
301bs. as the medium weight the engine con-
veyed on the level, and 15lbs. upon the
incline of 1 in 96, we have as follows :

Weight Average on the On the Horizontal Length of

carried two Curves. Plape. Lines.
1ba, Beconds. Beconds. Feet,
30 9} 154 32

93 :82:: 15} : 524
shewing an advantage of full 5-8ths on the
level.

Weight carried Average on the On the Horizental
: on Incline, * Curves. Plane,
151bs. : 8} seconds. . 12} seconds,

83 :32::12}:47/;
shewing an advantage of very nearly one half.
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It must not, however, in this calculation
of advantage, be overlooked, that the com-
parative advantage increased with every in-
crease 'of load, and that, exclusive of this
advantage in speed, was the capability of
conveying, with the same power, a much
heavier load upon the undulating than upon
the horizontal Railway.

Being desirous, if possible, of laying before
the public an unobjectionable and practical
proof of the advantage above stated, it
occurred to me, that I might do 8o by giving
a limited power to the engine, and by seeing
what difference there was in the momentum
gained upon the curved and horizontal lines.

For this purpose I wound up the spring,
by drawing the engine-wheels back exactly
siz feet; and loading the carriage with SOlbs.

Upon the horizontal road it traversed with this power,
7 feet 9 inches = 1 foot 9 inches momenturn.
Upon the curve,

10 feet 2 inches = 4 feet momentum. .
G
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Again, on winding up the spring equal
exactly to 10 feet, it traversed, with S0lbs.

On the horizontal plane, in 12 seconds,
14 feet 7 inches = 4 feet 7 inches momentum. -

On the curve, in 10 seconds, W

20 feet = 10 feet momentygm.

Loaded with 201bs. and wound up 10 feet,
it traversed,
On the horizontal plane, in 13 seconds,
20 feet 8 inches = 10 feet 8 inches momentum.

On the curve, in 12} seconds,
98 foet 4 inches = 18 feet 4 inches momentum.

Without load, and trying the engine and
carriage alone, the spring being wound up
6 feet, the result was as follows:

o -On the level,
* 17 feet 9 inchvs = 11 feet 9 inches momentum.

On the curve, .
21 feet 11 inches = 15 feet 11 inches momentum.

I was induced to try these latter experi-

—————— e —
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ments, not with the view of corroberating the
ezact amount of advantage proved by the
previous trials, but to offer decided proof of
the cause of that advantage, the maximum of
which would of course depend upon the uni- -
form action of gravity and power: for instance,
when the spring was wound up 6 feet, and
the carriage loaded with 301bs. the difference
in space traversed, was as 93 inches to 122 ;
but when the spring was wound up 10 feet,
and the carriage similarly laden, the difference
in space traversed, was as 175 to 240 ; shew-
ing very different proportions. -
From a careful examination of all the
previous - experiments, it cannot posSibl);’ be
doubted, that Nature presents to us, in gra-
vity, a most important assistant power, which,
united with mechanical power, will-not only
enable us to travel with far greater speed, and
with far greater loads, but renders locomotive
- power far more effectively applicable.
How little the laws of motion upon Rail-
G 2
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ways are at this moment understood, may in
some measure be judged of, by the remarks
of Mr. Nicholas Wood, who seems to express
a doubt whether,

1st, According to the general received opi-
nion, the intensity of power required
to keep a body in motion at twice
‘the velocity, should be twice that re-
quired to keep it in constant motion

at half that velocity—as,
Supposing velocity to be re-; 1, 2, 8, 4, 5 6

presented by
Distance passed over . . 1, 1, 1, 1, 1, 1
Power required to move az 10, 20, 30, 40, 50, 60
carriage of any weight

Or,
2ndly, Whether the intensity of power re-
quired to urge the body forward at
twice the velocity, is not four times
that which is required to keep that
body in motion at balf the velocity—

as,
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Velocity, V, at which the body 52 1,5, 9, 4
moved . P % ow s e % . '
Resistance of body, B- . . . . 10,20,30, 40
Space passedover . . . . . . 1, 1,1, 1
. Mechanical force required to propel zm 40, 90, 160
B over 8, at velocity V e i
Or, .
Srdly, Whether the intensity of power re«
quired to urge the body forward, is
not in the ratio of the square of the

velocity—as,

echanical force . . . 10,80, 270, 640

2o
=

' 8
8
2

I feel little hesitation in discarding the two
last positions, and in founding my belief upon
the first position.

Now, if this position be correct, viz. that
it requires ¢wice the mechanical power to
move a body 20 miles per hour than to move
it 10 miles per hour, upon a horizontal Rail-
way, how evident is the advantage derivable
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from the curved - line of road, when a'given
power being employed to move a weight of
40lbs. 32 feet hpbn a horizontal plane in
21 seconds, moved on the curve the very
same weight, the same distance, in 10% se-
conds ; shewing, that the power of gravity,
multiplied by any given mechanical power, is
fully equal, when made jointly available, to
compensate for the loss of mechanical power
sustained upon a horizontal plane by a doubled
velocity !

It would be extremely desirable to reduce
the laws of locomotion and friction to some
decided data. The difficulty of doing this, is
not only evident from the.diversity of: opinion
in regard to the latter, which has so long
existed, but, after a series of most interesting
experiments upon Railways, Mr. Wood him-
self, to whom we are indebted for much
valuable and practical information, confesses,
that such is the difficulty of the subject,
that, although his experiments may be suffi-
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cient, in many cases, for practical purposes;
‘ yet they by no means tend to bring the
¢ enquiry into any more settled state.”

Much, however, as I appreciate thé talent
and public services of Mr. Wood, I cannot
avoid mentioning, that he appears to me to
bave laboured undeér a mistake in some of
his. calculations ; for instance (page 202, se:
cond edition), he calculates the resistance up
a plane to be a given amount, say 56, and
down the plane.a given amount, say 22, and
then draws his mean resistance, or friction,
upon a level plane, 39—thus:

56 + 22
2

=39.

Now, I dispute the correctness of this
mode of ascertaining the mean resistance on
a level, inasmuch as the power of gravity,
assisted or not by mechanical power, down
a descent, being a constantly accumulating
power, diminishing resistance,—and when a

given power is employed to drag a body up
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a plane, the resistance being uniform through
every space and time,—the two powers of
resistance added together and divided, cannot
shew the mean resistance on a level, and for
the reasons before stated in page 47.

I name this, because it particularly bears
upen the principle on which I found my im-
provement ; fof, if Mr. Wood be correct, it
appears to me impossible that any advantage
could accrue from the adoption of a curved
or undulating line of road ; whereas, experi-
ments corroborate my assertion, that such
advantage is indisputable. The power of gra-
vity, which produces accelerated velocity down
the descending part of a curve, may be said to
be counterbalanced by the opposing power of
gravity up the ascending part ; but we must
not forget, that before the ascent commences,
a given power or momentum is generated,
and a given space must be travelled over
before this power becomes inert; and as
gravity alone thus enables a load to descend
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an inclined plane, and to ascend an opposite
one until momentum cease, it is evident, that,
locomotive power being employed from such
point of stoppage to the highest summit of
ascent, the nimber of thp revolutions of the
axles and of the wheels upon the plane, must
necessarily be considerably less than along a
level line proportionate t6 the éxtent of the
curve. It must also be evident, that, either
on the descending or ascending line of a
curve, the axle and rolling friction must be
less than upon a horizontal plane, inasmuch
as the line of gravity is never vertical, except
at the lowest point of descent and the highest
point of ascent ; whereas upon the horizontal
plaue it is continually so:

. It is true, that the power of gravity has
been applied to Railways in many useful
ways ; such as the loaded descending car-
riages drawing the empty carriages up am
incline, &c. &c.; but how little it has been
thought of as an assistant to locomotive
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" power, will ‘appear from Mr. Wood’s re-
marks: “ On public, and other Railroads,
“ where the quantity of goods to be conveyed
% is fluctuating, and Is, or is likely to be, the
‘“ same in both directions, this species of
‘ power cannot be resorted to.”

Again, “ It is only where a preponderance
“ of goods has to be conveyed in one direc-
“ tion, and where, upon any declivities oc-
“ curring in the line of road, that prepon-
“ derance is capable of overcoming the gravity
“ of the returning carriages, that the action
“ of gravity can be used to advantage.”

This is quite true, in regard to a descend-
ing body drawing up an ascending body ;
the former must be heavier than the latter ;
but apply mechanical power to each, and
that ‘which will be requisite to propel the
carriage down the plane, will be much less,
as before observed, in proportion to what
would be required upon the level to move
the same load, than the amount of power
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necessary to move the carriages up the incline,
above that employed upon the level.
-With these explanations, I shall content
“ myself with laying down what appear to me
a few leading principles; in reference to this
subject : results will prove how far they are
correct.

1. That the friction of carriages upon all
Railroads, isin proportion to their weight,
and the diameters of their wheels and
azles; and when propelled by any con-

- stant power, this friction is an uniformly
-active force. '

2. That the load which a locomotive engine
can convey,—or, in other words, the
amount of steam power which can be
rendered effective on a horizontal Rail-
way,—is always in proportion to the
weight of the engine, or the friction
produced thereby.

3. That the difference in load which a loco-
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motive engine will convey up an inclined
plane and on a level,—or the amount
of steam power which can be rendered
effective on each,—is in proportion to
the inclination of the plane.

4. That the difference in load which a loco-
motive engine will convey down an in-
clined plane and on a level, can form
.no basis whatever for the calculation of
friction, or speed, upon a level, inas-

- much as the load never can be too ex-
cessive for the engine down -the plane;
and the momentum gained from the
effect of constant mechanical power, in
addition to gravity, accumulates in exact
accordance with the laws which govern
gravity.

5. That if it require a given power to move
a body 10 miles per hour, at muaimum
velocity, upon a horizontal Railway, it
will require twice that power to move

" the same body 20 miles per-h(‘mr.
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6. That the same law governs the motion of
bodies up inclined planes®.

7. That the same law does not apply in any
degree to the motion of bodies down
enclined planes, inasmuch as, whatever
be the power employed, the spaces over
which the body will travel, will be as
the squares of the times from the com-
mencement of the descent. _

8. That, upon the above principles, a much
greater speed can be attained by the
exertion of a given power, or a much .
greater load carried by that power,
upon a curved+ or undulating Rail-
way, than upon a horizontal plane.

* I mention this as an established principle, in re-
ference to all useful purposes; although it may be argued,
that the higher the agcent, the less becomes the power
of gravity. Such difference is, howo\rer, as before stated,
altogether immaterial,

t It is obvious, that a continuation of melmed planes,
gradually curved at their bases and summits, would prove
quite as, if not more effective than, regular curves, or

segments of circles. Oycloids may, in practice, be found
the most advantageous description of curves.
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9. That the mazimum speed which can be
attained, and the mazimum load which
~ can be dragged by a given locomotive
_ power, upon a curved line, depends
upon the length and depth of the
curve; consequently, the longer and
deeper the descent, though the rise be
equal. to the fall*, the greater the

. advantage. |

10. That in the ascent of mctmed plancs on

' a curved line of road, the depth of each
curve,—or, in other words, the angle
of each descent,—should always exceed
the angle of the.inclined plane. -

11. That it requires a greater power to move
a body from a state of rest to a given
state of motion, than o keep it in that
state of motion when such motion is
attained.

# As before observed, it is a matter of future experi-
ment, how far short, may be more advantageous than long
ascents, though the height of ascent may be equal to the
depth of descent ; my opinion is, that they will prove the
most effectual.
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12. That the momentum of a moving body
ts exactly as the velocity of. the.body
multiplied by its weight.

13. That such momentum, when produced
by any given power, on a horizontal
Railway, is equal to the difference be-
tween the force required to move a
body from a state of rest to a given
uniform velocity, and the force required
to keep such body in motion, at such
given attained velocily.

In reference to Definition 183, let P repre-
sent the power required to keep a body; B,
in motion at the velocity expressed by V,
and P’ the power required to move the body
from its state of rest to the required velocity,
and let M represent the momentum of the
body when the velocity is acquired ; then,

M=F —P;

or, supposing it require 10lbs. to move B
from a state of rest to a given velocity, and
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81bs. to keep it in motion when such velocity
is acquired ; then,

M=10—8=2,

Referring to Definitions 4, 5, 6, 7, it will be
seen, that upon them the superiority of the
curved or undulating Railway over the hori-
zontal Railway, in a great measure depends ;
for.it is. by the accumulation of speed down
each descent,and the increased momentum by
the accumulative force of gravity, multiplied
by mechanical power, that overcomes the
chief resistance of each ascent, and thereby
produces the advantage which I have endea-
voured to explain, and which I affirm to be
obtained upon a curved Railway. How far
that advantage may be increased by making
the length of ascent shorter than the length
of descent, T will not now discuss ; T am
inclined, however, to think it will prove
considerable, as the power of steam would

thereby be more effectively employed, by
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working more constantly on the descent,
where the retarding force of friction is ne-
cessarily less, and the fulcrum presented to
the activity of steam power greater than on
a level, and where the gravity of the de-
scending carriages would more than compen-
sate for the loss of power; by the comparative
steepness of the ascent.

Having thus far treated of the advantages
likely to accrue from the adoption of my
improved Railway,—advantages as clearly
demonstrable, in my opinion, by figures and
mathematical reasoning, as by experiment,—
I now proceed to anticipate and to answer
such objections as may naturally arise in the
public mind, on a perusal of these pages.

1.—The Motion may be Inconvenient and
Unpleasant.

This is altogether ideal ; even if the curves
were deep and short, I much question whether
the motion would not be found rather agree-

H
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able than otherwise. Any one who bas tra-
velled in a carriage upon an undulating sur-
face of turf, may form some opinion of what
it would be upon a deeply-curved Railway;
but as the curve npon which the preceding
experiments were principally tried, is anly
1 inch in 5 feet, and supposing 100 feet,
upon a regular line of road, rising and falling
2Q inches, or 100 yards rising and falling -
5 feet, to be a sufficient extent of curve for
practical purposes,—it will be evident, that
the undulating motion could not produce any
serious inconvenience. Indeed, whether the
curve be longer or sharter, the motion, in
my opinion, and in the opinion of those who
have witnessed the experiments, would be
any thing but objectionable; for in short
curves, any very deép undulation would be
unnecessary, and in long ones, comparatively
unfelt. To ascertain, however, the most ad-
vantageous description and.extent of undula-
tion, must be the object and result of careful
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practical experiment. Allowing my principle
to be correct, the difficulties of practice are
easily overcome. . '

2.—The Difficulty of Ascent, provided the En-
gine should stop, by accident or otherwise,
at the Base, or in other particular part of
the Curve.

I am of opinion, that it will be found de-
sirable, at all parts of the line where a train
1s intended to stop, to have the road for a
short -distance perfectly level, though I de
not conceive that any practical difficulty
would arise were it not so. I would also
recommend the same level road, for any
required length, at the places of starting.

But let us take the worst view of the ques-
tion, and suppose the carriages to stop in
such a position, and to be so laden, that the
engine could not rise the ascending part of
the undulation. |

It will be evident, as a locomotive engine

H 2
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can be worked either backwards or forwards,
that, by reversing the action of the power,
the carriages will be driven back by that
power, and their own gravity, sufficiently
high up the opposite incline to give them in
a few moments the full power of progression.

This is, however, supposing a case which
will seldom or ever, I should think, occur;
as it would be just as easy to stop the train
when the engine was at the bottom or other
part of the ascent, with the gravity of the
following carriages at disposal to assist the
rise, as when the whole train were ascending:
the necessity of this, however, depends upon
whether the engine be overladen or not.
I am only anxious to prove, that, let the load
be what it may, if once capable of progress-
ing, it never can be delayed beyond a few
minutes upon an undulated line of road; and
that delay the engines are now subject to,
in acquiring their average velocity upon a
common Railway.
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~ There are no other objections which arise
in my mind to the general adoption of undu-
lating Railways ; and if there be, how little
do they depreciate the advantages offered by
the increased speed, and the economy of
power which I have proved to be derivable
from them, added to the facility of ascending
inclined planes, the reduction in the expense
of excavations, and other advantages !

I am aware that many plans have been
suggested of ascending inclined planes, by
friction-wheels, &c. &c.; but Nature presents
us with so powerful an assistant, in gravity,
and at so little expense, that it would be
madness to refuse her aid.

I have merely now to add, that, in the
experiments which I have tried, the Joads
were attached to the engine by means of a
metal rod, with a moveable joint at eaclr end,
something similar to the one described in
Jig. 2; and whether, upon the lines of road
now established, such mode of connecting
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the carriages be thought advisable or not,
instead of by the chains now employed, it will
be very desirable that such should be the case
upon the undulating lines, as the gravity of the
descending load is a principal and indispens
sable advantage, which, were it attached to
the engine by chains, would be compuratively
lost, as, in the ascents, the unpleasant jerks
I am so anxious to obviate, might be even
more objectionable than they now are.

- I have also to add, that should the ascents
(as locks, bridges, &c.) on canal-lines, or
other roads, be so steep as to become in-
convenient for the effective exercise of loco-
motive power, and for-the progress of the
train, it may probably be found desirable, to
obviate the expense of levelling, to have sfa-
tionary weights so constructed as to be drawn
either up or down the inclined planes; acting,
in their ascent, as a lock for the engine and
carriages down the hill, and in their descent,
as an assistant to the rise of the engine and



103

carriages up the hill. The gravity of each
of these weights wmight be such ds to act
beneficially upon all average louds; indeed,
the same weights might be so. regulated, &y
machinery at the top of each ascent, as,
without the employment of a stationary steam-
engine, to accommodate themselves to differ-
ent loads; supposing, which I do, that a
suitable person be employed to attend to
them, and that the trains of carriages are
traversing the roads each way in pretty equal
succession. 'This, however, can only be ne-
cessary where the momentum required to
assist the engine and load up any ascent is
such as to produce a velocity dangerous to
passengers. _

. In conclusion, as I have reason to believe
that I may soon have an opportunity of prac-
tically proving the importance of the im-
provement which I have promulgated in this
short Treatise, and the extent of the advan-
tage I anticipate, I will only add, that it is
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my intention, at such time, to pursue the
subject by a second publication ; in the in-
terim, offering this to an enlightened. and
reflecting Public, with humble confidence.
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ADDITIONAL REMARKS.

TuE publication of the preceding pages hav- |
ing been unavoidably delayed much longer
than I anticipated; and having had an oppor-
tunity in the meantime of trying a series of
experiments upon models of a more extended
scale thao thoee to which I have hitherto
referred, I am happy in being able to state,
that the result has been equally favorable to
my expectations in every point of view.
The models in question have been for some
weeks open to the inspection of the scientific
world, and the experiments have been wit-
nessed in London and at Maochester by nu-
merous individuals, whose high mathematical
and mechanical acquirements would, I con-
ceive, naturally have led to the immediate
exposure of a fallacy, had any such fallacy
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existed. On the contrary, however, the facts
elucidated by experiment remain uncontro-
verted ; and although it may have proved
difficult to some to account satisfactorily and
theoretically for the advantage gained, yet
I am happy, on the other hand, in being
able to state, that I have received, from other
unquestionable authorities, assurances of their
conviction, that the principle which forms the
leading subject of this Treatise, is a correct
one, and that, however opposed to received
opinion, it is in strict accordance with true
mechanical and mathematical reasoning.

It would, I confess, have very much re-
lieved .the responsibility which I incur in
offering this publication to the world, had I
felt myself at liberty to embody the various
correspondence, formula, diagrams, and cal-
culations, with which I have been favored, in
solution of this, I trust, important subject :
but, fully sensible of the averseness which
men naturally feel*in permitting others to
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make public their friendly opinions, I, from
delicacy, abstain from stamping a value upon
this Work, which would, otherwise, have
raised it much higher in public estimation
than any observations which I feel it in my
power to offer.

I shall therefore content myself by adding
hereto, in a more compressed and mathema-
tical form than I have hitherto done, a state-
ment of my own opinion as to the cause of
advantage derivable from a curved or undu-
lating Railway; to which I shall annex, by
permission, the Reports of Mr. Robert Ste-
phenson, senior, who, although prevented by
 indisposition from witnessing the experiments,
fuvored me some months ago with his opi-
nions ;—to which I am also desirous to attach
an article upon an Improved Axletree, pub-
lished by that Gentleman in the 66th Num-
ber of “The London Journal of Arts and
Sciences,” in the year 1826 (the particulars of
his invention appearing in the same Number),
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especially as this improvement will, in my
opinion, he found particularly applicable to
carriages working npom an undulating line
of road ; as, were the ¢ommon axletrees to
be used upon such ‘Railway, they would,
where the lateral curves or windings are ab-
rupt, no doubt materally interfere with the
advantage I expect to derive frem the full
combined effect of gravity and locomotive
power ; whereas, by adopting the axletrees
recommended by Mr. R. Stepbenson, senior,
the advantage would, in comparison with
existing roads, be as great upon a winding as
upon a direct undulating Railway.

The following is my explanation, which,
I conceive, bears mi out: in all my previous
remarks :
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Suppose the dotted line, E A, to be a
horizontal Railway,—A B, to be a descend~

1 s
\_\\»,_

-
)
G"

ing one,—and B E, an ascending ome, on
which are placed the three wheels, WW W,

1. Now, the amount of friction produced
by the pressure of the wheel W on the
plane E A, is in exact proportion to its
weight, or to the weight of any vehicle
which rests upen it; and upon such
weight also depends the amount of at-
trition produced by the revalution of
the axle within the nave or cylinder in
which it moves. ;

The reason why the amount of friction, or
attrition, is proportionate to the weight of
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the vehicle, is because (supposing C to be the
axle, or centre, of the wheel), the perpendi-
cular line, C G, is the line of gravity.

On a horizontal Railway, therefore, the
amount of pressure upon the rails, and the
amount of axle and rolling friction produced
by that pressure, are in exact accordance with,
and altogether dependant upon, the weight of
the carriages and load; and when locomotive
power is employed to overcome this pressure
and friction, and when a maximum velocity
is attained; such velocity (the power being
kept up) is uniform through spaces and times,
and such pressure, or friction, is an uniformly
opposing power. Moreover, as before fre-
quently observed, the amount of load which
any locomotive engine will convey, isin exact
accordance with the amount of its pressure
upon the rails and axles; or, in other words,
with the axle and rolling friction.

2. Let us now suppose the wheel W to be
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traversing from A to B. From the
point A, it is evident that a body would
fall to T, according to the laws of bo-
dies falling perpendicularly ; and if upon
- the line A B we draw the perpendicular
line VT, a body would descend, by
gravity, down the plane from A to V,
in the same time as it would fall, per-
pendicularly, from A to T: and the
power of gravity, which enables it to do
this, acting equally (practically speaking)
throughout the whole descent from A to
B, would produce an uniformly accele-
rated motion ; in consequence of which,
on the arrival of the carriage at the point
B, the velocity would (allowing for the
difference of friction) be mathematically
equal to what it would be at the point'T,
had it fallen perpendicularly from A to
that point. Now the extent of the power
of gravity, or cause of the wheel W
. descending down the incline A B, will
1
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be easily comprehended by reference to
the parallelogram, D C P G : where the
diagonal, C G, is the line of gravity,
C P the line representing the amount of
pressure on the rail, and C D the line
of motion ;—that is, th_e line or power
of gravity, C G, instead of acting per-
pendicularly, and with full intensity, on
the rail, as on the line E A, becomes
divided into two separate and distinct
powers, viz. C D and C P; the latter, if
I'may so express myself, endeavouring
to stop. the progress of the wheel, and
‘the former emplaying every effort to
urge it forward; and as CDis to CP,
80 -is -the ome .power exactly to the
other ;~and thus, if the -carriage or
wheel, W, weigh 5 tons, and if C D be
1-5th of the power or force, C.P, the
pressiire. upon - the rails is reduged from
5 tons to 4 tons; and not only reduced,
" but the amount of power thus saved, is



115

actively employed in opposing the re-
sistance offered by C P.

Such would be the commencement of the
progress of a carriage descending the incline
A B, by its own gravity, until, as before
observed, on arriving at B, it would attain
the same velocity as'it would have attained
at T, had it fallen perpendicularly from A to
T; and if locomotive power were constantly
employed to assist this force of gravity, the
progress of a body down the descent would
be the. result of these unmited powers; the
motion would be uniformly accelerated, and
although the velocity would be increased in
proportion to the increased .power employed,
yet the descent would be in proportionate
accordance with the laws of falling bodies,
both as to spaces’and times.

3. But we will now suppose the same car-
" riage, W, 'to be propelled from a state
of rest at B, to the position on the

12
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incline B E, described in the diagram.
The angle FEB being equal to the
angle F A B, and the line of: gravity,
CG, being drawn, the parallelogram,
CDGP, is exactly equal to that de-
scribed on the descending plane ; con-
sequently, C P is the line representing
the amount of pressure on the rails, and
CD the line of power opposing such
pressure; from which it is evident, that,
unless prevented by some greater power
than C D, the carriage would roll back
* to B, but if opposed by any regular and
greater power, which we will call loco-
‘motive power, the carriage would rise
- gradually up the plane B E, with uni-
form velocity, and through equal spaces
in equal times; for the power CD,
which is a portion of the force of gravity
represented by C G, being opposed by
a grealer power than itself, does not in
this case act as an uniformly retarding
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power, but as an uniformly opposing
power. It will also be seen, that, through-
out the ascent, the pressure upon the
rails, and, consequently, the.amount of
friction, is -precisely the same as it was
down the descent A B, viz. as much

less than it was on the horizontal line
E A, as theline CD to DG.

4. But to prove the advantage to be derived
by an undulating Railway, we must not
allow the carriage to stop at B; we will
therefore suppose it to travel as far as it
is able, by gravity alone, along the un-
dulated line A B E.

Now, as before observed, it would-
descend from A to B, according to the
laws of falling bodies, at which point
will have attained its greatest speed,
and, consequently, its greatest momen-
tum, and it is evident that it will rise

the ascent B E, as long as the force of
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momentum is -gr_eater than the force
CD; but the instant such force of mo-
mentum, which in this case is an uni-
Jormly retarding force, becomes less
than the force C D, the latter would
effectually operate, and the carriage, W,
would roll back, and finally settle at the
point B.

Supposing, however, that the momen-
tum gained by the descent to B, be
sufficient to advance the carriage as far
up the ascent as the point H,—it is evi-
dent, that, could sufficient power be
then employed, to overcome C D, the
ascent H E would be made in much
less time, with fewer revolutions of the
wheels and axles, and with much less
expense of power, than it would require
to move up the whole ascedt B E, as
stated in Position 3.

We will now suppose, that an assistant
power, equal to the available power C D,
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be employed to-propel the carriage, W,
along the undulation A B E, and that
such power were withdrawn at the point
B,—1it becomes evident that, as gravity
alone enabled the carriage to rise the
ascent as far as H, which is more than
one-half of the whole ascent, now that
double power is employed, double mo-
mentum at the point B will be the
result; and the power C D will thus
effectually be opposed up the whole
ascent B K. If this be true, haw much
more effectually will the power C D be
counteracted, if the assistant power be
continued up the whole ascent B E !
From this reasoning, it appears to me in-
disputable, as decidedly proved by experi-
ment, that not only can a given load be
conveyed along a curved line in very much
less time than upon a horizontal plane, or a
very much greater weight in the same time,
but that leads which no loecomotive power
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could move on the horizontal plane E A,
would, impelled by gravity, assisted by other
active power, descend down A B, and rise
the ascent B E, with facility ; and it will be
also evident, that whatever power may be
left on arriving at the point E, will be the
power of ascending the farther incline EI;
to which surplus must of course be added, the

continued active power employed to oppo
C D. .

5. It must be remarked, that although the
disposable power of gravity, in opposition
to pressure, is only as CD to C P, yet
this is no criterion of the extent of ad-

 vantage gained in speed; in fact, CD may
as properly be stated to represent the
saving in friction: in whatever light, how-
ever, it may be viewed, C D represents
a constant and equal power throughout
the whole descent ; but the spaces passed

over down that descent, in consequence
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of such power, are nof equal in equal
times, but, owing to accelerated velocity,
as the squares of the times. Supposing,
for instance, A V to be 10 yards, and
the carriage was 1 second in reaching
V, and allow the same space to be tra-
velled over on the horizontal plane in the
same time, at maximum velocity,—now,
on the latter, the carriage would travel
30 yards in 3 seconds; but down A B
it would travel 90 yards in 3 seconds;
because 3 X 3 X 10 = 90; and this
velocity, although retarding up the as-
cent, if assisted by an equal power to
that employed on the horizontal plane,
would be so kept up, as to arrive at
a given distance in far less time than it
could do, with an average load, on the
horizontal plane. Supposing, for in-
stance,. the horizontal line E A were
175 yards long, the descent A B 90
- yards, and the ascent BE 90 yards,
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making the vadulating line 180 yards,
and that locomotive power were em-
ployed, sufficient to overcome the friction
and the resistance of the ntmosphere on
both lines, and to move a carriage along
E A, at maximum velocity, 10 yards
per second : it is obvious, that the time
required to travel from E to A, would
be 17} seconds; because ]-l?(-? = 17}.

Let us now apply the same power to
the same carriage travelling along the
undulation A BE, and take 10 yards
as the space travelled over in the first
second down the descent A B: it is
obvious, that it would reach the point B,
or, in other words, traverse the 90 yards
represented by A B, in 3 seconds; be-
cause, according to the laws of descend-
ing bodies, 3 X 3 x 10 = 00. 'This
being admitted, and even presuming that
the power employed up the ascending
part of the undulation, were only just
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sufficient to- overcome the friction and
resistance of the atmosphere, the car-
riage would naturally, as proved by the
action of the pendulum, rise the ascent
B E in the precise time it occupied in
traversing from A to B. Hence, if a
given power be employed, sufficient to
overcome the friction and resistance of
atmosphere, and to impel a load 10
yards in -the first second, upon an
undulating line, such as ABE, 180
yards in length, the whole distance, if
the power be constantly kept up, will
be traversed in less than 6 seconds;
whereas, if a given power be employed,
sufficient to overcome the friction and
resistance of utmosphere, and to impel
a load 10 yards in the first second of
time, at matimum velocity, upon a ho-
rizontal line, such as E A, 175 yards
in length, the whole distance cannot be
- traversed in less time than 17} seconds.
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Thus, if we ascertain the maximum ve-
locity at which a body can be impelled
upon a horizontal line in the first se-
cond, and down the descending part of
a given curve in the first second, such
power being sufficient to overcome fric-
tion in both cases, the comparative time
occupied in.traversing each distance, is
easily determinable ; the difference in
advantage varying in proportion to the
length and depth of undulation, as com-
pared with the length of the horizontal
line. Nor must it be overlooked, in
considering this subject, that a much
greater load can be conveyed along an
undulating line than along a horizontal
one. The axle and rolling friction to be
overcome, is necessarily less upon the
former than. upon the latter, and the
fulcrum presented to the effective power
of steam, down the descending part of
each undulation, is a most important
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object of advantage. It will be seen,
that in this explanation I have calculated
the velocity of a body traversing a curve,
according to the laws which would go-
vern its descent down a regular inclined
plane ; there would of course be some
difference, but in this instance it cannot
be material to describe it.




ENUMERATION

OF

THE ADVANTAGES WHICH I PREDICT WILL
BE DERIVABLE FROM THE ADOPTION OF
UNDULATING OR SERPENTINE RAILWAYS.

1.
A great gain in speed.

2,
A great saving of power.
8.
A great saving in the expense of excavating,
levelling, &c.
4.
The much greater facility with which inclined
planes can be ascended.
5.
The strength of the rails, and, copsequently,
their cost, will be considerably diminished, or,
if pot diminished, there will be a great saviog

in their wear.
6.

That lighter and less expensive locomotive
engines may be advantageously used.
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y
That much greater activity can be given to
the effective power of steam. .

8. _
That the motion of the carriages will be
easier, and more free from vibration, than upon
a horizontal Railway.

9.

That the carriages may be attached together
by moveable joints, instead of chains, so as to
obviate the disagreeable jolting which is now
so frequently experienced.

10.

That serpentine or undulating Railways can
be laid down with advantage across a country
where horizontal ones would be altogether in-

applicable. :
' 11.

That the necessity of crossing turnpike or
other roads, will be obviated ; as bridges could,
in most cases, be constructed, over which the
carriages might proceed, without the employ-
ment of stationary engines; and canals might
be crossed in a similar manner.
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Copy of Mr. Rosr. StePHENSON, Senior’s, First
Report to Mr. BApNALL, on the subject of his
Undulating Raslway.

« Pendleton Colliery,

« Sept. 11, 1882,
“ Mr. BADNALL.

“SIR,
“ Since I had the pleasure of your

‘“ company yesterday, I have been very much en-
‘“ gaged; but, according to your request, the time
“I bhave had to spare, has been employed in
“ trying to establish some true cause why the un-
‘* dulating Railway will be superior to the hori-
““zontal one. To make it short, I will suppose a
“ carriage, four tons weight, regularly distributed
‘ amongst the four wheels, and placed on the level :
‘“ now, if we hang two plumb-lines from the centre
““ of the axles, by their own gravity they will pass
‘“ on the inside of the centre of that part of the peri-
““ phery of the wheels in contact with the rails, and
‘“ each plummet-weight will apply its power to turn
‘“ the wheels; but they being applied in opposite
“ directions, the carriage will remain stationary.

“ Now, let us lower one end of the same carriage
‘“ to the desired angle of the descending part of your
“road; the plumb-lines being still attached to the
“ centres of the axles, and acting by the laws of
‘¢ gravity, they will pass considerably on one side of

K2
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‘ the centre of that part of the periphery in contact
‘ with the rails; the great portion of the weight on
‘“ one pair of the wheels is therefore taken off, and
“ conveyed towards the other axles; and it is my
“ opinion, that four tons are not now resting on the
“ four wheels as before, but a portion of the whole
“is called into motive action, and will proceed
““ down the incline, according to the laws of falling
‘ bodies, to the foot of the plane, with this addi-
“ tional advantage,—the wheels heing now in motion,
“ will call into action the power of rolling force®,
*“ which will begin near to the resting part of the
¢ periphery of the wheels in contact with the rails.
¢ This being allowed, viz. that the force begins at

® Since this Report was written, I have had various conversations
with Mr. R. Stephenson, senior, on the subject of the force to which he
here alludes, and I confess myself inclined to attach considerable weight
to his opinion. If I may be pardoned the invention of a word, I would
term it, ‘“periphfugal force;” inasmuch as it commences at the point
where the wheel is in contact with the rail,—it increases or gathers to
the extreme part of the wheel, and is all thrown off between that extreme
part and the point where it again comes in contact with the rail. To
demonstrate its effect, Mr. Perkins suggested that a wheel, not in contact
with the earth, should be put in very rapid motion, and, when in such
state of motion, be allowed to fall with its periphery in contact with a
level plane ; the result would be, that although no power were employed
to urge it in a forward direction, it would continue to roll along the
plane until motion ceased ; evidently proving, that the centrifugal force,
equally distributed through every particle of matter in a fly-wheel, is
very different in effect to the force gathered and thrown off when such
fly-wheel, in a state of rapid motion, comes in contact with the earth :
in the latter case, the point of contact should be regarded as an ever-
changing centre, from which the force originates, without any regard to
centrifugal force, as commonly understood in reference to a revolving
wheel, Such, at least, are my present, perhaps imperfect, ideas on
this subject.—R. B.
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““ this point, it will certainly increase its power to
“ the extreme part of the wheels; the force will
‘ commence throwing off immediately after passing
‘“ this extreme point, and will be all discharged
‘“ between that point and the rails, when it becomes
““ tnactive. By this I mean, that the wheels are con-
“ stantly taking up power on one side, and throwing
‘““ off on the other, nearly between that part of the
‘““ wheel which is moving fast, and that which is
““ moving slow; in consequence of which, it will
““ have a great tendency to raise the wheel from the
“ rails, and, at the same time, will assist in the
“ progress of the forward direction; it will also
‘“ prevent the wheels from being pressed so much
““ oval, and indented so far in the rails, and uery
““ much reduce the friction.

¢ This sort of force, perhaps, not being thoroughly
‘“ understood, you will allow me to compare it to
‘“ a man on horseback, riding at a great speed, and
“ the animal stopping himself with all the power he
‘ is master of ; we should, in such a case, naturally
“ expect to see the rider thrown forward, taking
‘“ along with him both bridle and stirrups.

‘“ My time being so limited, I cannot at present
‘¢ proceed further on the subject; and, in the interim,

“71am,
““ Yours, respectfully,
(Signed)  ‘“ R. STEPHENSON, Sen.

“ P.S.,—It has never been my opinion, that falling
‘“ bodies have been exactly attracted to the centre
“ of the earth.—R. S.”
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Second Report of Mr. R. STEPHENSON, Sentor.

“ Pendleton Colliery,
*“ Sept. 18, 1832.
“ Mr. BADNALL.

« SIR, ’
““ IN my Letter to you on the 11th inst.

“ respecting your Railway, I think I left off at the
“ bottom of the first inclined plane. At this part,
““ the carriages will have attained their greatest
““ speed; the wheels will also be acting with their
¢ greatest power; I mean as to rolling force. Here
it would require too much of my time to calcu-
‘“late the required strength of the rails over this
‘“ part, and particularly at the beginning of the
““ next angle; but I will venture to say, the load
¢ will not be so heavy on the rails, as ‘many, at
“ first sight, would anticipate. It will be impos-
““ gible for me to tell exactly, until I have ascer-
‘ tained, what power the wheels throw off at dif-
“ ferent speeds. I assure you I intend to try some
“ interesting experiments on this grand motion,
¢« which, I trust, will turn out valuable. I think
“T have just hit upon a plan which will prove it .
« mathematically correct. - You will be aware that
“ this requires great nicety, and time.

““ But to return to the carriages passing up the
“ ascent :—the wheels will be still gathering and
¢ throwing off their power, as before stated, in the
“ descent; that is, between the rails and the ex-
“ treme part of the wheels, which power, you will
“ perceive, still assists in a forward direction.
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‘“ The weight of the carriages will now be thrown

““ behind that part of the periphery resting on the
“ rails, and the power of hauling, or propelling, will
‘“ be applied near the centre of the axles, when the
“ weight of the same will be raised, as if it were
“ with a fine tapered wedge, or screw, constantly
“ in motion,
. “ Now, I must return again to the periphetry, or
‘“ prop, in contact with the rails; also, the plum-
‘ met-line must be attached, as before, to the axles,
‘ and watch the change of the periphery in contact
‘““ with the rails, where Nature seems to. be using
‘¢ every effort to run out from under the weight, yet
‘“ the carriage keeps gently rising. This regularity
‘“ of ascent will prevent the possibility of. there
“ being time for falling bodies, in opposition, to be
“ called into action. The props, or parts of the
‘“ wheels in contact with the rails, are changing in
‘“ less time than can be measured by the finest chro-
“ nometer, yet the mind is capable of conceiving,
“ that stand sometimes they must. . Now, according
‘“ to this reasoning, it is clear, that a portion of the
‘¢ weight will be suspended in the atmosphere.

“ In all revolutionary motions of this kind, the
“ whole of the power gained by the wheels in the
¢« descent, will not be destroyed in ascending the
“ rising plane.

“ I will now proceed to the top of the hill :—when
“ the first carriage passes over, it will move more
¢ slowly than the rest of the train, until it has com«
““ pleted the greatest bend, which will be when the
¢ centre carriage has reached the highest summit,
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“ At this time, the greatest strain will be applied to
‘“ bend the rails, and straighten the cord of hauling;
~ *“ the wheels and axles will have made more revo-
¢ lutions than upon a horizontal line, and the joints,
“ or couplings, will have rubbed a little more in
‘ passing the segment at the bottom, and the back
“ of the curve at the top, &c. &c.

¢ After deducting the whole of the disadvantages,
“ it is my opinion, that there still will be a great
‘“ deal of power left in motion; and after mounting
¢ the second summit, with the same locomotive
““ power still applied, the gain will be increased.
“ According to these laws, it will require even a
““ longer Railway than the Liverpool and Manchester
‘“ one, to prove the extent of its value.

“1 am extremely sorry that I am at this time
‘ so much engaged, or I would have entered more
‘ minutely into the subject.

“Yours, very respectfully,
(Signed)  “R. STEPHENSON, Sen.

“ P.8S.—The rails in the angles will require to be
“ lighter, whi¢ch you can calculate yourself, with the
“ friction of the atmosphere.—In great haste,

(14 R‘ S"l
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Letter from Mr. RoBert STEPHENSON, Sentor,
to the Editor of “ The London Journal of Arts
and Sciences.”

[First published in 1826.] .

« SIR,

“ Tue Specification of my Patent for
‘¢ Axletrees, intended to remedy the extra friction of
“ carriage-wheels when passing along curves upon
‘“ Railroads, having been enrolled, and, I presume,
“ about to appear in your Journal, I request per-
‘“ migsion to communicate to the Public, through
“ your medium, a few observations relative to the
‘“ inconvenience of friction which carriages now in
‘“ use labour under, when proceeding along curves
‘“upon a line of Railway; which observation will,
“ I consider, shew the necessity of an invention of
¢ the kind, and its usefulness.

‘“ Waggons that have hitherto been used, are of
‘“ such constructions, that when passing curves in
“ the Railroad (if the curve be not even more than
‘“ two feet in twenty-two yards), the friction is so
¢ great, that it requires nearly double the power
““ to propel the carriages that is necessary to pro-
‘“ duce the same speed on a straight line. It must
-¢ therefore be evident, that the extra power em-
‘ ployed has the effect, merely, of grinding and
““ wearing away the waggon-wheels and rails; va-
““ rious schemes have been put in practice to pre-
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““ vent these inconveniences, and each has proved
‘ ineffectual. Wheels have been used on Tram-
‘“ roads, running loose upon fixed axles, but they
““ have proved unsuccessful; for this reason—they
‘“ cannot be kept steady, nor can they be prevented
‘“ having play. I wish it to be understood, that
‘“ there is a great difference between the edge-rails
““ and Tramroads; the former being but two inches
“and a quartel" broad, the latter from four to five
“inches. It must be known to engineers, that
‘“ wheels of a large diameter run with much less
“ friction than those of a small diameter. It is my
‘ opinion, that a carriage that is to travel at the
““ rate of six miles an hour, ought not to have wheels
‘ of a less diameter than three feet. If it be wished
“ to increase the s;;eed of a waggon running on
¢* Railroads, it mast be evident, that increasing the
“ size of the wheel will do it. Suppose we take it
‘“ on an average that the wheels be four feet in dia-
‘“ meter, as the speed for carrying goods and pas-
“ gengers is wished to equal that of the coaches,—
“ the play -that will soor take place in the loose
““ wheels, will allow them to vibrate and spread not
« less than one inch and a half; and it is well known
“ that Railroads cannot be kept to that guage,
“ without sleepers or bearers, extending from rail
“ to rail, in order to bind the road together; and it
¢ will also require an extra number of men to kecp
“ the road in order, ‘

¢« Carriages with loose wheels are not at all cal-
 culated to rise and fall with the many irregularities
“ of the road they must meet with, proceeding from
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“ yarions causes, such as the blocks being sunk, by
‘“ the embankments giving way, &c. &c., as their
‘¢ axletrees must be firmly fixed to the body of their
¢ carriages. It will be dombtless the case, that,
‘“ when the carriage meets with the hollow parts in
“ the road, it will be resting on three wheels, and
“ the fourth will most probably be lifted higher than
‘“ the depth of its own flange ; therefore, if the car-
‘“ riage be travelling round a curve with the hollow
‘“ inside, it must inevitably be thrown off the road.

“ In consequence of these inconveniences, loose
‘“ wheels have been entirely abandoned on the edge-
““ rails, and those that are wedged firmly to a rota-
‘“ tory axle have been adopted, and appear to be
“ far superior to the loose ones. In straight lines,
“ the waggons now in use may suffice; but when
‘“ they meet with curves of six or eight feet to a
¢ chain (or twenty-two yards), the friction that theu
‘ takes place is enormous.

“1 can with confidence say, that the carriages
‘“ above alluded to, in passing these curves, will at
““ least grind off the top of the rail one-sixteenth of
‘“ an inch in twelve months. 'The thickness of the
“ top part of that kind of rails generally in use, is
‘““ only about half an inch, and those are on the
‘ most improved principle; therefore, it cannot be
‘ disputed when I say, that in four years the rails
‘“ in these curves will be reduced below the standard
‘ strength required for the passing of the londed
‘“ waggons.

‘“ The enormous expense thus occasioned by this
‘¢ extra friction, will be seriously felt by proprietors
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“ of Railroads; the malleable iron Railroads not
‘ having been long enough in use to prove to the
‘ Public the real time they will last, and the dis-
“ advantages hefore named have not been yet fully
‘“ ascertainéd by proprietors. The only malleable
¢ iron Railroad that has been used for any length of
“ time, is that which extends from Lord Carlisle’s
‘¢ Colliery to Brampton, in Cumberland, about ten
‘““ miles in length, and has been made upwards of
““ ten years. The straight line of Railroad appears
“ not to be much reduced, but the smallest curve
“ lines have been replaced many years ago. From
“ these circumstances I am led to believe, that a
¢ straight line of Railroad, where there is a great
“ traffic, will not last more than forty years; and
¢ those ‘of sharp curve lines, not more than four,
“ with the waggons now in use,

““ These disadvantages induced me to direct my
‘“ attention to the comstruction of a waggon that
“ would obviate these difficulties; and the one I
 have made will, I doubt not, overcome them.

“ The wheels on my waggon are firmly wedged to _
‘“ the axle, and yet will roll round the sharpest
“ curve without any additional friction from the
‘¢ sliding of the wheels. Carriages of the ordinary
¢ construction that travel on Railroads, having one
“ gide more expesed to the heat of the sun than the
“ other, must have their wheels soon worn to a
“ smaller diameter, by their being exposed to a
“ greater heat ; every practical scientific man know-
“ ing, that wheels exposed to the south, wear away
“ much sooner than those exposed to the north;
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‘“ but the two wheels being wedged upon one axle,
‘“ as in the carriage at present used, the friction will
‘“ be much increased, even if the carriage be moving
‘“ on a straight line, in consequence of the wheels
‘“ that have not been worn, travelling over a greater
‘“ surface than the others.

“ Each wheel on my carriage is so adapted, that
‘¢ it will revolve with its own axle, and every wheel
““ will travel over the surface required, either in a
“ straight or curved line, without any increase of
“ friction, even though all of them should be of
‘“ unequal diameter.

‘“ There are still many disadvantages not yet
‘“ mentioned, which Railroad carriages now in use
“ labour under; for when they are lightly laden,
‘“ and are moving at the rate of five or six miles per
““ hour, and come in contact with sharp curves, they
‘“ are generally thrown off the road; and should
“ they be precipitated to the bottom of the embank-
‘ ments, which are in some places fifty or sixty feet
““ high, the consequences might prove dreadful, and
‘ the expenses great, for the carriages would doubt-
‘ less be much injured. Suppose (which most likely
*“ would be the case) that there were passengers at
“ that time in the waggon,—they must some of them,
“ if not all, be killed upon the spot. My improved
“ carriages will remove all the above-named diffi-
‘“ culties,and passengers may travel with the greatest
“ safety.

“ These carriages have been tried before scientific
““ men, and have ariswered beyond all expectation;
“ they will not only move round curves with the
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““same ease as on a straight line, but will travel
‘ over the hollow parts of the Railroad that may
‘“ have sunk, in consequence of the embankments

‘“ having given way, with perfect safety.

“71 am, Sluz,
“ Yours, &c.
“R. STEPHENSON.”

THE END.

E, H, Blagdon, Printer, Bow-street, Covent-garden.
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THE UNDULATING BAILWAY. 9

lively sketch of the simultaneous attack
of the whole . concentrated beggary of
Boyle on a carriage and four; his stric-
tures on the failure of the attempt to force
the growth of a linen-manufacture in
ITreland; or his ludicrous remarks on the
deplorable “ state and condition” of most
of the inns he put up at; his pleasant
picture of a market-day at Strokestown ;
or his description of the manufactory of
tobacco-pipes, at euphonious Knocke-
cmﬁ]:ary; his exposition of the mysteries
of the trade in turf, gleaned from the
authentic source of conversation with a
bome fide turf-cutter ; his suggestions for
the imrrovement of inland navigation,
especially that of the Shannon; or one
of his elahorate enumerations of chim-
neyless and windowless cabins, more
comfortable cottages, or most comfort-
able three-storey slated houses, in. each
of the towns and villages. All of these
might well have been extracted, for they
are all equally distinguished by quickness
of observation, usefulness of purpose, ap-
parent correctness of detail, and, above
all, by that racy spirit of good-humoured
philanthropy which runs through the
.whole work, and makes the perusal of it
very delightful. If we could have ex-
tracted all of them, accompanied with
some half-dozen pages of tables of the

opulation, number of schools and scho-
ars, amount of crime, and a thousand
other ‘matters, from the concluding por-
tion, we might have done justice to the
“ Statistics of Roscommon.”

——
THE UNDULATING RAILWAY.

~ Sir,—I feel suprised that Mr. Badnall,
the inventor of the Undulating Rail-
way, has hitherto met with so few sup-
porters amongst your numerous corre-
spondents. [t argues a want of courage
on the part of those (for some there
must be) who privately acknowledge the
general truth of his theory, though they
capnot, perhaps, but perceive.in it some
imperfeetions. No theory is found per-
foed on its first development. We know
that silver is. contained in the ore; but
in order that it may be fit for cur-
rency, it must undergo the processes of
smelting, refining, and stamping. Dia-
monds are not despised because they may
chance to have been first discovered in a
reugh state: a little cutting and polish-
ing, soon determines their intzinsic value;

and with regard to mathematical prope-
sitions, that which at first may appear, to
prejudiced minds, a fallacy, may in pro-
cess of time be universally received as a

nuine truth; asin the case of Galilev’s

octrine of the force of gravity, for which,

in spite of the clearest experimental evi-
dence, he suffered all the misery that the
diabolical malice of his enemies could
inflict. :

Having satisfied myself sometime ago,
of the truth of Mr. Badnall’s undulating
theory in its general form, I can no longer
resist the desire of expressing my humble
opinion in your Magazine, if possible
before certain experiments are tried on a
practical scale, which I understand are
now contemplated, and which I think are
highly necessary for the satisfaction of
those whose money is about to be exten-
sively embarked in attempts to reduce the
undulations of nature to a dead level, or
to the smallest attainable inclination. In
doing so I shall notset myself up as the
thick and thin advocate of Mr. Badnall,
for I dare say that gentleman can get
through very well without my—anything
put powerful—aid. On the contrary,
should I happen to differ from him in
opinion on minor points, I shall not
scruple to say so. But on the main point,
namely, the available nature of the force
of gravity for the horizontal projection of
bodies, I quite agree with him, and hope
to see it ere long palpably exhibited to
the wondering, yet doubting, gaze of the
new-fledged race of railway engineers.
. Delicacy in the discussion of mathe-
matical subjects, which are or ought to
be founded on the most rigid truth, is a
thing not to be expected ; but I must also
add, that I think coarseness equally un-
necessary, and more injurious in its opera-
tion. As one of your correspondents, I
would fain steer clear of both the one
and the other. I should wish to be not
only manly, but gentlemanly, in the ex-
pression of my sentiments; and, Sir, if
you find me tripping, pray shew me no
mercy : you cannot offend me by the ex-
ercise of due castigation even for the
first offence of this description. It comes
entirely within your jurisdiction, in the
same way as the preservation of order in
the House of Commons belongs to the
Speaker.

In writing a private letter on this sub-
ject about five weeks ago, (previous to
which 1 had not seen your Magnzine
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for the then ¢urrent month, as I get it
only in monthly parts,) [ endeavoured to
lay down some general principles as &
foundation for future refiection or argu-
ment; and though there may be little or
nothing original in my ideas, to those of
your readets who have thoroughly studied
the suhject, I will give you a transcript of
what I then wrote, in tia hope of being
set right where I may have had the mis-
fortune to get wrong. I have not since
had an opportunity of improving upon
those ideas, or I should gladly have
availed myself of it, being ever open to
conviction. They are as fullows:—

“J] can perceive, or fancy [ perceive,
three kinds of force in general vperation,
though they may, perhaps, by mathema-
tical reasoning be resolved into ome. [
mean, permanehl pressure, momentary im«

, and mere obstruction. These may

also be called three distinct or visible
modes of existence or application of
“force.” Pressure, being constantly and
‘permanently applied, produces a velocity
uniform:{ accelerated according to the
times ; that is, if unurposed by any con-
trary préssure, impulse, or obstruction.
If opposed by contraty pressure of in-
ferior force, acceleration will still con<
‘tinue, but-will be diminished in the ratio
of the c}ne fo:e mbltine other. n’a'bua, :iha
0 ty being opposed or de-
flected ﬁ’ng:itsr erpendicular direction
by an inclined plane, rmduces a dimi.
nished increment of velocity, varying as
the sine of the angle of inclination.
When the angle is equal to 90°, the op-
posing force of the plane hecomes a
maximum—it amounts to a total ob.
gtruction,* When the inclination of
the plane is reversed, it permits the force
of gravity to act in the opposite direction ;
“51;1 an ascending plane, succeeding a
descending one, the deflected momentum
upward becomes absorbed or neutralised
in the same ratio as it was acquired dur-
ing the descent. In this case the force
of gravity becomes a constantly retard-
ing force; it is® pcrmanent pressure’ act.

® On reading over and considering the latter
part of this raph commencing at *‘thus,” 1
feel ng)th—r.t;:?l should have ever comsidered
the inclined plane as an active power capable of
permuiment pressare wpward ; it is certainly mo
more than a mere tion 1o the permanest
pressure of the force of gravity downmward. Ona
desd the obstraction is total; st any imter-
mrediate angle it is enly pariial; down a perpen-
dicular plane (free from friction) there is mone
whatever.

THE URDULATING RAILWAY.

ing on & rebounding body, dnd destroy.
ing its own previous effect.

* Some kinds of power, which may be
deemed of the olass included in the
term pressure, are, in faot, a succession of
alinost momentary impulses, which re.

uire & given time—say half a sevond—for

eir mpetli:ion. For instance, tl:; ;I;m‘ll:-
engine, whose power is govern the
opglning and shutting of the valves, and
which is limited by the friction of the
piston and other moving parts—such a
machine soon attains its maximum of
accelerated velocity. It is & ur{ im-
petfect substitute for the comparatively
infinite power of gravity. 1 mean, in-
finite in constancy and permanency, not
in amount. Gravity is permanent and
constant with rega.hrg to place as ;;l: as
time; it possesses the of ubiguity.
The ﬂy-l:vhcel of lhap?z:lri‘ingine ten
to couvert the impulse of the steam into
a permanent pressure at the point of
application, und the duplicate piston of
tﬂ) locomotive, by its alternate action,
has a similar effect; but in the most
improved shape this kind of force is only
a succession of impulses, owing to the
arlificially reversed action of the steam,
which cannot be done instantaneously,
The unfolding of a spring appears to me
to be the best mechanical exhibition of
Eumnuent pressure, so long ms it lasts;

ut this kind of force is necessarily of
very short daration.

“ When permanent pressure (as the
force of gravity) is op by & con-
trary momentary impulse, a portion of
the acquired refucity of the body acted
upon becomes lost or mbstracted; and
this portion will be equal to the effect
which that impulse would have had on
the same body at rest. This opposition
1 eing overcome by the constant pressure
¢ F the greater force, acceleration con-
t inues as before, though with the di-
minished spaee (reckoning from the com-
li.li:nmmwt of the lime? oocuione’d by

contrary impulse. Su a large
body desce;,ding an !mlinﬂmc with
great velocity, and that a man attempts to
stop it by the siroke of a hammer,although
he cannot altogether arrest its progress,
he deprives it of so much of its momen-
tum as he could have imparted to it in
the upward direction, if suptrorled at
rest upon the same plane; and a rapi
succession of such blows, from a num
of men placed below each other, might

. I
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have the ultimate effect of reversing its
motion.
“ But if what is termed a ¢ scotch’ be
laced in the way of a carriage descend-
ing an inclined plane, I should call this
kind of opposing force simply an obstruce
tion. What is technically termed * roll-
ing friction,” I conceive to be a constant
and close succession of minute obstruc-
tions, having a tendency to diminish the
increment of acceleration on a descend-
ing plane (as well as to increase the re-
tardation on an ascending plane) in the
ratio of its amount, compared with the
force of gravity on the same plane. Its
effect on a regularly formed horizontal
plane, when opposed to the effect of a
single impulse, or to the momentum
acquired at the cessation of temporary
pressure, will be wuniform retardation,
the velocity becoming diminished di-
rectly as the times. Opposed to the most
rfect mechanical permanent pressure
E: spring uncoiling itself) it will di-
minish the increment of acceleration as
well as its maximum velocity; and this
effect will be more visible when opposed
merely to a rapid succession of impulses,
as in the case of a locomotive steamn-
engine, or the force exerted by a man or
& horse. The effect of all animal or
mechanical power is limited by the im-
perfection of the machine, or the friction
and inconstancy of its moving parts ; and
if we could invent any artificial power
as active and constant as the force of
vity, it is clear that a uniformly acce-
fex;te motion, for any length of time,
would be as possible on a horizontal as
on an inclined plane ; but not otherwise.
“ When the force of gravity is assisted
by another distinct pressure acting con-
stanfly on the descending body, the in-
crement of acceleration will he propor-
tionably ﬁ:eater; not, however, in the
Tatio of the two forces multiplied, but
simply added together. When assisted
by a rapid succession of momentary im-
pulses the effect will be similar, but not
so great as will be lEroduced by the con-
stant pressure of the same force acting
equally un the greater as the less degree of
v‘éocily. The force of gravity being con-
stantly présent with unabated energy, acts
with uniform effect upon a body, whether
descending with a velocity of 100 or
1,000 feet per second ; but as no artificial
force can produce any additional velo-

tity beyond a certain maximum, which
is soon attained, it follows, that as the
velocity of the moving body, u by
the force of gravity, increases beyond
that maximum, the accelerating effect of
the artificial force diminishes till it is
altogether lost,—the motion of the ma-
chine being unable to keep pace with
the body which it would propel, unless
dragged along with it; and then it as-
sumes the shape of an obstruction, in-
stead of proving an °assistant power.’
As when a plane is so"fuch inclined to
the horizon that the velocity of a loco-
motive engine travelling thereon be-
comes greatly increased beyond that
rate which gives to the pistons a motion
of 4 feet per second, the moving parts of
the engine then become an obstruction
to the force of gravity, unless the wheels
can be thrown out of gear, so as to per-
mit the axles to revolve freely.

¢ A descending body, assisted by a mo-
mentary impulse or temporary pressure,
retains the additional momentum ac-

uired not only through every part of its

escent, but also in its deflection upward
(if diverted up an ascending plane), un-
til the force of gravity becomes neu-
tralised by reversation, when the effect
of the impulse or temporar{ ressure
will remain alone visible, until that also
is absorbed or neutralised by the opposing
force of gravity.

“ A few words more m friction.
The obstruction termed ¢ rolling friction,’
must undoubtedly be greater to am
ascending than a descending body, yet
the mean amount of this minor divluim
of the friction of & wheel and axle (taking
both directions) wonld be th¢ same on
an inclined as on an horizontal plane, if
the length were the same ; but upon the
same base the former would be some-
what more than the latter, being "E
greater length. The ¢ rubbing fricin
of the axle revolving in its chair, (which
is merely a portion of the friction or
obstroction ted by the surface of
the plane, transferred to the moving

-parts of the machine empleyed to over-

come that obstruction,) is diminithed,
either upon an ascent or descent, iu propor
tion to the square of the sine of the angle
of inclination ; the pe:ipendimlar jpres-
gure of the load bcin%' ecreased in the
same ratio. But allowance must be
made, on the other hand, for the ad-



12 THE UNDULATING RAILWAY.

ditional length occasioned by the incli-
nation.”*

Having given those ideas, which I
have attempted to dignify with the name
of “ general principles,” for the amuse-
ment or instruction of your readers, I
will now transcribe from my ccpy of the

same epistle a diagram and calcnlation
founded upon the supposition that a la-
teral branch is to be made from some
exisling railway to the opposite side of
the valley through which it runs; or that
a lollow, like that where flows the San-
key, is to be crussed by & main line :—

Lingg™ 9°° | Bt . LA, 5-'
s Jinb -
s05F 400 C #00_EE £

Calculation.—Suppose we have 4 tons
of goods in a carriage weighing 1 ton,
at the point A, which are to be conveyed
to the point E in the shortest possible
time:—The friction on a level plane being
equal to 50lbs,, it would require the ut-
most power of a horse to convey the
weight at the rate of 15 feet per second
(about 10 miles an hour) = 663" for the
whole distance of 900 feet, allowing only
half the rate from A to B and from D to
E. Butl on the inclined planes it will
require only fwo men to give the same
carriage and load a velocity of 15 feet

er second, by running with it from A to
% (50 feet), on the descent of 1 in 75.
On arriving at C, the velocity will bave
increased to 75 feet per second, hy the
action of the gravitating force, notwith-
standing the obstruction presented in the
chape of friction; this momentum will
carry the load up to f, being but a very

® The great diminution of rubbing friction by
acceleration of speed shounld also be borne inmind ;
I think, however, it can never be thus reduced to
a less amount than the rolling friction of the same
carriage. When the ove becomes equal to the
other, as might be the case in descending an in-
clined plane by the force of gravity, the maximom
::'ulmi, combined with sqfety, wonld I: undoabt-

ained: as & farth Tered

would absolutely canse the carriage to jomp from
the rails. This idea is the resolt of a conversa-
tion which 1 recently had with Mr. Robert Bte-
phenson, of Pendleton, but whether it is precisel
the same which he intended to convey or not
cannot say.

Omne of your correspond (an eng y
(page 242), “The pressure aguinst the inclined

lane will be to the pressure on the level as
i is to 1; brepresenting the base, and L the length.”
In this notion he is qnite wrong, as itis easily de-
monstrable that the pressare will be as the square
qf the cosine of the angle of ; amd itedi-
mination, astbe square of the sineof that augle. He

hould therefore have adopted the formula -~ The
La,

notions of your correspondent “ W, W.” on this
subject are too vague to admit of serious refutati

short distance from D ;* and no part of
the-impetus given to the load at B being
yet expended (the force of gravity having
alone done all the business from B to f),
it follows, that the distance from f to E
will be accomplished without any further
expenditure of manual or mechanical
Eower; because if the inclined plane D
immediately succeeded the inclined
plane A B, the force of gravity alone on
the descent of 1 in 75 would overcome
one third of a similar ascent in spite of
the friction ; and as the additional mo-
mentum given at B, by the action of the
men, is considerably more than three
times as great as that which would have
been acquired by gravity, I contend that
the whole ascent to the point E would
thus be accomplished ; but if any douht
remain, increase the momentum at B
uill it be sufficient. In this case I calen-
late upon a saving of more than one
half ju point of time; and that the ex-
pense of the assisting power will Le as
20 to 1 in favour of the inclived planes.
It would certainly give me great plea-
sure to see an experiment tried in the
way represented by the preceding din-
gram, and upon the full scale. I have
no doubt it would give general satisfac-
tion, as it would be impossible to play
any trick for the purpose of procuring an .
unfair result. There would be simply
the wheels and axles of the carriage to
examine, the load to determine, and the
two men to be kept in check—but they
must be good runners for a short dis-
tance. With a locomotive engine there
may be a good deal of chicanery prac-

® ] leave it to others 1o caleulate how far f falls
short of D in their own way ;—on this hinge chiefly
turns the dispute. The other hinge is the value of

the atf.
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tised ; or there may exist accidental
causes of defective performance without
the: least intention of fraud. But I an-
ticipate a perfectly fair result from the
experiments about to be tried to which I
have before alluded. -

It must be admitted that a great ex-
peuse might have been saved in that im-
mense erection called the Sankey Via-
duct and ils connecting embankments,
had it been deemed practicable to de-
scend 65 feet and to rise again, without
loss of time or danger to ngers.
‘With such a descent the greatest velocity
would be about 50 miles an hour; but
that would only continue for two or three
seconds, and, in my estimation, would
form one of the chief pleasures of the
ride. It appears from Mr. Badnall’s de-
s¢ription of his models and experiments,
that he chiefly contemplated a succession
of small undulations from one end of the
line -to the other, producing by that
means increased velocity with the same
quantum of artificial power. But the
saving of expense in the construction of
railways where numerous hollows occur,
is, to my view of the principle, a very
prominent feature in its economical ap-
. plication.

- Mr. Badnall certainly carries his theory
too far, when he talks of semicircles and
angles of 45 degrees, and challenges the
whole scientific world on the strength of
it. If I had been the aunthor of the un-
dulating railway I should not have ven-
tared to have gone quite so far; but in
deing so, he undoubtedly looks onl{ at
the theory, forgetting how necessary it is
to have regard also to the practical ap-
plication vf a discovery, of which the un-
mathematically-thinking publicare called
upon to ﬂ';ld%e as to its economy and
utility. Mr. B. is a little nristaken, too,
in referring to the principle of the pen-
dulum in support of the -doctrine deve-

d by the diagram, page 261. The"

1

falling Lody would not reach the several
points in precisely equal times according
to that principle ; because the vibrations
of pendulums in ciroular ares of different
magnitudes are not isochronal.” Neither,
therefore, would the body rise to the re-
speetive points on the horizontal or tan-
gent line of that diagram in precisely
equal times. 1t follows, then, that the
angles of 459 (represented by / A K and
A [ k), are not indisputably the best
angles of inclinations for the ascending

or descending lines of the curve, inas-
much as the body is not found to traverse
the distance A /in precisely the same time
as A i. But,on examining this demonstra-
tion a little closer, it appears to me that
Mr, Badnall fails to prove his proposition
that / is the farthest possible distance
along the horizontal line to which a body
(friction not being considered) can be
moved by gravity alome. If it be
meant, in m'g given time, the case is al-
tered ; but the proposition is not so ex-
pressed. The diagram shews most
clearly the isockronal descents from A to
any point in the perimeter of the circle,
according to the acknowledged laws of
the inclined plane; but I cannot per-
ceive how it accords with the principle
of the pendulum; the isochronal vibra-
tions of which are (theoretically) per-
formed in portions of the cycloid, a curve
incommensurate with some of the dou-
ble inclinations represented in Mr. Bad-
nall's friend’s diagram. Supposing a
body to traverse a circular arc pro
tionate to the inelined plane A f,
and another ascending from fto [, [
question whether it would not be ac-
complished in less time than it would re-
quire to traverse circular arcs propor
tivnate to A k, k /; in other words I es-
teem a circular arc of 60 degrees, which
is equal, by its chord, to an inclivation of
30 degrees, better for speed, and, of
course, in every other respect, than the
quadrant of a circle, of which the chord
is inclined at an angle of 45 degrees,
and of which the first portion of the
descent may be considered as absolutely
perpendicular. : ‘
Many of your co ndents lay great
stress upon the fact, that the horizontal
line is shorfer than the line of undula-
tion, and therefore, unquestionably, more
economival both with regard to time and
wer. In answer to these straight-
orward objectors to Mr. Badnall’s theory,
I beg leave to say, that the right line i8
not always the swiftest line of passage
from one point to another, though to
common observers it may appear so0; and
I shall adduce as an instance the cy-
cloidal curve, which is admitted by the
most eminent mathematicians to be the
line of quickest descent from one point
to another not situated in the same ver-
tical line, This was the celebrated pro-
blem of John Bernoulli, called by him
the Brachystochronon. It was solved by
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Sir Isaac Newton and others, and sub-

uently has been reconsidered by Ven-
turi, who has also determined that an
arc of a circle, not exceeding 80°, effects
a speedier descent than any other carve
which can be drawn within the same;
and that the arc of 80° is a curve of
rdinr descent than any which can be

wn without the same. It is almost
needless to add, that the eycloidal curve
is between the two, but much nearer the
former than the latter.

To sum up what I have further to
say on this sabject, I will conclude with
the tramscript of another passage from
my before-mentioned copy of a private

“ In addition to the saving of original
outlay, I conceive that the chief part of
the working advantage of the undulatin
railway consists in using the natu
force of gravity as a swing—carrying the
load to a considerable distance, but not
to quite so great an elevation, in conse-

uence of the obstruction arising from

iction; and in being able thus to swing
a large weight over a hollow with almost
as little expense of artificial power as
would be required for a small weight.
A further advantage consists in the di-
mination of friction by diminution of
perpendicular pressure, so that the force
of gravity has more effect than common
calculation would lead one to expect.
The remaining part of the advantage
arises from the power of transmitting the
effect of an impulse from one side or
summit to another, without the necessity
of that impulse being repeated ; as when
alad is engaged in swinging his com.
panion, the small impulse which he
gives the swing not only carrying the
centre of oscillation higher than bis
hand, on the opposite side, but causing
it to return again with sufficient velocity
to reach the manual power by which it
was first propelled, again to receive the
apparently inadequate impulse.

“In using locomotive steam engines
there would be an additional advantage
rom the economy of fuel and genera-
tion of heat during the action of the
force of gravity. Where the undula-
tons are considerably smaller, say one-
tenth of the dimemsions given in my
diagram, I should think & locomotive
eagine may constantly exert its power
throughout the whole descent and ascent,
with advantage.”

But, I should have added, the in-
clination of one in siz is not a good
proportion for general undulations: it
was merely adopted in the di
to shew the estreme use lo whioh
the undulating principle might be ap-
plied, under the consideration that six
inches in a yard is a very common
natoral slope in a hilly conntry, taking
the section laterally from the bed of &
river. Perhaps for an uniform succes
sion of undulations throughout a whole
line, the proportion of twenty feet to a
furlong would answer better than ome
that is more inclined. Thus, the distance
from summit to sunmit would be a
quarter of a mile, and the average ve-
locity of 30 miles an hour might be
maintained with the locomotive engine ;
varying from twenty at the summit, to
forty at the bottom, of each undulation.

I am, Sir, .
Your obedient servapt,
HENRY SANDERSUN.
Sheffield, Sept. 3, 1832, .

P. S.—I haive not yet seen your last
Montbly Part.

—TE——
MESSRS. MACERONE AND SQUIRES' BTEAM
CARRIAGE.

We extract the following additional
particulars of Colonel Macerone’s late
steam trip to Windsor from a letter which
has appeared from that gentlewnan in the
 Morning Chronicle,” explanatory of
the account of the excursion, which we
extracted from the “ Observer:”—

“ We stock fast for some minutes on the
bridge in ten inches (mot four’) depth of
shingles, not for want of power, but from
having only ome wheel locked to the axle; the
lever to move the clutch into the other wheel
was wanting. The one wheel spun round in
the shingles; both would have held. Im
fact, but the one only would have held, as
was evinced by our rapid return over the
same bridge, which was as deeply laid with
shingles on one side as on the other, and they
were actually laid during the interval of our
first passing and our return. * * # [In our
journey to Windsor and back (48 miles), we
did not consume so much as five sacks of
ooke, which, at 2s, per sack, ¢he reteil prics,
makes 10, the expense of propelling & car-
riage which is capable of carrying many wmore
passengers, besides luggage, than a four-horse
stage coach. * * ¥ What the cost of the
repairs of a horse.coach amount to I do not
know; but this I know, and can also prove
that we have run our steam coach above
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rivers in that country, for purposes of irrigation,

The rivers there have in ordinary seasons lofty em-

bankments, between which they run with an

almost | ptibl The embank

are generllily thirty or forty feet above the stream.

The m:n:hiner{e for raising the water should be of
p

the most simple stroctere, on account of the diffi-
culty of keeping it in repair.—AusTRALIENSIS.
r?hena was a very simple method described in
our Joarnal of June 4, 1825, Can any of cur eor-
respondents favour us with a better!—Ep. M. M.]

Musical Time-beaters~8ir, In the last number
of the * Harmonicon” is a letter on metronomes
and musical time-beaters: will any of your corres-

dents inform me, if the time beater invented by
3 rton Smith, and improved by Mr. Onnldﬂ'u,
50,

is, as it 1s there stated to be, the best; and
where t may be procured! And what is about
the price? The above-mentioned writer notices a

new one spoken of in a I.ivu?ool News: r, which
is there Jnsidered as sl gl the
same purpose as Mr. Smith's; from which op‘?lﬂon
the writer in the * Harmonicon” differs. The price
of the new one {s stated to be about 24, 84.: now if
a good one can be procured for any thing approach-
ing that sum, and the fact were generally known
among musical people, it would probably have an
extended sale. For those who play much alone, and
for those who have not the of a master, (and I
am ha};py to see such daily increase, for the more
music is diffused among the lower classes, the hap-
pler and the better will it make them,) such an in-
strument would be of the greatest assistance ; thrée
or four shillings might be afforded, when a guinea
per quarter (naming the very least) is out of the
question. It wou]tlblkeep uﬁ,w:nd oo:muﬁtd ﬁn& thl::
any ormer possibly co WO gre:

Ao in d it ical parties. Time is of
such vital importance to music (and every thing
else for that matter), that any thing that tends to
simplify its acqui t but be idered
as doing good service to art. Should the instrument
spoken of have that effect, I would remind your
musical correspoudents, that he who assists in
maki it known will in some degree share its
merit. I remaln, Bir, respectfully, VioLixo, Tiver-
ton, Sept. 10, 1838,

———
MISCELLANEOUS NOTICES.

.—*The

1 a1

AMERRICAN LOGOMOTIVE ENGINE, &c,

in o river where the tide ebbs and flows. A barge
of cons dimensions is brought over a pile as
the water begins to rise; a strong chain, which has
been previously fixed to the pile by a ring, &c., is
made to gird the barge, and is then fastened. As
the tide rises the vessel rises too, and by means of
its buoyant force draws up the pile withit, Inam
actual case a barge 50 feet long, 12 feet wide, 9
deep, and drawing 2 feet of water, was employed.

50X 12H16 __
Here 50 12% (6=2) X § = ——— =

192 3¢ 7) — 13444274 =171} cwt. = 66% tons,

nearly the measure of the force which the barge
acted upon the S'—Dr, Gregory's Mathematics
Jor Practical Men. Second Edition.

Fel of Balloons.—The velocity of 80 miles
per hour is that by which the aeronaut Gamnerin was
carried in from Ranelagh to Colchester,

in June, 1802. It was & strong and bolsterous wind,
but did not assume the character of & Aurricanme,
although a wind with that velocity s so charac-
terised by Rance’s Table. In Mr. Green's serial
voyage from Leeds, in Beptember, 1828, he travelled
43 miles n 18 minutes, although his balloon rose to
the height of more than 4,000 yards.—Ibid.

Dala for the Wesi Indian Planters—*' 1 bave

"says M. Coulomb, * ve works to be

executed by the troops at Martinico, where the ther-
th

mometer (of Reaumur) is seldom lower than 20°,

(779 of Pahrenheit). I have executed works of the

same kind Ia:he troops in France; and I can affirm

that under 14th degree of latitude, where men
ate wot :pcbl ‘erpermwng- 'mh‘ﬁ'.r'fh'e : ifﬁ"’
are not capable worl ey
could perform in our climate,

—i—

INTERIM NOTICES.

‘We have received, while on the point of to
press, a full account of the experiments made last
week on the Liverpool and Manchester rallway, to
determine the 'y of the undulati ilway
system, It shall appear io oor mext. We may
observe, in the meanwhile, that the results are de-
cidedly in favour of the system.

Trebor Valentine complains with justice, that at
a late social meeting of sclentific gentlemen near

American Locomotive e
engine called the ‘' Pennsylvania,’ invented and
patented by Col. 8. H. Long, of the United States’
army, has been fairly and approved on the
Germantown rallroad. HRecent experiments have
shown that the engine is fit to draw 32 tons easlly
on a Jevel road at the speed of 15 miles an hour,
The whole weight of the engire is four tons and &
half; the boilers evaporate 200 gallons in an hour,
in which time they require the ption of
something less than two bushels of anthracite coal,
the only fuel used, The wheels are made of wood,
each with an iron tire of three parallel concentric
circular bands, cheap lnciu!oe, but very substantial,
E'r.mng. lasting, and efficlent.”—Philadelphia Daily

cle.

Railway Lawsuit.—A long depending suit be-
tween Mr. James Wright, of Colombia, Peunsylva-
nia, and the Baltimore and Ohio Railway Company,
relative to the employment of a p&rﬂeuﬂr descrip-
tion of wheels, for whieh Mr. Wright has a patent,
has been recently brought to an lssue in the Circuit
Court of the United States, and a verdict given in
favour of the plaintiff, Mr. Wright's lnvention con-
sists in the combination of a cone on the tread of the
wheels, with a capacity of vibration in the axle to
allow of their adjusting themselves to the radius of
any (lateral) curve upon which they may run.

Tidal Power.—The principle of buoyancy has
been successfully employed in pulling up n!? pllea

Nottingh he was ed, tried, cast, and
condemned, absent and unheard,” the

heer act of course), of being the author of the let-
ters which appeared in thls Journal, signed T. V.
Robson, on Mr. Hall's steam engine improvements ;
aud this on the strength of an answer said to have
been given by the Editor to Mr. H., when ques-
tioned by him on the subject. There must be some
great mistake in this: Mr. Hall never put any such
question to us, and could not therefore have been so
answered. b

P. Yes, all but (for the present) 9 and 10.

The bearer of the letter from Mr. Brendel (Frey-
berg, in Saxony), is requested to favour us with
Lis address.

Commaunications received from R.—W. H. B.—
Ovpe who has tried it.—P.—Mr. Busby.—35. Y.—
A Three-copy Subscriber—Friar Bacon—Bergein
I.h::r. Cheverton—R,—Mr. Shires—Mr. Hinlon.—
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20 EXPRRIMENTS ON THE LIVERPOOL AND MANCHESTER HAILWAY.

three positions, W, X, and Y’, correspond
with the hi middle, and lowest
stations of the intermediate slider & a,
and the lowest, middle, and highest pu-
sitions of the intermediate slider 4 b.

" 'There are other necessary parts of the
apparatus which will be readily under-
stood from an inspection of the figures,
and which need not therefore be parti-
cularly described; such as the means
(1, 2,3, 4, 5,) for maintaining the parallel
motion of the piston rods, and those &K
F D E) for pressing by the rollers H the
sliding valves against the intermediate
sliders, &c.
"I will only further observe, that the
engine stands on a shaft belonging to a
tunnel which has been driven from the
Elhe to the coal pits in the Plauen Valley
near Dresden ; that it works without con-
densing the steam—that it raises the
water a height of 294 Dresden feet by
common suction pum: ifts the rub-
bish to the same height by ropes; and,
fidally, blows fresh air into the pit. The
piston makes from 15 to 30 strokes per
minute, according as circumstances re-
vire. The power of the engine may
&erefore be estimated at from 9 to 16
horses; and it can be managed with
safety by the most ordinary mechanic.
(The conclusi taining the ¢ of Mr.
Brendel's second improvement, in our nest.)
) ——m—
EXPERIMENTS ON THE LIVERPOOL AND
- MANCHESTER RAILWAY, TO DETERMINE
THE CORRECTNESS OF THE UNDULATING
RAILWAY SYSTEM.

Sir,~In accordance with my promise
1 take the earliest opportunity of publish-
. fng, through your
of the first practical experiments which
have been made, with a view of deciding
the correctness or fallacy of the undu-
lating pringiple.

The Directors of the Liverpool and
Manchester Rsilwa,;h:aving permitted
. me the use of the Rocket engine, (the
. only one which could, at that time, con-
- venienfly ‘be spared for the purpose,)
. 1 proceeded on Monday evening last
to the Sutton inclined plane, accompa-
nied by Mr. Secott, who had been em-
ployed by the Directors to stake out the
requisite distances, Mr. A. Rae, foreman
1o Mr. R. Stephenson,"sen., and two
other individuals well acquainfed with
the mgnagement of the engive, our ob-

" ascent, which carrie

agazine, the result -

ject being, on this occasion, to try the
condition of the engine, and to deter-
mine the different lengths of line most
suited, on an inclination of 1 in 96, to a
fair development of the principle.

. The Rocket engine, from the fatal
calamity which resulted from its first
public trial, is, no doubt, well known to
your readers: it is the oldest engine on
the line, and of the least power; the
diameter of its wheels 4 feet 8 inches;
diameter of cylinder 8 inches, and about
16} inches stroke; weight of engine
about 5 tons.

E.l‘perimenl | PN .

The engine and tender, weighi

about 6} tons, were worked with full
power about 280 yards along the level
line to the foot of the Sutton inclined
plane. At this point (the piston work-
ing 15 strokes in 10 seconds) the siecam
was shut off, and they ascended the in-
clined plane, by momentum, 217 yards.

2.

The engine and tender were worked
217 yards down the same inclined plane,
The velocity at the foot of the plane was
at least 16 strokes of the piston in 10
seconds: the steam being then shut off,
they traversed the level line (by momen-
tum) 454 yards.

Ezperiment 3.

The engine and tender worked 314
yards along the level, and attained a
velocity (unmeasured) -at the foot of the
them up the in-
clined plane (by momentum) 239 yards.

Egperiment 4.

The engine and tender worked 239

rds down the inclined plame. At the
got of the descent the steam was shut
off, and they ran on the level line (by
momentum) about 500 yards.

The above-mentioned experiments
were the only ones which I had an oppor-
tonity of trying on Manday evenming

On Tuesday the 23d [ again went to
the Sutton inc{incd plane with the same
engine and tender, and an additional
load of about 35 toms. !

The day was showery, the rails slip-
pery, and the wind blowing fresh from
the S.W. On leaving the Liverpool
station it was evident that the Rocket
had a mazimum load behind her; so
much so, that, had she not been assisted

by the Plulo engine, she could not
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possibly have ascended the Rainhill ine
clined plane.

Mr. Booth, Mr. R. Gill of Manchester,
and those who witnessed the previous
trials, were present during the following
experiments. I regretted much that
unavoidable engagements prevented the
attendance of Professor Ritchie, Mr.
Locke, and Mr. R. Stephenson, sen.,
each of whom had expressed a determin-
ation, if possible, to be present.

The Rocket, with tender, and a load of
356 tons, was worked with full power
down 147 yards of the inclined plane.
The steam was shut off at the foot of the
descent, the piston at that time working
about 60 strokes per minute ; the whole
train then ran (by momentum alone)
546 yards upon the level. ,

Ezperiment 6. .

The previous load was worked aleng
the level plane, and a velocity was at-
tained at the foot of the ascent, approxi.
mating as nearly as the power would ad-
mit to the velocity attained at the same
point in the last experiment. The steam
was then shut off, and the train ascended
{by momentum) 134 yards.

N. B.—1In this instance the engine
propelled the load ; in the latter it
dragged the load.

' Eaperiment 7.

The last experiment was repeated, and
the engine and load ascended the in-
clined plane (Kmomenmm) 127 yards.

periment 8.

Reversing the action of the power, and
working the engine and load down the
inclines plane 127 yards, it was evident
that & much greater velocity was ate
tained at the foot of the descent than at
the same point when the late ascent (by
momentum) commenced.

Ezperiment 9.

The Rocket worked the before-men-
tivned load along the level plane, and
attained a velocity at the foot of ascent
of about 7 miles an hour. In this in-
stance (the power being continued) the
total ascent was 160 ya.ngis.

iment 10,

The Rocket, with the same load, de-
scended 160 yards, and attained a ve-
Jocity at the foot of descent of full 10
miles an hoar ; momentum on the level
not measured. )

Ezperiment 11.

It being found, as proved by experi-

ments 6, 7, 8, 9, 10, that the Rocket was

not sufficiently in order to make further
trials alone, the Caledonign engine was
placed behind the load—in consequenee
of which the united powers of the two
engines produced at the foot of the ascent
a velucity of about 12 strokes of the
piston in 10 seconds. The ian
then left the train, and the Rockef shut
off her steam, the momentum on the in-
clined plane being 177 yards.

It was now evident the Rocket ‘was s0
much out of order that all further ex-
periments would be fallacious. I was con=
sequently deprived of the opportunity,
on this occasion, of proving the extent of
load which could be conveyed from one
summit to the other of a curve,, with an
engine of a given power, or whose el-
fective power was known upon a level.
The general inference, however, to be
deduced from the preceding experiments
is, not only that the practical experi-
ments evinced an advantage, by the
adoption of the undulating system, equal
to any which the models had repre-
sented, but considerably more important,
inasmuch as the models did not prove,
what practice, [ humbly submit, has
frmd, viz. that a load (which on a dead

evel was a maximum load) could be
conveyed from one summit of an undu-
lation to another summit of equal alti-
tude, by the employment of the loco-
motive steam force throughout only half
th;:oiisun&e; and this, tfoo, be ifrtm under-
8 with a certainty o uiring any
desired average veloc‘gty, :iotﬁmt a pro-
portionate sacrifice of mechanical er.

This fact was proved by the velocity
of the train being always greater at the
foot of the descent (the engine havin
worked down the precise distance whi
it ascended by momentum) than at the -
Joot of the ascent; if L, therefore, re
present the length of line ascended by
momentum from the level, V the velo»
city acquired at the foot of ascent to
produce that momentum, D the differ
ence in velocity, or lus velocity at-
tained at the foot of the descending plang,
we then have, in %le iﬁ:ﬂ instance,

and in the second
V4-D=LD. ,

I shall now leave the results of these
experiments to the consideration of yout
readers, especially to my opponents,
mising to add to them such particulars
as future trials, whether adverse or pro-
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pitious to the principle, may render it
to publish. Our next experi-
ments (and I trust they will prove de-
oisive) will be made, as at present un-
derstood, on the 15th October; previous
to which trials, permit me to record an
additional opinion to those I have al-
ready expressed. I think it will be found,
in practice, not only (as stated in my
challenge) that an engine of any given
power will move ¢ from one summit
of a curve to another of equal altitude,
which that same engine could not move
on a horizontal plane, but, that an engine
of any given power will move from one
summit of a curve to enother nearly double
the load which it is capable of moving
on a level plane, lr'w' the average
velocily be mot less than 16 miles an howr,
Should this prove to be the fact, it
will be evident to all your readers, that
a snvini in the construction of railways,
i velocity, and economy of time,
are not the onLY ADVaNTAGES derivable
from the adoption of undulating railroads.

I am, Sir,
Yours very obediently,
4 cHARD Bapwavt.

Liverpool, Sept. 28, 1833.
Errata.—Page #10.col. 3, line 15, for * 336 feet,”
read ¥ m.f-”
18, for “* 380 feet,”

read ¢ 280 f.”
—— ]
THE UNDULATING RAILWAY.~—NOTE BY

Sir,—I confess Mr. Badnall did rouse
my indignation, not because he could not
understand my paper, for that is an affair
between him and his understanding, with
which 1 have no concern, but by what
seemed to e his contemptuous manner.

But finding contempt will not de, he
now labours to make it appear thatin No.
~ 518 I am speaking of the power neces-
ang:: move a body on an inclined plane,
although he is distinetly told in that same
paper, that [ am only speaking of  ths
Jorce of traction reguired in conseguence
of friction,” considered abstractedly, which
he himsslf declares to be the sams, whe-
“lm & body moves up or down an inclined

ane.

3 There is, however, but little hope of
Mr. Badnall’s compreliending iy paper
on page 242 while he is puzzled with
the Ea.n.lcula.r case stated on page 18] :
the 8 n, whether with a dot or without,
seems an jnsurmountable obstacle to Mr.

THE UNDULATING RAILWAY.==NOTE BY 6. Y.

Badnall, and I will therefore endeavour
to state the case more plainly.

Refer to page 93, and suppose the ho-
rizontal !engltah from Ardlo Eh= 118 gtahdt’,_
the depth F B = 6 yards, the length o
each inclined planey will be 10 yards.
Suppose a carriage placed on the level
railway, of any weight you please, and
the tractive force rendered necessary
the friotion (friction only, remember,
Mr., Badnall,) to be five ounces; then,
according to Mr. Badnall’s own reason-
ing in No. 509, the friction of this same
carriage on these inclined planes will be
SJour-fifths of the friction oun the level;
and therefore the tractive force required
by the friction on the inclined planes will
be four ounces. Now, the power used
by the friction in moving the carriage
from A to E in the one case, is equiva-
lent to the moving of 5 ounces through
16 yards of space; aud in the other, to
the moving of fowr ounces through the
length of the inclined planes = 20
yards; and I believe “few will deny”
these two expenditures of power to
precisely equal to each other in smount.

It has been repeatedly sinted, and is
doubtless nearly correct, that the traotive
force necessary on account of friclion is
precisely the same, whether the carriage
moves fast or slow, If this is admitted,
it will not signify what the velocity is
supposed to be in the above example: it
may be high or low, unifurm or varizble;
the result will be unaltered. Mr. Bad-
nall seems to think thut some advantage
is gained in this respect by high velooi-
ties ; this may be the case, but if it is it
proves nothing: in favour of curved riil.
ways,

If the dynanometer used to asoertain
the tractive force were drawn to the
mark five, and I found that banging {iw
ounces to it drew it to the seme mark, I
should say, the tractive furce was equal
to 5 ounces; or, in other words, &
that would compress a spring as much as
a weight of 5 ounces, would compress it.

So, while Mr. Badnall was solving a
problem of his own, he imagined he was
solving one of Mr. Ham’s! This is
amusing. Nevertheless, it wvas kind of
Mr. Badnall to moke the attewnpt ; and,
in truth, his kindness does not seem to be
altogether unneeded by the “ scientifig
individual” in whose wind such a won-
drous change was produced “ in the coach
between London and Bristol * (see page
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179), and whose very uu-scientific solu-
tion of his own problem ap, on page
379. But the worst of it is, Mr, Badnall’s
solution of Ais own problem is incorrect,
which is manifest to every one accus-
tomed to calculations of this kind; for
they know that whatever time is occupied
W"‘ over the first half mile, exactly
if that time will be required for the
sccond. It may be pleaded that the error
is small. True; butit is of sufficient mag-
nitude to prove that the principles upon
which the calculation ought to have
been conducted have noi not been at-
tended to. .

As friction is the only thing of any con-
sequence in this discussion, I cannot help
thinking that Mr. Badnall should take
some notice of it in his calculations, and
not rest satisfied with merely supposing it
provided for. ’

When I spoke of Mr. Badnall’s calling
oa public companies, 8cc., I alluded to the
oonclusion of his letter in No. 519, which
seems to me very like it; bat I leave
your readers to judge between us. At

resent I have no appointment of the
kind he names, or any other.

In the paragraph addressed to *“ W.
W.,” page 422, there is what [ take to
be an omission of the press—* is in pro-
portion’ gvidently should be * 4sin 1N-
VERSE praportion,” &c.

It seems to me, that when Mr. Che-
verton. speaks of * steam power,” he
means abstractedly the power of steam;
while Mr. Badnall uses the words in their
more eommon acoeptation, and means by
‘““ steam power,” the power of a steam
engine. Understood in this way, they are
both pretty correct ; at least if the latter
gentleman coufines his observations to
reciprocating engines.

1 do not.thipk, Mr. Editor, I shall bave
further occasion to trouble you on this
sybject; if, however, I see any thing in
Mr. Badnall’s future remarks which alters
my opinion of his railway, I will come
farward and say so ; otherwise, I decline
further discussion. | request Mr. Bad-
nall to attribute any warmth of expres-
sion on- my part to the-interest I feel in
the argument ; awd that he will not fancy
I“o ” him, but only that I feel con-
vinced &e is in error,

I am, Sir, yours, &o., .
oy S. Y., an Engineer.
Lambeth-terrace, Sept. 17,
An my papor, page 242, line 4 from

bottom, for “ali heights” read “ s/
lengths.”

P. 8. Eost 21.—I have justseen No.
528. A body which is heavy on the
earth's surface would have no weight if
placed at the centre.

In reference to an observation of Mr.
Badnall’s, [ will veuture to affirm that no
scientific man ever said or believed that
the inertia of the carriages was a con-
stantly resisting force, which it must be
before ** the utility of an undulating rail-
way is, according to Mr. Cheverton, un-
questionable.” :

Mr. Ham, in his calculation, considers
the velocity attained by a falling bOdZ‘}ei:
in direct proportion to the space fa
through ; instead of which it isin pro-

rtion to the square root of the space.

r. Badnall, I see, considers this quite
unimportant—a matter of no moment
whatever !

I never alluded to Mr, Badnall's * pro-
ficiency ” either in arithmetic or any
thing else. I said he * ought to pay some
little attention to his arithmetic,” or, in
other words, that if he put forth any
thing which he called the solution of a

roblem, it ought not to want maltiply-
ng by eight to make it something like
correct; and I see no reason to alter my
opinivn.

Mr. Badnall says, ¢ I should feel hurt
to find that any other correspondent than
¢S. Y. had doubted my proficiency in
common arithmetic.” s Mr. nall
knows best what has occasioned him to
make this invidivus distinction between
his other oppunents and myself, be is the
best judge of whether it is gentlemanly
and in good taste on his part so to do.

I will certainly admit I am in error the
moment I am aware that such is the fact.
Your readers will do me the justice to
remember, that the comparative quantity

of friction on the two raihways is all [ -

have attempted to ascertain; and they
will perceive 1 have assumed the friction
to be in direct proportion to the

an assumption very much nearer the
truth than the useful purposes of the in-
vestigation required. e

——

THE UNDULATING RAILWAY.

Mr. "Editor,~Your ingenious corres-
pondent, Mr. Cheverton, having fallen
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uto an error on an important matter eon-
nected with the laws of motion in his last
comwunication, in reply to Mr. Badnall,
and his views being supported by others
of your correspondents, it may not be
amiss in .a few words to explain that
matter clearly, the more particularly as
the proper application of the principle is
a matter of the first consequence in prac-
tical mechanics, and is at times too often
unattended to. The law onthe case of a
body moving by a mechanical force is,
that the accelerations in equal times will
be unequal. Thus, for example, when a
ship is put in motion by the wind the ve-
locity of the wind with respeet to the shi
will be less when the ship has a.eqmres
some motion than when it was at rest.
After the first impulse the acquired velo-
city of the body will be subdueting more
and more from the relative velocity of the
wind ; on which account the acceleration,
in equal times, will be less and less, till
the resistance the body meets with in its
motion becomes & balance to the force
that moves it, when the accelerations
cease, and the ship goes on with an equal
pace. This is different from the manner
gravity produces its effects, for this cause
acts incessantly or continually, and with
the same force upon a body that is al-
ready in motion at any velocity, as upon
a body that is at rest; whence it is that it
mu? equal accelerations in moving
ies in

gravity has satisfactorily pr
observations made on pendulons and fall-
ing bodies. (See Maclauren’s Philosophical
Discoyrses, page 241.) Hence it is, that
if the wind be moving at the rate of 20

miles an hour, if the vessel be moving at

the rate of 10 miles the hour, the mecha-
nical power or impulse moving the ship
will be only equal to wind moving at the

rate of 10 miles an hour, and the power -
therefore will be reduced one-half as -

. compared with gravity. )
As Mr, Badnall isyperl'wﬂy. correot in
asserting that the friotiqn is .reduced by
undulating curves in proportion as the
angle of the inclined plane, ascending or
descending, is reduced, there can be no
doubt but in theory Mr. Badnall has it
all his own way. The argumeat founded
on the difficulty of applying steam ma-
chinery to such variable movements, I
conceive of no weight whatever.

power gained by the undulating rails,

when an experiment is: tried on a large .

ual times. This property of °
wenf by

.lineADB:

If the
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scale, should prove ‘comsiderable, that
dificalty can be got over without trouble.
I am, 8ir,
MewToR.
)
THE UNDULATING RAILWAY MATHEMA-
TICALLY CONSIDERED.
Sir,—I am very glad to find, from
your last Conversazione at Peterborongh-
court, that you yourself, Mr. Editor,

“have at last become a convert to Mr.

Badnall’s system of the undulating rail-
way. His last able article (No. 528,
must a great way to extinguish’ all
the objections of his opponents. - For my
own part, Sir, I have from 'tl:ieaeesi'n-

to

‘ning of the controversy been isitlil
‘believe that his method wes fornded

upon true principles, whether viewéd in
a theoretical or in a practical way. " But
as engineers were opposed to enginéers,
and as dtlhe qu‘s,;atiun at i;sua was to dis-
cover the path by which an engine was
to be rog'lled,’when acted umpon by
iven forces, so that the journey shonld
e (safely) performed in the least time,
I natura{ly concluded that an-éngineer
(who is, or ought to be, a mathematiciah,)
was the proper person for solving: the
question. But, Mr. Editor, be that as it
may, | have only here to state, that be-
fore Mr. Ham had proposed his problem
(No. 515,) I had, for m? ‘oven ‘satisfac-
tion, proposed to myself the followin
question (May 12,) which I -now sen
you :— - @

Suppose A B is a horizontal line, 2
wiles in length, and that A D B-is-an
undulating curved lige, , and- that the
greatest fall G D, frem the middle of
A B, is 16 feet.. - Now, suppode 2 bedy A
is urged on with a force that: produces

- an uniform velocity 6f 40-miles. per-hour
.in the line ‘A B, and that ax.

ual force
is applied to anather bedy is the emyved
requized the time in-which
each will perform their jousneys,.-sap-
posing tha carved line A DB to be a
segment of & cirele. - - .
First, :the. tite -in the horizontal line

-A B will be 12 minutes, and the length
_of the gurved ling-A ID B, ~by calculation,

will be found to be 10560:066-fecty. also
$he initisd: force_ per-eecond is AZNY=
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“1#.600 feet; nn} the velpcity aoquire;l by
gravity, atthe lower point D, is 32 feet;
hence the whole ﬁmep;:l the curve line A
D B will ‘be 10560.065-=-4 (14.666-}-32)
4524"=7' 324"; that is, the same power
being applied in both cases, the time
saved in the eurve line ADB will be

&' 274"
. Some of Mr. Badnall’s scientific op-
ponents have harped a good deal on the

difference of Ieﬂ}th between the hori-
zontal and undulating curved line. In
the ahove example this difference be-
. tween. the. two lines will not amount to
5 A7 feel 1IN 500 miles. Now, with regard
A .ﬁﬂﬁoﬁt may be cor;sidexed the
..5aM0: in: hath ¢ases, certainly not more
- d ﬂum,mm the horizontal line.
ml-. nall- says less, .and I rather
.hink he is right.). There will, no doubt,
"l a2, small additional resistance of the
-air in the lower part of the undulating
.. lingy produced, by the additional velocity;
-.and.if any of Mr, Badnall’s opponents
. will undertake to prove that this ad-
.ditional  resistance will be sufficient to
:,counteract .that gained by gravity, then
_.his system falls to the ground : but this I
~:kngw, full well, they cannot do.
W ¢ oveer s 1 am, Sir, yours, &c.
. - Kmucraven.
- :»1EETRAORDINARY FHEOSPHORESCENT
Soractar a0 o METEOR. |
£ +-:Sity~—On : Tuesday evening, -the i7th
instant, at 20 minutes before 10, my at-
tention was accidently directed to a very
~peculiar luminous appearance in the hea-
vens, the_upper part only of which was
visible from the chamber floor of my

-3 reat aa

ook TER |

house, above the opposite buildings ; but -

. wsling: to: have .a better view of-it, I
c-precesded immmmedintely to- the beach,
- whick i3-enly about 160 yards frum me,
¥ ek ot sppareatly phosphisisoont light
J apparently ph nt light
-1presented itselfin l.ze heavens, in a direc-
egbn-abewt 'W. 8. W, .

o+ T fownd some of the seamen of the pre-
* 'vemtive 'servive on the beach, and was
- idformed. bghem that they had first ob-

«served the light at about a quarter past 9,

. thie wppks half being ot that tiime obsonyed
by a dense cloud, whith shortly after
+ oleated away: . Wihen I saw it the streak

< vof light' seemed 10 .7ise out of a dusky -

. -fog-bank ever ‘the ses,. from the horizon
-to s elevalivn-of about.43 degrees, its
—width being. abowt:2:degrets; it had a

concave curvature, and an inclination of
about 15 degrees towards the south ; the
upper part appeared to touch the milky
way—the general figure being that of the
feather of a quill, but not so wide in pro-
portion to its length. The central part
of the streak was at least four or five times
as bright as the most conspicuous part of
the milky way, and the edges seemed to
die away into the atmosphere, so as to
render it impossible to discover & defined
termination. The eky was perfectly clear,
and the stars shone brightly during the
whole tilne I viewed this remarkable ob-
ject, which was till 5 minutes past 10,
when it had faded away, as if travelling
beneath the barizon, having been visible
at least 50 minutes. -

- The light was perfectly colourless, aud
its lta.l.inl; :leleml dt: be far bajjwmd the
region of the clouds: it must, I expect,
have been observed atplaces very distant
from Brighton. As it is only by meling
the apparent positions and meotions-of the
uncommon and fleeting objects which
sometimes traverse the heavens, as seen
from different positions on the earth, that
any thing like an accurate motion can be
formed of their actual nature and real
situations and directions, I took some
pains, on the spur of the moment, to
ascertain the particulars above related,
and wish to give them publicity thmugh

our widely circulated iiscellany, in the
ﬂope that they may reach the eyes.of
those, at other places, who may have wit-
nessed the phenomenon, and . have ob-

. served it as particularly as I did.

1 am, Sir, -
Your very obedient servant,
: C. A. Bussy.
su.n!cﬁu-phee, Brunswick-terrace,
righton, Sept. 20, 1833,
P. 8. The moon was only two or three
days’ old, and had set some time before

. the nebalous meteor made its appearance,

The fog-bank did not rise above 5 degrees
from the horizon. The evening was per-
feotly dry, and the wind N. W, .

——m— )
REPAIRS OF BLACKFRIARS BRIDGE.
Sir,~As I am indebted to your co-

‘lumaus for the first sight of ‘the report of

Messrs. Walker. and Burges -respectin
Blackfriars Bridge, permit me to sen

-you a copy of my observations thereon,

together with- a copy of a leitér 1 have

. just received from. Gaildhall, —:



Mechanies’ MMagazine,

MUSEUM, REGISTER, JOURNAL, AND GAZETTE.

Ne. 532. SATURDAY, OCTOBER 19, 1883, Price 8d.

ROTARY ENGINE WITHOUT VALVES.
Fig. 1.

M. Balmon, Prioter, Crown-cuurt, Fleet-street.

YOL, XX,



36 THE UNDULATING RAILWAY.

ard, there ave six points of frietion,
namely, four on the cross head, two for
" the ognneeting rods, and two for the
guides,- wheiher they be rods or friction
Tullers, and two for the eranks. 1 take
the cross-head engine for an example,
because it is more generally used than
any other, and these points of friction in
the cross-head engine are of a consider-
_able sige. New, by making use of the
plan of “:8, D.,” described at page 362,
vel. xix, we bave only three points of
friction,—one made by the roller D, re-
mltinli_au‘.the ann or pin d, projecting
froma thg erank H ; the other caused by
the roller. D traversing the frame B B.
(See figs. 2 and 3, front page.) Now,
the bearing of a round body traversing a
flat.surface touches only at a line, and
thereby produces the least possible fric-
tion. The next poiut of friction is the
guide Gi The roller D bears only at
the top or bottom of the frame B B at
ong time, because the Bpiston rod C gives
motion to the frame B B. Suppose the
piston to be ascending to the top of the
%ylind.er A, the lower part of the frame
B would reccive the friction of the
roller- D, beginning from a line wver-
tieally drawn through the centre of D,
fig 2. The same effect would be pro-
duced on the.top inside the frame %B
by ‘the descending siroke of the piston
rod C. The plummer block E has the
ing of the crank H and shaft, and if
any analogy can be drawn from theory
and practice, I should say there must be
rathera r:;luctlien of friction than an in-
crease in the plan proposed by “S. D.”
Another advantage, in my opinion, is to
be gained by bringing the working paris
nearer. to. that part from which their
effeet is produced, thereby preventing the

AR C

evils which are occasivned from spring-
ing. Mr. Baddeley states, there are se-
veral other methods by which the con-
pecting rod can be dispensed with. [
and my fellow mechanics would feel
much obliged to Mr. Baddeley, through
the medium of your valuable ournal, to
see them demonstrated.
1 am, your ohedient,
- G. MaRsLAND.
Sept. 10, 1833,

THE UNDULATING RAILWAY.¥

Sir,—In No. 519 Mr. Badnall says,
“ Jocomotive steam power, according to
the present construction of the engiues, is
not constant. Supposing, however, that
by improved construction it were so, it i8
a fact established beyond a doubt, though
never yer publicly accounted for, that
the friction upon the road decreases as
the velocity increases ; hence, though 'a
constant power were at disposal, its effec-
tive employment would be diminished
for want of fulcrun: when the velocity
was very great.” Great indeed must.the
velocity be for such a result to take place;
but how can its effective employment be
diminished when its velocity is very grealy
seeing that velocity is the thing wanted ?
Passing over this part of the subject, how~
ever, for the present, [ will proceed to
show the cause of the diminution of fric-
tion with increased velocity, Nearly six
i:t:o.rs ago 1 proved, by caleulation, that
riction is equal in equal times, whatever
the velocity might be; and being per-
fectly satisfied of that fact, I naturally.
began to inquire into the cause, and came
to the following conolusion: Friction is
produced by pressure ; friction is dimj-
nished by motion ; therefore, pressure is
diminished by motion. R

D __E

B

— = L

.- The above diagram will assist in mak-
ing’ my mesning onthis subject more
clear. 'Let A E represent a horizontal
El,uue; F K be parallelto A E, and A B,

m, && i AR Suppose d body
pla,eedl ‘_avt_'A',’hlig_“lft ‘r&P represent .the

I K

pressure, or force of gravity; suppose,
also, A B any conslant force whatever =
to A F: under the influence of these two
forces, the body, if not prevented, wounld:
move in the direction A G; but as the
body canuot tike the direction A G, it

4ol 1=lald

* This leﬂttimthln.hﬂuguﬂhh«l
cation ou the same dubject from

rp but was y
, Mackingon has come to band, and shall also sppear,=Ep.

Another commu gi;




. THE UNDULATING RAILWAY.

will take that of A B, which space we
shall suppose to be gone over in the first
second ; the force A B being supposed
constant, it will, in the second second,
describe B C, in the third C D, and
in’the fourth D E. Hence it appears
evident to me, that as the ces
are gone over in equal times, and the
friction is equal in equal times, that
the pressure must also be equal in equal
times. In the first instant the pressure
would be diminished by a quantity equal
to that which would be supported by the
inclined plane A G, if the body were
placed on it; in the second iustant it
wogld be diminished by a quantity equal
to that which. would be supporled by the
plane' B H, and s0 of the third and
fourth, &c. I would also observe, that
the word InsRTIA ought to be expunged
from nechamics ; for if a body is at li-
terty to-move, it will yield to any force
whatever, with a velocity proportionate
to the force impressed.
. A word or twoto* S.Y.” an engineer.
At p.243 lastvol. “ 8.Y.” says, “itis pos-
sible some advocate of Mr.Badnall's plan
niay turn round upon us, andsay, ‘ we have
the authority of the Scotsman newspaper
for asserting that the expense of power,
in consequence of friction, is precisely the
same for the same distance moved, let
the velocity be what it may.’ " Now, Sir,
wounld it not be more becoming “ 8. Y.”
to grapple with the subject at once, or
own that he doesnot comprehend it ; in-
stead of -carping constantly at what has
been said by the “ S¢otsman?” The truth
is, the “Scotsian” new'rl:yapar never made
any such assertion. The doctrine -put
forth by the * Svotsman” was, that the
expenditure, on’ account of friction, is
equal in equal times, whatever the ve-
Jocity may be,—a doctrine not only
founded on the experiments of philoso-
phers of pnquestionable talent for labo-
rious investigation, but independent of
all experiments demonstratable by calcu-
Jation.
forward the revolution of wheels,  an
strokes of pistons, to prove the fallacy of
the mew theory of friction.
business of philosophers to establish the-
oretical truths, and that of practical men
to apply these truths to the arts of life.
: 1 remain, denr Sir, -

< ¢ . Your obedient servant,
A. MACKINNON.

. Brighton, Aug. 5, 1833,

Itis in vain for “ 8. Y.” to bring’

It is the-
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Sir,—Had I addressed you on this
suhject at its commencement;’T should
have ranked among ita oppohents, but by
atiention to the evidence given on
sides | have in ‘somie measure becowne a
convert to the dootrine of Mt. R. Badnall,
and believing that I have eaught 4
g]imssa of the new light, I beg to be
heard in support thereof—leaving the
mathematical part of the question' te
more able htnd‘: and confining ‘my-ob-
servations tosuch points as appear to have
been misconoeived, or have not met'with
due consideration, C -

Junius Redivivas, page 479, voh-xviii,
in ironically remarking that much momey
has been wasted to render our'rouds worse
than they were ‘before, by - lévellitig»the
hills, seems to forget that in ‘all eases it
has been done to facilitate the present
mode of travelling by animal power, with
which, under the most favouralile cir«
cumstances, tery little advantage can be
taken of a deseent  consequently, besides
locking a wheel, the cattle are often me-
verely strained to counteract that ve

ower, the full and free use of whi

r. Badnall intends so materinfly to
assist in overcoming the ascent.

Mr. B. Cheverton states, page -358—
‘ In a mechanical and economical point
of view, or as a criterion of its efficiency,
it is not of so much consequence what
the time is in which a bushel of coals is’
consumed, as¢ what the space is- through
which it is the means of force opérating
to overcome resistance, that is, to raise
water, or to ‘propel a carriage.” Now,
although this may be very true, how ean
itapply? For, suppose a ten-horse en-
gine sufficient to remove a earriage -a
certain distance on the undulating vood.
in one hour, bat that the same powerean
only do the same distance on the level
line in two hours, is it not clear that in
such case the pswer must be doubled, or
that it will require a twenty-horse engine
10 accomplish the distance in the same
time as on the undulatingline?

I shall now proceed to give hn gccount
of some e:ﬁ)erimenls of iy own on the
subjeet. Having acgese to & sgmi-
ci.n?ular cast-iron tronughs, Iw down .
32 feet as_nearly leve] ap I copld, and .
the same length with a fall each way to .
the centre of 23 inches 3 I then procured.:
two balls,.1} inches diametey, and weigh .
ing 1 ounce 6 drams each; to ensure °

Apethon: of s o mprme S IR
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s I pleasid, T added an inclined plane
8 feet 10 inches long to one end of the
level line, varying its inclination until the
momentum given to the balls was barel

sufficient to carry them to the other en

of the undulated line. I also affixed a
$imilar plane, and making the same
angle with the horizon as the one attached
to the level road, thereby making the
expenditure of power alike in both cases.
Having thus completed my arrangements
1 started one of the balls on each line,
and fonnd that both travelled the same
distance, proving that an equal expen-
ditnre of power produced the same effect
asto s , inertia, friction, the resist-
ance of the atmosphere, &c., but not so
with time, for although 12 seconds was
occupied in going the distance on the
level line, it was accomplished in 6 se-
conds on the undulation, making a clear
gain in its favour of one half the time,
and thereby showing, that although there
may be no generation of power, it is
pretty evident that Mr. Badnall has suc-
ceeded in calling into useful operation
one which already every where existed.

1 remain, Sir,
Yours respectfully,

TrEBOR VALENTINE. .

Derby, Sept. 16, 1833.

Sir,—Your correspondent Mr, Sander.
gon, in No. 530, says, *if what is termed
a ¢ scotch ’ be placed in the way of a car-
riage descending an inclined plane, I
should call this kind of opposing force
sirr‘ﬁ:y an obstruction.”

1s seems to me a distinction without
_ & difference. What is friction of any
¥ind at all but an * obstraction” to mo-
tion. When a carriage is stopped on an
inclined plane it will scarcely be con-
tended that its total weight is Tess than
in any other position. at then be-
comes of the pressure? It is removed
from the roadway to the “obstruction” or
scotch. Be it so, but what supports the
- scotch? The roadway! What then does
it signify though twenty obstructions were
interposed between, if the roadway be
at the bottom of them all.

Mr. Sanderson seems to e perfectly
right in describing “ rolling friction ” and
“ rubbing friction” as simply portions of
the same general obstraction to motion
in the case of the wheel and axle. That
the friction of the periphery is a rabbing
- friction is sufficiently evidenced by the

REPAIRS oF BLACEFRIARS BRIDGE.

consumption of wheel tires, 4nd the dil
which is interposed between the axle and
its gudgeons forms a series of rollers,
which perform the offices of wear and
tear, to the saving of the metal. Bat
this rolling friction between the axle and
gudgeons causes the consminption of the
softer body—the oil. We come then to
the same train of consequences. Motion
begets friction, and friction begets con-
sumption of material.

In avswer to Mr. Badnall’s last remarks
upon my arguments, [ can only ask him
to show what becomes of the weight of a
carringe whose motion is ohstructed on
an inclined plane? If the rail, or nd
beneath the rail, does not sustain the
weight, what does—whereon is the pres-
sure? Surely not on the atmosphere. I
really should like to understand the truth
in this matter, if my faculties be capable
of absorbing it, and when convinced of
the truth, shall be perfectly ready to ac-
knowledge it, utterly heedless whetker it
make for or against my side of the argu-
ment. :

But to-morrow—or rather to-day, for it
has stricken twelve upon the clock bell—
will give us the results which are said to
be decisive, and until 1 can see them {
must postpone saying any thing further,

I remain, Sir, yours, &c.
; Junivs Revivivus.

October 12, 1833,

cme—

JOPLING ON THE REPAIRE OF

BLACKFRIARS BRIDGE.

(Concludad 28,

“ Models of the bedﬁr:;'umve% according
to both surveys, if there be any material
difference, would be particularly desirdble.
There is every resson to suppose, from the
exact agreement with the model in the
British Museum, and the statcments thereon,
that the measurements in Messrs. Walker
and Burges’ survey have been taken with the
greatest care.

“ The ¢ LowesT low water line,” accord-
ing to the model in the British Museum, at
the time the bridge was built, was ome foot
seven inches lower than the ‘ low water line
of 1832, im Messrs. Walker and Burges’
survey; but the latter being takem in the
month of December could not be the ¢ Low-
EST low water line.’ The lowest low water
line of the present year should be ascer-
tained, in order to show how much that line
has fallen since 1766.

¢ It is, however, thought probable that
the difference will not be found so much as
Messrs, Walker and Burges have oalculated
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rha reader of the

“ yesterday’s &ehh in the ém.'.n::m{;mm( chlzﬂnmm B“

t is met -

presented 10 him at the breakfast table |

uuworthy of remark, that while our in pro-
ducio se wonders is to be achievedd by ns'
of private capital, directed by public spirit, onl'

b are to be indebted for theirs 10 lhe

terference of the government, 4 b
Minister of Public Works.,”—Is not this a wholc
comwmentary in itselft v

The New Smithfield. —The boilding in th].llmr 5

¥

ton Lower Road, which was referved to in a recent

Note, ls now avowedly intended to become the -

Londom catile-market, notice having been given of
an intéuded application to Pl.rljullll‘rlt mglisesﬂml

fur an Act to~enable the proprietor to mialee use of

it for that purpore, and fo levy the y tolls.

e
IR el TE L
hamrrlle-uh mrnlng' rney ; w luhtlwtul.konh

n‘pnnumam l]lklluh
:’m lclluliﬁoln;on lhellm has been detennined
msual apparatus of diréstors drea-
lu.mn, bankers, &c, sct in motion_both in Bristol
l:onxq Weven a contTnuation of the line
*through n; es has been proposed. The Bris-
to]i;.n;. ap| :; to enter very wumly into ll.m
ey must perforce-curb their. impa-:
tipnce untll the next session of Parliament, wh
ithe Act will be applied for, ntl it is expected wi
‘pass without oppositivn, at is (heir eulhn-
that the editor of a B stol paper, in a pa-
roxysm of rapture, exclaims, “ When the rallwa
and the Clifton suspension bridge shall be comd
pleted, Bristol will beeome the rendesvons of men
of soh

The Cit; le. of course, strangly oppose the in-
tended ich wonld operate (o transfer a large
poriion urlhel‘r funds from the uorponllon treasury
10 that of the ** humane individosl ”* who has em-
Dbarked in t culation with so. muc
recklessuesst . whigh have appeared
of the wonders of the, phce are founded more on
the 1mu,¢|}!ﬁnn of the reporters than on the real
state of 1 np.

at p. e only
sheds. ;r 1i a large ; and an
unfinished market- houuc. Tlle “ sh ns on a
new principle,” grand * tavern-apd m."’ and,
ubove all, the * abattairs,” and Dﬁeronlwen ences
for slaughtering, as yet exist ouly in the e.ulum
of the uewspapers, i

City Improvements.—The line of the intended
new street from Loudon bridge t0.the Mansion
House is now plai a great :
of honses being already pulled down hetween Lom.
bard-street and Eastcheap, w;ether with Pidding’s
well-known *¢ Incky corner,” and the adjoining
honses as far as the Globe ‘Fl-eoﬂlce. In Cornhill.
This improvement,conjoined with the long-required
wid g of Prince's-sireet, will be one of the great-
est effected In the City for many years, and will,
aidded to the extensive alterations on both sides of
London bridge, give quite a new character to the
central of the City, and the opposite quarter of
Southwark. West of TelllEle-bll‘, also, ‘improve-
ment does not elumber: the pew sireet opposite
Waterloo bridge, which is to connect the Strand
and the Snarrey side of the Thames with the Regent’s
park and the vorthern snburbs, having at length,
ulter ::tuch delay and diflicalty, been actually com-
menced. -

7 —
£

ial Medical Society.—The taste for sci-
entific assuciations appears 10 be spreading. Within
the last few monthe a provincial Medicul SBociety
bas been established, which numbers among its
members pnllemen N lh! flcn].t from all the

ldlund and ir first annl-
versary meeting, which was formed on the model
of that of the British’ Beleniilg Assoclation, took
place in Aogust last at Bristol, aud was most nu-
merously attended. The utility of such a society
is much more obvious than that of an union of the
whole scientific body of the natlon. The latter have
1he metropolis as a point of nunion, but the cultiva-
tors of medical sci are ed far
aud wide. Their next year's meetfng will be at
Birmingham, and the first volume of their ** Trans-
actions ™ has already appeared.

The Uni; I Magazine.—A lation of the
“ Penny Magazine” is regularly issued io the Ger-
man public at Leipsic, embellished with wood <cuts

by *““the first Euglish, French, antt Gernian artists,”
under the title of ** Das Pl‘eunlg Magazin,” Accord-
iug to the Useful Kno ty, of
their most et are also printed

in France, Belgium, North Ameries, Poland, and

Russia!

It is, indeed, very extemsive, bat -
lons ate & u ramge of eattle- |

Srom all quarters gf the globe "
Rebura of Caplain Ross and (rein.—~The|
gralll}'in" intelligence has been received at I,lum-
of the safety of the pallant, adventurous, and all big
despaired of Captaid Kogs aud crew.  All that 14]1
at present corvedtly Knowipdsg that they are on the it
way hoine in (e Tsabellay whinler, of Hull, and:
that daring the four yedrs sudapwards ihey haye
heen_‘loﬂ 1o the world, amid e d6¢ wastes of the
ardde eirele, only three of the.e utine nmber havy
p:llllad' What & hlstory of pesil s lipd disasters’
—of hardship and sulicring=—ol foriifode aml bigl
‘coarage—of  fears)and hopes, o avl been
ahetrs! We wailt with |nn.|ue anxiely for the
mll.cuhn. e s '
LAY P
: | THE uxnuuﬂua tmwﬁ*-
Sir,—I must regret that I mw opﬂmu-
nity of sending to ypu this ‘evening (for want of’
time) the particulars of the experbnent®which we
hwe!tlried m-shyuoin the Su't;on inclined:plane. Ym;
will, however, oblige me by stating. in your nex
number that they have been éxl Frw
t

and have most fully anu‘nhsheﬂ 88 of
‘the undulating prineiple. thke caggiihat the
full particulars are t.o you early next

week. The trizls which have bLeen made to-day,

and which have been spliject to the Imbﬁgltion uf
the ‘Messrs. ka"‘ r.' Robert -8 sen.,
M Doglisk, My, Gill, mwl others, will, I t not,

fully eonfirm the, expectatlons ef those' who have
done me the honour to support my s on the
lnbject ILam, 8ir, your MenE ;

‘(CJI ARD

Li , Oct. 16, 18, [l S
' “Wednesd ay night ! E
" E—
. INTERIM NOTICES. -
¢ Delineator” has but small reason to complain of
the s l. lrm tyin the publication of the parta
oer 's ** Practice of Isometrical Perapec-
tive " nu aix months have yet elapsed since the

work was first thought of, and though extending to
64 of letter-press, and containing 170 e
ings," it is already completed. The Fourth an 1r|st
Patt aud also the work complete, in boards, wi]i bn
publ.l.lhed on the 1st of November.

Commi fons received l’mm--h 0ld Gu
Maker—R. B,—Mr. 5. Tozer—A Suxnn—:: perany
—Mr. D.lvy- Mr. mund — W. W, C. — Nlr.
Symingwn-—w J.—R, Apps. - . 2

LONDON: Puablished hy M. su.rrox, at the
Mechanics’ ine Omcu No. 6, Peterborough
Court, between F8jand 138, Fi Fleet-strect. Agent
for l.‘htAmuinlll .ilr 0. Ricn, 12

G. G. Bexxis, 55, Ru
Hﬂlvs, Esinl t:I’;: 1 :
M, SAI.}IO‘R, l'mm; Flfet-smu.

[YECTa
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1
“ resin gas,” and every body knows that,
during the ‘present yéar, the ' gas mi-

croscope ™ has been brought out as one
of the popular exhibitions of the me-

tropolis. - -
Now I feel convinced, Mr. Editor, that
both these plans were- originated and

" carried into effect mdependent of any

thing made guh]ic by me; and just as
well am I satisfied, notwithstanding the
extract previously given, that the principle
of generating heat, now made known, is
as purely original with Mr. Rutter. Co~
incidences of this kind have frequent}

happened,’and the more men are taug

to think'for themselves, the more fres
quently they will happen, whieb,-after
all, is nothink mdre than another preof

. of the value of scientific aequirements,

Mr. Buster, I.feel persmaded,- will not
mistrust .my - motives in: offering these
observations to his natice: I ant
done so0, it is very probable some ome
else would shortly have made him aec-
quainted with the “ American water
burner,” and ?erhapa might unjustly ac-
cuse him lof P agiarism at the same time,
am, Sir, very truly you i3
' W, H.y‘ﬁsx‘:'xs. g
Sandwich, October 18, 1833, .
e

HOW TO CLEAN WO0OD CARVINGS.
" 8ir,—Your correspondent, “R.P.”, hag
furnished us with many excellent and
well-timed observations on wood carving,
and he solicits an acquaintance with an
unctueus’ agent ealoulatett to remove
paint and dirt from the surface of his
specimens. I_beg to suggest to him,
that lili suc‘h-.dw?rk has not been inten-
tionally ceate uently with paint (a
barbar{na -pr‘a.t:t.il;‘:;l I h’;ve Oﬁ.l:l‘l wi[t-
mesged), he will probably find in the
article known in commerce by the name
of soft soap, prepared from oil or tallow
by boiling with caustic potass, a means
adequate to the removal of dirt, acci=
dental traces of puint, stains, &e. &c.
1t will not leave the surface of his work
rough and -uneven, while. the colour of
the weod will be rather improved than
otherwise. [ should y. think he
would require water, or, if sp, very little,

to remove the agent emflnyad.. .
Perhaps be will find it worth while to
try what a little time and repeated ap-
plications might effect in yemoving a
coat of paint—I am, &e. - :
- v. .+ W,H. WEEKEs,
Sandwich, Ogt, 18, 1823, - N

_ THE UNDULATING RAILWAY.
"Sir,—~Thouagh the length of the reply
in full to Mr. Badaall (which [ have
forwasrded to you) may prechide it for the
present fromi insertion in your Mugazine,®
you may perhaps find reom in‘the interim
for a féew observations relative to the ex-
riments instituted on the Liverpool and
afichester railway by Mr. Badnall, with
tlie-fallavious view of putting to-the test
the 'utility of the wundulating . prin-
ciple; more especially as these ohserva-
tions are addressed to the consideration
of facts, which, under certain conditions,
it must be admitted, are of more im-
portante: than -mere’ théordtival diseus-
sion. I meed ndt apolegise to Mr. Bad-
nall' fmr making wny remarks bn these
experiments before tliey ave fully-ooms
pleted, becatife I' intend -to'admit thie
results, favourxble ‘as he tbndiders them
to be, to the falest extent he¢an passic
bly desite, and beyond what hewill be
able to produce. ~ - - - - :
- " Faots are stubboin ' things, ‘only as
they have a cogent bearing on -puints in
dispirte ; they are ofherwlse wotse than
useless, for ‘they lead to-bewilder when
there is not the understanding miad to
draw forth the only justinferences, and to
point ofit,arhidst a complication of causes
in a given effect, the respéctive particulars
which they only Tespectively _illustrate
and confirm. ‘Thouglrtheory,unsupported
by facts, is mere hypothesis, yet the facts
themselves possess  value only as it is
conferred upon them by a discriminative
intellectual process; and though les
gitimately used to verify the conclusions
of theory, yet they must needs be, at the
very.time, under its constant correctionm
and superrision, thus co-operating with
equal steps, and on converging lines,
towards the attainment of truth. Thus
also, it happens that facts, which at first
sight appear to invalidate the conclu-
sions derived from others of a higher
order, are found, on a more rigid inves-
tigation; to confirm their correctness, and
make more apparent the error of the
opinion which it was. supposed to up-
hold. Such is the case in the present
instance; and I venture to assert, that
the more’ successful Mr. Badnall con-
giders himself to be in his experiments,
the more completely will he establish

® We found It quite impracticable to find room
for it this week ; but it sl ir possible, appear in
our pext—Ep, M. M. o T
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himself” i’ the weong; inasmuch as he
¥mes, that the advaatage he contends
or is more and more cemspicuous fn
roportion as the inertia of the mass te
Kv moved forms the principal part of ‘the
yesistanee to its wmotion, and, eonse-
quently, that it is in this reapect only, or
in overcoming inevtia by the aid of
gravity, that any thing of any conse-
uence is gained by his scheme. Now
2'!ia advantage, as applicable to the
rvommencement of locometion, has repeat-
#dly been conceded to Mr. Badnall ; but
de is not satished with it, and either
wishes to extend it to the whole of the
distance, or else contends for some other
advantage, of which he bas' enly an
wbecure ion, but which he be-
tieves is demonstrated by his sxperiments
tad his diagvams. - .
1 Tttis sufficient for- our present purpose
to comider resistance to locomotion as
of twe ¥mds,—that arisiag from inertia,
which continues only until the carriage
Attatinvto, the state of uniform motion ;
and that awising fmm ebstructions, which
contirraes daring the whole of its pros
The first is overeome by gravity,
on the undulating railway, in a shorter
time, and at no expense of artificial
power; instead, however, of uniform mo-
tion, an alternate aecelerating and re-
tarding velocity is the result, but the
passiveness of rest is encountered and
overcome with the advantage just ade
mitted. The second, or obstructive re-
sistance, demands a continual supply of
mechaunical power ; fer though assistance
may be afforded by gravity at one mo-
ment, ,when a helping force, it must be
returned “the next, .when an opposing
foree.~ There e no aid derived from
vity, therefore, in-this particular. How
8 this, it- may be asked, in one cuse and
fiot in'the other? The reply is obvious
~the foree reyjuired in imparting motion
is imparted to; and: resides for the time
in, the body moved—the force acquired
and preserved in one direction. is come
petent to move it in the opposite direc-
tion to a similar extemt, if there is nothing
to oppose it; but in the ease of obstruc-
tive resistance the force is dissipated and
lost among the atoms in oppesition to its
eourse, and -it adds nothing to the mo-«
wentum, or the store of power of which

it is in possession.
_ The simple c“::stioq which now qge-
curs 1g this—what are. the - respeciive.

dmounts of the two Kinds of resistance,
as estimafed for the whole of the distaned
from stage to stageP for it is on thisthe
valué of the scheme depends. Spaee
will not allow me to show how trivial
the one is in eomparison with the other,
and Mr. Badnall will not undertake the
task, because it will disclose the poverty
of the seheme, Indeed, he is not com-
petent to it, if he considers inertia to con-
ln.!l‘;il.lta;l a reﬁltanee in ootl':st;m action,
and that really appears to be his opinion.
1 canmot beli{repthat there is agy in-
tention to deceive, yet it suits his pur
dose bettet (though it is not dealing
fairly with the public) to take a very
short distance, such as 147 yards, and &
very heavy load, such as the engine wilt
scarcely morve, and by these meany
making the resistance from inertie four-
fifths, it may be, of the total resistance,
it would be passing strange if the expe<
¥iments did not establish a decided ad-
vantage for so short a space. What
‘would it have proved, if, in experiment
0, the similar momentum acquired by
the engine, with its load, in its descent
of 147 yards, had carried it up to its
starting pqint again, instead of 13 yards
short of it, but that the engine had put
forth a power in half the dislance, equi-
valent to ebstructive resistance for the
whole distance, and that garit had
been a match for inertiaP Surely Mr.
Badnall can beat this exploit. If he can.
not, two boys with a swing can,—for a
single impulse, now and then, will suf,
fice to keep the locomotion going. The
promulgation of experiments like thesa
j8 mischievous, if it be meant to say
they prove that gravity can be advantage-
nus{y employed, otherwise than in over-
coming inertia. In this experiment it
was used to cope in part with other re-
pistance, and the consequence was, that
the engine did not reach the point frem
which it descended, which else it ought
to have done.

- Your correspondent, Trebor Valentine,
has an ingenious and, at first sight, a
striking experiment on the subject; bug
a satisfactoiy explanatiop will scon ooy
cur to him, when he reflects, that the
additional velocity implied .by a shorter
time, implies a corresponding, resistance
from inertia, which gravity gratuitously
overcomes. ; ) ;

R ] mﬁ_Sir, yours, &c.

ENLAMIN CHEVERTON..



pEStRUtTiON O ERTOWFON CHRAIN-PIEA.
"diys wis put Trth by the Sediimun bé

Sir,<At page 23 I ptomise to-acknow-
ledge any change in my opirifon 6f Mr.
Badnall’s railway which may arise from
his remarks; and to be enabléd to pers
form this promise it is necessary I un.
derstand his meaning. : :

I cannot understand how length ban
be equal to velocity. I can readily un-
derstand that the wumber. of feet, yards,
miles, or ahy othet unit of measure cons
tained in a given line, may be equal td

the number of"feét', inches, leagues, &e,
iésed th in a specified time; but
r Badm equatidfv'gg. ives mé

4lmost as much information as I should

obtain by asking the length of road be-
tween London and Brightoh, and befng
told it was * eqnal to the velocity of- Sir

Chatles Dance’s steam-coath.”
1f Mr. Badnall will be good enough to

ékphain_his first equation on page ‘21,

which I hope he will do, in considera-

tion of the pdins I have taken to enablé

him to understand my ecaleulations, I

shill hiave some hope of comprehendin

what he wishes to express by his second.

At present T cannot imaﬂ):u! how one

side of his fitst equition; when increased

by the addition-of D, should be équal to
the other side of his first equation, when
muitiplied Gy D; but, doubtless, Mr.

Badnall will make all thie very clear.

' 5 Yours, &¢.

y 8. Y.an kngineer. :
Oct. 12. -

: e
& WORD OR TWO TO MR, SANDERSON
AND Mf. MACKINNON.~—BY “g.v.” -
When Mr. Henry Sanderson recol-

loots that the cdriiage is suppdrted by

the ‘axle; and thé uxle is bupported by

the wheel; that the wheel, being a

circle; touches the inelined plane at one

point-only, which point isin & line drawn
through the centre of the axle, and per-
pendicular td the inclined plane; and
that; to ascertain the amount of pressuré
wpon a surface, caused by a given fores,
the force must bé mohu{ inte two other
ferced, the -one pdrallel to the surface,
and the other perpendieular te it he
will, doubtless, pereeive that the formula

I gave i page 242, vol. xix. is perfectly

oerrect. (Sée note, page 12.) - -
1 believe-that which Mr. Mackinfion

¢ proved by cdlculation nearly six yeard
ego,” he may disprove by experimiénit

whemnever he thinks (Sed page 36:)

I the destrine Mr. Mickinnet

eorreet, it Jollows, that the power eks
pended on the frietion in conveying. =
carriage from Liverpool to Manchestst
would be ten times as much, if the car~
tlage travelled ut the rate of -fuwd miled
an hour, as would serve the purpose If it
travelled fwenty miles an Iy Your
readers will form their own Ot
the worth of such 4 theory: -~ ;" |
. I'have no doubt of the faoé etated by
Mr. Badnell, and quoted by Mr. Maec-
kinton on page 36; and it séems to ma
wery easily accounted for; nor db T soris
eeive the velotity nced be very greal io
render the effect manifest. ‘
. When it is said, that * friction if
equal in equal times, whatever the velo
city may be,” I take it to mean, that the
friction will require the same expen

ture of power to keep a heavy body ree
Volving on its axle for one hour, whetlier
it makes- fwo revolutions, or five hundred
in that time. Can this be Mr. Mies
kinnon’s meaning ?
- S. Y., ant Engineet.

S

DESTRUCTION OF BRIGHTON CHAIN PIER.

On the night of Tuesday the 35th of Qats
the magnificent chain-pier, which has for ten
years past been the ornament of Brighton,
fell with a tremendous crash, and lics now
one, vast heap of ruins. There was & strong
gale of wind blowias at the time,  atterided
with Heavy rain and flashes of exceedingly
vivid lightning.”-—( Brighton Gagetle.)
decident 14 ascribed by -sowde " patties to the
witd, by others to LH% lightning, while, id
the apinion of a. third set of crities (see
Examriner of Sunday last), the structure vad
originally so defective, that the only wondét
is it should bave stood so long. Our intek
ligent frieed, Mr. Busby, who resides at
Brighton, sahd minutely exathined the re.
mains of the pier on the morning after the¢
disaster, Is of opinion that it was caused by
a stroke of lightning, and not by any fault
in the hfechanical onstiuction of the fabrie.
We subjoid his reasois for coming to thid
gonelusion, and shall only add that they
deem to-us.at present perfootly satisfactory :—
Extract from g Later by Mr. Busby to the
: Brighton Herald:

“1 am decliedly of opinion that the Editor of
the Gazette has erfed o attributing (he acclderit to
(Ee force of thie wind, and for these r_easuus—ﬂm,
tHe wind was hof more violent 4t the time df the
Accideot than it bad been durlng the greafef part
of the day, nor than it was for two or three horrs
after; secondly, the Chaln Plef hds récently been
subjected to galéd of mach gleater vioteuck than

. Qet. 10.
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respecting this en 's steam.
adventures, that we nﬂnﬁfm
the descri ofe nts in which he is en-
gnd. from it!" All that we want is to have
th:trtl.:llu orn:::h—wh.lgh; unpl.h“:‘rznm
is the shortest road to suceess. - v o
Mr. Hancock stirts, on Momdsy next; hir new -
“A ¥," (a Greek P d, which

mb: signify ocular demonsiration,) to run be-
tween Finsbury. and Pentonvills. We shall
give an engraving of it in our next, along with a
description of the new patent process by which Mr.
Elwkhl:&mriddthemdnwhckonlm
locomotion—the clinkers. it

——

LIST OF NEW PATENTS GRANTED BE-
TWEEN THE 220 OF SEPT
225 OF OCTOBER, 1833,

Henry Davey, of the parish of St. Giles, Cam-
berwell, in the county of Swrry, geptleman, for
certaln improvements in machinery or appuratos
for preparing linen and ecotton rags, and other
materials used in the manufaciure of paper;, being
a communication from a foreigner residing abroard,
Sept. 28 ; six months to eurol.

Andrew Smith, of Pripcesstreet, Leicester-
squaure, in the parish of 8t. Martin's-in-the-fields,
in the county of Middlesex, machinist, for certain
improvements in springs for deors and other pur-

poses. Oct. 5; six months.

James Windeyer Lewty, of Lichfield-street, §
Birmingham, in the l:u;.ly of Warwick, b:'n:
founder, for certain improvements in castors.

Oct. 5; six months,

Miles Berry, of 66, Chancery-lane, in the eonnt
of Middlesex, civil engineer, for certain ingme{
ments in the construction of weighi i

EMBER AND .

raDEd 1T PRy

r, and also in the construc-

Ing gas 10 the conmme L
Dhrsers, r&- of Which improvemients
‘flilo:lpp cable to other uﬂrpupolﬂ. Oct. 7;

six months.
Richard Barnes, of Wigdn, n thé county of Lan-
& Hr?

m.mx; and app

s ‘Iﬂjl'i. & dr;

-alr for the interior af h
‘machine and & may be appli same
time to give t. Oect. 19; two months,

. John merchant, and Thomas Clask,
<hemist, both of Glasgow, in the county of Lanark,
for & new or improved apparatus to produce or
evolve chlorine for manufacturing purposes. Oct.
19; six months.

Jacque Francois Vietor Gerard, of Redmond's-
Tow, Mile-end, in the county of Middlessx, for an
dmprovement applicable to the Jacquard looms for
weaving figured fabrics, being a communication
From s foreigner residing abrosd. Oct., 19; six
anonths.

Charles Attwood, of Wickham, near Gateshead,
An the county of Durham, glass manufscturer, for a
wrrtain improvement or improvements in manufac-
Turing or purifying soda. Oect. 10; six months.

Thoemas Augustus Gregory Gillyon, of Crown-
street, l-‘inshu!{)'-!qunre, in the cnungﬂu}l{idd}elex,
wngineer, for improvements on ordnance and on
the carriages and projectiles to Le use therewith.
Oct. 18; six months. . .

Herman Hendriks of Dunkirk, in the kingdom
"Frapce, but now of the Strand, in the county of

i Middlesex, Gent., improvements in ma-

of pnuﬁlh, and the prussiate

of ; n d&n& blue colours

~without in ing & communication from a fo-
~reigner Oct: 19; six months.

* Jehn Joyce, of South-row, New.road, 8t. Pancras,
- im the-county of Middlesex, th:., for a certain im-
it ot ts in o

)

being a fcation from = fo! :_'

abroad, Oct. 5; six months,

Thomas Welch, of Manchester, in the connt
L » colton spinner, for a new me
taking up for power and hand looms. Okct, 5
four months. - ’ "

William_Tanoer Young, of Liverpool, in the
county of Lancaster, merilunt. for m machine or
apparatns for equalising dranght, chiefly applicable to
the towing of barges and other ﬁ.mtrng bodies on

water, and movin, drawin riages
Oct. 7; six mnlhg. e S so-lees,

Joseph Maudsley, of Lambeth, in the county of
Surry, engineer, for an | provement ino the stroc-
Lure of certain boilers fér producing steam for the
working of steam-engines. Ost.7 ; six months,

SGoldsworth Garney, of Bude, Cornwall, Esq.,

for certain improvements i Lrum;
Oct. 7; six mom:pe 1 1 mausical instraments.

Robert Ste g
s s 3:‘:“": of .qu:ﬂtqgon 'l'n:‘:,r l:
certain improvement in the locomotive  steam-
:Ell:;;g :'o:.;n use for the guick conveyance of
Btagens Eoods upon edge railways. ~ Oct. 7;
Robert Barton Cooper, of Battersea-fields in
county of Surry, Esq., and George l:uderic'k iet
stein, of Hol » in the county of Middlesex,
an i

88 .

-

s fo-
residing abroad. Oct. 19; six months.

P y for
: ;ating nails, being & communieation from
neigner
i ——
INTERIM NOTICES.
The account of Mr. Badnal's second series of ex-
. Kumb(u but shall appear
t
* giste in‘the meanwhile that the results, with deubis

the load, agree entirely with those obtained by the
former experiments.

+ The publication of the Suppl to the last
welume is, owingt: .l.itm‘fmnﬁ;rim in the en-
ving of & secon eet of a

ﬂhﬂ t men of science, engineers, and
mechanics, which is intended to accompany it,
deferred till the 18t of December.

. The conclusion of Mr. Beott's able paper on Pa-
ratlel Lives in our next.

As the holding of our Conversazione on the last
Wednesdsy of each month renders it occaslonally
Snpracticable to publish the report within the same
month, it will in future be on the third Wed-
wesday, v

QCommunications received from T. P,
K. C.—Violino—R. H. C.—MTr. Buckland.

A=W,

ger, for or for
nting pencils, and i er NDON: lished by M. SALMON, at the
ct. 7; siX months, Sad o et M hncs, No. 6, Petes
o g ot Pl M S EOSEE ME

the parish of 8t. Marti

::.i‘i;“' A e e g
nery or apparatus for manufacturin for

Ulumination, and in the m«mﬁ‘ff:;plp

Lien square. Bold G. G. Beuxis, 55, Bue
Neuve, Baint Augustin, Paris.

‘ M, SALMON, Prioter, Fleet-sireet,
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EXPERIMENTS ON THE LIVERPOOL AND MANCHESTER RAILWAY,

effected, by a ;;;n;:ve cast ;;lt::;g the topb '

of eul;ﬂooru the M:lhd’ l.:t a‘;:zr;
responding - projection along the-
nidgo: lhegﬁmeml,ushnu. I
_ The carriage snooead.ing, the foul
Aloor is left behind, and from the con-
-m':iﬁon of the wetal and d:'nih_rs when
cold, it ‘merely fequires to be reversed
-to divest itself rn?:hc clinkers, and is
then ready to be exchanged on the ze-
tarn.of the carriage te the station.

‘This comttivance is not cosily, it in-
volves' no. practical -diffienlty; is asoom-
panied by a material saving of fusl,
ewd removes ‘what has hitherto been a

- gredt obstaoletn steamedocomestion. -

I asid:to ecustruck my: beilers. with
partitions ér'flues between thre chambers,
lmeﬂ of. vertical bars ofbimn.hm

ways like -a ng, whic
-ehambe{s dre hpstn;.mg . distance
‘apart for the action of the fire; but I
now prefer embossing the metal of whigh
-the ghambers are made from-the inside,
and thus do without those partitions.

i In fig. 3, h shows the sides of & cham-

- ber of this descriptinn, and fig. 4 a fiont

" view of two such chambers; and it will

be readily perceived that the hemisphe-
rical projections, or embossings, meetin
‘in horizontal as well as vertical rows,

can either have my fire under the cham-

bers as usual, the flame rising vertically

only; or I can have it in front, the

- flame then-avting horizontally as well

as vertically, as shewn by the arrows;

or [ can have the front of the fireplace

inclined, as shewn in fig. 3, an arrange-
ment which has its advantages, par-
ticularly in feeding the fire.

In fiz. 3, & is a chamber; ¢ the fire-
place; k the firebars, which are either
of solid metal, or of tubes connected
with the boiler, or for waste steam to
pass through, to prevent their burning
ont. © .

{ the waste steam chamber; the steam

blowing through the perforated division.

m into the fire, is decomposed into its
constituent gases; n the tube conveying
air from the blower to the fire; o is a
glide door, by which the whole of the
fire could be discharged in an instant,
whenever required. o
5 ) I am, Sir, *

Your obedient servant,

W. Harcock.
Stratford, Essex, Oct. 17, 1833.

L P
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FURTHER EXPERIMENTS ON THE LIVER-
S PODG AND MANQHESERR: BAILWAY, IO
- DETERMINE GHE CORREGLNEMS OF THE

UNDULATING RAILWAY R¥STBM, .

. 8ir,~8ince T had last.the pleaspre of
atdressing vaw,-we have heen. enabled
to try some further experiments on .the

Liverpool-apd Manchester railway, the
decisive result.of which will, 1 doubt
not, fully establish, in yeur wind and in
the. public ppinios, . tha merits - of the

-u'ndulni:g prinaipla. -, 5w

On Wedsesday last, the 16t instant,
-wa met 88 before on the Sigian inclined
glcna. - On.this ooasien, it was agreed

y the engingers prasent, viz. Mr. Robeyt

-Stephagsdin,' seiw, the. Messts, ' Dizons,

- Mr. Dagléish, -and myself;.that. the truth
and validity of: the pringipls, s well as
the comparative advantage to-be derived
from its adeption, would be gffectually

-determined by-the following test;— .

As great a velocity as possible being
atiained by. the engine and Joad, before
reaching & given point near the foot of
the inclined. plare, the fime was to be
accurately ascertained which the . train
occupied in ascending from that point to
a slate of rest.

The power being thus reversed, the
time was to be accurately measured
which the train occupied in descending
Jrom a stale of rest to the point from
which it had previously ascended.

- ‘Hence it wenld-be obvious, that if the

_-descent were made in less time thau

the ascent, the velocity generated af the
foot of the- plane would he proporfion-
ably greater than the velocity of - the
ascending train at the same point, and,
consequently, the demonstration would
be clear that the engine and train would
not only have ascended to an opposile
elevation equal to that from whence it
fell, but to a greater one, the extent of
which would be in proportion to the
velocity attaimed. oo

- ©  Ezperiment 1.

The “ Liver” engine, and a load of
thirteen waggons (weighing in all 724
tons,) after traversing a distance of
three-fourths of agafle to acyuire a sul-
ficient velocitys”ascended the inclined
plane 278 yirds, the time occupied in
B:rl‘orm'mg the ascent to a state of rest

ing 90 seconds, viz. velocity at foot of
plane being about 12.60 miles per hour,
and the average velocity about G6.30
miles per hour,
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Easperiment 2. .
The power being reversed the
and train descmdes 278 yards., viz. from
a state of rest to the paint from which
they had previuuallli risen, in 50 seconds.
The velocity at the foot of the plaue
being about 22.70 miles per hoyr—ave-
rage velocity about 11,35 miles.
Ezperiment 3.
The engine and train having traversed
3 mile to generate velocity, ascended to
a state of rest, viz. about 278 yards in
75 seconds. Velocity at the foot of the
plane being about 14.12 miles per hour
—~average velocity about 7.8 miles.
Eﬂp‘f“mm‘ d,
The power being reversed, the de-

EXPERINENTH ON THE, RIVARPOAL.ANR NANSFESTER: Relh WAL, .

scent of 278{{&:&: was aacomplished in,,
40 seconds, Velocity at the foot of the
plane being about 28,32 miles per hour
—average velocity 14,16 miles. 2

Ezxperiment 5.

The ascent of 278 yards was made in
80 saponds, Velocity at the foot of the .
plang being about 14.22 miles per hour .
—average velocity 7,11 miles per hour,

Ezxperiment 6.

The descent of 278 yards was acoom-
lished in 49 seconds. Velocity at the
aot of the plane being about 23.22

miles per hour—average veloeity about
11.61 miles per houn L

Fl

AVERAGE.

Total spaces passed over to Times ocon-
tenaﬂte maXximum veloeily pled in as-
efore ascending. scending

. a8 5
5E|pnrlm=nt i.; 1,320 yards ...... 90 seopnds
{Experiment 3.) 1,320 yards ...... 75 seconds
(Experiment 5.) 1,520 yards ....., 80 ssconds

Total .. ;,;-0 yards -.-.-.‘%‘?lecondl
Average .. 1,320 yards ...... B19% sec.

From the preceding statemaent it ap-
pears, that the utmost average maxi-
mum velocity which the Liver engine
could atiain on this vccasion, at the
foot of the plane, after traversing a dis-
tance of 1,320 yards, was about 13.926
miles an hour; by which means, the
power being continued, she was enabled
to ascend an inclination of 278 yards.

On the other hand, it appears that the
same engine, with the same load (the
steam being kept up in every instance
to a pressure of about 501bs, to the inch,)
generated a veloeity, after descending
278 yards, of about 24.488% miles per
hour, evidently proving that the engine
and train would net only have mounted
another summit of equal elevation to
that from whence it fell, but would, «t¢
the highest paint, have heen travelling
at a velocity of more than 10 miles an
hour, with the full means of increasing
that velocity to any desired extent over
the succeding undulations.

Although the preceding experiments

Total spaces passed over in Times occne

generating maximum velo-  -pled jnde-

clty in descending. lund.{.:dg

; 376 yards,

Experiment 2.) 278 yards ...... 50 secouds
gperlmut 4.) 278 yards ..... « 40 .seconds
perintent 6.) 278 yards ...... 40 seconfls

;-;I'ynds ...-.-l; 'leconda i
18 yards ...... 483 shevids

had, to. the satisfaction of .all present,
decided the superiority of the undulating
principle, I was anxious to kmew the
result of a trial with a double load. |
therefore proposed (it being too late an
hour on this occasion) to attain, pn a
future day, a velocity of twenty miles an
hour, with a double train of goods and
two engines. I had, on several occa-
siqns,.published my opinion of what that
result would be, and I have now the
salisfaction of adding the particulars of
this important experiment, which, | nged
not say, more tham confirms all my
anticipations.

On Sunday morning last two loco-
molive engines, viz. the “ Firefly” and
the ¢ Pluto,” left Manchester with a
train of loaded waggons, weighing 150
tons, exclusive of engines and tenders,
the whole length of the train being about
155 yards,

On amiving at the Sutton inclined
plane, it was determined to adopt the
same method as on the last trials, of
proving the merits of the principle. Qur
T for appointing Sunday for this

® The veloeity in these inst 1s calculated
from the average number of seconds ocenpied in
ascending and descending ; thns, 278 yards being
=about 6% of a milé, we have the descending
line 4614 » 614=204 and 3,600

seconds==204 x
2=124.488 maximum velocity, .

meeting will be obvious, when it’is con-
sidered how dangerous and inconve-
nient it would be to try experiments with
such a load on any other day, when the



EXPERIMBNTS ON THN LIVERPOOL AND MANCHESTER RAILWAY. 1

trains are aimost constantly passing and
repassing.

It may be known to some of your
readers, that the French government
have lately appointed a certdin number
of their most eminent engineers to visit
this country, with a view of aoqguiring
all requisite information, preparatory to
the construction of several intended
French lines of railway.

These gentlemen, nine in number,
were present on this occasion; their names
were a8 follows 1=’

Mons. Navier.

Mons, Goubeau, Jugement des Ponts et Chaunssés,
. All;wu Isginienr en.ahef du Postte et Chan-

, & Dijon.
M. g;géne l%znemm, Thgtnleur des Ponla et

Chaussés, No. 1, Ruoe Castiglione, Parls.
Méns. Dausee.
Mons, L. L. Vallée, Ingénieur en chef des Ponts
et Chansabs,

dhs. J. Molstard, Ingénlenr de la Marine.
'ons. Piris, Liestenant de Valssean,
Mons, Ki: Mamgan.

The English engineers present were
Mr. R. Stephenson, sen., of Manchester,
(with whomn 1 have recently entered into

bip as civil engineers,) Mr. Da-
gleish, sen., Mr. Dixon, sen., Mr. Da-
gleish, jun,, and myself. Iu addition to
whom' weré many other individuals
deeply interested in railways, and of
eral gcienlific acquitements, among
whom were Mr. Case, of Summer-hill,
near Liverpool, Mr. Garnett, of Man-
chester (editor of the Guardian), and
others,

The following statement cannot fail
to form an interesting part of your
publication =

Experiment 1.

Two locomotive engines, the Firefly and
the Pluto, being attached to the train
above mentioned, and having traversed a
distance of one mile, to generate a suffi-
cient velocity, amived at the point from
wheunce the ascent was to be measured,
at a velocity of abont 20.28 miles per
hour. The Pluto then left the train, and
the Firefly alone ascended with the load
(working the whole way) to a distance of
875 yards, 116 stconds—nverage velotity
being about 10.14 miles an hour.

Ezperiment 2.

The power of the Firefly being re-
versed, the engine and load descended
575 yards in 74 seconds. The velocity at
the foot of the plane being about 31.70
miles per hour—average velocity about
15.85 miles per heur.

Esperiment 8.

The Firefly and Pluto having travérsed
the same distance as before, generated
at the foot of the plane, a velocit of
about 14.34 miles per hour. The Plute
then left the train, and the Firefly and
load ascended (power working) 815 yards
In 00 seconds—average velocity about
7.17 miles per hour.

Experiment 4.

The power of the Firefly being re-
versed, the whole train descended 315
yards in 65 seconds. Maximum velocity
19.82—average velocity 9.91.

Ezxperiment 5.

The same engines and load, working
about 1} miles to generate velocity, at-
tained at the foot of the plane a velocity
of about 18.32 miles an hour. The
Pluto left as before, and the Firefly and
load ruse 457} yards in 102§ seconds—
average velocity about 9.16 miles per
hour. ;

Experiment 6.

The Firefly and train descended 457}
yards in 80 seconds. Maximum velocity
23.22 miles per hour—average velocity
11.61. N.B. In this instance some dela
occurred in reversing the power, whiol
will account for the comparative differ-
ence in time.

Throughout the whole of these experi-
wments it will be seen the results were so
wuch in favour of the undulating system,
that it was evident a fur greater load
than 150 tons could be moved by the
Firefly, at an average velocity of 15 miles
pex hour from one summit of a curve to
another. The dip of inclination being
about 1 in 99, and the total length of
lhedundulal.inn varying from 630 to 1,150
yards,

This led me to propose a further ex-
periment, and [ think [ may safely add,
that one more important in result was
never before tried in any country.

Experiment 7.

The two engines, as before, attained
at the foot of ascent o velocity of abowut
19.02 miles per hour. - The Pluto then
left the train, and, at the same moment,
the Firefly suur orr HER sTEdAM. The
whole train then rose by momentum alone
(the weight of the train, including en-
gine and tender, being near 164 tons,)
to the distance of 323 yards in 70 seconds
h—a\'emge velocity alout 9.52 miles per

our. - 2
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o . Baperiwent 8 end daat, .- -
- Tha Fitefly snd-train deseended- 323
mw--whing) “im- 66 'scoonds:!
yab footof thy plane beiwg-abont
90.04 ‘nitffes pex' hour= averigy ‘velodity
Wbt 1002 milesperhanr.
* Thu# A€ ‘preceding experiments most
ynquestionably prove two most impor-
tant facisr—not only that a given’ loco-
molive power can convey from one sum-
mit.of a.gugye or nnduladion, to anothey
summit of sgual aliitude,, double the. load
wmhich ;that: same; power -can. convey at
lse samerwelooity on the lovel; but that
wnghvén' ooomative onpine can 3
frou badldummd wf e 'darts 'or untdulas
oot whvher!'sariinit of eqwal -4li-
E&Hd"’Mﬁc Bl Whick it ie'capable
P ? i '0h % Févél at a ke velocity
g ¢ l‘l.'!_b‘hlz; by the employment
J ' (?rcf' throughout only half

il ults, fead me to go one step
SAarther s Wiis my. opinion, that if such e
-weight  weta tg.ba added to the 150 tons
tamoved: i dm- this. ococasion, as would ben
-masimbe fodd. for three locomative en-
"Winex: on rig/ fleved ut 15 miles an hour,
lhé'l"hﬁﬁy‘éltﬂi’é' \ér power being equal
16" eithikr of the the';o ithe) ol
“move the ¥lidle'train Trom one summit of
-a cuyve to'ansther of like altitude, at an
‘equal average velocily, viz. 15 miles per
L LT P i
“'If any of your readers, whether wit-
. messes; op. athexwise of these interesting
benls; -0An eorvect any error of
-opinion - oz of ! statement in asllusion to
“them, ‘Frahalisbe ' exceedi happy to
Tredogiise: ahid erkvowledge it. In the
“feartihe - think; Sir, I may congrata-
Mlate mijkell upon having stamped, ‘hy
‘this letfer, a value that will be iohg
appreciated on the correspondence (pro
.and con.) which your Magazine contains
“on this subject; and I am as happy in
feeling. that every individual who wit-
- pessed thg reeent . experiments was fully
_ satisfied. with the. importance of the re-
*-swltey asdn helieving that, in defance of
prejudice.and - Jong-formed erronecus
-opimicns ow this smbjeot, the public will
‘before’lopy scknowledge, appreciate, and

be dendhifed by the “ UNDULATING PRIN- - else, “ from these looomative creatures,” to

c:r:.t."_“_‘_’_;;_""r'l ., _
 T'am, S5, with great respect,
‘X out very obedient servant,

Co o ehiliing e

Yo yuw o BicHARD BADNALL.

TRE: UNDU LI itV A Y-

.- P, 8ym-L Jave.ned yuiseen. yonsifast
DNumber. ¢85, Y.)a'%: femarl® nin the
previous rone shakt be nbticedi.: k. rthis
mreantime, hie does’ meijuetide hivewpl
positg ' § have ' evér inidalged one soul
temptaows feéting toward kith. " ¥'2dnld
not indulge it to a ‘worm-——mtéli nore
to an individual whose good motives, in
a scientific discussion, [ have never ques-
tioned, and in answer to whosg nemay]
I have. bestowed lime,-attention, .8
labour. .
THE OUBOLATING farbiviy L
v+ Birym-Mr. Badnall s raplied: te(theiah-
servations whigh, L addressed + to, himi respeet-
Ang the, merits of Nl-'undﬂaﬁmw.
Can it be-expeated .fmm..ue.m-.g $he
interests of your Magagire pefmiifs #irde-
tailed refutation of the long_tissne af estars
and absurdities which charackexises, thisiye-
plyt  Is it possible: thet: = goatemnan
wf any reading or--refaptiony whataves: de-
gree of * self-assnrancs of the. gondnyss.ef his
cauze” he may pessesay-howewor:*! imagip-
ative and enthusiastio” hen mag de, vouldigo
aally his courage.to the-sticking point,.asto
make such assertions as theso-r" thatothe gs-
gistance of the air-dees not aeh s an-oppes-
ing foree with greater.intensity atough Nele-
-gities than at low welagities,’t and-that Ycthe
.continusnce of unifersn:maetion inxplves 2
_very congiderable expeniditureof sioam, power,
independent of what.is requized,to cope with
locomotive resistampe.” What,cam: bedone
ol Sasriadn el 1 Aot rrise
.0 now] .and of all penes: s
~we ““ to.de honour to-the -naw-Jight,”: and
acknowledge  thip bean, iesirof u gaed con-
: troversialist’ to be one of she.iliieménatiy RAY,
~to be the. hierophant, himselfy destined. .to
-expound ‘“ the prinpiples of legsemotion: in'2
learly, elncidated

n e of
oy te 0wl

~manner they were neves go g 2
-before.”” QOr must we,. despite of Professor
Crackwell and many more, .myelf included,
who are “ gnite sick of this,uadmlpting reil-
way controversy,. and in contempk. of the
utilitarian character of your pages,. descead
to the task of * teaching the young idea how
4o shoot,” and instyuot Mr, Bedsall, in the
very. radiments. of mechasioal knowledge?
For myself, [ prefer rather to-iavite bim.to
abandon. the. study of. the rapid . Bight.of
swallows and gulls,” to abjure the st of

-, catching the one or cramming the other, * to

glean information” no lpnger, pox-aay thing

forget all that he bas ever-.said or. done;to
take again to his books,and to briog his
mind, as a tabula rasa, to a-seeapd pupilage
in philosopby. If, however, ,he - would.wish
to vary the severity of his mathematical



7 & ient YRG! IASUWARF

uliummwm #rom ¥ Afageam; sym-
8dks, mad Bfnmesy! ahidvefi ﬂmm-mn
ddmondtrathm iy and predtioe

Lywould umm.-hhrtenbmm
from every, openipg -fowen, ta accost the

;olf WOIRaR yi ;pests. thbat has an um-
open, and  accelarating her into a

ty hu wfﬁl soon find, by a uniformly in-
cre!sln volubility, that the resistance of the
fri i' tnl’th act both as 4 provul:-

sihg forde, with -
‘i! "Ngh' juities'thish' at'”
locities.”

* How is it possiblefr. Editor, to suppress
a smile.at grrorg such as I have adverted to;
and these are only a specimen of Mr, Bad-

vt.*-

HalVe 1adubsitions: sCousi i¢ be i Fequired of .

mm,m -1efuitas shély ~ aissbwiions - as
thlllu&iwwﬁ the ' velocity of a
ty>thenless the frietion i that

bt ¥ Tesistancel/of ' the atmio
AR jighved distance 39 laik at high
-wtlobifiaptbeioat Tow: veélocities s ™ thit this

almibwetdn tarked! “from the iclination
-ofhish/all bedies, whety in rapid motion'hdve
2t the ukfaos of tife'earih; conse-
-qiRAnly, fromyu-demsér to a' Fglter atmos-
oplisrep’ dhay: ot tire’ power which first over-
Odotfed thng of the' #if contibues'to
-wverdolnd ¢ withewt sy sensible alteration
-thaR i Rather ‘everwoild, in a perfeetly
-sbil Hereydéseent with unfforin adoel-
%W'uit “&ho velbcity of d pair of
BexpMiopen, dessendling by gravity i indiined
“pheing msait 1 bo wikdforimly uceclerated, until
rifiie rephstandedfaha dir'becomesioqual to the
Sfdeddibsodat N ands ‘that’* this residtanee
memruw ‘bécomes &b-
pblutbly . ITFRé eyemuy laugh,
bud‘\u:liipmywrmbu k%o ¥irvitability
-Gt a6, Mo \E diod, 1t 5 Guite oot of the
- ipestion<y ikisoBmbtivt ate hot to be extited
uby endmeud lopitibnay nd¥ By’ the mharvéllobs
5laeloof jadgment whith vauld obtride dueh
botidonind nebrrectostutethenti ‘a4 " thesein
Telutiditibn ¥l privieples' of 'locomotion.
- el oml # lelirgaminaiibe in ' sélvatific’ eontrb-
'versynenibetmied 15 distirl oxéy equanimity,
44 d appatanee of 'mdncetrvriing inthe Wiy
befmunaghty LUqaotation 1 a pgropesitien
wigllabd dosan; 7 oerbjd! 69 48hitdeiomn “br ek pla-
sihatery distimidtiol, (hert & #65 candénr ais-
! ﬁqﬁﬂﬁqmwﬂ'ﬁdﬂwm‘ﬂhwm
~ofidlstitotieny’ 1B judeTealuse ol bfferice

0pa/ Rrner bty 1o férbony b8 -
iopltde, ool oMA, aa&dlim .
»mmqﬁpm SOl ¥R Pood |
© et rsialisgu qienql aevusow #éying,
< thigt 1t S would! IDEI Gy :mdhmliuﬁ tobay
utthas-locombibee #bi[dilé pra-
<idity; adondt Ttisiu-

dnsfonbestd aidl W
xiklotisndb ametep ibn ViR iﬁmm&l'!or
i sveabbiforcobeiny coftdtaoling

Lvitppoiivd Nl Would Kty ebr.ﬁlér‘{u
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indeed he nawbhtudes )65 bse the main point in
8%pute ‘betwesn ospihéd proceeds, after a
fzshion of Bis owin,/tpr demonstrate that it is
not i simila¥ constant force. I did not say
it was—my words werw, * Forces can be con-
considered as only of two kinds—those which
operate continually,like gravity, and those
which act only for an_instant by impulsion,
It would be an idle assertion to say, that
steamn locomotive foree is not of the latter
but of the former kind,” &e. Here is no-
thing abott eonstant force, but of steam foree
operating esntinually, in contradistinetion to
an instantaneous setion 3 'and yet this con-
teoversialisty wiio )ikt %30 ‘eourteous to his
‘apponents; and: s frve %o himself,” (but not
1o gthers) amits all gipmtien of this distinc-
tign, sad evea falsifigs.the terms that are
mpl,qyed. \ Sp.fap _insisting on the

egaabl]l‘gy . force, I stated,
a fow lmes following, this ,quotation,  that
@Jlllmlgh constant 6 ‘unmtcl'mlttmg in re-
'gard 'to ‘time, it mAy hot be constant in
respect to intensity of I:";ce ;7 and that *“ jt

is'altogethér a'mntted’ 'of construction, whe-
Ather steanh produdés soiEnually an equable
“force.” Ivit o -be that this com-

stroversialist, 1 se ouoly- pains-taking, and
methodical,® overlodked ]l shin'in his eager-
ness to catoh at-g stram, which may save
him fram drowning a5 forgat.at the moment
that honesty. is the' hest golicy, even in quo-
tation? Or may we. wjth greater charity
imagine, that this " } Gﬁle ‘expounder of doc-
“trines so sound as his;”" wiis really incapable
of comprebending sich Tike distinctions and
differences? If so, I am dls.urmed, and aspe-
- vity shall have no'phite.
=111 Yefé:'the "questhon-'dpéd’ ubout the uni-
idornity-ol‘_mhfﬂu, atit was'not desirable
+ to.clog the sabjeat mishi diseussion on col-
Tateral foirts, ' I stated that’ it may or may
not be cquable, according to the construction
of the locometive engine. 1 will now, how-
ever, show how, theoretically, it may be ef-
fected, even at the highest velocities which
safety will permit. Whether ingenuity can
bring it practically into efiect, or whether
it is necessary so fo do, is quite another
question, ~ "T'he’employment of steam expan-
sively, whicli tb 'a ‘moderate extent is a use-
ful expvdlent, preciudes the idew of any
-agthee - than sts Bvesge: equdlity of force.
Y (Ficat shell farepaost] tlieresvhust be plenty of
ZIPbRRIT TR fully commen-

2lkegty, (:muwummfmmm (2) There

Lk, as it is tech-
sbuifipg it off, but at the
here must be two or mere

%mstwkc. (ﬁr

cylinderl 4.) The t be large, and the
mation’ Wtebe slow, the need-
ful m!pomq Mh;, mterrnedute

mi'umn will meet

macluner This 1
ﬁl n, why steam force
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“ nower can become & eonstant foree,” But in
reality, the most rapid motion of the pistons
inwe litdle, in comparison to the immense
velecity with whioh steam rushes into even
a partial vacuum, that little diminution of
foroe can arise from this cause, unless as
connected with a wire-drawing of it in nare.
row , betweeen the boiler and the
cylinder. It is this last ciroumstance, toge-
ther with the immense demand for steam at
high velooities, which precludes it from
having the quality of an equable-foree. To
illustrate this, ] may mention, that a really
ingemious projestor of a scheme in which
velecity of action was every thing, actually
made the passages, if I recollect rightly,

onw-eighth or a tenth part of the size that |

they ought to have been. These four condi-
tions being fulfilled, steam force to the ex-
tent of the intemded velocity (mark this
limitation, Mr. Badnall,) must necessarily be
comstant i emy semse of the term. By mo
mem, says My, Badnall; for, “exelusive of

resistance of. the stmp-hm.” which
vuymt argoment he is so obliging as
not bo enforce, there is the diminution “of
the  pressure of the engine on the rails, ac-
copding to the velocity with which it moves.”
This is the secend of his two causes,  equally
invariable and equally true.”’ Bo, then, the
canse of a waste of power after it is deve.
loped, is » onuse why it is not equably deve-
loped ; and the reason why steam force is not
constant, is because the rails being smooth
the fores is misapplied. Raen.lly, Mr. Bad-
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. argues that the atmosphere dees mef offer o

resistance to locomotive power, or to the fores
of gravity,” or that “a high wind” is not &
Source o mmmuenu. But this, if per.
adventure it be an inconsistency, is & mere
bagatelle, and may be explained by the cir
cumstanoce, that a high wind causes an ob-
struction, by the air acting with a swift
motion against the carriage, but which is &
very different case from the carriage acting
with a swift motion against the air, which on
all such occasions, it is to be inferred, kindly
gets out of the way., However, this subjeot
will be more “olearly elucidated,” together
with the new law of the resistance which air
opposes to the motion of bodies, in * the
separate and distinct publication” in which
Mr. Baduall “ intends to introduoe it to the
public for the first time;” for it appears,
“ that swallows and sea gulls have satisfied
him that our ideas are extremely imperfect”
in regard to the received opinion, that * the
resistance varies nearly as the squares of the
velocities.,” In the mean time, it will be
well to abide by the old law, proved as it is
by ‘“ mathematical reasoning,” and verified
by experiment; and this brings me to the
subject of the greatest velocity attainable by
locomotive engines.

It was stated by me, that the resistance of
the air is the immediate and omly efficienat
cause of bringing about uniform motion-=
and so it is. This statement, however, ia
ridiculed by Mr. Badnall, and misunderstood,
1 imagine, by your correspondent 8. Y. It

nall’s logic and his noti of gy are,
equally with the ““soundness of bis doc-
trines,” past all understanding. A slipping
of the wheels on the rails will undoubtedly
be an evil, but it will be quite time to rmedy
it when it arrives ; at present, it is not sup-

to be a very conspicuous defect, and
may be reetified by a griping action on a
rail, as patented by Messrs. Vignoles and
Ericsson, or by Saxtom’s ingenious loco-
motive pully, or by lessening the load to be
drawn by each engine; but Mr. Badnall, with
a true Irish peroeptlon of things, proposes to
cure it' by meking one’half of the road all
uphill.

By some means or other, either in conse-
quence of “an expensive edueation,” or
“twenty reading and abttention to
scientific subjects,” Mr. Badnall has got
hold of the idea that a constant force neces-
sarily implies as its result, a uniformly acce.
lerated veloeity in a resisting mediam,  ontil
the velocity attained be equal to that at
which the atmosphere would rush into empty
space,” when, I suppose, the resistance com-
mences all at once, and a change takes place
from uniform acceleration to uniform motion,
also all at once, Neverthuless, it is not to
be understood, that he “for onc moment

hould be observed, I do not state that it is
the only cause, but the only efficient cause,
in contradistinotion to negative and condis
tional causes, Undoubtedly, if there is not
power enough, or if there is not steam ennugh,
or if there is not fire enough, or if there is not
water enough, or if there is not attention
enough, any of these causes, sine gua non as
the schoolmen used to say, will, conjointly
with the positive eauses of friction, and the
resistance of the Aify, preduce uniformt mos
tion; but the lest is the direot and efficient
cause, inasmuch if these conditions and their
like be fulfilled, it constitutes the only cause
of the velocity beooming uniform, and such
ie nctually the case when gravity is the mov.
ing force. It is perhapsto be regretied, that,
with the jargon and inamity of the schools,
we have too much discarded their distinotive
and appellativé phraseology. 1 mean, thatit
would be well if we were more acoustomed to
discriminative, exact, and current, but Eng-
glish expressions, in reference to causes in
general. It would mark our meaning and
our reasoning with greater precision, and
save an immensity of misunderstanding., To
wave, however, every thing like logomachy,
I proceed to show how it is that the resist-
ance of the air produces uniform motion.



Take & loecomotive engine and double its
vejocity, snd what do we dot We will say
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diminished heads.* Philosephers of Engw

]nd.my,of auEumt:,m ye hove -heard the

given to you by

" nothing of inertia. The resistance ariging

from friction will continue the same, but then
the velocity of the force which copes with it
is doubled ; we, therefore, double the expendi-
ture of power in a given time. In regard,
however, to the resistance of the air, it does.
not centinue the same, for the quantity of air
encountered by the engine is doubled, and the
velocity with which it is struck is doubled—
the resistance therefore is quadrupled, or it
inereases a4 the square of the velocity ; but
the velocity of the force to cope with it is
also doubled—we therefore octuple the expen-
diture of power in a given time. So that
whilst the demand for steam is, in regard to
friction, simply as the velooity, it is, in re-
gard to the resistance of the air, as the cube
of the velooity. Hence it will be readily
seen how rapidly, as the velocity increases,
this kind of resistance will exhaust the most
powerful meaps for the gemeration of power,
although at the first it may scarcely deserve
notice; and also, that if the force be cen-
stant at all velocities, friction alone is incom-
petent to produce uniform motion, for that
also is constant at all velocities; whereas the
resistance of the air, increasing ever as the
square of the welocity, must necessarily,
sooner or later, bring about & uniformity of
motion. Obliged to express myself in a man=~
ner suitable to the capacity of a child, and
for which aa apology is due to your readers,
T hope Mr. Badnall will now endeavour to
perceive that mecessity :—if it is beyond his
comprehension I caanot help it.

He is, however, petent fo appreciat
the value of any mnew truth in phi].ncphy,
whieh may happen to be discovered in these
latter days of enlightenment, and hence he
has jadopted for his protogé—if indeed the
bantling be not his own—a new kind of force
—yelept periphfugal, which even escaped
the notice of Sir f:uc Newton, who would
have perceived therein “‘a most extraordis
nary confirmation of his most favourite and
his noblest theory.” How his mighty shade,
if indeed cognitive of things in this nether
world, must rejoice to see the day that we
see, and to witness & portion of the universal
force embodied by the “imaginative and
enthusiastic” genius of Mr, Badnall in the
periphery of the wheel of a locomotive car-
riage, performing a oycloidal danee on the
railway tract, progressing head over heels
with a somersault flight, and becoming at
every step, “‘an assistant motive power,”
though the course on which these capers are
cut is a perfect level; and thus enacting, be-
fore his astonished sight, the pre-eminent
wonder of the nineteenth century, at the
mention of which all past and future pro-
jects for a perpetual motion shall hide their

thu reduubuhle knight-errant, on the point
of whose lance the mantle of Newton's prowess
has fallen: why do ye not enter the aream
with this “ beau ideal” of a very Quixote
in philosophical enterprise and advemture’
Wherefore do ye not now take up the gaunt:
let, now that he has shewn himself worthy of
your onset, and not, as heretofore, in “ come
temptuous silence mate his praise ¥’

We will now leave all further discussion
on incidental points, and devote the little
remaining, but appropriate space, jo the real
merits of the undulating railway. Unfors
tunately, 1 have nothing in the way of zeply
to say to Mr. Badnall on this hesd, for bhe
bas neither acknowledged nen denied the
correctness of estimating locomotive dutyy
by multiplying the. resistange into the disw-
tance; neither has he attempied to show
that his scheme renders the duty Jess in m.hn
of these particulars. Your co
5. Y. has very properly- said, that m
locomotive force has to overcome resistance
frem friotion, resistance from air, and resigt~
ance from inertia. The first partionlar does
not belong to the part that I have taken in
the discussion, neither is it considered by
Mr, Badpall’s supporters to be the prominens
advantage which is to result from the undu-
lating scheme, one of them admitting, thas
the rolling portion of the friotion would be
“gomewhat more” upon the inelined plane,
“ being of greater length;” and another
saying, that with regard to friction, it may
be considered the same in both cases, cers
tainly not more in the curved than the hori-
zontal line”’+ I may, “therefore, be well
excused for omitting to take any notice of it.
The second particular, or the resistance of
the air, I have shown, will be augmented by
the alternate high and low velocities, not
merely in respect to the greater distance gone
over, for that ig trivial, but in regard to the
intensity of the resisting force. Now, as this
kind of resistance at thirty miles an hour is,
atalow estimate, three or four times that which
arises from friction, any increase herein is &

deration by no to be overlooked}
and yet Mr. Badnall has not deigned to.no-
tice this point. In regard to the third par.

* “The force of urav:ly not ha\iug llme to act
vertically, Is absolutely tant mo-
tive power; it Is gathered from lhe peripbery in
contact with the rail to the exweme part or top of
the wheel, and is all thrown off again between that
part and where it again comes in contact with the
rail,”’—Mr. Badnall, page 439.

+ The question regarding friction is pot a simple
one. The coosideration of the centrifugal foree
which is generated, is by no means to be disre-

arded, for though small, the difference of eﬁect,
f t it be which way it will that it bas to modify, is
also small,
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ticular, or the resistance from the inertia of
the ‘mams 6o 1be bwidy there is certaitily an

taimpirtant edvsatage, which hos genevally

been goncoded to him. Ths is the particulat,

1.suppase, to'which you, Mr. Editer alluds

when you give it as ypur opinion, * that the

furce of gravity may be broughbt in aid of
longitudinal locomotion toadvantage.” This

is the ?art:cnln.r n.dva.nmge which your cor-

resp d has very -unne-

cessarily protcd totelon"' to the scheme. He

is, howevet, too conversant ‘with the science

of :the subjeet, to’ be, as he says, ¥ the thick

and thd gdvocate oi‘ M. Badnall” in'all his

phiantasies. ' - This, also, is the particalar ad-
visntage, for «the proof of which certsin *ex-
paviments ; were institubed &t the Natwsdd
Gallery,  Adelaide-strect, fur the pazpess of
conviiging. Mr. Badosdl and bis friends thea

present, that it was in this way their own

prior _experiments, as indicating the sape.

riority of the undulating railway, was to be

explaived,” But no, such explanation would

not do—the atdvantage was too inconsiderable,
 and/enly 6t the outset: they contended for
an advantage’ conterminous with' the whole
langth of theline, und to be derived in some
mysterions lway, independent of the considera~
tion of frigtion, feore the curvasures of that
line. I, have mysplf nepeated these experi-
ments, and find, that when the carriage enters
on its course with considerable momentum,
one raflwiy is as'good as the other. If then

you, Br. Hditor, and Mr, Badnall's sedentific
supportbry; menn enly to say, that apart from

the considomatioh of friction, the advantage of
the undwsMng saheme consists in this,~that.
the inestia is overeome with a saving of time
and power, there is.really nothing in dispute
between us, for the same explanation and
admission has glready been presented to Mr.
Badnall and his more immediate abettors,
and refosed; and the only observation we
bave to” Iuaave is, that the same thing, if it

were thouglit advisable, may be effected in &

niore - denvenfefit mamer.: H, however, you

contend: for -othes advantages, we are entitled

to ask, whether you camveive there: exists’
any other speoies of resistance to longitu-

dinal locomotion than what has been enu-

mierated, which, by the assistance of gravity

a8 & motive power, you propose to lessen ?—

If not, then the only alternative js, that you

propose to ¢ ﬂp with resistance (from frietion’
and air) by the aid of gravity; and then we

ask, do you really expect to procure that aid
grnmmmllﬁ and to avall ‘yourself, of that
power, en & general. lovely iwithowt : belng
under £4é nepessity| of vephyind shuh.assists

anoet—-Asypredly, vat.o. There is only oneq
other question possible—Do you.then expaet;:
that whilst receiving aid from the force

f
gruvity; the itéarh’ tan be hisbanded to Eucﬁl i
de; aﬁ’w’ Bﬁ mrﬂ!rﬁh tble tn return it

by
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again, when required, on the ascent? If this
be the advantage you mean, then we say
again, there is nothing in dispute between
us; for this idea, such as it is worth, was
presented to Mr. Badnall by myself, and the
only observation we have to make is, that it
is a mountain, or at least an undulation,
bringing forth a mouse.
* Whetber, in engineering operations, a few
eurves here and there may be introduced,
with a propriety and an advantage referable
to the surface of the country, is quite another
question, and is neither nﬂirmed nor denied ;
but it is str ly con ded, and with l
confidence which cannot be sha.kcn, that
there are no advantages peculiar to undula:
tions, assuch, except as before exeepted; and
that there are none whatever- of sufficient
weight, the disadvantages ‘also -being consi-
dered, to justify the conversior of a dead
evel into a series of them.

In conclusion, 1 beg ‘to observe, that'Mr.
Badnall was not with ‘my < gentlest
treatment :?—“ a pat on" the cheek he has

(14 a
detested from a child.””” He was subsequently
better satisfied with my ¢ stern and magis<
terial advice.” I therefore hope that the tone
of my present communication is exaclly to
his taste. He has now a smile and a nod,
and I hope I shall have no occasion to use a
rod ; but he must eschew for tha future the
garblmg of quotations.
I am, 8ir, &c. v
BeNJAMIN CHEVERTON.
P. 5.—I have a few words to sy to' two'
correspondents in a recent Number. Does
¢ Kinclaven” really believe, that, apart from_
the power ‘afforded by gravity, to overcome
the inertia arising out of the additional ve-
locity, the same display of powerin a given
time, would mot carry a body on the hori-
zontal lire A B in as quick time as on the
carved: lire AD Bt The assumption of
“ the same power being applied in both
cases” (but let it be remmrked) in different
times, is a complete begging of the question;
for what is to prevent the putting forth of
that power in the shorter time on the hori-
zontul line, as well as on the curved lige,
and thereby cﬁactmg the same thing, inertia
being excluded. As “ an engineer who is, or
ought to be, a mathematician,”— but perhaps-
be is not an engineer, and only a imathema-
tician,—he certainly i3 aware, that the same
constapt foree iscompetent to: maintain any
vgloaity which.an. extra force may have im-
parted to a body, abptracting the esistance :
of the air, Whether that extra force be
gravity, or any-ather, can (as employed in,-
overcoming inertia) be of no conmsequence ;
and if the m'h.wtaming force be not constant,
by reason of the practical difficulties astend-
ing its generation at the high velocity which
has. been given to the body, the same circum- -



stance must occur, whether it traverse the
curved or the horizontal line. Your corres
pondent * 8. Y.” has shrewdly observed, in
reply to a statement similar to that of Kin-
claven, that *“ we can always gain speed at
the expense of e‘i:ower, without the inconve-
nience of curved rails ;» mea];:ing‘ :hegreatu
expense in a given time. 4 same

5‘: being applied in both mies," I take it
or granted be means efficiency, or the ex-
a]enditure of power, and mot the impelling

ree ; for surely Kinclaven does not need to
be reminded, that the point at issue regards
the momenta of the resisting and impelling

powers,

. I should have really felt obliged to “ Mentor”
if he had corrected any erroneous statement
of mine, but at present I have not to thank
kim for such an act of kindness, as I have
not fallen into the very gross error which he
imputes to me, and which he himself must
have perceived, had he done me the favour to
read what I have written; but he has relied
on the perversions and false statements of
Mr. Badoall, which affords me further just
cause of offence against that gentleman for
his disingenuous conduct. To show that I
was perfectly aware of * the accelerations
being unequal in equal times,”" in the cases
he refers to, I beg to draw his attention to
the following equivalent expression in my
last communication, “ steam is not constant,
it may be in respect .to- intensity of force,
and consequently would not produce uniform
acceleration (im{;rpendent of the air).” Al
my statements, in respect to the similar effects
produced by steam and gravity, were hypo-
thetical, and carefully guarded by conditions;
so that neither Mr. Badnall nor any one else
need have mistaken my meaning, any more
than your correspondent ¢“ S, Y,” Inreturn,
however, for “ Mentor’s”’ intepded kindness,
I beg to point out to him, that the fupce of
steam i mot very analogous to those other
mechanical forces, acting by impulsion, to
which he would seem to assimilate it. 1 see
no similarity between force by impact and
force by pressure, nor any relevancy in citing
one in illustration of the other. Would
“ Mentor”’ calculate on the relative velocity

of steam in an estimate of the power of a

steam-enginet
=y

ANCIENT ARTS AND MANUFACTURES.

The volume of the Cabinet ia
for the last month has not a little dis
appointed our expectations. From the

more prominent portions of its title-page *
\we had been led to expect a consider-

® A Treatise on the Arts, Hlnuhetzwﬁ. Man.
ks an

Iliﬂlv and Insti ]ol.‘lllen‘" :} s
n two vol vol. 1. bi c a.
London, 1833, Longmap & Eo., small sga,l?;:dm.
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able fund of information on a mbject .of
much and varions interest~~the state of
the useful arts among the two greatest
nations of the ancient world. "We ex-
pecled it in vain: it is true that the
whole of this volume is expressly devoted
(in the table of contents at least) to ¢ The
Arts, especially the ordinary ones of
Life,” yet the author allows himself so
wide a range, under this tolerably com-
prebensive head, that the unfortunate
* ordinary arts of life,” sn * especially”’
to be attended to, come off, at any. rate,
only second best, in eomparison - with
their more! ' refined; and perhaps more
attractive sieters—Painting,” Sculpture,
and Architectare. " The editor admits in
his preface that too muchspacé has been
allotted to the last, but promises that we
shall find the second volume less dispro-~
pottionate. This second volume, however,
can make no difference as to our ground
of complaint, since it will not have any
reference at all to arts.and manufactures,
but be whelly deveted t0 the:elucidatiom
of the * laws, litersture, philosophiy; reliv
gion, manvers, and obustoms’ " of the'
ancients. o Bt DGR
The greatness of the disproportion is at
once apparent from the fact, that, in the
first section,—~that ** on the Arts of the An-
cient World, 'cspecially Greece,"'—the
chapters on “ Architecture, Seulpture,
Arnioar, and Arms,” ecenpy no less than
one hundred and seventy-nine pages,
while the remaining one, on ** Private
Life, Manufuctures, and Costumes,” is
got through in only fifty-six, and a great
portion of even this small space is filled
up with excessively dry catalogues of
trades, the names ol tools, &, and such
interesting wspful -infommation: as tris:-
(from Theophrastus ?) 2N '
“ A Greek bore (wepi andias) waked peaple,
for idle gossip, when they were just going to
sleep; talked alont the physie which he had
taken ‘during mealsi—talked about water
being eold in the cistern—the garden vege-
tables tender—and his house as open as an
iomn.” ' g gae D e :
It may: thetefare -wel ‘be eonceived,
that where-there: is: s much draff, little:
room is left for thre-sobid grain. We will
attempt, neverthéless, 't¢' enthibit 4 speciv
men, if}]ﬁiiw ?-U:T'J'[C flr ’”'r: I.:. g “ .l
“ The ,rempigs oF, ARsien art show that
pawsrs, of raising

there existed .p i BOwer; s
large weights, and effecting superb archi-
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the Holborn end of Field-lane to Turn-
stile: Field.lane rising in its whole len%:b
1 foot 3 inches 4 dec.; and from the
further ascent from the bottom of Great
Saffron-hill to Turnstile, as before stated,
of 15 feet 1 inch 2 dec. The level at
Sharp’s-alley is nearly the same as that
at the lowest end of Turnstile. Therefore,
if we adopt an inclined plane thronghout
this long line,* we shaﬁ obtain a height
sufficient for a well-proportioned arch
over Safiron-hill, and a roadway whose
inclination will be scarcely felt.

It has been previously stated that the
fall from Brook-street to the bottom of
Holborn-hill is 42 feet 6 inches 2 tenths,
but it must not be considered that the
descent is regular throughout the dis-
tance, for in some parts there will be
found an inclinatien of 1 foot in 15 feet,
and in others, 1 foot in I9 feet, &c. As
my object is to preserve the thoroughfare

of Holborn as far as is consistent with
the welfare of the public and the preservs
ation of its present trade, I would con~
sider my new line asa second-rate street,
ﬁrim:ipa.'ll{l designed for the passage of

eavy vehicles, or those that ire
gres!er expedition to and from the City.

he light carriages, foot passengers, &c,
might pass and repass by Holborn-hill as
usual. )

The new rail road that is to end north«
ward of my line would probably he much
benefitted by the improvement; as the
transportation of goods, 8¢, eastward
and westward would be thereby greatly
facilitated. .

I shall conclude for the present by
giving the admeasurements of the portion
of the new line, commencing at the
north end of Brook-street, and ending at
Great Saffron-hill : —

FEET. IN.

Length of Brook-strreet (fom Holborn to Greville-street ..eess 319
Length of Greville-street....eccessssccscssssnassssssanaasy 310
Width of Leather-lane... seassesssrassassssnsasaasarasses 28

Width of Hatton-garden......ocnvesucencsesimensenasensss 94

From Hatton-garden to Turnstile .........vveviivecacnnsnssss 858
Length of Turnstile .... coveccveuvvensssose spannonnsssess 47
‘Width of Saffron-hill (at that Part) +veesvscrscerercssnnsnse 18

The conclusion of this snrvey I hope shortly to place before you.

0
8
2
4 Longth of Charles-street.n s evssssscnssssssansansssassaves 183 g
0
0
0

8, Fuynival’s-inn.

1 am, Sir, yours very truly, :
- CaristorHER Davy.

e
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8ir,—T have this morning (29th Octo-
ber) regeived your Numbers of the 19th
and 26th instant. My principal object
in now addsessing you, is to make an
obgervation or two, which Mr. Chever-
ton’s last communication immediately
demangds. In the course of a few days
I shall trouble yon with more general
remarks in answer to .“8. Y.’s” ob-
jestions, to which the contents of your
pext Number may possibly emable me
to add something in further reply: to
Mr. Chgverton.

Mr. Cheverton says, in sllusion to the
comparative, amount, of resistance on the
two lings, © Mr. Badoall willpot under-
take the task (of shewing how frjvial is
the difference), because it will disclose
the poverty of his scheme.” In the same

breath, also, he observes, that * space
will ot allow him (Mr. Cheverton) to
shew how trivial one is in comparison
to the other.”

Thus Mr. Chevertop, in & most un-

warrantable manner, accuses me of .

withholding the truth when I have the
power of publishing it, which truth, if
ai-posed, would (he says) prove the poverty
of my scheme ; and yet, after nearly a
twelvemonth’s discussion, he, for want
of space, declines to touch upon this
subject. I al?eal to all your readers, is
this generous

But Mz Cheverlon endeavours to
sweeten this bitter observation, by saying,
1 cannot believe that there is any in-
tention to deceive, yet it suits his (Mr.
Badnall’s) purpose better (though it is not

. T*h"g lengi; liere alluded to is from the west cnd of Greville-street to Lower West-street, at Bharp's-
alley.
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53 e
dealing fairly with the public) to take a
vty ghert distance, such as Y47 yards)”?
il sy P i o Ly
There is no intention of deceiving, and
yet I-am :ndt-dealing yuivly with the
wiiio / !+ trusw' Mir. Cheverton will
ave the good fe’eling w-mmka'l:hésa
ex ioms, or, at least, to explain them ;
‘dng'h’ not: 1’ trust 1iit; will ep::h;ﬂe Mr,
R. Stephesor; Mr. Dagleish, Mr. Dixon,
#nd’ the' othier engineers under whose
joint inspection and superintendence
most of the experiments were made,
0, 3% PRsLicipation in & wish Zo deal
- m@m-‘#smb&vu g ‘ - .
#i'Tamowdtdhd) Myl Editor, -who- feéls
divpgseilzlooquibbleabowt tifles, or, in
disoussiotni bimthiis kind, to-be disturbed
Yoyrlqransisqravel n:lgze‘-'ﬁfom an oppo-
Yenoywionsip this inktafice, I feel within
W) grapoib d offbr ' thy unqualified
0 ‘the tight or prepriety of
::Ii{immuﬁlmmg» wmjuet molives to
fherg withiout ‘e daubé’ whicls he is
able to substantiate. - - .
- Mrs€hemérten's-2emarks abont inextia
rad gradity ave becoming as familiar
{o measmy' “ hic, hive; hoc”
* Hi§ simile of “the two boys with a
swing,” {would, I should have imagined
{as some time'ago alluded to by your
‘¢urrespoirdent % Saxula”) have led him
1o relléct rither more deeply on the
subject before tis. *Had I told him, be-
fpre this"discussion was entered upon,
1that I"could,” by means of my own
arm, und without the aid of any assist-
ant artificial power, raise a ton weight
above the level of my head, lie would
n6t, ‘perhaps, have believed me; yet he
khows very well, that if a ton weight
were E:%Eéqded‘ but a few inches from
the ‘earth’by a rope of sufficient strength
énd. lTength, and from a prop of suffi-
tiént"strength, there could be no diffi-
culty, by graduallg increasing the oscil-
Iatidns of. the-Joad, -in .attaining the re-
guired.-elevation,~-nay, by. the simple
application. of an : equally simple com-
drivance; to retain the load at that v
eleyation when' attained. Now, althou
dhroughiokt ‘each oscillation of this pen-
daluni, the effect of gravily from each
déscept bf thé weight may be said to be
dfestroyed: in:the cbfresponding ‘ascent,
wonld thie poiver of. gravity, or wonld it
oty bermealiatory’ia the - accomplishs
went ol this task P . - v o e

JL9visiarg L R R 5
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With “f"d to 147 ﬂard_s bginﬁ too
Hipited a- distance to siltihé trid) 'g
fiir experiment, - Mr." TChefetton ” niiist
blame the locomotive engine, mot me:
The inclined plane is 1} mile m length]
and if the Rocket engine had nof-suf.
ficient power to reach a higher elévation,
was it my fault? The experiments
which were last tried will ‘sutely satisfy
Mr. Cheverton that he has dene me in-
Jjustice, in supposing that I- ehose - the
worst ?giue, rom any uupp'dﬂﬁd!i""(hn.t
it would best sy my argume. '
this subject. Pt -y - ‘Jl: ﬁﬁ)‘

As it appears that thé . dedugtiong
which are drawn by engingers frap

. theee
experiments, are ot ﬁﬁu uqééf* hi&
many who bave perused the partic

of them, I ghall beg your jpsertion gl'a
diagram, published By {he ¥ditdt o the

Manchester Guardian; which™will, pto-
bably, be found to render ‘i ‘iflens &5
-I'llllxig
T e wd?

S VI

clear as they can be redered
subject :— SN

T g B EPR ALY
Bl ot e
o ey SIRUTITEN ] §
. i r
ABisalevel line—B C, equal to BD,
forming an undulation DB C, 'whose
summits are of equal altitude. - il
The train of loaded carriages,. weighy
ing 150 tons, and moved by two.engings
one dragging, the other_ propelling. the
load, bad acquired from™ A to B (the
length' of thls line being "Mile’ on the
railway), a velocity “of '20.28" mifles’ an
Hour. 0;1 arriving at B ge-sr?@ ';rﬁ
the propelling engine ‘was'ghut”off, ‘ax
the engine Etopg;d. ' ﬁ;‘ze‘ ‘traift’ ‘then
partly by the momentwm’ ‘aoqiited
travelling over the'level Tailway; ai
partly by the sdwer‘ of “fiie ‘Ferhtii
engire, ascended the incltied plané*o
point C, viz. 575°yards, which' s’
¢ as the "itiéd locomod forie:
one engin® and the ‘mometitutn cotd
carry it. The power was théh Yeversed,
and the'%?im_ pushked the cmgg
back from C’ down the inchiried plane'ts
B, at which ‘point it was found: that the
descending velocity was 3170 hiled it
hour. * Now’ as thé vélotity: of 20.28
miles an hout’ at‘B'was sufficient, with
the aid of oné.engine;tof cagny the.whole
Irain  from:Boto E what man;living will

% i L RIS S TP S R TR B




a*tt Ta B g

g}:pntg that.a velocity of 31.70 miles an
ur at the same poiat, would, with the
same engine, huve enabled the train to
ascend the line B D, which is suppased
tv be precisely equal to the line BC?
Qn the contraxy, wauld thete not be a
given velocily geperaled at the point D,
ﬁich, the affective power.of the engine
heing -still continued, would have en-
}Izﬁ the train to pass over another like
pndulation? If so, one engine could
move 150 tons. along the undulation
C BD, which amount of tonnage she
could pot move on a level road, and
WHTdH ‘orl' @ ‘level' toud, whatever velo-

¥ wils' lgivén’ Lo the train at startin
%&a-%ﬂ- it tngiie grudually 1o &

ﬁ ;. .‘-[Tll.'-l'l g

N T AR L T 0 i e o

.l_: ﬁmﬂfe;. ,H:_.’,.Kfﬁqimpn dizect his at-
tention, ,tor the two last- experiments
ywhich were pried. Tf @ momentum (momen-
tum only) arising from a velocity at the
point B of 19.04 iles per hour, carried
the train 323 yards—say as far as € on
the inclined plane B C wonlld not 1}
rman.hnlg , arising from a velocity o
20.04 miles™ per .‘Eog_r, carry the a{nme
train to the point fiup the ascent B D ?
If so, the Firefly engine proved her capa-
bi]#-y of .moying 150 toms along an un-
dulatjon-eB £, by the employment of
Tier potver hout only /Zalf the
distance, and if this were the case over
one atidulation, will Mr. Cheverton deny
@yt vee )y would have ‘been the case over
sueceediiily undulations P

. ‘During the next week I may, perhaps,
have ap opportunity of trying a few more
experiments; if so, they shall be trans-
mitted to you. I have expressed my
opivions to. ke, Liverpool Directars, that
the Firefly engine is capable of convey-
ing from one swmmit of an undalation
to .another .the enormous load of from
200 to, 250 tonse. | may have exceeded
the limits of her power in this prophecy ;
but.will Mr. Cheyerton admit one point
before be hears the result of any further
experiments ! viz. that if the Firefly,
or any . other engine, cau move even
200, tons from suimit to summit of one
undulation, that she is capable of moving
an equal load from one snmmit to an-
pther summit of a second, or greater
nupber, of hike updulntions?, ; oo

ol difrsoyiwhats becomes. ofrhis . weakbeit
iind paost untenablevarghmedtyahdt el 1
gain is the comparatively trifling ad-

AT
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"cussing all subjects in iperfeat good hu-

e
vantage which gravity gives me at . the
commencement of locomotion P s
I am, Sir, with greatrespect, -
‘Your very abedient servand, - -
e Ricmarno Babnaar. -
- Qotober 29, 1838, W
N. B.—The subject of friction (rivial
as Mr. Cheverton thinks it) I shall, ng
be ashamed 'to discuss in my, gene,
answerto “S. Y.” T

WL Anw

- Bir,—Mr, Babbage somewherd éhstivéa
in his * Economy of Maehinery thitind
author gan be a judge of abe: ofthis
meaning antil Jwe spesi hisopords i pruih
This obeexvation . was immediateiz: mark
fied when I read the first.paragraph of
my reply- o “ 5. ¥ in yowr.kppeaaib
was, to 58y the least, upcouttepya.to that
gentleman, and quite unintentionsl eq
my part. I am anxiously desirouaiof dis

1

mour and civility. -~ - f

As “ 8. Y.” still asserts: that my pfob-
Tem has nothing to do with thesubject
of controversy, which he defines- to be—
“ which railway is the best,” I must beg
you to afford me the opportunily of say-
ing, that I have never regarded it in that
light, T maintain that the question really
is, whether or not it be necessary in future
to undergo the great expense of deep cut-
ting, embanking, and tunnelling, in. the
formation of railways. [ am very desi-
rous that the subject should be submitted
to the most rigid investigation, because a
sum little shoxt of one million, or nearly
one-third of the whole expense, is set
down, for this purpose alone, in ong con-
templated road from this city to London,
under the title of the Great Western Rail-
way.  We ave therefore most especially
interested in the true solution of the
question as I have stated it.

I take the earliest opportunity of me-
knowledging: that 8, ¥." is/certuinly
correct (in - his solation: of part cof my
problem, and [ only regret that he has
stopped at- the half of it: had lie pro-
veeded he must have eonfirmed the trath
of myrassertion, that. more.than 100 se-
conds. woulll be: gained by taking the
anndulating bead. - My ealpulstion: wasin
haite endmade emprieonshy pubistibitting
mn:h}&u: Rutvas; glieasmecmnite
was adopted for the upgex; kink, she.pwo-
portion was still preserved.



I should be happy if “8. Y.” would
also make his remarks on the latter part
of my letter, page 380, .

And mow that this gentleman, Mr.
Baduall, and myself, are agreed that a
carriage, under precisely similar circum-
stances, will travel over my undulating
road in 100 seconds less time than over
the straight one, I will proceed to draw
my conclusions, premising that I have
not the slightest mtention of advoratin
the belief that undulating roads affo
any increase of power to locomotive car-
riages, for exr nihilo nikil fit, but as all
motion in straight lines (level or descend-
ing) with a constant power, must be an
accelerated motion, and if we assume
that 40 miles per haus is the utmost sale
velocity that ¢éan be employed, it must
make a considerable. difference in the
time of travelling, whether we obtain
this ultimate velosity soon after starting
o only at the end of our journey. Herein
then, [ conceive, rests the true explana~
tion of the apparent paradox—that a car-
riage will reach a certain point quicker
over an undulating road than a straight
one.

I again disclaim an
practical operation of the plan, or to the
question whether or mot any power of
human invention will ever exist which
shall be constant under all velocities; but
I think that we have such a power, even
beyond the limits I bave assigned.
couceive that the theory is completely
decilrlled in Mr. Badnall’s fs]:'our—-let that
gentleman’s opponents acknowledge it,
aind then proceed fo the practical gjeo-
tions.

allusion to the

Yours respectfully,

J. Ham,
Bristol, Oct. 15, 1833. ;

Sir,—I am sorry to find myself mis.
understood by Mr. Chevertor; I must
assure him he does my judgment in-
Justice, if he supposes the observations I
made upon atmosphere were addressed
to Lim, or such as resemble him in
talents and acquirements.

I intimated that friction alone was
sufficient to limit the velocity of the
carringe, (I alluded to reciprocating loco-
motive engines, such as are in common
use,) amd, perhaps, ought to have ex-
pressed my meaning more clearly. I
think Mr. Cheverton will agree wit{hr me,

THR SHIP-BINEING SYSTEM.

that the velocity of suek an e is
limited by its construction, even if it had
nothing to do but move its own parls,
and the supply of steam, of sny givea
density, were infinite.
Yours, &ec. '

. S. Y., an Enginger.

. 18, Lambeth Terrace, Nov. 8.
g

THE SHIP SINKING BYSTEM, .
Sir,—The recent melancholy loss of
human life, in the Amphitrite, Earl of
Wemyss, and other vessels, again calls
loudly for the public voice to be raised
against the miserable method of building
our merchant vessels. It cannot be de:
nied that vessels can easily and cheapg
be built, immensely stronger and safér
than on the present plan,—so strou% a5
to diminish, in all probability by nihe-
tenths, the number of shipwrecks and loss
of property at sea. But, unfortunately,
a diminution of shipwrecks would dimi:
nish the profits of the gentlemen of
Lloyd’s, as well as the revenue collected
from timber, spars, copper, iron, flax, and
all the various articles used in shipping
and their equipments, and hence any
plan which ‘would produce this eﬁ‘ec{t‘_
meets with the most determined oppo-
sition. Trusting, however, that you'
will use your influence to ex%ose, and -
thereby to take the only step by which
this crying evil can be remedied, I beg
leave to subscribe myself, Sir, :

Your most obedient servant,
A SEAMAN. -

Oct. 1883,

We have already more than once used our best
endeavours to hold up te public odiam the sinking
asystem, on which our merchant ships are at present
constructed, und begin to think, with. the t!avn;l:
author of the pamphlet éntiled ** Sea Burkin
from which we gave some extracts a few monthd
back, that there is no hope for humasity, save in /
the entire abolition of the practice of insurance,
which is the grand bulwark of the system. era
it only once made impossible for ship-owners and
ship-freighters to insure themselves against the
perils of the deeF. there would then be no question
about the adoption of every expedient meaus o
setting these perils at defince. The glechanical
problem to be solved is one of no diffienlty what-
ever. All that the merchant builders have to do i$
to bofld their ships as the government—who do
not insure—bulld theirs; to adopt the solid system,
of construction introduced futo the royal navy so
successfally by Sir Robert Seppings, und advocated
with so much ability by Mr. Balilngsll, dn hia .
* Mercantile Nug proved,” reviewed in our
Journal of the 21 Febraary last.—Ep. M. M.

——

NEW MATERIAL FOR BOOTS . AND. BHOES.
Sir,~The influences of similar educa~

tion and siwiler- experiences : strongly
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’ THE UNRULAYING RAILWAY,

ificness of the vegetable kingdom;

ut does not this expressly show that man
is more amply provided for; and while
the other animals are supported by the
kingdom to which they belung, or by the
vegetable kingdom, man has the three for
his support and comfort: and when we
counsider the prolificnessof the animal and
vegetable kingdoms in reference to the
sterility of man, is it not preposterous to
say that which is really implied by ime
posing an artificial check, that nature has
not provided a sufficiency for him? Na-
wure, when leftto hegself, hasa sufficiency
of food for animals—man, whose reason

as also endowed him with cunuing, has
léssened it; although at the same time it
wust he ackoowledged that the more
givilised a country becomes, the greater
is the amount of comfort that it is capable
of producing.
. Nature has calculated with much ac-
curacy and precision the various degregs
of prolificness and sterility in the different
alasses of animals, and varied them both
in proportion to the conditions of the
means of subsistence. This law she has
sealed and finally settled ; and therefore
the law of production must always be
jegulated in cbedience to her provisions.
o 1 remain, Sir,
.+ Youyr phedient humble umnt,n.

:‘Bajrowater. Sept. 25, 1833,

' ——
... THE UNDULATING RAILWAY,
. Sir,—Your learned correspondent, Mr.
Chevertan, complains, in his last article,
that he is sick of the undulating railway
question. (Does not this sound something
like Satan reproving Sin?) I am net at
all surprised at this: he, no doubt, nust
now feel both sick and sore,

Mr, Cheverton ig, certainly, an atle
writer: his diction is free and fluent,
and although (by bis own acconnt) not
deeply read in the abstruse science of
mathemalics, still he seems to have a
perfect knowledge of the definitions and
axioms of mechanical philosophy. I
would rather guess that he has paid
greater attention to melaghysics than to
the more certain science of logic. 1have
not all his articles on the unJuIa:ing rajl-
way just now before me, but upon one
(No. 524,) I shall make a few comments.

In ad tessing Junius Redivivus on
the immense resistance of the air at high
velagitien, he spys, . Hashe (Junjus) ever
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caculated how many hundred horse
an_engine must be in order to produce a
velocity of 100 miles in an hour in op-
position solely to this resistance P’ &c.

By what process of calculation Mr.
Cheverton arrived at such a conclusion

I'know not. By my calculation, when the

velocity is 100 miles per hour, and the
barometer at 30 inches, the resistance
would be something less than 2 ounces
for every square inch of opposing sur-
face,”and consequently for any safe ve-
locity that might be waated, ip the case
of the undulating railway, the resistance
of the air is an element that may alto-
gether be rejected. : :

Again, Mr. Cheverton, in hLis post.
script to the same article, informs us that
there are not twelve men in England
that can read the works of La Place.
This is, truly, a libel upon ihe country.
So far from theye being any truth in the
mssertion, it is well known that at this
moment there are more than three times
that number at Cambridge alone (not
includijng students) who can read and

_understand all the works of that truly

great man. I believe [ could give a
shrewd guess why Mr. Cheverton made
such a remark. About twenty-five years
ago Professor Playfair stated in the Edin-
burgh Review, that there were not above
Jour men in Great Britain that could
read and understand the Mechanique
Celeste of La Place. Very likely the
Professor was then right; for, let it be
remembered, at that time the French
Notation of the differential and inte-
gral calculus was not taught, and con-
sequently very little known in this
country ; but for the last fifteen or six-
teen years the case has been notoriously
otherwise, The truth is, there are no less
than four ladies in this country who hav
mastered the writings of La Place, ap
] am very doudtfyl if France could boast
of produ¢ing as many. .
1 am, yours, &c.
" KINCLAVEN.

P. 8. — Mr. Cheverton has guessed
right, that 1 am not'an engineer ; but it
is possible for a man- to know something
of the principles of religion, although he
is not a parson. As to the remarks he
has made upon my last solution I cannot
ﬁive my assent to one of them. I thank

im, however, for the trouble he has
taken. : 5 3 _

ore H _— (I S
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NEW FIRE ENGINE BY MR. BADDELEY. « w. . s
o Fig. 1. ' .

P

L |

s i G =
" Big,—The ing drawings ex-
hibit a fire engine that I have contrived,
on the principle of De la Hire’s double
acting pump, which I believe to be one
of the most compact ever designed, of
equal power. Frm engines, with the
pistons working horizontally, were in use
#t Nuremberg, 1657 ; but of their internal
constryction mothing further is at this
time known. The nearest approach ‘to
the form of énginé I have adopted, will
be found i -Mr. Bratthwatre’r steam fire
engines; there is, however, » coneider
able diffefence betweer them, my engine
possessing” géveral novel ligrities of
arrangement,. which will be understood
by reference to ‘the drawings. “ Fig. 1'is
an end view ;' figi'$1s a side view of the
working parts of the engine ; and fig. 3 a
VOL, XX,

sidesection. The same letters of refer-
ence apply to each. A is the cylindes,
with & flange at either end, and four
valve flanges b b b b; the journal c for
the main axle is also cast on the cylin-
der. DD is the piston rod, working
through stuffing boxes in the end plates
of the cylinder. e is the piston. f fare
the two entrance, and g g the exit valves.
The suction pipe is screwed on at i, the
delivery pipe at i. KK are two sectors,
one on each side, turning on the main
axle at ¢, and worked by the levers 71
The sectors, by means of fiddle chains,
ctommunicate motion to the frame m m,
which is attached to, and works the 'Hl-
ton'rod. N' N ar¢ the handles. ']
alternate up-and-down motion of ihe
handles, therefore, causes the piston to
1
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his communication already referred to,
which I take this opportunity of answer-:
ing:—*“In places where there are no
waterworks,” says Mr. Reed, * as in:
many towns, and in most buildings situate
remote from towns, of what use are
suction-pipes P’ They are of this use,
that they enable the engine to work from
a tub, into which a supply of water can
be poured from carts, buckets, &c.,
much more conveniently than into the
engine itself; more hands can be em-
ployed in filling, there is less water
wasted, and the men working the handles
are not splashed. If there is a well,
pond, river,-or canal at hand, the suc-
tion pipe is of incalculable advantage,
from the immense labour that is saved ;
and there” is mo possible situation in
which it is not every way preferable to
having an engine that ia onl‘;ncapahle of
working from-its own cistern.

The Manchester fire engines have no

rovision for enabling them to work

m their cisterns, but invariably work
by suction, each engine carrying a suit-
able tub: and though frequently sup-

lied by carts, buckets, &c., it is always

e very readily and conveniently.

The Edinburgh fire engines also carry a
tub for the same purpose.

For myself, however, I must candidly
confess [ still prefer Newsham’s plan of
working either wuy at pleasure, and I
will, at an early opportunity, send you
an account of an improved three-way
suction cock which I have designed for
this purpose.

% I remai.in,
ours magct ully,

BappeLEY.
Londou, Oet. 29, 1838,

i

THE LATE EXPERIMENTS MADE ON THE
LIVERPOOL AND MANCHESTER RAIL-
WAY, TO DETERMINE THE ACCURACY
OF THE UNDULATING RAILWAY THEORY.
Sir,—The truth of Mr. Badnall’s state-
ments of the experiments on the Sutton
inclined plane beingof importance tothose
who have noother means of formiug their
judgment upon the undulating railway
theory, I take the liberty of asking that
fentleman, through the medium of your
ournal, which contains his account of
the trials on the 23d and 24th of Septem-
ber (see No. 530), how it happens that
your printed statement doth vary from the

THE UNDULATING RAILWAY.
There is one question of Mr, Reed’s, in:

verbal one which he was so pilite asto
give me at the Star hotel, iverpool,
on the evening of the said 24th, in the
presence of Mr. Perkins the engineer,
and several other gentlemen P Mr. Bad-
nall read from his note-book, carefully
and distinetly, while I wrote down his
words (in ini, which, at my request,’
were repeated by him to prevent mis-
takes, and I have now the memorandum
before me, Mr. Badnall will recollect,
that I told him the same night that the
results did not accord with each other,
if the inclination of that part of the
Sutton plane, upon which the experi-
ments were tried, was really as great as
he had assumed it to be—namely, 1 in 96.

Tle statement which Mr. Badnall
then deliberately gave me was as fol-
lows, and refers only to the first; second,
and eleventh experiments:—

¢ Weight of the Rocket engine and tender

tons—wheels 4 feet 8 inches diameter.
‘trst.—Began the ascent (without steam)
at the rate of 18 miles an hour (equal to 18
strokes of the piston in 10 seconds), and ran
up the inclined plane to a distance of 217
yards, by momentum, Second.—Returned
to the foot of the inclined plane (using the full
power of the engine), and acquired a velocity
of 22 miles an hour (or 22 strokes of the
piston in 10 seconds) ; shut [off the steam,
and ran, on the level plane, to a distance of
454 yards, by momentum. Eleventh.—Two
engines took a load of 35 tons on the level,
and reached the foot of the inclined plane
with a velocity of 12 miles an hour (or 12
strokes of the piston in 10 seconds). One
of the engines being left behind, the other
(the Rocket) shut off the steam, and ascended
a space of 177 yards, by momentum.”

The statement with regard to the last
experiment, it will be seen, agrees with
your printed account; but the two first
do not, as to the fact of the acquired ve-
locity; yet it is & truth which Mr. Bad-
nall wilfnar. deny, that I at first under-
stood him to say “ twenty fo twenty-two
miles an hour; but, upon my repeating
those words, thinking the expression too
vague, he corrected me or himself by
saying, * twenly-two precisely.” 1 feel
sorry for the necessily of calling upon
Mr. Badnall to explain how it was that,
four days afterwards, he should send you
so different an account for publication.
Did he mean to deceive me, or your
readers? In either case, I opine, he will
be considered as having rather too much
of ¢ the man of the world” in his com-,



THE UNDULATING RAILWAY.

ition. I should have taken this step
efore.now, had I seen the paper in No.
530 sooner ; but I did not get it till the
2d instant, in the last monthly part, and
have since then been closely engaged in
wy regular vocation,
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Being desirous of finding out the error,
for I felt assured of its existence, and
Mr. Badnall bavisg returned to.the Isle
of Man, I wrote to Mr. Booth on the
subject, of which letter the following is
a copy :—

“ 8ir,—Having been invited by Mr. Badnall to witness the experiments on the Sutton
plane on Tuesday the 24th ult., I went there on that day, but, as you will probably re-
collect, was too late for personal observation ; for, at the moment I arrived, the Rocket engine
had received some damage, and Mr. Badnall, with yourself, was on the point of returning
to Liverpool by the same train. Mr. Badnall gave me the principal results on our arrival
at Iris hotel in Liverpool, which I cannot at all reconcile, upon the supposition that the in-
clivation of that part of the Sutton plane is 1 in 96. Perhaps the quarter-mile post whick
you assumed as the foot of the plane is not precisely so, or some alteration may bave taken

place since their first construction,
section will be found as follows ;—

1f accurate levels are taken, I am inalined to think the

S

|

“ Should you think it necessary to have actual levels taken for the purpose of corrobo-
rating the other facts, will you have the goodness to favour me with the result? And you will
further oblige by informing me when you next try experiments with reference to the uadu-

lating theory, and by allowing me to be present during the trial,
#1 am, Sir, your obedient servant,

* Sheffield, October 1, 1833."

“H 87

" % Postscript. —I ventured to tell Mr. Badnall on the same evening, that there must be
some material error, and that 1 thought it was in the assumption of 1 in 96 for the inclina«

tion.

Fhis well-meant observation, however, did not appear very palatable.”

“ To Henry Booth, Esq., Treasurer to the Liverpool and Manchester Railway Company.” -

- Ht i8 to be regretted, for the sake of
truth, and Mr. Booth’s acknowledged
character as a gentleman and a lover of
science, that all the notice of this com-
munication which I have had the honour
to receive, is cuntained in a postscript of
an unlovked-for letter from Mr. Badnall,
dated October 19th. He says—* Your
letter to Mr. Booth may lead you to a
better acquaintance with the precise in-
clination of the Sutton inclined plane;
but, however the inclination may vary
from the reputed rise, it cannot affect
the proportionate result of experiments.”
True, it cannot; but it affords the means
of checking the statement of Mr. Bad-
nall; and there would have been another
chec&. il that had been done which on
the 24th September I said ought to have
been done, namely, accurate observations
recorded of the length of time occupied
in traversing the respective spaces by
means of the acquired momenta, This
hint, it appears, has not been forgotten
in lryiug ¢ subsequent experiments,
and its being acted upon may be attri
buted to Mr, Robert Stephenson of Pen-

dleton, who perfectly agreed with me
in opinion as to its propriety. (See
Liverpool Mercury of October 18.)

As soon as I am more at leisure [
shall send you some further ideas on the
undulating railway theory, which I will
endeavour to condeuse as much as pos-
sible, and will not forget the friendly
notices of your corres ndents “ Junius
Redivivus ”and “ 8, Y.”

Yours respectfully,
HexRY SaNDERsON.*
Sheffield, Nov. 10, 1883.

Sir,—I shall for this time only crave a
small portion of nfa.ce in your valuable

Journal. When I wrote my last article
(No. 536,) I had not then had time to
compare Mr. Badnall's last experiments

on the Manchester and Liverpool rail-
way with the theoretical deductions. I
have since done s, and I am sorry'to
observe that some mistake must have

* Bee an explanatory note on the snbject of this -
letter among thrh(:a Notices at the end of our

present Nupmber.
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been made either in taking or in record-
ing these experiments. Thus, in ex-
ample Ist'it is stated that the velocity
at the foot of the plane was 12.06 miles
per hour, the rise 1 in 86, and that the
engine ascended 278 yards on the in-
clined plane in 90 seconds. Now this
was impossible ; for suppose we put fric-
tion out of the question, it would have re-
quired a velocity at the foot of the plane
of 164 miles per hour to have produced
such & distance on the inclined plane,
and the time of ascent woould have been
only 703 seconds. I rather suspect there
has been a mixtare of errors in the report
of the different experiments. Thus, for
instance, if in experiment 1st we suppose
the rise to be 1 in 155, instead of | in

96, and the velocity at the foot of the.

lane 12.06 miles per hour, the engine
Fahstracting friction) would have as-
cended 2784 yards in 90 seconds ; but
by assuming the inclination of the plane
1 in 166 this will not agree with the
3d experiment, nor will 1 in 96, In
- short, some very great blunders have
. been made some way or another, which
1 trust Mr, Badnall will take the trouble
to reotify. )
I am, yours, &c.
Kincraven.
Nov, 15, 1833,

Sir,—Mr. Ham, who so candidly con-
fesses his want of courtesy, will, I hope,
excuse my having written under the in-
fluence of such feelings as his observa.
tions excited; henceforward, I trust, we
shall understand each other well enough
to attribute any unpleasant expressio
to inadvertence, and that each of us wil
feel satisfied the other has no wish to
offend. -

I have said, in No. 525, that 473
seconds would be occupied in travelling
over one of Mr, Ham’s roads, and the
other would require 576 seconds,’shewing
a difference of 103 seconds; but it must
be remembered this calculation is made
upon the supposition that the carriage
has no resistance to encounter, either
from &ir or friction—a condition that no
carriage either is or ever will be placed
in, and therefore it is idle to speculate
on the consequences.

Mr. Ham is mistaken in supposing
that the velocity of & leeomotive engine
is constantly increasing ; on the contrary,

THE DOOTRINE OF PARALLNL IANES.

the ultimate velotity eam be, and' vomw
monly is, attained in a few secomds. -

Mr. Badnall’s plen stande néithes
higher nor lower in my estimation thun
it did the first day I hedrd of it.

I hardly see how the question “ whether
or not it be mecessary,” &c., can be an-
swered without entering into the prac- -
tical objections to Mr. Badnall’s railway
and for my part I am heartily tired p?
the discussion. Of one thing, however,
Mr. Ham may rest perfectly satisfied,
that if even it is provalli {mﬂ' le to avoid
“ deep cutting,embanking,’’ &c., by adopt«
ing Mr. Badnall's plau, it will only be
advisable to do so In very peculiar sitna- |
tions, and under peculiar cirtom-
stances; and if it should ever come to
pass that the Great Western Railway is '
attempted on the up-and-down system
I take the liberty to advise Mr. Ham an
all his friends to sell their shares with
all possible expedition. '

Yours, &¢.

SI Y- -
16, Lambeth Terrace, Nov. 9, 1833,

P.S.—For the benefit of all news-
paper editors, who may think proper to
make observations on mechanical sub-
jects, I beg to ubserve"

First—That two obstacles are easier
overcome than three ; and

Secondly.—That friction offers a greater
resistance to the beginning of* motion
than to the continuation of motion.

[ do not lay claim to the discovery of
the profound truth contained in my firet
remark, because I have reason to suspect
it wasknown before 1 became acquainted
with it; but I hope all who wers no
aware of the faot, or who happened to
have forgotten it, will have a due sense
of the obligation they are under to me
for reminding them of such an important
truth,—a truth which,lif the editor of the
Manchester Guardian will condescend to
remember, he will, perhaps, perceive
there is nothing marvellous in tha results
of Mr. Badnall’s experiments, &%

——e

THE DOCTRINE OF PARALLEL LINES.

Sir,—Mr. Scott’s ingenious disquisition
on the subject of parallel lines has res
minded me of an atterapt, which has
lain among my papers for nearly twenty
years, to surmount the difficulty in
another way. It is more coneise than
Mr. Scott’s ; whetlier or dét ¥ B8 miore
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Tuste in High end Low.—The Right

e beats time in the
wrong place to a Very familiar ehores of Beeth-
oven's, How do the mechanics (at the Norwich
Feativals) in the chorus banches use hands and
feet, when the band sends forth the multifarious
thandor of the most intricate harmonies of Sguhr‘l
Who, that is mot a mere mercenary, would not
rather play for the glory aad s of the art to
a dozen well-organ WNorwich weavers, than to
the Right Reverend Father in God, his Grace the
Lord .erclbhbop of York? Itis no disgrace to bis
Grace, simply as a prelate, that he neither feels
enough nor knows enough to beat time correctly,
and that the mechanics beat him oul and out; but
the example of such patrons may allay appreh

@rpce the. Lord Argh- -

Reverend-Puher in Aret. B¢ 21
H'l:op ‘of York, -an illusttions patrowt of diffichlt’ =0 0
Mdop of Yo .

e qRmepan PERIORIY PR PR
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carried out by choosing the man who is

best suited to fulfl the duties of the sitution,

they will confer a lasting benefit upon the public
and their fellow citizens, and lay a fou nlon‘fnr
rution.

the flstwre wsefulness of this important
Advertiser.

-

e e ad Helcarep e Som
10 ghe . 1 tgr

r. Brunel, the engmr nfkl:ml:ei n‘ul, in
which it is stated that the En&luh government has
at length consested to furnish the fnnds neces-
sary for its completion.—Gazstte de France—We

very muchdoubt the cor of this informati
Another Grand ~Amongst the
new sch on foot is one for making a

sion of any deterioration of the art, by rendering °

more popular the
ductions. — From
Mont|

Festi ot
Cheap Musical Pistioals.—For the art_there
would be nothlag to fear, but every thing to hope,
from throwing opel_l“'glom widely the doors of our

of its noblest pro-
Article in the
¥ the last Norwich Muricel

Festival Halls. “Tq every one that thirsteth, let
him come;” and, if We may not yet say ““ he that
hath no money,” let #t, nevertheless, be the object
to make as little ;jmoney as may sufficg for
admission, It™s a Q‘}O rable circumsance for
our views,Jthat most e finest effects of the
finest compositions are choral. * * Now a prima
donna has often cost more for the heartless and
artificial warble, repeated every week all the year
round, of a few bars of unintelligible difficulties,
than Id a ¥hole legibn ef capital chorus singers.
Materi ‘or choral bands exist in all Inrge towns,
as well a in Norwich ; and what the happy union
of public spirit, with musical thste, in two or three
individnals, has accomplished there, may, with like
facility, be realised elsewhere, even in on it-
sell, *Iw attempt n:lvoqlﬂ answer every way

pecu-
nlary, artistical, and p pic. It would make -
mo;ﬁi, cultivate taste, and refine the population.

and Credit. — Not the least valuable
branch of saving, however, is the art qof .
The ?:or are certainly the greatest prodigals.
How lavishly their means are wasted! They are
mulcted three ways,—in quantity,

quality, and
price :—in the first, owing to the 1 of

toonel and railway to extend from the north end
of _‘Londcnﬁg: to the Uxbridge-road, with
branches to 'tntrui[ee of lh:d mln;:;n rail-
ay, oining;: the Hampstead- y A
rngm:gjnf the Great Wel::ern Railway at
dank. The work is intended to be carried under
greund, benesth some of the most popaloas streets
of the metropols, in the same way as the tonael
at Liverpool. Distance only five miles !

g ——

vrefnd NoTICES.

H. H.—Hick’s appatdius for gas-cooking Is de-
scribed in our 405 No.,apd Maliet's in No. b3l.
To the other query—Yes; and admission may be
obtained at once oa applitation to the Secretary.

W. P., of Bishop Aickland.—One is intended
for insertion. g =

Communications received from Mr. Thorold—
Mr. Booth—L. A.—R. B. G.—W.R.—Chilenito—
T. G.—Practical. . AN

to the

—— 2,

Eﬂ‘

Tre wATE UnNDuraTiNg RalLway Exreeri-
mENTs.—On perusing the letter of Mr. Binderson,
fnserted in our present Nulmbéy, it cogurred to ua
that it would be but an act of jiriH ®o Mr,Jad-
nall to inform hip of the charge of mi .
sentation which it tontained, in order thpatYhis
answer to it might ge ferth to thw‘l; t'ithe
same time with the charge itself. e rilingl
wrote to Mr. Badnall on fhe “bjiﬂ o 1 “t{

their purchases at once, by the turn of the scale or
the pot; in the last, by a trumpery system of
credit, fostered by those nuisances called small
debtor coarts, which are a real lnjury to buyers
and sellers,—fll the guols, demoralise the poor,
and spread hate .and ge in every neighb
oed. For the misfortune or the lolly of hei’nf one
week behind In expenditure, and being necesaitated
to resort to ome shopkeeper during the week, and
who mnst be paid in whole, or in part, on Saturday
night, the poor pay, l{:rhlpl, thirty per cent. more

than the rest on all consume. e retailer is
not to blame for this: must be paid for extra
‘trouble in weighing small ti 1t is also ne-

cessary the extra profit laid on those who do pay
should make up his losses by those who do not,—
a system, by-the-bye, of taxing the just for the un-
juat, and chiefly favonrable to practitioners in in-
solvent conrts, and the dissolate and ful, who

g l]:;t :1‘ e, &t-uhu directibg "the
etter to Douglas, an, W we suppoped
Mr. Badnall to be, instead of to ?mrtiﬂ'lrlnll
and Btephenson’s offices, Liverpool,: it] did neg -
reach his hands till the $0th, and his ansder,”
though immeliately forwarded, was mot zatei
by us till Friday forenoon, after owr grebent
wmber was at press. We regretihifextéedingly,
for Mr. Badnall's explinatian appedrs to us'to
dispose most satisfactorily of Mr, Sanfigrson’s bb-
jections. We need not, under these cirtwmnstandes,
request the pablic to suspend their jodgment ugtil
they have that explacation before them, At pre-
sent we shall merely add, that the rise of the Sagon
incline hasbeen ascertalned to-be mef 1 iw 06, but
from 1 im 80 to.1 in 132; whick may possibly
serve to for the discrepancies noticed im
the other letter on the subjict by ** Kinclaven.”

are sheltered and enconraged in extravagance by
the facilities the credit system affords.— W ade's
History of the Middle and Workiny Classes,

The Gresham Prefessorship of Astromomy bas
become vacant by the gnation of Dr, Sandford
Several candidates have been actively canvassing
for the votes of the twelve gentlemen who have
the gift of the appointment. Bat we are most
happy to hear that the commitiee bave resolved

T ———
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VAR THDVIARING RAYWAY.

fised en 2 which turns round
on the shaft & There is a friction plate
k, with some spri substance between
it and ti. which keeps the cylinder level
with the’ bevel wheels, and g from

turning, when the tooth is acting on the
catoh : the three pinching serews, for
Enﬁng on the friction plate, are fixed
o f. The bevel w

the governor shaft, unless the friction
cone m, ;l;iﬁohb:nmt round with the
governor , be pressed into it, when
the balls fall, and the bevel wheel n
runs loose, unless the governor rises and
Funmt:; eu;; o into it. ]!f thebenging
18 at its preper velocity both o
the whael ran lecss.  The bevel wheel
I has a tooth less in it than the wheel
&, into whick it works, and the wheel
» kas a toath more in it than the wheel ¢,
imto which it works; and as the shafts
3 b, and d, go at the same velocity, the
tooth on g will be shified so as to shut the
valve, sooner or later, according as the
balls rise or fall from the position they
are in, when the engine is going at its
speed; in this position of the balls, as both
of the wheels run loose, the tooth on g
will not ba shifted. Fig.
Ihif.::o of the wheels ¢,. of the
wiper f, of the part g. &, i, &, is the
saich for holding the nlge n; it turns
on the eentre 3, and takes hold of the
end of the lever I m at m ; this lever is
fion hobding the frietion pulley n, which
is acted on by the wiper f; it also steadies
the rods a, p, that werk the outting-off
valve bymmohhlmrgl;. the lever

mu&.cmhl‘.d' hol‘::nch
steam pipe to top
aad leads to the bottom

*-
o
g

} eugines
wer better for shutting the
than a spring. The rod for work-
the under cone passes down the
or red, and is eon-
aected to the cones by means of the ocut-
ep the eones from
tuming, unless with the rod 6 & The
friction oones, as they have little to do,

1
i
&
:
2
:

£21

{ turns loose on -

the engine would have steam the whole
of the stroke. :
1 am yours, respectfully,
Jauxs Wairtaw,
Glasgew, Oct. 38, 1822,

P.S.~In all the other methods of
workinf the steam-emgine by a governus
the balls are full out, and the engine is
going quicker when it is doing little
work; in this way of reguladng, the
velocity is the same, whether the engine
is doing much or little work.

T

MR. BADNALL’S EXPLANATION OF THE
ALLEGED DISCREPANCIES IN THE RE-
PORTS OF THE RECENT EXPERIMENTS
ON THE LIVERPOOL AND MANCHESTER
RAILWAY, TU DETERMINE THE COR-
RECTNESS OF THE UNDULATING EAlte
WAY THEORY. L.
Sir,—I feel indebted by the

tunity you have afforded me of explain-

ing tﬁa cause of the difference betwean

the statements alluded to by Mr. Sander-
son, and those sent by me to yon for
lication. I have no doubt M.
erson 'copied my observatioms cor-
sectly; and those observations, at the
time [ communicated them to him, I be-
lieved to be pexfectly correct.  Mr. San-
derson is aware that, on the day the ex-
periments were tried, | was lashouring
under severe indisposition ; and, as the

waather was extremely inclement, I did

not take the same active part in the ex-
iments as Mr. Booth, Mr. Rae,and
. Scott, The observations I made, as

tlu:i appear in m'z note-book, in regard
to the velocity of the engine and train at
the foot of the ascent, were founded on
my own calculation of the numhber of
strokes which the engine appeared to be
working when she passed the spot an
which I stood. The spaces passed qver
were measured, and the particulare
agree with the statement which I gave
to Mr. Sanderson. Immediately after
the experiments were concluded I pro-
ceeded to Liverpool with Mr. Sanderson,
whom I::it ié: one of the railw;y car-
iages ; e same evening I gave
l]:iﬁ the particulars to which he alludes.

He will perfectly recollect that the fol-

lowing day [ was not, through in

giton, able to get up till one o’clock;

and, having an engegement at Man-

chester, I eould not, em that by.’oom-
K
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paré my notes with Mr.Booth's. ' At fwd
o'clock I left for Manchester, and gave,
at Newton, the same particulars which I
had given to Mr, Sanderson to M.
Allcard. On the 26th of September I
left Mr. Sanderson in Manchester, and
returned to Liverpbol ; and, previously
to addressing you, I consldered it better
to have an interview with Mr., Booth,
who was in possession of the notes taken
y Mr, Rae and Mr. Scott, and who had
himself carefully taken down all the par-
ticulars. At this interview I found that
I had over-estimated the velocity at which
the piston was moving; and the state-
inents, “therefore, which I gent to you
ere npt my own, as given to Mr, S’;m-
derson, but those of three other indi.
viduals, which decidedly told more
against my grinciple than my own would
Lave done. g
. For' instance, had the engine been
travelling' at eighteen miles an hour at
the foot of ascent, before rising the hill,
&nd twenty-two miles an hour at the
* same point, after “descending the hill,
‘whichk ‘are’ the particulars given to Mr.
Sanderson, tihe ':a:hlt wbl;](} have shewn
a greater gain by the undulating system,
ﬁﬁ'wﬁm the velocities wefge s"vtifte:x=,11
strokes of ‘the piston (or about fifteen
‘miles ‘an hour) before ascending, and
sixteen strokes of- the piston (about six-
“¥een thiles an hour) dfter descending, as
published in your Magazine.
© 1 have oily to add, that in all the
statements of the experiments which I
“have zent to you, I have cautiously
.avoided laying myself open to the slight-
~‘est charge of efror or gartialit . On the
_contrary, my notes have always been
torrected by, and compared with, the
, notes of others. _ ’
- Withi regard to the particnlar inclina-
“ tion of the Sutton inclined plane, it has
_always been understood to be about one
“in ninety-six. ' After my first experimerits
<*were' made, however, the levels were
“takén ' afresh, and it was found, that
« ‘towards the foot of the plane the inclina-
“tlon” was~ considerably less  than ‘the
;‘averafye rise. For instance,.from " the
-‘mlt-fmm-whieh the ascent- of -the
. Rocket engine, &c., was calcalatéd, the
. plane Yises as follows : — S
: i 1St 188 ja'l'ds_olo.otl_ in 122, : i _.
: 33 s ewenib = 108,
3d 88 — : T E RS /R

LR PR |

ON CELESTIAL 'PLANISPHEREEAnh ¥itOIECTIONS,

Ve gpio? Aens
L, et i
[ N ET

i
L
aat

4ih 88 & VR
5th88 — '..,.1—= -
6th88 — ....1-="89. """
7th88 — ....1='89, ‘7

And the entire distance hese .demotedi
exceeds that to which, in any of theexs
periments, the train ascen © ety
It - must, however, be  evident;: thae
however a variation in: the inclinatiods
may affect Mr. Sandbrson’s caleulatignsy
it cannot ibly,~~whieh ke willy nd
doubt, nllw,—n.&:t the eomparativeoséq
sults of the experiments, = ° .. =} viiv
: - I remain, Sir, yeurs, ‘8o, -7 3!
it «« o Riomamb. Bawnyuivol
« Farshcbll, neat Didglia, Nov; 24, doage. & @
Tz C e B it d o @19351) 8
- N.B. There canhe ndideubessievthe
measurement of time lieia dast tésty
which test was adopted-izalthe vables
juent experimsats, aa!egvestiupoiedy
engineers presexit. . -, 1l 10} ‘:i‘ﬂu‘:
. g v raat e

- wrd g % ma
ON CELESTIAL PLANISPERAES : ARD:d
PROJECTIONS.. . .2 vlarnl

The sentiment, that nevéltidy avé:
always improvements, is strongly &
plified in the instance c’:&ro more tedéit
maps of the stars. - The sfercogh
pro?ecﬁon of fﬁe_.#phen.'m'ﬁg:
oldest and n;{;xt e:te;iaivqlr::fg;}'liﬂs
been attempted to be supersedéd by dby-
structions wfhich greil?;ptﬁmﬁ-‘thh_‘igge
features of natave. : Thus'we havéla
pair of hemisplreres, by WoA 5%
the ilubhtar ; the’ pix maps of>¢he Sta
by the DuffusionSodiety; on'the gromd-
nic ’K and the’NeﬁhGe}ea;iialal'_l:W
by Kerigdn, -on-the eylindrictl] Sir
llin.' Or' eath’ ob!h?ﬁe--w’é 1ol
sently make solne remtris;bnlwd
, first give an aceount_of :a RIY mdré re-
cent produciien; which m*gomiahe_g:-

e e Iﬂ.mmmgmw v g’i&’!ﬂ;
- Celestial o bierdogrii :
- jected - by ‘Rubert: Dibkia_sa;:; ],
“1839.” . The 'work comprises i ‘paf“of
. twelveinch: cireles' on -the plade ‘of the
meridign of O, ‘We - whre--deliglited:at
onud ore' beliblding Hrkfiventite ‘pho-
Jjection ; '::uqd ].heﬁn;me;la _n;f the ¥~
- graving “nrade's fivoirible 1inpression
: E:“tkb ‘oulset) WHick, we irbgred. ko' wy,
-~anbséquent ingeiry T shewa 'ty bietwin-
Adeserved. S
“w 5. The.brst defest, is nanspiomang, ir the
exhibition of a convex, instead ofscon-
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in coming to the conelasion that Messrs.
Macerone and Bquire have, in truth,

uced a very oapital machine, and
ene which might be safely lefl to bear
the hrunt of competition, on its own un-
eRuggerated merits.

Since writing the preceding notice we
have read in the Morning Chronicle
reports of two suacessful excursions made
by Messrs. Macerone and Squire's steam
garriage, to Harrow on the Hill. We
subjoin an extract from the account of
the fizst exoursion ;-

“ Thé sueeess of the oarriage being se
edaplote on reads of ordimary difficulty,
Celonel Magerone determined to take a trip

THE 'UNDULATING RAILWAY.

to Harrow on the Hill, whichis acknowladgad
to be ene of the most rugged and difienlt in
the neighbourhoed ofthe meatropelis, and which
has long been held out by scientific men ag
the criterion by which to judge of the strength
and power of a carriage of this kind * * ®
Waestarted from Paddington at a quarter to
three o’clock, and arrived at Harrow on the
Hill (a distance of nine miles) in one hour
and forty minutes. But of that period rather
more than forty minutes were consumed fn
taking water, and trying an experiment with
a new drag, so that the whole distance was
completed in fifty.-eight minutes, exclusivg
of stoppages. The hill was ascended ap
rently with ease, at the rate of sevgn m
an hour, and during no part of the journey
was the full power of the steam put on,”

——

THE UNDULATING RATLWAY.

Sir,—To prevent the possibility of any
further misunderstanding in reference to
_the experiments recently made on the
Liverpool and Manchester railway, I
have this morning called upon Mr.
Booth, and lhave compared with his
statement thereol the fvllowing particu-
Jars of the rise of the Sutton inclined
plane, from its base to a higher point
of elevation than any which was attained
in our experiments, To render this ex-
plamation more clear, on which reliance
may be placed, I have accompanied it
by a disgram, wherein is denoted the
points from which the ascents and de-

704 yards.

* Now, the series of experiments first
published (see No. 631), and which
were tried with the Rocket engine, were
:}tlli; frt;m whatdwnl ::;ssidemd the foot

e plane, and which in the diagram
is paarked letar b - -

cents, during the experiments, weres
measured.

I am extremely sorry that these par-
ticulars have not before been published,
as the want of them has evidently pro.
duced inconvenience to some of your
correspondents, which, had it occurred
1o me, I ought not to have permitted.

The ascent of the Sutton inclived
plane may he said (see diagram,) to com=
mence at the point a—although for a
distance of 24 miles before arriving at
that point there is a trifling ascent of
about 1 in 2,640—viz. from the Sankey
viaduct to the foot of the plane. .

the distance f2 B8R yards—rise 1 in 754 total elevation .116 ywrds
. sre B8 yardge——rpise 1 in 123 ... - yaids,
. BR yarils rise 1 in 105 ... yards,

B8 yurds rise 1in 07 . Yurdd.

«ss BA yardse———rise 1 in 04 yards.

« B8 yaris rise } in DR ... yards.

.+ 88 yards vise 1in 89 yards.

« B8 yards——rise 1 in 89 yards,

Total rise .. 6.450 yards.

The results of those experiments evi-
dently proved to me that the inclivation of
that part of ¢he plane on which they were
tried was not, as generally supposed, 1
in 96. [ pertectly recollect Mr. Sander-
son alluding to sems supposed error,



‘THE UNDULATING RAMWAY.-

theugh why ths allusion was * not
atable to me” is a perfect mystery.

t was not, howerver, until after [ sent

you thp particulars of the experiments,
and my return to Douglas, that I had
an_opportunity of making such calcu-
lations as led me to call & second time
on Mr. Booth, viz. before the trial of the
second series of experiments, and ex-
plain to him the discrepancy which ap-
peared. For instance, see page 21, Ex-
mant 8:—The Rocket engine and a

nd of 35 tons ascended by momentum

184 yards, the velocity at the foot of the
Plane being 10 miles per hour, which
alkcent was equal to 4.1875 feet perpen-
dicular elévaticn. Now, 10 miles per
haur is 14.673 feet per second, and sup-
{osing friction out of the question, a body
aving gained o momentum of 14.672

feet per second, by gravity, would only
&scend 2.36355 fret. Thus it was evi-
dent to me that 1 in 96 was not the
proper inclination of that part of the
plane. Previously, however, to the ex-
periments afterwards detailed, the levels
were taken afresh by the Messrs. Dixon,*
—and in the experiments tried with the
Liver and load on the 16th (see No.
534.) the ascents were measured from
that part of the plane marked x in the
#ingratn, at which point there is a
¢ttage on the railway. On the Sun-
day following it was agreed by the en-
gieers present that the place of startiag
should be aguih changed, and the ex-
periments, with thé double load, were
ull made from that part of the plane
from which the Rocket had ascended,
viz. from 6. It will naturaily ocenr to
your readers—if Mr. Badnall were ac-
Tlainled with all these particulars why
il he not lay them before the public P

The fact is, that | considered the result
of the experiments made witlr the Pluto
and Firefly, with the double load, such as
to render all explanation wunnecessary
with regard to the previous trials, and
especially as I stated at page 71, that the
inclination upon which those latter ex-
periments were tried was about 1 in 99,
which will be found to be the average.
Moreover. I did not at the time consider
= knowledge of the exact inclination of
the plane at all necessaty to a clear

® 1 had also sn npportunity of eomparing, this
mornisg, my notes on the rise of the Inclined
plane with Mr. Dixon's, sen., from whom 1 had
eriginally been favonred with them.
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comprehension of the nature and.results .
of i1he experiments, inasmuch as &/l I
wished (o prove was, \hat whatever velo- .
cily was generaled by ome or more ens
gines at the foot of ascent, by which
velocity (either with or without the cons
tinued assistance of one engine) a given
elevation was surmounted, a greafer velo~
city could be generaled by descending the
same distance, evidently proving, beyond
all rational doubt, the correctness and
value of the principle.

The discrepancy alluded to by “ Kine
claven ” will be explained, I trust, satis,
factorily to him, by referring to the
statement of the experiment to. which, ke
alludes, In that instance the word mes
mentum is not introduced ; on the con.
trary, the whole power of the Liver en-
gine was employed throughout the wihole
ascent.  Had this not been the case there
evidently must have been some great
error. | need not say that I shall be
most happy, not only to give bvery
further information in my power, but if
any of my opponenis will propuse any
further practical test, upon the result of
which they will cast the merils of the

uestion, it shall be, if possible, imme-
3ia!ely and most impartially tried.

As a proof of the impartiality with
which I have recorded the experiments
already tried, I refer to all the engineers

resent, whether the stesn of the Pluta
Fﬁee last experimenf) was not shut off
155 yards befere she arrived at the stans
ing post, which made a very consider- -
able difference in the riss by momentum.
Seeing, however, that 1 had proved
enough, I neither complained at the
time, nor have [ hitherto published my
complaint. The error aruse from the
two conductors of the engines shutting
off the steam of hoth engines wlen the
flag dropped for the first engine to shut
off on passing the mark, letter &.

Muay I again ask if Mr. Cheverton
and “ S, Y.” will be satisfied that there
fs an advantage if a given locomotive
engine will mouve, at a given velocity,
doulle the load from summit to sum-
mit, which she is capable of moving
on the level at the same velocity? If
so, will they, if not satistied with the
impantial judgment of our northern en-
gineers, attend on an appointed day, of
which they shiall have due notice, and
witness the experimanis themselves? [f
they refuss to attend, amd.if they dis
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* believe ' thre -fesults 6f the experiments

. already tried, it is needless to make a

-gingle: farther comment on their -oppo-

. sition.” On the other hand if they do

attend, and if they do witness a-decided
proof that a load which will not move
on a level, will wove from summit to

- summit of an undulatiom at a great velo-
. &ity; what becomes of the * assurepLy

wut ! of the Ch

that “ 8. Y.” should give such

'.ﬁ-imd}y advice to Mr. Ham, and to the
-~ subsoribess of the Great Western Rail-

- the: mndulating. principle: will soen be -

? 1 am, however, happy in believ-
#ig, that a full and impartial trial -of

mawde ou.rather an extensive scaley and
I hape * 8. Y. will state lis practival

. objections; “and - that: the - Ghampion's rod
. may *bé most ' freely
- -such -émal takes plice. As to the sick-

exercised before

- ness ‘which™ these gentlemen complain
- ‘of, '} am sorry 1 caw administer no better

1ham my regret.
s Im'wt}'i - , -
h ec
qu:gl:m mn’l.l.
Manchester, November 28, 1833.
P.5.—I observe that “ 5. Y.” makes
some allusion to “ The Editor of the

. Manchester Guardim.” Probably he is
- mot aware that Mr. Gamett, the editor,

is an:opponent of wine, and oma of

.whose mechanical attainments I-have a
-« very high opimion. T

' NEW AFPORTIONMENT OF THE GLOBE

FOR: REPRESENTATION IN MAPS.

.Sirg-It.has Jong ago been remarked .

. by me, what little variety was to be found

- in Atlasses, with regard to the re
“ativn of large portions of the sphére.—
- »A pair.of henispheres on the planesof a °

- meridian (200 ‘W. long.), and a map ac-

. sometimes a

cording to Mercator's development, eon-
stitute in general the whole, though
air of equatorial hemis-

pheres is added. The prujections are

- either stereographic, .or globular: ® in

e It phould be rather callred poeudo-globular.

) For, the equal division of the ceutral meridian,

and the longitudinal and latitadingl ciroular ares,

do not a trug projection. . A point of view
may indeed be taken which will make the divisions
of the radius nearly equal, but then the meridians
sod parallels become ull elliptical. The sbereogra-

son—and why is it

* wholly interrupted,

. NAW APPORTIORMENT OF TR CLONECFOR WAPS.
- modern times (he- katter, withent:any

good reason, has prevatled: Iw fantythe
globular meridianal-pmjection is heeamne
80 -common, that ils fauhts. are gefieped
down by familiarity, and it is only-when
we view the equatorial delineation upon
the sams principles that the great distor-

. tion near the borders is perceived; -and

yet the only difference between. the iwo
cases is, that the distortions. afe in;con-
trary directions. - . e
Lately, the Society for the Diffupion
of Useful Knowledge published /meaps
of the Celestinl Sphere, refomed  fo the
six sides of & aube, by what is calied- the
gaomonic prajection jand, merh recently,
w similar sat fur the Terrestclal -Glebe.
The former are liable tomany objedtipns,
but the latter nre exoessively aukwerd
and inconvenient. - Eurepe; -Asiny and
North Ameriea are cut asunder ig the
midat, and there being mo.averlapping
portions, the connexion -of ihose - parts
which we wish to view -in entizely: . is
The contemplation of . these Ipst.men-
tioned waps, induced. me te -oomsider
whether some hetter .method gould. not
be devised, of representing the whele
world in convenient.segtions, and 3t-the
same time avoiding. the too great distor-
tion or expansion of scale which accurs
in hemispheres. And.it appeamd.tp me,
that the glebe might be projacted in four
equal portions, on the.faces of an-equija-
teral pyramid. . This,,” howeges, - weuld
produce pothing  but tdamhre._mnﬁs.
which . would look . hadly~enongh 5 -the
next step therefore was, ito,wxtend -the
limits of each. plane of prajection to a
circle circumscribing the triangle, where-

. by-each map would representa.thind in-

stead of o foutth of the spharigal suxfyce,
apd an overlapping of the serssal por-
tivns, to g modersia- extent, would take
place, and he highly advantageous? .

. Having pursued .this. ides intp all. its
details, with referance, both teserzestnial
and celestial maps, the result is so spdis-
factory to mymind, as to induce me to
sybmit--it- o the consideration of the
publig,, . .. T
. I propose tn make the North Pole eor-

-zespond, t0-the. apex of the pytawmid ;- of

sourse the south will teuch the base of the
solid at its centre. The middle latitude

phic projection does not, strictly speaking, distort
the superficial represcntation: an expansion of

* scale takes place, Which 1s equal in every direc-
tion=but in the globular there is 2 real Wistortion. -

*® The o;verlapplug portions. will be ﬂx,eadu
eruil to k-16th of the sphere,- ind of a” bontical
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THE UNDULATING RAILWAY — RESTST-
ANCE FROM FRICTION — RESISTANCE
OF THE ATMOSPHERE.

My. Badnall in reply to S. Y., Junius
- Redivivus, and Mr. Cheverton.

Sir,—Seven months have now elapsed since
the undulating railway was first introduced,
as a subject of discussion, in your Magazine.
During that period I have done my utmost, by
fair and conscientious argument, to support
the cause which I undertook to defend, and the
gratification which I now feel in having wit-
nessed your honourable and candid confession
of & changed opinion, and in finding myself
supported by several of your most able cor-
respondents, far more than compensates for
the disappointment which the opposition of
S. Y. would naturally excite, even should it
be continued after the publication of this let-

ter, and after the important facts determined -

by the experiments. I say disappointment,
because, if still unconvinced, he will, I fear,
ever remain inconvincible ; and judging from
the occasional piquancy and asperity of his
remarks, he is not likely to be more fairly
defeated without losing, in some measure,
that evenness of temper which I should be
sorry to disturb. If I do him injustice, I
apologise for it ; but I feel that the time is
now arrived when (practical experiments
having decided the merits of the question) I
have no longer occasion to defend myself by
parrying the verbal attacks of my opponents.
On the contrary, I waive all further hypo-
thetical discussion on this subject, unless
such discussion refer to the result of my late or
future experiments, In coming to thisconclu-
gion I am not considering my own conveni-
ence, but I think your readers in general will
with me, and with your friend, Pro-
fessor Crackwell, that unless we draw in our
horns, the undulating controversy will net
¢nly become sickening, but, judging from Mr.
Cheverton's last letter, somewhat disgusting.
¢ Nec lusisse pudet, sed non incidere ludum,”
stid Horace, and I quite agree with him.
You, Mr. Editor, or an impartial jury of
your readers, must judge whether I am led
to this train of thinking through fear of my
opponents, or whether I am not justified in
¢laiming the viotory I have contended for.
Those gentlemen who have advocated my
side of the question—Sarule, Mr Ham, Mr.
Sanderson, Kinclaven, Mentor, and Mr. Tre-
bor Valentine, have each and all supported
my position by convincing diagrams, appro-
priate comparisons, or disproved experiments;
whereas neither 8. Y. nor Mr. Cheverton
have thought proper to substantiate their
reasoning by a single particle of corrobora.-
tive evidence, That both are clever men,
1 do not for one moment question, but a
clever man occasionally errs; and never js
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be more lkely to do so than when inflamed
with that mnhappy quantity of combustible
matter,—vulgar abuse, selFsuficieney, and
extreme vanity,—which have been so conspi-
cuously displayed in the disjointed leatures
which Mr. Cheverton has directed to me on
this subject. For those lectures I am in-
debted to him, espetially for the last, which
1 shall presently take into consideration, and
which, I trust, will be headed in your title.
page, “ THE PROFOUND IGNORANCE oF Mn.
BADNALL PEMONSTRATED BY THE SUPREME
SENSE OF Mz. CEBYERTON"!!

My present object is to reply to all wnpa-
swered objections whioch have ralsed by
my opponents up to this time. In doing
this, 1 may probably introduce svme spinians
which may appear open to further discussion,
but as I fully concur in the sentiments ex-
presa:id by ¢. ;.:.(No..’i&?).u to the fre-
quently injurious effects of a toa protraeted
controversy, I shall feel it an act of duty to
your readers, to be a silent observer of any
attacks upon them. I place them on record
as my deliberate and conclusive opinions;
and having done so, I turn from theory to
practice, and now pretent myself to your
readers as the defender of the undulating
principle in & far more important point of
view—I mean in defence of its complese prac-
ticability.

In thus a second time throwing the glove,
allow me to prognosticate what will be the
result of another year's experience. Within
that period, engineers and mathematicians
will have an opportunity of making up their
minds upon the subject, and from the expir-
ation of that time we shall never have an-
other level railway (whereon locomotive steani
force is intended to be employed) laid down
in Great Britain. The Liverpool and Man.
chester rajlway, though it will ever maintain
the character of being one of the most im-
portant examples of British spirit, British
perseverance, and British ingenuity, will, in
the eye of posterity, bave one dark spot upon
its fame—it will be compared to the massive
and expensive aqueducts of the ancients, Our
forefathers knew not that water would find
its own level—and, while we praise their
structures, we cannot help wondering and
smiling at their ignorance. Thus, however,
will posterity smile at us, exclaiming, “ could
you have Believed it ! expended, in about
thirty-one miles, hundreds of thawsands of
pounds to make a railroad level, through their
disbelief that all bodies descending on a cur-
vilineal arc will rise again to their owon level,
minus friction !”

[ now turn to S. Y.—a few words af-
terwards to Junius Redivivus; and then, in
perfect good humour, to Mr, Champion Che-
verton.

A desire to remove, if possible, every oppo-
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sitioh, founded on: mathematieal redsobing;
which has been urged against the undaisting
thedey, ‘thddoks me to returm to 5. ¥.s
first tomrhunication: Before doing so, how.
ever; 1 must 4t once contend dgainst the
liberty whieh he takes in stating that I have
betrayed uhgentlemanlike comdict by my ob«
setviation,* that I should have feit hart that
atrP othér eorrespondent than himself had
doubted ‘my profiviency ih eommon -arithe
métie.” The ¢ indignstion” of 8. Y. cane
198 possibly justify such an observatioa.

In S, Y.s litter, puge 181, there is an
erfor in print; afterwards sorreeted, whieh
rondered his fimt formuls “ intomprehens
sible.” 1 allude to the emissioa of the deci-
todl dot before thafigure B.  In the suceeed-
ing column, however, 1 find this mispriat
did mot oceur; I therefore ought to have
understood his objeet better than I did. But
allowing that [ had fully comprehended it, and
that such miisprint had not occurred, I ob-
served that she whole formula was founded
on false data, and that the position which
he took was altogether untenable. 1 refer
new to the waving of frietion * dbstractedly,”
without allusion to the difference in velneit{
docasiotied by the action of gravity, to whic
fatter point he also frequently alluded, when
he denied that the speed eould be greater oh
a curve than on a level line. With regard,
then, i the redl differerioe of fricslon en the
0 ronds, R gives the follewing proposition,
which'l have thoughtit Beteer to deseribé
by diggrim e

Fig. 1.

“ IfAE (fig. 1,) be equal to 16, and the
depth F B equal to 6, the length of each
inelined plane will be equal to 10, and the
pressure againét the plane; and therefore the
friction, according to Mt. Badnall, will be
edital to .8 of (e frictivn o the levil».

Now B. Y. must have “misuadarstood
my diagram,* page 93, to which he refers,
and which was, I think, clearly elucidated,
If he did understand ir, from whom did he
draw Bis cohclusion, that I imagined the
friction or pressure on the imclined plame
E B, whose perpendicular elevation is equal
t F B, equal to ‘8 of the friction on the
levelt

+ Let him suppose, then, (reversing the above
diagram, as fig. 2,) the plane E B raised
upon the base E F, at an elevation.of F B.
It cannot be doubted (as proved by the
parallelograms described in my diagram,
page 93,) that if the base line E F represent
the pressure (or friction) of the whole weight
resting on the plane E B, F B will represefit
the force of gravity down the plane, or, ift
other words, as the length of the line F B id
to the length of the line E F; so is the pkesd
sure or friction taken off the inclined plané

- E B to the pressure or friction left on the ins

¢clined plane ; or, to be more explicit, if 8
body be supposed to weigh 10 tons, and td
be placed on the horizontal line E F, ho one
can dispute that, the line of pressure being
vertical, the whole weight of the masi must
necessarily press upon the rail. If, then,
EF were exactly equal to F B, and the
weight were removed to the inclined plane
E B, the pressure would be reduced one half ;
and thus, in the above diagram, E F being
equal to 8, and F B equal to 6, and sup-
posing any weight resting on E B to be
divided into 14 parts, viths of the whole
weight would be resting on the rail, and
+& would be taken off the rail.

By this explanation it will be evident
that S. Y.’s second formula, page 242, is,
like to his first, established on wrong data,
Jor he never takts inte consideration the. pery
pondicular elevation f ¢he plane; and it is
this which has evidently misled bim, or
otherwise he would mot comsider his argu-
ment to hold goed for “ all lengths and
elevations of inclined planes.”

S. Y. considers in both formule the
pressure to be determined by the base, di-
vided by the length of the inclined plané: he
consequently draws in edch case an ertd-
neous conclusion; for there can be no doubt
whatever that, as the perpendicular height
of the inclinied plane {3 increased, the pressure
or friction of any catridge moving On ihdt
plane it teduced.

Referring to the precedifig diagrams, no-
thing can be so easy as to determine the
ezact proportion whith subsists between the

¢ On referring to this diagram I find the Ienith
of the level line B A=%%, the length of each in-
clined pldnt =33 and the elevation=28; if, there-
fore, we deduct 2'5 from the length of FA) we
shall find the redustion of friction or pressure
nearly one-fh. e
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premure or friction on an inclined plane, and
the pressure or friotion on & horizontal plane,
provided the angle of levation be given. In
the case before us we have the angle F E B.
Now, let P be the pressure on the base, or
* horizontal line ¥ E, and let p be the quan-
tity taken off that , owing to the
inclination of the plane, and let @ be the
angle of inclisation: we then bave in ali
caser—

:P:: FB:FE
" butFB: FE :: tangenta : 1
therefore p : P :: tangenta : 1

and, consequently, p : P tangent a.

If, then, the amount of friction or pressure
om an inclined plane (speaking abstractedly
of friction or pressure) be reduced in pro-
portioa to the angle of inclinstion, it must,
1 should hope, be evident to S. Y. that
his position is wrong. He, no doubt, will
. allow that the pressure at an angle of 45°
is reduced ons half. To make myself, there.

fore, perfectly clear, I will take this angle to
bis formul= iﬂam'm, and the undu-

porfectly

theory, in rc;-rd to frigtion,
aorvect i—

Draw the Tine A B, and divide it into 18
equal parts. From the centre C describe
the semicircle A D B. DPraw the line CD
perpendicular to A B, and from the points
A and B draw the smught Lines AD, BD.

Naw, as before oburved, because the per-
. pendicular line C D is equal tg the line B C,
any weight descending on the line B D will
press with exactly half the force with which
it would have pressed on the level line A B,
the apgle C B D being an angle of 45°,
Di;iiie, t.h::, the ]_.ines,BhD, A_{)e, into an
equal number of parts, each part being equal
to th of the horizontal line A B=22}.
Next suppose . body, weighing 10 tons, to
press upon every described part of the line
A B, in passing from A to B: we thea have
lﬁX 10=160; but if 10 tons press upon each
part of the herizontal line, half thet weight,
according to the proposifion, will only presa
wpon each part of the lines R D, 4]}. .

‘We have, therefore, )

22: X 5=112.

THE UNRULATING RMILWAT.

and, consequently, - 160~~113==48 m
in total pressure.

‘But it may beargued, that if lah semi-
circle AD'B were divided into an equal
number of like parts, the total number to ba
passéd over on the curve would -be 25'143;
but this atgument will not obtaim, it being
mathematically tree (pee Sir Isasc Newton,
Purkinsoa, Hutton, and others,) that the
velocities which bodies acquire in falling
either down inclined planes, or curvilineal
arcs, are precisely alike, viz. as the square
roots of their perpendicular heights; and if
the aocquired velocities are equal, it is self~
evident that the resistamee opposed to-motion
down each line is also equal.

Let us now examine to what result S, Y.’s
formuls would bring us.

Let B represent B C

» BD
n pounds equal to the force of
traction on a level at any given velocity.
Then the pressure on the line B D (ac-
cording to S.Y.) will be to the pressure

onthehuluzn to 15 and thersfose the

force of traction required in oconsequence of
friction on the inclined plane, will be to the

foree of traction on the levél as %. is to .

According,: then, to-S. Y., the entire ex-
penditure of power to move the wheel the
horizontal distance om the level will be
Br, and on the inclined plane it will be

%-_u:nn as before. Thus he makes, at

an angle of 45°, the pressure or friction op
the lines A’ D and B D equal to the pressute
or frietion on the horizomtal line A'B;
whereas 1 make the difference in friction-as
7 to 10, or fsths.in favour af the semicircle
ADB.

Again, referring fo S. "l‘.s letter (No.
531), wheremn he fully explains the bearing
of his formulee, the erroneous view which he
has taken of the question is again evident.
For, taking 5 ounces (as he suggests) to re-
present the force of traction on the level,
and applying his observations to the angle
of 45°, ‘we shall find that the caleulation
will not be, as'it wonld arise if his formule
were correct, viz. 16 5=80 on the leyel,
and 2240X71428571=15999, or very

nearly 16; consequently, 16 X 5=80 on the
inclined plane, as before.

But, instead of the force of traction on l.hc
semicircle being equal to the force of trac-
tion on the horizontal line, we should ha.ve
it as follows r—

. 16X 5="80 on the level,
22:40¢2°50=>56 on the curve,

precisely agreeing with the reduction of fric
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tion*béfore mewtioned, viz. - -ﬁ,ﬁwiu ﬁvwr
of the semicircle. '

S0 much for the qmm of Imuon. odn-
sidered abstractedly, and as [y un-
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on the effoct of the force of gravity willbe
in propertion to the diminution of
or friction on the plank. Let him next

derstoed ; -but it must be evident to every
mam who .has perused the particwlars of the
experiments, that the -emount.of reduced
friction, as im this. instamce oonsidered, ac-
ewdmg to the amgle of the inclination of the
plage, cannot be taken as the precise mea
surgment of power saved, by the adoption of
the undulations. - On these interesting points
I trust that seme valuable information may
shortly be laid before the public in a treatise
on railways,” loeomotive engines, &oc., which
Mr. Robert Stephenson, sen., and myself,
are preparing for the press. Previously to
that time we shall try various experiments,
and I have no doubt, from the plans which
we intend adopting, and the precision with
which the experiments will be made, that
the laws of motion and resistance, under.
various circumstances and velocities, will be
more clearly developed than they have
hitherto been. The results which I antici-
pue}eadue to quote & remark of Hooke's
in the year 1666:— Gravity, though it
seems to be one of the most universal, active
principles in the world, sad conoequentlr
_ought to be the most considemble, yet has it
had the ill fate to have been always, till of
late, esteemed otherwise, even to slighting
and neglect.”

+- T ‘have: no apology to make to S. Y. for
omnsidering L as a proper symbol for the
lgngth of the plame, which was ascended
with a given velocity, especially as the
spaves in most of the experiments varied on
every.trial. For an error in the last equation
I, however, bave to apologise, and I must
beg S. Y. to read L+D for LD—. The
word “ INVERSE,” which bhe alludes to in his
letter (No. 531, p.23,) was an unintentional
omission of mine (see page 222), where, for
“i8.in proportion.” 1 evidently intended to
say, “ is in inverse propertion.” Any person
who reads the sentence will, [ hope, give me
credit for this,

‘In reply to the observation of Junius
Redivivus, (No. 532, page 38,) let me beg
him to place a heavy ball upon a plank, then
raise the. plank to a vertical position—he
will allow that, .because the weght falls per-
pendicularly, there is mo. mefe on the
plank. Let him, then, raise the plank on
which the same weight rests to anangle of 45°,
He will, no doubt, admit that the weight
wﬂl &ewem! and that the veloeity of déseent

* The remtlm.'e of the aumxphm. nli 1ha

cause of that the
odtxy wﬂl be panicul_l"}y elnc’t—
upcrﬁ!n

lqnul of the ve
dated in this

5 e T

pport the weight on the plank (the latter
still being inclined at an angle of 45°),-by
plaoing his hand under it, or seme ma-
chine by which he can accurately measurs
the pressure: he would, 1 have mo doubt,
find that preoisely #a/f the weight was pest~
ing on the plank, and half the weight upos
his hand, or upon the instrument by which he
was measuring the pressure. Let him, then,
withdraw his ha.m; and what becomes of
the weight? Half is still remaining on the
plank, and the other half is suspended in the
atmosphere until it reach the earth “whicl
attracts it. Surely, on consideration, Ju-
nius Redivivus will acknowledge the trutly
of this reasoning, and if so, he cannot !iu‘
pute that the greater the angle of the ina
elination of the plane the less will be the
pressure or friction of any body, either
ascending or descending, on such plake. ~ :

And now for Mr. Chevevtos !

The first explanation which I -think- dl:ln
from me to’ your readérs, and tb: which’
* The Champion » principally alludes, Ys'ba
reference to the resistance of the air. 1
stated, in a former letter, that 1 thought that
the resistance of the atmosphere did not {a
eonstant power being employed to urge the
body forwards, or, like gravity, downwards,)
increase as the squares of the velscity—that
the resistance of the air does not act as a
greater opposing force (alluding, particu-
larly, to the flight of birds, and to the mo-
tion of railway carriages,) at high vclocities
than at low velocities—that, consequently,
the velocity of a traim;of carriages, supposed
to be descending an inclined plane of inter-
minable length, snever could in pragtice be~
come uniform ; but, on the contrary, that én,
theory the uniform acceleration would not
begin to cease until the resistance of the air
was equal to the force of descent, which, i
could not be until the body had attain
velocity equal to that at which air wonld
rush into empty space. 1 further stated,
that it was my opinion *-that the resistanee
of the air, when first overcome by any loco<
motive force which is constantly and equaily
conlinued, does not, thronghout EQUAL
SPACES of DISTANCES, act as an oppesing
force with greater intensity at high wvelo-
eities than at low velocities” ; but that; on’
thé contrary, it was my opinibn that’ the
total resistance of atu:losphm, throughout
fl givest distance, is less at high velocities
than at low véledities, from the inclination
which all Dodies Have to rise from the sur-
face of the earth when in rapid tmotion, and,
consequently, from a dmser to a I]gh;er
atmosphere,

e
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Now, Bir,- I should have felt not only that
an explanation, but that a public apelogy
was due from me, had I published these
opinions, without having very string reasons
for believing them to be true. I know they
arediametricallyopposite to received opinions:
so was the undulating railway ; but time,
and careful experiments, will prove whether
I am right or wrong, I will now explain
mly reasons for believing that I am right.

In the first place, that there are many
doubts existing as to the irue theory of at-
mospheric resistance is evident, by the fol-
lowing remark by Hutton:— We conclude
(he says) that all the theories of the resist-
ance of the air hitherto giveh are very
erroneous, and the preceding one (alluding
to the generally entertained opinion) is
only laid down till further experiments oh
this important subject shall enable us to
dednce from tiem another that shall be
more consonant to the true phenomena of
nature.” Surely this adthission is a suf-
ficient apology for the humble attempt
which I have made, and for the attempt
which Mr. R. Stephehson and myself are
now making, to ihvestigate this siibject.

1 must now request the attention of your
readers to the following experiments, tried
down inclined planes, by Mr. Nichoas Wood,
with a view of measuring the friction of rail-
way carriages.—(Bee his work on Railways,
2 edition, pp. 211—213, &e. &e.)

" Mr. Wood, in teference to thesé experl-
ments, thus writes:—** Standing o the end
of a carrlage, and aided by an assistant, 8t
thie end of every ten seconts I made a mark
upon the plahe where the carrlage happéned
to be, and afterwards measured the distance
butween those marks, whith gave the space’
passed over in each successive period.”
Carriage weighing 9,1001bs.; wheels, 34 inches ;

axles, 2% ; friction, 44'62lbs,
Real space, the descent

Seconds. . Peet. not being uniform.

ln;l’llhbddyfell (l'.: -

sandenabasd

The above experiment was tried at the
Kenilwolth colliery.

Now, in examining the result of this expe-
riment, if Mr. Wood were correet in his mea-
surcment, and upon his correctness I have
placed dependance, it is evident that the re-
sistance of the atmosphere did not increase
as the squares of the velocity of the moving
body, but that, for somé réason or other, with
which reason the public will soon, if { s~

THE UNSULAYING RE1DWAR
take not, be acquainted; it wes. equlble- in -

effect through equal spaces throughous the
entire distanee of descent,

We know that if a body fall, in ¥acus,
a given space in the first second of time, it
wi%l have fallen four times the space in the
two first seconds ; that if it fall 161 ih ome:
second, it will have fallen 64°4 in two secondss
because 16:1X 4 (4 being the square of the-
times)=~064"4. e

Again, if it fall 1608 feet in 10 sesonds, |
will fall G483 feet in 20 seconds; ok twies -
the time ; because (omitting fraetions) 1608 -
x 4==6432 !

Now it appears, aceording to Mr. Wedd’s -
measnred eaperiments; that in 10 scconds
the carriage fell 60 feet, and in B0 sebonds

26°4.
Now 66 x 4=20'4, which is in exact aos
corilanee with the laws of falling bodies.
Againy in 40 seeconds, the carridgé fell
104+6, aad in 80 seconds 493-4,
Now 264 X 4=1056
and 1056 x 4==422-4,

Again, in 30 seconds it fell 594, and in 60 =
seconds 2376,

Now, 59,4 x 4=237-6.
Lastly, in 60 seconds it fell 165, and in 100
seconds 660 j

* and 165 X 4=660.

Now, had the resistance agdinst the roll.
ing carriage increased as the squares of vélos -
city, the descent coxld mot have beem ik kc-
cordawle with the laws of bodies falling in
VLN, g

1 will, however, refer to other experiments,
and try the question by ahother testi—
Descent of loaded carrlages welghin bs. 3

wheels, 35 inches diﬂn%: l.llhl gi;m.

In 18 seconds the cafridge fell 25 fects

28 sivees uavenensrnesnsnn TIS.
28 1240
5 63
68 .. .. Blg?
78 . « 8508'1L
B8 ... -+ 6450
08 ... T85°,

108 D3

118 .. }ul'

128 ... «» 412665
Fall; 1 in 1 ion, 4143 L.

Now, in vacuo imliﬁg 16 ft. 4s the eorrect
measurement in the first second of time), &
body in 18 seconds would fall 5210-892 ft.,
and in 28 seconds 12608.072ft., and in 38
sew;gs 28223-852. Niw, acenrﬂinﬂlto%tha
preceding experiment, the carriage fu It.
in 18 seconds; 719 in 28 seconds ; and 124'6
in 38 seconds: Therefore, b

in open atmospliere. 1 .
719263876, and s P41
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Agnir, omitting fincthens,
I oplin air. in vavoos -
7151746, and ommee=1842,
1M4--71=1'746, an 12408

Again, to make the proof more indisput-
able (relying upen the measurement of Mr,
Wood), we find thas, actording to bis expe-
riments, the carriage descended, omitting
fractions, 25 feet in 18 seconds, and 1266
fest in 198 seconds. Now, as before observed,
a body weuld fall, in vacuo, in 18 sedonds,
abbut 5211 feel, becanse 18X 18 X 16-083==
to the total space; and in 128 seconds it
would fall 263503:872 feat.

Now 126625 (in air) == 50'64 ;
and 2685085211 (in vacuo) == 5056,

How vary striking, then, is the proportion
whieh the falling body bears in vacuo to the
descending body, when opposed to the resist-
ance of the air! So much so, that Mr.
Wood must either have impose«{ upon the
public, which I do not and cannot believe,
or his éxperiments, though not intended to
elugidate the theory of resistance, are a
death-blow tb the previously admitted opi-
nions ofi this subject.

Agauin, referringto Mr. Wood’s experiments
(se6 page 995), we find a parfect regularity in
the descending motions; for instance, the
carriage was 20°16 seconds in moving 100
foet, and 6833 in descending 400 feet.

In other instances :—

Time 16 destending  Tite In dessending
108 feet. 400 feet,
29°10 seconds 58.10
30 60.41
2916 58.75
31+95 64.35

and all with different loads, varying from
1,120 to 8,9601bs.

Again, page 296, when thu carrlage was
loaded with 8,9601bs. it fell 100 feet in 29
seconds, and 400 feet in 58.

Again, in 29 seconds it fell 57-90 feet.
Asiin, 29°10 ,.iceeres 3840
Again, 2974 ......., 6025
Again, 31'88 ........ 6375

the weights varying as before.

. We will next observe whether the propor-
tions were regular, In deing this we find
(page 925) that the carriage, with a load of
1,1201bs., fell 200 feet in 45 seconds, and 300
feet in 55 seconds, Now, in vacuo, a body
would fall in

48 seconds ...... 32568075 feet,
and in 55 seconds axeiis Q::JIBB?I.T; feet.d
Now 300—1=200, the n seconds
’ on the inalined plane ;
and 48651« 1==32434, shewing a difftrence
of onl§ 184 feé in about 33,000, 7
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In another experiment, with 4,4801bs., th,
corriage fell 400 feet in 60°41 seconds,
and 500 feet in 67'01 seconds.
Now, in vacue, a body would fall in

Beconds. Feet.
6041 ........ OB512-7871598;
and in 6701 ........ T4315-8133523;
therefore, 400 4-1=3500
) 58512-4-1=79140, shew-
ing adifference in comparative velocity nog
worth noticing.

Again, with 1,1201bs., in which instance
owing to the lighter weight, the resistance ol'
the air ought to have been the most felt, wé
find the body descending,

second
In 64- 400 feet
72:64 500 feet

Now 4004 }=>500, and

669584-1==83247, shewing &
difftrence which is altogether immaterial
for had the distance traversed been 400 an
510 feet, instead of 400 and 500, the pros
portions in wacuo and in open atmosphere
would have been precisely alike. Surely,
then, these 10 fest, considering the variation
of friction, by the occasional rubbing of the
flanches against the rail, will be regarded as.
a difference altogether independent of the
resistance of air ! }

There are many more experiments of AIF,
Wood’s to which I could have referred in
support of my opinion. It is true there aré
some which show a different resultj but the
effect might arise from the different state of
the rails at differont times, and the partieu-
lar point from which the wind blew. It
cannot, however, be doubted, or, if doubted,
denied, that the uniformity of aceeleration,
proved by the experiments herein detailed,
could not have occurred in any instance had
the resistance of the oir imcreased as the
squares of the velocity.

I shall, in a further communication, turn
to my recent experiménts on the Liverpool
and Manchester Railway, for the purpose of
adding additional strength to this argument,
Meanwhile I am, Sir, with much respect,

Your very obedient servant,
RrcHARD BADNALL.

Mauchester, November 11, 1833.
U

A FEW WORDS IN FAVOUR OF OLD FABBIONS,

Sir,—It is an old adage, and 1 believa
to some extent & true une, that * two
of & trade seldom agree.” In fulfilment
thereof, I beg to differ in some respects
from your correspondent A. C. (page 95)
who belongs, I presume, to the same craft
a# myself, though uot perhaps so humbia
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Fig. 1.
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ing the internal surface of the cylinder 1 as a
fixed point of resistance or back pressure, as
?:uoth;r ‘ll:ad in the last stroke, the internal
s of the opposite cylinder 2, as alread,

oo e Ppo Yy s ady
" It will be seen, from the preceding descrip-
tion, that the steam is continually passing
from the boiler into one or other of the two
small eylinders, and from them again, in like
rotation, into the great one, so as to give a
constant, uniform, expansive motion, while
there is at the same time the regular coaction
o!'a vacuum, so as to obtain the fullest pos-
sible effect from the elastic fluid. It will
also be seen that there is never any strain or
lrmg"uln.r action on the boiler, as results from
eutting off, or occasionally preventing, the
ingress of steam to the cylinder from it; and
that there is never any reaction on the small
pistons, so as to neutralise the expansive
po-c.r_of the steam, one small piston being
retutning to the point of action with the force
of the steam equally exerted on each of its
faces, while the other is yielding to the propel-
ling power of the steam ; and vice versa.

- When it is desired to use the engine with
h_lqll;sre&sure steam only, the alteration re-
qui to be made in the arrangements is
extremely simple. The steam, after it has
operated on both pistons, is driven off into
the air by the pipes 9, 10, 15, and 16, and
by having those pipesleading to a condenser,
with branches with cocks to the air, the
engine may be wrought at any time, either
with low or high pressure steam, or the one
be converted at pleasure into the other.

Fig. 1 is the plan of a double operating
engine on this plan; 1and 2 are the first ac-
tion cylinders : 3, expansion cylinder; 4 and
5, condensers ; 6 6, air-pumps; 7, pipe from
the boilerto 1 and 2; 8, pipe from 1to 3:
9, pipe from 2 to 3; 10 and 11, pipes from
below to above pistons of 1 and 2; 12, pipe
irom ;:: 2; }g, pipe ;rom g to 5; 14, pipe

rom 3 ipe from 3 to 4; 16, pi
t.utheair,&c_ ,Ppe » y P1pe
. ——

. “THE LATE UNDULATING RAILWAY
g EXPERIMENTS.

Sir,—I am surprised to see that delu
sion has taken such hold of the minds of
those engineers who were present at
Mr. Badnall’s experiments on the Liver-
pool and Manchester Railway—for the

rofessional talents of one or two of whom
have the higlest respect. For my
own part, I do not consifl]er the experi-
ments of Mr. Badnall as at all satis-
factory, and shall, with yourleave, briefly
state my reasons for se regarding them.
I must, first of all, beg to ask—why

THE LATRE UNDULATING RAILWAY EXPERIMENTS.

M. Badnall chose the Liver and the
Firefly locomotive engines for his experi-
ments? Are not these engines very
weak on an incline, compared with any
of the others—such as the Collier, or
the Samson ? Was it because experi-
ments with better engines would not
have been so satisfactory tv the undu-
lating system P B

Mr. Badnall has entirely omitted to
mention the circumstance of the slipping
of the wheels upon the rails, while
ascending. Now such slipping would,
in a great measure, have been obviated
by em})loying the Collier or Samson i
lieu of the Liver or Firefly, That such
dlipping actually did ke place I will

rove by Mr. Badnall’s own report. The

irefly ‘is stated to have asrived at the
foot of the incline with a velocity of
2028 miles per hour, and to have as-
cended 575 yards in 116 seconds, or, on
an average, 40560 yards per second—
the engines working the whole time. In
a second experiment she arrived at the
foot of the incline with a velocity of
19-04 miles per hour, and ascended 323
yards in 70 seconds, or, on an average,
4:6142 yards per second—the engines in
this case not working during any part of
the ascent. And in a third experiment
the same engine arrived at the foot of
the incline with a veloeity of 14:34
miles per hour, and ascended 315 yards
in 90 seconds—the engines working the
whole way. So that we see the train
actually ascended 8 yards higher up the
incline” in 20 seconds less time, by ifs
own momentum alone, than when there
was both the momentum and the power of
the engines ut work to propel it up the
whole ascent. This fully proves that
there must have been slipping of the
wheels, when the engine worked during
the ascent. Had Mr. Badnall made his
experiments with an engine of more ad-
hesive force, I think I may venture to
assert the results would have turned out’
widely different, and much to Mr. Bad-
nall’s sorrow and disappointment.

Let Mr. Badnall take the Collier or
the Samson locomotive engine, and
make the following experiments :—

Let the engine alone, without any
weight attached to it, run a distance suf-
ficient to generate a velocity of about
30 miles per hour, or more, at the foot
of the incline ; shut off the steam, and
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ascertain the height to which she will
rise by the momentum alone,

Reverse this oxperiment, and let the

engine descend the incline, the power
continuing at work, and carefully as-
cerlain the velocity generated at the foot
of the incline.
" Again, take the same engine, attach to
it a load of 120 tons, (or, il Mr. Radnall
likes it better, 150 tons,) and proceed as
in the former experiments, taking care to
have a velocity of 30 miles per hour, or
more if possible, at the foot of the in-
eline.

I should wish these experiments to be
wmade, if possible, by the Collier loco-
mofive engine.: If Mr. Badnall makes
these experiments, he will, no doubt,
publish them, noling down every par-
ticular aecorately.

+ I will now, Sir, make an observation
or two on the practical working of the
undulating system. We will suppose
the line from Liverpool to Manchester
to be on Mr. Badnall’s system, and that
‘the undulations range from 650 yards to
1,160 yards in length, with the same in-
clination as the Sutton incline. I have
the greatest doubt possible of Mr. Bad-
nall being able to reach the top of each
undulation with a heavy train, even with

197

twice the power he contemplates. But
even allowing him sufficient power from
momentum, to arrive at the sunimit of
each undulation, a velocity of 30 miles
per hour, at the bottom of the undu~
lation, will but give an average ve-
locity of 15 miles per hour for the whole
distance of 32 miles. Now, I have res
peatedly seen the Firefly, with a traim-of
from 90 to 100 tonms, travelling on &
level, or very nearly so, at the rate of
from 18 to 20 miles per hour.

Mr. Badnall's idea of taking the maxi-
mum Joad of three locomotive engines,
on a level, at 15 miles per hour .(which
would be upwards of 300 tons,) over the
undulating railway, with the aid of one
of those three engines only, seems to me

" altogether preposterous and ridiculous. -

The only advantage I can see in Mr
Badnall’s system, is the speed he attaius
almost as soon as started ; bat this, I ap-
preliend, would be more than compen-
sated by the very frequent retardations
and accelerations to which the trains
would he subject, and which would, of
course, materially increase the wear and
tear of the engines.

I rewain, Sir, yours, &oc.,
Practicarn.
London, Nuv. 19, 1833,

——

IMPROVED FLOWER POTS.

N .

gy

|

4 Sir,—Among the various improvements
“that have been made in the form and
nanufacture of most of the articles pro-
duced by our potteries, it is a matter of
“surprise to me, that so little alteration has
-been made in the shape of the commun
flower-pot, an article which is in such
common use by all ¢lasses of society, who,
fur vears, have been using various means
of showing their dislike Lo the thing as it
.is now made. Some have wicker-baskets
made to hide the pots in ;—others cover
them with cut trelluilaled paper ;—while
the more humble shew their dissatisfac-

.

tion by painting them over. Now, as I
think these useful articles eould be easily
and cheaply improved in their external
form, I Lave sent vou two sketches from
a couple of ainti?ue vases, which, from
the simplicity of their outlines, and ‘a
little practice on the part of the workmap,
couid be got up nearly as cheap as the
ill-shaped things now in use, which,
from their broad top and narrow base,
seem admirably a(&pted for making
those flying crusades against fnnocent
frsons’ craniums every high wind that
OWS.



T do mot say these are the best shapes
for flower-pots, but I think il something
of this kind were got ready by next
spring, the speculator would be well paid
for his ucuE]e, even though he had to
sharge a little more fur them than is paid
for the common ones. Most persons who
have tried to produce good flowers in the
common pot, must have found it ex-
tremely difficult, when they have been
kept in the open air, for the pot is such a
good conductor of heat, that the frequent
and extreme changes of temperature in-
jure the root and render the plant un-

ealthy. This difficulty could be got
gwer by the flower-pot being placed in a
loose omamented case, and the inter-
sties between the pot and the case filled
with sand, which would keep the tem-
perature even and regular.

" There is scarcely any thing, however
trifling, whether for ornament or utility,
hut what has been materially improved
in its form. New patterns are now heing
introduced among those interminable
thickets of red tubes called chimney-pots,
which seem to vegetate on the house-
‘tops in such picturesque variety,—some
short and dumpy, like a butter-tub

LOCOMOTIVE ENGLNRS-»RISTERICAL RETROSBPECT.

erawned with a cullender—others beat in
as many angles as a theatrical flash of
lightning—while others, if they be not
ag interesting, are quite as long, in pro-
portion, as an undulating railway discus-
sion. These improvements, in eommen
articles, show the progress we are making
in refinpement and taste; nor are the
li‘eople backward in individual exertion.

he improvements in street illumination
are truly wonderful,—the little big-bel-
lied Jamps, that used to burn as dim and
cold as a barge lantern on the Thames in
December, have been transformed jnto
rows of handsome radiating gas-lights;
and, as if these were not enough, the
shopkeepers try to outdo each other in
driving darkness from our streets; but
those palaces and pests, called gin-shops,
with %lazing lamps and illumingted
clocks, stand out like Jumimaries gnd
burning shames, wilh their

 Ten thonsand casks,
For ever dribbling out thelr base contents,

Touch'd by the Midas finger of the state,
Bleed gold for ministers to sport away."”

I am, your humble servant,
OnE oF THE UNwasHED.

——t—

LOCOMOTIVE ENGINES—RISTORICAL RETROSPECT.
(Compiled from the Report of the Committee of the House of Commons, of Aug. 1831.)

The first locomotive engine was invented, twenty-eight years ago, by the late Mr. ‘Trevithick,
a very ingenious man, and subsequently improved and used by Mr. Blen-
kinsop and others, for the service of eollieries.

Alr. Gurney stated that his carriage weighed only 24 tons; that in 1825 he began to work it.
that in 1826 he went up Highgate and other hills; and in 1827 he

went to Bath.

that he has run 18 to 20 miles an hour.
that he is able to compete with the coaches, with an advantage, as
2. 10s. to 15s. per hundred miles.

that he makes no noise.

N. B~—Mr. G. run his carriage for some time between Cheltenham and Gloucester, to
the great loss of his supporters, Sir Charles Dance and others.
Mr. Hancock stated that his carriage weighed 34 tons,

C that, with a piston of 9 inches, he has worked at 4001bs., and on an avar-
age at from 60 to 100Ibs. on the square inch; consequently, could
exert a power of 13 to 90 horses.

that he makes only one-third of the noise of others.
My. Farey stated that Mr. Hancock and the Messrs. Heaton were the only candidates
likely to prove successful.
suggested that there should be 2 horses at every hill, for the help of these

locomotives.,

stated that passengers were annoyed from heat, noise, smoke, and dust. -

condemns Gurney’s, &e.

N. B.—The Messrs. Heaton, residing at Birmingham, were not examined.
My, Ogle stated that his engine is 20-horse power, with a pressure of 25016 on the

squareinch.

that his carriage weighs 3 tons.



LIST OF STEAM-COACHES AND DRAGS BUILT AND BUILDING, &c.  }9

has gene at the mte of 32 to 40 miles per hour ; and hag sscended
hills at the rate of 16} miles per hour.
explosion impoesible.
he is on the point of establishing & factory, 8o great are the demands
Jor his carriage!
Afr. Gibbs was very sanguine in his hopes of success—proposed to plough, and drive vans.
My, Summers (the partoer of Mr. Ogle) stated that they had constructed 2 ua.mngca, weigh-
ing 31 tons, besides passengers.
that they had carried 9 persons at the rate of D-miles, 'hel the erank
broke, and the carriage was sent back by camal.
Las carried 19 persons at the rate of 10 miles.
has travelled at the rate of 30 miles during 4} hours frequensly ; conig-
quently 135 miles in 4} hours.®
has ascended Shirley-hill, which is 1 foot in 6.

Such was Lhe state of the locomolives in 1831.

Observations.

In 1833, Mr. Gurney, the most persevering of all the ouupenm, is beaten out of the fleld,
to his great cost.

Sir Charles Dance, his substitute, has ran many times to Croydon and Greenwich~~mady. sn
attempt tq go to Birmingham, in whieh he failed—and made, lastly, an attempt o mdﬂh’
to Clapham, in which also he has failed.

Messrs, Hancock, Ogle, Gibbs, Summers, and Heaton, are all in movement, but merely by

convulsive starts; nlthough they are provided with powers that may be raised to twenty,
thirty, forty, and even eighty horse power.

About twenty years have passed away in experiments, and not less, probably, thap 100 ,0007.
been expended upon them ; yet, after all, nothing effectual has been done.

At one period steam guns were the terror of many : they were te have mowed down whole
ranks of infantry and cavalry ; even artillery were to be quite impotent before them; but no-
body now hears or dreams of such things. It would almost seem as if ltcam—ﬂ:ﬂlgum
destined to vun the same course. The writer hopes not; but if he were to look for grounds
to anticipate a different result, it would not be in any of the prospectuses for sted
companies that he has seen, of which the best that can be said is, that they eiroulate much
easier than the wheels of the carriages that they respectively extal to the skies.

A FrENCHMAN.

——
LIST OF STEAM-CQACHES AND DRAGS NOW BUILDING AND BUILT IN LONDON AND ITE
VICINITY.
[We have been favoured with this list by a Correspondent, who states that its “ accu: y be de Im.q
on.” We really had no idea that 1here were so many locomotive competitors in the

Hancock .o...vvu0eees0.. 1 Infant, his own, built, experimental one.

Ditto wsesecssesesssss 2 Era, (for a company) built.
Ditto «.vssesverasas. 3 Enterprise, (for a company) built.
Ditte ....vvevvevaaees 4 Autopsy, his own, built.
Ditto ..esseevess .... & a new one now building, his own.
.Gurney, Stone, Gibbsand ) } @drag, built and altered by the said engineers, for Sir
M aEEN R Charles Dance, knt.
Ogle sovencans 1 a carriage, his own, built, experimental one.
Squire.esesss 1 a carriage, himself and nthers, experimental one.
Fraser...eusseuesusevess 1 a carriage, himself and others, building, experimental one.
Gibbs and Applegath .... 1 a drag, themselves, experimental one, built.
Gatfield and Bower ...... 1 a drag, themselves, experimental one, building.
Andrew Smith. .....cc00as 1 .2 diag, (for Mr. King) experimental one, bm].dlns
Palmer ieccencevcvcnnss ] adrag, his own, experimental one, built.
Redmund .........s.... 1 acarriage, experimental one, building.
Maanting, Joseph ....... . 1 a carriage, his own, experimental one, building.
Phillips and Co..... +es.se 1 a carriage, their own, experimental one, building.
Silk +v.uveasesecisseensas 1 acarriage, his own, experimental one, building.
Smith and Co. .......... 1 a carriage, (for company) experimental one, building.

Mile-end (name not known) 1 a carriage, (for a company) experimental one, building,

* Mr. Summers afterwards explaioed that what he meant to say was, that he had travelled * for the
space of fonr miles and a hall—not fonr hewrs and a In]t’—at the rate of thirty miles an hour."—See his
 Letter in Mech. Mag., of March 24, 1832.—Ep. M,
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e - THE UMPULATING BAILWAY.

ether engines, neither suotioncocks nor
any substitute for them are employed.

-In the suctioncock of which I now
send vou a description, as promised, there
will be found several material improve-
ments, In the first place, the cock
ip placed horizontally instead of vertie
op)ly, the key is screwed into its seat in-
stead of being rivetted, and the water-
way through it is the full size of all the
other

Fig. 1 exhibits a sectional view of
the hinder portion of an engine-cis-
tern, with the feed-pipe and suc-
tion-cock in its proper place. A is a
trough running nearly across the cistern,
into which the lower orifice of the cock is
immersed; the trough being below the
general level of the cistern, the water
will run into itas long as there is any
left, and the engine wiﬁ work itself quite
dr{. The water, entering under the cock,
will have to make one right-angled turn-
ing, while in the old suction-cocks it has
to make three such turns.

b is the perforated covering drain,
which has a small slip moving on hinges,
to admit the handle S to traverse. When
the engine is working through the suc-
tion-pipe, the handle is in this position,
the lower orifice being closed ; but when
it is requisite to work from the cistern,
the handle is drawn back to C, which
shuts off the communication with the
suction, and opens the cistern orifice at a.
. The slip being shut down again pre-
vents any improper turning of the handle.

Fig. 2 is aview of the cock from above,
the cﬁmed lines showing the large water-

way.
fvn a suction-cock there are three pas-

es, two of which are always required

to be open ; if enough substance, there-

fore, is left to close the remaining one,

that is all tlat is necessary. This is

.done.at e, fig 2; but, to strengthen the
_key, two slight pillars are left, which

have this effect without at all obstructing.

the waterway. A provision is made in
this cock for introducing oil occasionally,
Dby a thumb-screw at d.

Suction-cocks are much injured by fre-
" quent . unnecessary . turning; the cock
Ehould never be moved unless it is abso-
lutely required to change the mode of
supply- ; .

A suction-cock, constructed on this
principle, composed of good metal, and
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made in a workman-like manner, would,
with proper, care, last out the other worke
ing parts of a fire-engine. Such an ar-
rangement would permit the barrels to be
filled with water at every stiuke, which
many engines will not if worked quickly,
Most of the older fire-engines produce s
maximum effect when worked at a very
moderate speed, while many modern en-
gines, of a corresponding size, and worked
by the same number of hands, will throw
twice the quantity of water in any given
time. remain, Sir,
Yours r tfully.
' . BappELEY,
London, Dec. 8, 1833.
—i—

" THE UNDULATING RAILWAY.

Sir,—It is unnecessary to quute ex-
tracts from Mr. Cheverton's letter to
justify me in the observations I took
the liberty to make on it, inasmuch
as that gentleman still persists in main-
taining the erroneous opinions he has
taken up on the subject in question.
In his last communication, page 72,
he ridicules the idea that more steam
power should be expended when a loco-
motive engine is moving at a uniform
velocity than is necessary to overcome
friction. Now, ‘this is the very point in
dispute. It is one of the consequences
attending the laws I have been explain~
ing, and if steam power were constant
that circumstance would not take place;
it does, however, take place, and to
an extent increasing as the velocity of
the moving body increases. This is ex-
emplified in the case of the ship in mo-
tion before the wind: if the maximum
speed of the vessel be two miles, and the
wind twenty miles the hour, the power
expended, more than is necessary to over-
come resistance, will be one-tenth of the
whole, which will increase to one-half, as
I said before, when the vessel moves at
the rate of ten miles an hour.

Mr. Cheverton says he argued the mat-
ter hypothetically,—that is, he assumed
that gravily was not a uniformly increas-
ing power, or else that mechanical power
could, by construction (at least), uptoa
certain point, be made equally ayailable
as gravity; and then reasons accordingly.
But such reasoning cannot be admitted.
Gravity is a constant or a uniformly in-
creasing power in free space; the fact is
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tbd well established to be now shaken,—
it is, in fact, the foundation of the scl.
ence of projectiles. On the othér hand,
human ingenuity has not been able to
diseover a mechanical power which would,
even up to a certain point, be equally
eomstant or effective with gravity. Mr.
Cheverton’s scheme of getting pleaty of
steam and large cylinders, is curious.
He forgets that the machines moved by
sither power must start on equal terms,
and that the resistance o d to Loth
must be the same. If 8o, then who. can
doubt whether the machine moved by
the power of gravity will not first reach

. the winning-post? If the power which
is the cause of gravity be a mechanical
oue, it myst move with the velocity of
light ot electricity, as the comparative
speed of the moving body, at any velocity
we can command, bears no sensible pro-
portion to it. -

The distinction Mr. Cheverton draws
between impulse and pressure is not a
plicable, and has nothing tv do with the
questivm,

* As the experiments Mr. Badnall has
Jately performed are of the most interest-
ing description, and require to he well
authenticated, particularly as there is
great nicety required in making them, it
would be very desirable if some sefentific
gentlemen of eminence would attend,
and give, under their signatures, the re-
sults. I do not mean to say there was
any wilful misrepresentation made, or
that Mr. Badnall’s reports are not accu-
rate, but it requires very nice observation
to ascertain the acquired velorities of the
carrisges at the fout of the ascent.

- MEenTOR,

Dublin, Nov. 4, 1833,
' T

THE UNDULATING RATLWAY—FURTHER
EXPERIMENTS.

(From the Manchester Chranicle of Dec. 21.)

-“We had an opportunity of witnessing,
vesterday, some interesting experiments which
were mpde with a view of further demon-
strating the correctoess of the undulating
theory. Since this important question be-
came a subject of open discussion we have
harrowly observed its gradual rise in public
estimation, dand nuticed the published state-
ments ‘of the experiments whieh have betn
made on the Liverpool and Manchester Wne,

twell as in other places. The result of our

THE UNDULATIRG RAIIWATSIPURTHER BEXPERIMERTS.

obeervations is & decided opinion in faver of
the principles It appears that the experiments
which were yesterday madewere suggested by
Mr. Peter liwart, of this town, who proposed
as a motive power the use of a falling weighé
instead of locomotive force. Two rdilways
were consequently laid down by Messrs. Steq
phengon and Badnall at Pendleton—oue of
which was undulating, the dther horizontal,.
each being terminated by aft inelined plane
4 feet 11 inches in lehgth, rising 11 ineches
from the base. The length of the two rails
ways was about 45 feet, and the dip of each
undulation (there being two) was about 1D
inches in 21 feet; the remaining portion of
the undulating line being level, in order that
the wheels, at starting, might be on the flat-
surface. The result of all the trials fully
corroborated the estimate of the advantages
of the undulating line, founded on the pre-
vious experiments. The [velocity on the
curved line wad nearly double that upon the
the level ; and the momentum, after travers-
ing from level to level, was even greater on
the former than on the Iatter. Our distin-
guished townsman, Dr, Dalton, was present
during the whole time, and, with several
other gentlemen who attended, appedred
much interested in the result. 1t unfortu-
nately happened that the weather became
extremely unfavorable towards one o’clock,
and consequently we were deprived of the
opportunity of witnessing, on this oceasion,
5o full a serfes of experiments as Messrs. Ste-
phenson and Badnall were prepared to exe
hibit. We saw, howerer, envugh to satfsfy
us that the undulating principle is a decided
improvement, and we canaot help feeling the
desirableness of an extensive and immediate
trial of its mierits, on a large practical seale,
before immense sums of money are needlessly
expended in levelling, &c. on the projected
lines of new railroad.”

(From the ManchesterGuardian of same date.)

“ An interesting experiment, which had
been suggested by Mr. Ewart, of this town,
as likely te furmish a deeisive test of the inerits
of Mr. Badngll’s ‘ undulating prigeiple,” was
tried yesterday, near Mr. Fitzgerald’s eol-
liery at Pendleton, in the presence of Dr,
Dalton and several other gentlemen. The
experiment was of this nature :—Two lines
of railway, of equal horizontal length,
were formed, side by side, one level, tiw
other undulating, but both commencing and
terminating at the same elevation. A ear.
fiage (or rather a pair of wheels on an hixle)
Was made to traverse these two lines in sue-
edsston, by means of a weight saspended over
a pulley’; and the object was to ascertain
whether |the carriage thus startéed from and
wrriving at the same altitade on each line, and



TEE FABLALLAN OF MARS: RRCESNINED TRIGONOMETEICALLY:
im each ozse the same horizedtel.

distanée, would have aequired a greater mo-
mentam on the level or on the herizontal
lige 3 Mr. Ewart’s opinion beiug that the dif-
ferenee in momentum, if any, would deter-

mine the relative merits of the two lines.

The momentum was measured by ascertaining
How far the carriage would ascend an inclined
plane placed at the end of each line of
raitway. During the experiments the wind,
unfortuttately, was very beisterous, and ne-
cessarily produced some little uncertainty in
thhe results; but the experiments, so far as
they were tried, were cleasly in favour of Mr.
Badnsll’s theory; the momentum acquir-

Nk
were at length interrupted bymm obn-
geo-

tinued rain, when it was ag

tlemen present to adjourn them to some
future day, when there should be a prospect
of calm and favourable weather. Of course,
it is bardly necessary to say that the car-
riage traversed the undulating in a much
shorter time than the level line. The aver-
age difference in time was from 8} to 15
seconds.

It would seem from the last exiract,
that the Editor of the Guardian, who was
formerly opposed to the Undulating Rail~
way System, may now be ranked among

edron the undulating being greater than
that on the level line. The experiments the Dumerous converts ia it.
——

TRIGONOMETRIGAL SOLUTION TO DETERMINE THE PARALLAX OF MARS.

' From Observations taken with Shires’ Pol.lr Iumrial (described in the Mechanics’ Magasine of
. Janoary 21,1832). By Mr. William Shires, Mathematical Tator. , K

B

L s

-

'Sir,~From the mean of mineteen ob-
gervations, taken November 22, 1832,
iy latitude 51° 33’ N., the whole was re-
duced, by ratio, to an interval of four
hours, two Lours on each side of the mes
ridian, and the results were as follow:—
The eastern limbs of Mars and Aldebaran
were Dbrought into contact, when two
hours east of the meridian ; four hours
after those limbs were 3’ 517863 apart
(in the mean of results) ; during which
interval of four hours, the geucentrio
change of Mars was 340" from the
Nautical Ephemeris, and the cosine of the
latitude of the place had described an

.H.

angle of 609, which cosine, in miles, is
24755, and therefore forming an angle
of 30¢ with the meridian, at the first and
Jast observations respectively. Whence

the following was the solution:—
Let C W E represent the ptane of the
arallel of latitude, and C the centre of
its diurnal rotation; E my station at the
first observation, and W at the last, the
earth’s rotation having carried me through
E W of 60° in the four hours; let also
the parallel lines Y E,and L W, represent
rays of light from Aldebaran to the sta
tions E and W. Also by the problem,
LAEY=£BW L300 each. .
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THE UNDULATING RAILWAY.
Sir,—~I return to Mr. Cheverton, and to
his erudite, cool, collected, and polished let-
ter, contained in your 534th Number.
*“In my last, I endeavoured to show that,
according to Mr, Nicholas Wood’s published
experiments, the resistance of the atmosphere,
s opposed to the motion of rolling bodies,
does ot inerease according to the squares of
the velocity. I will now adduce corrobora-
tive proofs of the correctness of the opinion I
huve formed on this subject. It is, I believe,
not to be disputed—and I am again com=
pelled to refer, for the truth of my observa-
tion, to all engineers practically conversant
with railways and locomotive engines,—that
gfem’er the velocity on railways (asstated
I letter of the 11th Sept., page 440,) the
been proved Lo be the total friction or
!'nisl'.a!lce or, in other words, as it requires
“thore powerl.o move & body from a state of
rest to a given state of motion, than to keep

3tin that state of motion when attained, so

“the greater the velocity attained, the less is
‘the effective power absolitely requived to
‘move a rolling body over a given space. It

:i8 true, as I have before remarked, that the

2 g;emr the velocity with which a locomotive

o A

THE UNDULATING RAILWAY.

with it is doubled ; we, thenefore, doubie the
expenditure of power in & given time.” “Ig
regard, however,” he continues, “ to the re-
sistance of the air, it does not continue the
same, for the quantity of air encountered by
the angme is doubled, and the \rdoeny with
which it is struek is donhled the resistance,
therefore, is quadrupled, or 1& increases as the
square of the velocity; but the velocity of
the force to cope withit is also doubled :—we,
therefore, octuple theexpenditure of power in
agiven time, so.that, whilst the demaad for
steam is, in regard to friction, simply as the
velocity, it is, in regard to the resistance of
the air, as the cube of the velocity [’ - Now,
muiern of the Mechanics’ anine, bewr
in mind that the ChRampion, in the abovp
paragraph, has endeavoured, he saysyto ax-
press himself in a maomer syitable to--the
eapacity of & child, and for.which, he applo-
gises to yow. 1 am the tender sucklipg:tp
whom this beautiful littledullaby . is-+ sk
dressed ! Mark, readers, the burden of it
1st. At double velocities & doghle expendi-
ture of pawer is nex , in & given time, to
counteract the retarding- force of frictien I
2d. At double velocities an octuple ex
diture of power is necessary, im a given me,
act the resistance of the air! .~

_engine travels, the greater is the unavoidable
“sacrifice of steam power ; but could this sa-
~erifice be' prevented, and could the precise
"power necessary to be employed at maximum
“welocities be measured, the truth of my po-
/fition wounld be undeniab]y confirmed. I
- éatmot, perhaps, jmpress the truth of these
- observations more foreibly, than by stating a
fact which has been frequently proved on the
“Idverpool and Manchester railway:—Sup-
pose the engine to be drawing a train of loaded
waggons at the rate of 30 to 35 miles an
hour, and that Mr. Champion Cheverton
were to be in the first open carringe. The
chains by which the waggons are attached
to each other would necessarily be, when
_thus moving, at their full stretch. Now, if
. Mr. Cheverton were to lay hold of the chain
. which fastened the firs¢ carriage to the se-
cond, he would find that he could, without
_ difficulty, draw up all the following carriages
“to his own; thus, at a velocity of 3§ miles
~an_hour, the Jriction would he so reduced,
and the total resistance so reduced, that the
" Champion’s own arm could move & load with
ease, upon a dead level, which at 5, or 10,
‘or 20 miles an hour, it "would be :mposmble
for him to accomplish. ' Now, how is this?
and how does this agree with the Utilita-
yian’s declaration, as follows :—* Take a lo-
comotive engine and double its velocity, and
what do we do? We will say noth ng of

inertia. (Por this I thank him, for-I am -

heartily sick of the word.) The resistance
arisiog from friction will continue the same,
but then the velocity of the force which copes

.

And yet, when a whole train.of carriages
are travelling at 35 miles per hour, the poter
of any man standing in the first carrisge is

‘ sufficient, Bs above stated, f0 increase;the

velocity of all the succeeding 'currigges; -
whereas, at 5 miles per hour, suck.-power
would be a.ltogvthet ineffectual ! “alm
Now, it is quite evident that either Mr.
Cheverton or myself must be mastf egregiansly
in error. Mr. Cheverton insivty upon it Lbn
the power required to move a carriage in a
gumn time, at a double weloc:ty. is double
in regard to friction, octuple in regard to air.
I maintain, in regard to friction, that the
amount of force with which all bodies press
upon the garth isin inverse ion. te the
velocity at which they travel over-the sarth’s
mrﬁm. : N, i
And, in regard to eir, it is still my degided
opmloa, that the resistance. of -guisscent at-
masphere, when. firat- vosrcome by Jocomotive
power, which is censtantly und equably conti-
nued, dees not, throggheus FQUAL SRAGES.OR
DISTANCES, .agt a8 an eppusing. force with.
grm!eflaunn“ym high whuum ti’upult Iew
velecities; but, om the conlrary, it is _my
opinion thel the total r of at ¢

o

OPPOSED to a irain of vailway mu;n‘

- threughout @ GIVEN DISTANCE, iy lass at hig.

welociries 1han gt lew velocities, from the in-

* elination whick ell bedies, srhen in ra Epu! Moe

tiom, have to-rise from the surface of &, nru,

“or from aderdser to @ lighler almosphere,

- Now the experiments which 1 am about ta
try with Mr, R, Stephenson will determing
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this point. What will Mr. Cheverton think
should he'find that, when a carriage is mov-
ing at a wvelocity of 30 miles per hour, the
mereary in' a barometer placed wnderneath
the carriage rises an inch or two higher than
wher placed at the fop of the carriage? Mr,
K. St n suggested this simple mode of
determining the question, and he Las good
yedsons, in which I fully concur, for believ-
fng that it will not be difficult to prove, when
our experiments are completed, why the re-
#stanes of the air does not, at kigh velocities,
aet =8 an force with greater inten-
#ity-shan at low ties. ‘
‘. M. Champion Cheverton will, perhaps,
dd- bis wisdom, condescend to prophecy the
‘Yesults of these experiments; and, before be
Hears the partioulars of them, favour us with
s eonclusions, supposing what I have stated
1 bereally the case. He in, however, rather
vautens. it these-matters. Wiat ke canust
Fathom, or dare not mees, (my challenge, for
imtance;) he pretends to treat with “ con-
P as silénos!” HIs comtempt! His
-dilenae! Alas!— ‘
b « He has ventared,
Likae Jittle wanton boys that swim on biadders,

. e - . . . . . -
. .But far beyond his depth !”

Let me now next make an allusion to my
- Fpeent experiments, in further corroboration
:of my opinion as to the resistance of the air
‘not incyeasing as the squares of the velocity,
swhen opposed to railway carriages.
.7 - 38 will be seen, see Experiment I., page71,
MM the ‘train of carriages, weighing,
with engine, &¢., about 164 tons, attained a
‘mdlovity of $0°28 miles an hour (pressure of
iteany” 50 Ibw. to the inch), the Firefly and
lel.\l ros¢ en the incline 575 yards; and

20 miles an hour enabded (ke load to rise 575  yards in 116
16 miles an boMr «.occcpnenmncanns
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{see Exp. IT1.) when the same 1oad attained
a velocity of 14'34 miles an hour, the Firefly
and load ascended 315 yards, the steam be-
ing at the same pressure. .
Now 14 : 315 :: 20 : 450; i
but instead of 20 miles per hour producing
an ageent of 450 yards, which, had the op-
posing forces of friction and atmospheri
resistance been cvem equal through agnj
spaces, it would have done, we find that the
load rose 575 yards! .
Again (see Exp. V.), u velocity of 18 miles
an hour enabled the load to ascend (the
Firefly working 501bs, to the inch steam)
4571 yards. And
18 : 457 :: 20 : 80744 :
but instead of 20 miles per hour producing
an ascent of 507 yards, which, upon the be-
fore stated conditions, it ought to have pro-
duced, we find that the load rose 575 yards!
Pray, Mr. Editor, are the hot-brained as-
sertions of Mr. Champion Cheverton, found-
ed though he thinks them on generally ac-
knowledged and received principles, to bave
more weight than undeniable truths elicited
and established by careful practical experi-
ments? But Mr. Cheverton will perhap
say, your mementum was greater at 20 miles
an hour than at 18 and at 14! No doubtof
it; but, according to Mr. Cheverton’s affirmg-
tion, that a double power js requisite gt
double velocities, to cope with the oppesing
force of friction, and an octuple power is re=
quisite at double velocities, to cope with atmj-
spheric resistance in a given time, the greater
the momentum the greater the resistance of
the atmosphere, and the greater the opposing
force of friciton, in a given fime! Whereas
—mark the difference in both spaces passed
over and in the fimes— R

secongds,

veee 4571 yards in 102§ seconds,

¥ 14 miles an bour .ovvveiinninieaiss esss 315 yards in 80 seconds.

- " Now, whatever may have bevn Mr. Che-
" verton’s notions as to the laws which govern
_ atmospheric resistance, can he possibly main-
“tain the same argumeats, without satisfac-
“‘torily applying them to, and subsuntialin%
“fhem by, the statements of facts which
*-mow publish, and which were witnessed by so
“mady othér engineers; or, if he cannot do
‘this, will he explain the anomaly# But Mr,
' Cheverton assérts, * the more successful Mr.
.Badnall considers himself to be with his ex-
 Verimenty, the more completely will he es-
. Egﬂsh himself in the wrong!”’ . .
4457 pye Cheverton would reully be doing us a
" ‘breat service in the morth, if he could find
“foisure to visit us, for the purpese of inspiting
“ys with .a- little of bie sopreme sense, re-

_‘marksble péréeption, and sober jud_g_quat! :

Bhlhoma v B o G R

I am wrong, “ because I contend,” he says,
« that the advantage gained is more and more
conspicuous in proportion as the inertia of
the mass to be moved forms the principal
part of the resistance to its motion, and con-
sequently that it is in this respect only, oriin
overcoming inertia by the aid ofgravity, that
any thing of any consequence is gained by
my acheme”!! Now, had not Mr. Chever-
tom, the Champion, whe detests “every thing
like logomachy,” much better answer my
challenge by, proving experimentally that I
am wrong, or by proving mathematically.
that my disgrams are erroneous, than by
supporting his tottering position by “ Mr.
Badnall ssys this,” * Mr. Badnall thinks
‘k“,” &o. &c.? And this Mr, Cheverton'
too, is the individual who attacked Junius
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Redivivus, by & lecture “ o modern modes
of philosophising !” and threatens me with
mis rod /! Exquisite and most dreaded com-~
batant !

But I have not yet done with my expla-
nation of some of the poilits to which thé
Utflitarian alluded ia his most unlegomechis
eal and etiologfenl discussion, He smiles at
e for stating, *“ that the continuance of uni<
form motion (he leaves out the word mawie
mum) involves a very cotsiderable expendis

_ ture of steam power, independent of what is
required to cope with locomotive reslstance.”
Will be find any engineer in England, prac-
tically acquainted with railroads, who will
tell him otherwiset—If he can, who is he?
The Champion knows very well, though he
is never guilty of “ garbling quotatiens,” that
T spoke of waste expenditure, or the sacrifics
of steam, not effective expenditure.

" 'Mr. Cheverton, however, recommends me
1o abandon the study of * the rapid flight of
swallows and gulls.”® I will when he proved
himself, on this subject, to be half as well
worth studying? But I must also prove the
fallacy of miy reasoning, © by accelerat-
ing an old woman into a trot.” How nun-
sensical the world would think me to try such
an experiment, when | have the power of ac-
celerating him into 4 gallop, and when I
find his theory, by such means, so clearly
ucidated, viz., ** that the reslstance does in
very truth det both as d provoking and as an
o ]pos!ng force with greater intensltg at high
vélocitles than at low velocities” ! ¢ How
Is'it possible, Mr. Editor, to suppress d smile” !
but * this is only & specimen of my lucu-
brations”! - .

" “The Utilitarian calches, as T thought he
would, at ghe feather to which I alluded in
my letter of the 11th Sept. About three
days after that letter was written, [ met Mr,
R. Stephenson, ser., who made the following
remark,—“ Well, how goes the opposition
on.t” . My answer, as he can well remember,
was,~‘* Poor Cheverton, 1 saw him drowna
ing and threw a feather for him to catch as!”
- We now come to another point, which
seems to have made the most serious impres-
sion upon him, ipasmuch as * the eye began
to laugh and the lip began to curl”! Bray-
TIFOL PICTURE | . | ,
. This gratifying change in Mr. Chevers
jon's conntenance seems to have Béen made
by the fellowing observations of miner—

" * The maximum velocity could not, on tle
degcent, be attained until the resistance of the
alr became equdl to the force of descent, of

ZHE UNRUMATING BAILWAY

—that this could not be until the ll‘l[t
carriages (which in practice is impossi
moved at mote than 883 miles an hour,

for the following reason,—the veloeity of aix
rushing into empty space is estimated to I
1296 &et in 1" therefore, ot less than §
miles an hour & vacuum behind the movipg
train cannot be formed, consequently therq.
can be no compression of the atmosphere
in front.*” SR

Og which the Champion observes,—* M
Badnall bas got held of the idea that a-cona
stant force necessarily implies as its rebult »
unifermly aceelerated velocity .in a resisting.
medinm, until the veloeity attained bo squal-
to that at which the’ would rwh
into empty space, when, | suppone; tho resisht
ance commences all at.onse,and 8 changt
takes place from wusiform mecclaration o
uaiform motion, alsa all & soce.” TR

Now, first, with regard to the velbeity ot
becoming unifrm itntil the tesistaiee of The
alr becomes equal to the Torce of Hesteft,
Hutton thus remarks—vol. ii. page’
¢ After the velocity is arrived at such a de-
gree that the fesisting force is equil to the'
weight that urges it; it will inerease no
longer, and the globe will afterwards conti-
nue to descend with that velocity uniforinly,”

Parkinson also observes,—* The greatest®
veloeity, acquired by a body dedcending in &
resisting medium, is when the¢ resistance bea
comes equal to the force of descént.”

Let us now ascertain at what velocity &
train of loaded waggons, weighing 100 tons,
must be moving before the resigtance of the
air could beocomme equal ko the .forge..of
descent? ) G0 e e

In allusion to the motion of an iron bail,
weighing 88 lbm, Huttvm OBserves,— the
pressure of the aimosphers is entirely takea-
off the hindér part of the ball moving with a
velocity of 1,600 feet per second, which mmt
happen when the ball moves fastet than the
particles of air can follow, by tushing ints
the place quitted and left void by the ball;
or when the ball mtoves faster than the air
rushes into & vacuiun from the pressuré af the
incumbent sir,"

At what veloeity, then, must the train of
100 tons be moving before the resistance of
the air becomes equal to 100 tons? I have
no doubs but that, in a perfuctly still atno.
sphere, & resisting pressure of 14 1bs. to the
square inch, upofi the front of the first ear
riage, would Bot be a sufficient resistanes to
render the motion wniform ; and this could

to the relative weight of the moving 3

. ® Mr. Cheverton does not condescend to ex, 3]:
bow those birds can attain the velocity tl:e)u )
tuppoeing his theory of resisténce 0 be cotredt.

* Now, can it be depled that amiform agelers;
:i'wulhlulh take ‘place untll the grealest velocity
attained, . L A h
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3 the train were moving, ifit were

¥ st more than 883 miles per hour;
for, supposing a body weighing 100 tons to
présent to the afr nn opposing front of 9,216
square ioched, at a velocity of 1,296 feet per
sédond, the réslstante of thé atmosphere would
116t exceed 58 tohs,

In speaking of lighter bodies, and in
_lis\'.ins glven an opinion, that * as long as
their specific gravities are GREATER than
the specific gravity of the air through whick
Lhey fail, they must continue to fall with an
g/ g aseslerated velocily,” I do not
think I have left a very fleshy bone for Mr,
.Cheverton t6 pick. Can he, barring asser-
Uens, prove otherwe? My object, in al-
1ddtng o the resstance of the utmodphere in
the first instames, whas to prove theoretically
thad which 18 very well knowh in practice,
viz, that the vesisrinee vf ke atmbsphere &
not, anl newer oan ) Ghe danse of thet limit
ta velocily which we lerm MAXIMUM VELO-
crty¥ on lewel railways; dnd, moreover, that
he resislance in_slfll utmosphere never can,
Pracligall speakiug, produce the uniform
Th‘m qf’ a train ? loaded carriages when

escensling un inclined plane, My reasons
:?l{ affirming this I gave in page 438, and

1 pan add is, that, whatever may be the
opposite opinion of Mr. Cheverton, he can-
not prove himself correct, ner me wrong ;
whereas he may el any time prove himself
crroneoug by watching the progress of a
carriage down an inclined plade. The velo-
city even of aa empty carriage would, under
the influénce of gravity, continuée to be
accelerated until it left the rails and broke
to atoms. What, then, would be the case
Wwith a load of 100 tons? And if the atmo-
sphere; when opposed to the forde of gravity,
ot at practicablespeeds, equalise velasity,
Mow odn the atitesphure be thé enly* e
Okinik odunt of equatlfling velovity on & dead
m the pewer of . steamt being eyudbly

e 7

"1 now tuin to andther point of the
Uiffitarian’s attack, He says—very inno-
eently, ' with a lniigh in his eye, and a
cufl on Kis 1ip¥—* Mr. Badnall quotes me
as sdylng, that it Would bk an idle asseftion
Lo say that locomotive steam power ig not,
tike gravily, a constané force; Upon this
unauthorised assuppption that I contended
for steam foroe being equally comstant like
' gravity; whieh he would gladly ceasider (as
. by indest], maintains,) to be the main point
in dispute between us, he (M. Badnall) pro-
ceeds, after a fashien of his ewn, to demon-
strate that it is not, a similar econstant foree.

Tk C did not , bat
T @gx.mf‘%ﬁ::?:::m s
W any dIEciont eausep? |

. e
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} (Mr, Cheverton) -did nef say # wa. My
words were—* Forces can be considered as
only of two kinds, those which operate
continually® like gravity, and those which aof
only for an instant by impulsion. [t would
be an idle assertion to say that steam
locomotive force is not of the latter, but of
the former kind. Here is nothing (continugs
Mr. Cheverton) about constant force, but of
steam force operating confinually in contra-.
distinction to an instantaneous action, and

. yet this controversialist,’ &e. &ec. even falsl-

fies the terms that are applied.”

Now, gentle reader, mark well the sophis-
try of this Utilitarian—measure the depth
of his memory—and judge, have I falsified
‘him, or has he falsified Mimself? - . :

In No. 514, page 166, Mr. Cheverton, the
Champion, thus writes:—

* He (Mr, Badnall) appears to think that
the locomotive force which urges & carriage
along a level plane is not of & similar kind
to thit of gravity, which carries it down an
inclined plane: he speaks of the latter trul
as being a uniformly accelerating force, Lut
does not admit of the motive force of the
engine being of an accelerating kind, though
he must be aware that it is & CONBTANT
force! Whetherit is like gravity, uniformiy
accelerating, is not necessary to the in-
quiry, depending altogether upon practical
arrangement.” .

Again, to prove what Mr. Cheverton real}?
means, he follows this up by saying, “ If
there be a surplus of locomotive force (and
this is the particular which Mr, Badnall
forgets) over and above what is demanded
for locometive resistance, &ue. ko. fo. (see
his letter) fhe tims in attdining uniform
motion will be precisely the same whethér
the carriage travels down the inclined plane,
or aleng the herizontal line” !

Again, in No, 514, page 355~1 must beg,
Mr. Hditor, your sttention, and that .of
your readety, to the Utilitarian’s following
remnarks, wherd & wiost unacovmntable foss of'
memory (to say the lenst of it) i evidemt—
be says (and 1 mued mow repras words of
Mr. Cheverton’s which 1 have before intro-
duced)—* Forces van he considered &s enly
of two kinds-=those which operate con-
tinually like gravity, and those which abt
enly for an instant by impulsion, k& would
e an idle assertion, to say that steam loop-
motive foree is not of the latter, but of the
former kind, were it not that Mr. Badnall
appears to dispute it, and says that 1 rightly
construe his opinion in belivving that he

- dots met vomsides locolmetive force to be of
Cu * How ‘!:?:.d‘irlf”u‘uy o::nau: alr‘e llfz 'tt\_ro terms



& similgr kind to-that of gravity, The diff.
culty of dealing with this opinion arises
(continues the Champion) from its being so
evidently erroreous, that to controvert it
appears like uttering truisms. Is gravity
in comstant action }—so is steam !- Does
gravity-in g theveof produce acce-
lerated motion $—so0 does steam V'

It is true, that Mr. Cheverton afterwards,
makes allusion to the possible difference in
the two forces as regards umiform accele-
ration, but is not his opinion at the moment
rendered clear by the following passage:-—
“ Undoubtedly, "locomotive vesistance wvery
20vR czhauats the force of the most powerful
engine as rapidly as it can be produced, but .
Mich 18 ALSO THE CASE WITH GRAVITY,”
&e, ! ’

Now, Mr. Editor, have I falsified the
terms of Mr. Cheverton or not? Has your
able correspondent Mentor ¢ relied on the

reions and false statements’ of Mr.
nall or not?! Has Mr. Badnall's con-
duct been digingeawous in concluding from
Mr.. Cheverton's letters that he considered
the power of steam, like the power of gravity,
@ comilant fwce? But, Sir, the Utilitariun
Champion says, * that all his statements, in
vaspect (o the similar effects produced by
&leum and gravity, are HYPOTHETICAL, and
CAREFULLY guarded by conditions” !

- Now, Sir, if all his argumeats in reference
% the undulating railway are, according to
bis owan confession, founded on hyp
and, moreover, if each hypothesis is CARE-
FULLY guarded by conditions, what reliance
can be placed on his opinion in oppésition
to the experimental and mathematical proofs
which have been laid wunconditionally before
the publict ;

But the Champion, finding it impossible
to make good his argument, and thinking it
probable (in fature he may consider this
truism), that Mr. Badnall will never allow,
at any saerifice of time or labour, or, much
more, an accusation of wilful misrepresenta-
tion or felschood, to be laid to Lis charge,
bas endeavoured to smooth his errors, and
to explain his nonsense, by informing us
what ke considers it possible for ingenuity to
bring practically into effect in regard to
locomotive steam force.

First and foremost—plenty of steam !—an
INCESSANT supply ! — fully commensurate
with the intended velocity.

_ 2dly. No wire-drawing of it, nor shulting
it off but at the full .:_r:f,; ? .

3dly. There must be jwe or mare cylin-
ders !!

4thly. They st be Jarge /—the motien of
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the pisténs must be slow, the peedful velocity
bring effected by intermediate machinery! ;
Now, Mr. Editor, had 1 supposed, when I
took the trouble of replying to Mr. Chever-
ton's yarious communications, that the
whole of his arguments were founded noé
only upon hyputhesis, as generally under-
stood, but upon imaginary improvements.in
locpmotive machinery, | should have taken
a very different course ; but I confess, from
the various communications which I -had
previously seen of Mr. Cheverton’s in your
Magazine, I had formed a different opinion
of his candour and of bis courage, - © :

But lie talks of the jarges and inanity of
the schools—he therefore has had, perhaps,
more experience in these matters than my-
gelf. He detests Iog-cmk"y, however; (and
preves his detestation)}; so do i

A word as to ¢ periphfugal force! 1.

The Champion must be a mast couragepua
being : he places the poor insignificant w
which I have coined in the category of,
nonentities ; but immortalises hig ,‘of(ﬂ ige
ventive genjus by the introduction of that
classical word, which 1 hope may even be
co-existent with his name, * UTiLITARIAN I?

Again, the Champion tafks of * loco-
motive duty,” which 1 must estimate -b)r'
multiplying the resistance fnlo fthe distance.
Let him think again—the undulating ling,
where gravity throughout most of the dis.
tance is a freer and powerful assistant, is far;
far superior to the horizontal line, where'its
ever.acting opposition can only be masteréd
by a proportionate expense of mechanicat
power, .

What further does the Champjon say?}
That you, Mr. Editor, and you, Mr-‘S:.Iﬁ.:
derson, almost agree with him, And he
asks you whether you really believe that you
can take advantage of the gratuitous pewer
of gravity, on a general level, without being
under the necessity of repaying this assist:
ance? Thus he puts to you the very ques-
tion in which the whole of this controversy
originated, and he answera, afler seven
months dispute, ““ AssurEDLY Nox"!!
Why did not this Utiliterian -Champiop
mt}elql.he question before *—" ASSUREDLY
nox”'!! -

“ 1u dreadfal wars .

The high-built elephant his castle rears, -
wrn od man below; and strikes the stars
But Mr. Cheverton, with his dear laughing
eye, nnd his sweet curling lip, bas had more

compassion upon his foes ! .
Mr. Chevertoa says, however, that he has
given me ome piece of valuable informationss
ke presenied ts ez for the firat tima the idea
of the poswibilily -of steany being hushbanded
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om ke uideleting ay/ -1 should:think
_ he'imonot: aware of the mmmber of .experi»
ments which were tried on the models belere
this ‘contraversy began, with a view of as-
%lﬁnin_g with how little locomotive power a
'_s‘ﬂ_an,l.q .obuld be conveyed fram one sume
mif.of an ypdulation to another. i
utk mmeslvor desirons. of eorrecting. another
arrer:imto which Mr, Cheverton has fallen.
Mo saysibat the models in the Adelaides
srvet gallery-were put down to convince me
of myy error. - 1 beg-to assure him, that they
wege put-down by the particular wish of
Mr. Perkins, .who had declared his approval-
f the principle, and without one farthing’s
3)513 _!q.,:k: ‘proprietors of the gallery—both
théengine and model railways being at this
mament. a4 my own or Mr. Giles’s disposal.
.. To conclude, -it appears that the Cham-
pion takes, me for an Irishman—he talks
u“ Arrf' a_true Irish percéption of things.” He
£ i '+ 1" ami'an Englishiman, though
WHE 1THIsh 1 shodld ‘have been equally
PHoutt of ‘try eouirtry, and equally prepared
W' ¢ 'mybelf against’ the: most un:
dhfittdous - Hrtack ‘that, upon a scientifie
#ffbjéct; it was ever my lot to witness.
I bave now welcomed Mr. Cheverton’s
“ pat an. the cheek "~his “ stern and magi-
sterial -advice P—-and his ‘‘ wink and his
npd,” . and, while anxiously waiting for * hiz
. to8,", 1. beg. to assure him that although I
have - ohjegted .to. continue, as un s
#%, faskberhypothetical discussion on the
its of the undulating railway, I have no
mteation_of reliquishing the logomachical
discussion which he has introduced, as long
gs_the readers of the Mech. Mag. may find
afiuserfent in, and you, Mr. Editor, find
tdém for, & display of satirical prowess.
. -1 have an occasional half-hour to spare in
gu . evening, .and when engaged, I can put
(if it do not interfere with his more im-
postant occupations) the lucubrations of
Champion Cheverfon into the bands of my
suAnd now, M. -Editor, returning to & more
sericls *sulfjeet, I must again express m{
Fegret iat the tone of argament into whic
My Cheverton’s. letter has .unayoidably led
me ; and to those of your readers who have
done me the honour to peruse with interest
my.preyious communications, I beg particu-
larly to_apologise. There are cases, in argu-
ment, wherein a man fs’ compelled to use
weapons whith he would wiflingly forego; and
1 must beg those who think my remarks eitlier
tadicars 108  unnecessary,- to. yoparmse. the
extraordinary létter which proveked -them.
L&otthy “will give ma:coedit. in suehl
eate for retwrning, like Diegenesy, blow for

blow, In perfect good lumscur—and f¢. =
geod- motive. y o S o
““ gl plv EAdor Kives Tobs éxpods Bdave
ovow, &yé B¢ Tols pihovs va pwow.? .
I am, Sir, with great respect, . -
Your very obedient servant, ...,
RicEARD BADNALLy.~
Farm Hill, Nov. 19, 1833, oy iy
——— 2, Lol
THE PHILOSOPHER OF BOLOGNA UNMAsKY
ED’; OR GALVANI NOT THE DISCOVERER
OF GALVANISM, el B
Sir,—It appears to me very singular
that no notﬁ:s should . ever h{.re' %,qé'ep;
taken of an experiment made by M. D
Veruey, before L8 Fellows of the Royak
Academy at Paris, in the year 1700, and
ublished by their secretary, the cele=
Emled. M. Fontenelle, in his Account; of
the Transactions of the Saciety for ﬁlaq
year. It is there related shat M. Da
Verney exhibited a dead frog, add on
frritating it with a scalpel the nerves df
the belly, that led to the thighs and ¥egd;
trethbled "and suffered a‘sort of corival-
sion. He aftérwards cut the nervesin
the belly, ‘and stretching’ them with his
hands, & similar convulsion was grdd’uge&_
by the application of the scalpel. Now,
though it may, at' this distdnce of”time
be impossible to adduce positive pjrnoi
that Gulvani was acquaintéd withi this
revious experiment of M. Du Verney,
cannot help thinking that it is guile as
likely he was so, as thai Le should
bave come to a knowledge of the fagt
in the strange way he pretended, nsm_ei{,
through one of his pupils accidentally
touching with a scalpel the crural nerve
of & frog, which wus being prepared in
the laboratory of the professor, to make
a soup for his sick wife. That a fn
should have been the animal operate
upon in both instances, and a scalpel the
operating instrument, are coincidences
pregnant with suspicion. At all events;
this much cannot be disputed, that thé
Bolognese philosopher did at least only
discover what Verney had discovere
and made known to the world_long be-
fore ; though there is now, probably, ag
little chance of our seeing the name o
Verneyism substituted for Galvanisi, as
Columbia for America. ' o
I am, Siry yours sincerely, . -
R. W. Dickinson.

" Iifvacembe, December 10; 1838
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whit wearer being filled, exeept with -
condensed steam. Again, how is he to
elean his retort? After taking off the
cover, how is he to remove the coke when
He finds it congealed into large masses,
" and, by means of the shelves inside, still
mere effectually bound together? The
gallons of undistilled oi, too, which would
indtantly ignite? All this, moreover,
bebind the kitchen-grate, with, perad-
venture, a variety of culinary prepara-
tions' basking before it !! e eup of
bll, fig. 4, and the supply, fig. 8, are
dqually incomprehensible.

Fiﬁ' 2, of the prefixed engravings, is
the plan of an fmproved oil gas appara-
tud, of which the following is the descrip-
tion. A fis a cast-iron retort, about 7 feet
8 fnches long, and ¥ in diameter, set in
briek-work, with the usual flue holes, &c.
"Fo ene bud is fixed the syphon for sup-
gﬂﬁ oil, consisting of a bent iron pipe
‘B, with 4 fowrmel on the top, to receive
ihe ‘matter to be converted into gas; the
other end is screwed into the retort. CC
are the two end plates closing the rvetort,
ealled bonmets; for it is preferable to
have it open at both ends, for facility in
drawing, cleaning, &e. The bonnets
4t smeured over with a lute, 1o render

" theto gas-tight—as stiff clay, or whitin
#nd sand mixed with water—and secure
by means of a cross-bar with a screw

rough i. The oil falls into the syphon
B, and thence into the retort, which is

*Tralf filled with coke or broken bricks; it

“is immediately converted into gas, which

passés out at the other' end, through a

]l;lpe on the under side of the retort D,

1ai n the hydraulic main (ol whicha
section is given); by passing through
which eil it becomes purified, and the
oily particles which the gas carries with
1 become conilensed, and the pure gas
passes off by the pipe F,at the end of
the hydraulic main—fixed to the top, but
ot dipping into the oil—into the gaso-
meter. The volatile oil which condenses
in the operation of purifying the gas, as
it increases, is kept to the proper level
Ty a small pipe G, fixed at the exact
height the il is required o be Kept to;
at ;lhc other end i; is l'umish‘gdhﬁrllh 8

on, to prevent the e, of the gas;
;" Pmay bep carried to s:e::uﬂoir, and
mixed with the oil or materialin use, and
worked over again. There is another
opening, E, at the top.of the retort, over

mn? ubout 24 inches into the oil cou-.

o

the pipe D, also tlosed with & smialll bon-
net, for the pn of cleaning the pipe
D, by passing a bar down it -

The charge of cokes in ¢the retort ma
be withdrawh, asd new okes substittted,
once in twenty-fou? hours: when in con-
stant work they will admit of being used
several times.

Should you think the dbove ¥
worthy a place in yonr instruetive -
zine, it is at your service; and while it
may entertain some in its perusal, the -
sertion of it will oblige an old vorrespotid-
ent and subscriber. -

Bracksrone,

—cTm——

.
THE UNDULATING RAILWAY ~— REMA OF
NR. CHAEVERTON 70 KINCLAVEN.,

Bir,—It was, I confess, with consider-
able surprise, that 1 saw an opidfen in
favour of Mr. Badnall's undulating v&il-
way scheme, pronounced by a génfle-
man of Kinclaven's mathematical at-
tainments, grounded, as that opinion was,
not on any presumed advantages of a
practical nature, in respect to whick it
would not be extraordinary that a pér.
son who acknowledges himself ndt to be
an engineer, should be liable to error,
but on a deliberate and scientific fnves-
tigation of the theory of the scheine,
and advanced as it was on the eredit of
his character as a mathematician—a
claim which I have as little inclination
as [ have reason to dispute. It affords
another proof, that the powers of mihd
suitable for simple alstract rensoning,
are not always the best calculated -for
the complex and less limited inquiries
comprised in mechanical philesopliy.
The conclusion at which he arrived was
this, that with “ the same application of

wer” a given horizontal distance ¢an
f: gone over in less time by means of an
undulation, with the aid of steani, than
on the level line by steam alone: This
was not denied, so far as the effeet is

roduced by the inertia of the mass to
Ee moved being overcome by the force
of gravity ; but since the case evidently
involves the display of “ that same ap-
plication of power™ in the shorter period
of time, and because there is no reason
why the engine should not put forth
that power on the level as well as on the
carred line in the very same time, it
wias contended, that similar velocities
would take place on oithe; of those

: 8
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lines, for equal causes produce equal
effects. The influence of gravity on the
inertia of the mass is here excluded as a
conceded point, and the difference of
friction is no} a mooted point.

Kinclaven takes it for granted, though
it is-a strange oversight, that the capa-
bilities of the engine in regard to velo-
city and intensity of force cannot be the
same on each line, or rather he assumes
them to be less in one case than in the
other, and thus very satisfactorily estab-
lishes his point, [f, indeed, he ac-
knowledges that no effective assistance
can be obtained from the force of gra-
vity, other than in overcoming inertia,
he no longer ranks with the supporters
of Mr. Badnall, for they claim more;
nor does he stand in opposition to the
opponents of the undulating scheme, for
they have often conceded this poipt asa
thing of little comsequence, and more
easily accomplished, if thought conve-
nient, in other ways. Kinclaven thinks
that 1 have “ paid greater attention to
metaphysics than to the more certain
science of logic.”” He himself shall
jpd[g'e of my proficiency in the latter art,
as mhnuldy rather call it, by my detect-
ing the petitio principii involved in his

ment—a criterion, I confess, of
oubtful merit, for the fallacy is flagrant
and palpable. When, however, it wus
Eninted out to him, I did expect, from
is_candour and intelligence, that he
would have acknowledged it. Judge,
then, of my surprise, when it was an-
nounced that a reply from Kinclaven to
Mr. Cheverton was forthcoming; and
imagine if you can, Mr. Editor, my
%:eater surprise, when, on looking over
the article, I found not one word of
reply, admission, or justification in it,
but an addendum in the postscript, im-
porting, that he thanked me for my
trouble, but that he could not give his
assent to any of the remarks that I had
made on his -solution of the problem!
Perhaps not; but it would have been as
easy for him to have given his dissent,
with his reasons for it in his own behall,
&s it was to volunteer dissentient observ-
ations, and caleulations too, in behalf of
Mr. Badnall, As considerate in his
silence as he is charitable with his assist-
ance, Mr. Badnall can draw but an ill

omen from this affair as to the goodness,

of his cause. Nothing less than anni-
hilation must assuredly have been the
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fate of one, who, “ not deeply read in
th abstruse science of mathematics,” had
the presumptuous daring to enter the
lists against so approved a mathema-
tician, if his observations had mot been
based on that plain common sense,
which neither the differential nor’' the
integral calculus to boot, are ahle to
overturn. Kinclaven is.correct in hig
conjecture as to the extent of my mathe-
matical attainments. If he can read
Laplace,® I cannot, nor others beside,
and yet [ have not been so unwitting as
to pronounce an opinion in favour of the
undulating railway scheme. 5y

But Kinclaven is probably hesitating
as to what ought, in the case of loco-
motion, to be considered as the trae
measure of force, and does-not see his
way clearly, whether it should be esti-
mated in reference to the space over
which it acts, or the time during which
it acts, or whether these modes ave
arplicahle entirely, partially, or not. af
all. I am fully aware that such con
siderations involve the long-agiiated
uestion, about the proportionality of
orce being to the weight or pressure

" multiplied into the velocity, or into the

square of the velocity—a question which
has been warmly discussed among ma-
thematicians, from Newton and Leib-
nitz, down to Smeaton and Dr. Wollas-
ton. I have formed my own opinion
and Kinclaven may form his, nng take.
his time too, for neither of our opinjong’
is of any consequence in coming o &
decision on the merits of the undulating’
principle. Utility requires us to_asceér-
tain only the comparative current cost of
Broducing equal velocities on the twp

inds of railway. The mere stoker of
the engine is as competent to this task
as the most accomplished mathema~
tician, though it may require something;

- more than his forethought to predicate,

the result beforehand. :

It is curious t observe how often, in
every department of knowledge, the
parade of science is employed to ohscure
the plainest truths, and perplex-our most
simple apprehension of things. Philo~
sophers wouldj have taught us, from con-'
siderations regarding the maxima and,

.* I am happy to learn, from one who is donbt-.
less a much better authority for the fact than I
can pretend to be, that there is a greater namber
of persous who can.read the ©* Mac »
than my question sopposed there might be.
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ininima of variable quantities, that our
practical men were much in the dark in
the :?plicalion of the forces af their com=
mand, and that it was possible, in one
sense, o gain in time without losing in
power. Without enlirely disputing the
truth of this observation, it may be said,
that the most perfect practice suggested
by good common semse, and experi-
mental views of the subject, will be
found to coincide with the more pro-
found scientific investigation which em-
braces all the circumstances of the case.
There are other things to be thought of
besides time and motion. Limiled to
these simple elements the philosopher is
right, and right alsv in a qualified man-
per in cases where the whole of the
force is not appropriated; but the acute
practitioner is generally called upon to
study economy, not merely in the work-
ing, butin the Tositive consumption of
power; frequently (o neglect lime alto-
gether ; to study how to avoid momentum
and its effects, as well as how at other
Gimes (o produce it with the best effect;
to study most commonly how to obtain
uriform motion, and the velocity most
appropriate to the desired result; in a
word, to study the peculiar nature of the
work. which ie would employ his force
to perform, with all the contingencies
appertaining to it, rather than to devote
his exclusive attention to:those -things
only which can be typified by the ma-
thematician’s skill. Philosophy concerus
itself about those pure and unmixed quan-
tities which it can symbolise with a
perfect analogy ; it disregards all the
modif; inghinﬂueuces which it cannot in-
clude{n e most simple hypothesis ; and
it necessarily does so, for nv calculus
commensurate with the powers of the
bhuman mind is adequate to an inves-
l.lﬂ.tion of all the concomitant causes
which bear upon the final result, as
exemplified in the most common effects.
The science of the higher astronomy is
the most complete and perfect of all the
intellectual works of man, and yet it is
so only because of the extreme sim-
plicity of its fundamental truths. In
our inquiries into things in general—
things practical—complexity meets us at
the very outset, and the business of
philosophy is, first, to approximate by
the Dﬂ of science, and then to modify,
correct, and perfect by the aid of ex-
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periment. But the misfortune is, that
the first procedure being the painfull

elaborated result of our vwn intellectual
doings, it becomes the pet child of the
brain, aud is too apt to be taken for na-
ture’s legitimate offspring. It is quite
right to trace out and follow up the
scientific research to its utmost extent,
but it is altogether wrong to identify its
conclusions with the results which the
actual working of things produce. Hence
it is that the practical man, guided b

practical rules, and inflnenced by practical
considerations, proceeds with a degree
of wisdom superior to that of the mere
man of science, however profound and
extensive his atlainments, but which the
latter is the first to acknowledge and the
best qualified to honour; whilst the
scivlist is disposed to set it at nought,
because it is what he can neither appre-
ciate nor understand. Pardon this di-
gression, Mr. Editor, in favour of that
class of men, who, Kinclaven suys, eught.
to be mathematicians, and who are de-
soribed by your correspondent, Mr. San-
derson, with peculiar courtesy, as  the

.new-fledged race of engineers,” but at

the same time admitting that some
among them, as the pages of your Maga-
zine can witness, are neither practical
men, nor men of science. It is, how-
ever, not to be inferred that there is not,
generally a union of sufficient science
with their practical knowledge and ex-
perience, to assist them in their various
undertakings. This testimony will come
with the better grace from one who has
not the honour to be enrolled in their

l;;n:eiving that Mr. Badnall enter~
tained very inadequate as well as very
incorrect notions, respecting the resist-
ance of the atmosphere at high velocities,
I put this question to him, ® whether
he';nd ever calculated how many huns
dred horses’ power an engine must be,
in order to produce a velocity of 100
miles an hour, in opposition solely to
this resistance ?”’ Kinclaven cavilsat the
amount of resistance implied in this
question, and states, that ¢ when the
barometer is at,30 inches, (& most com«
mendable attention to extreme exact-
ness, but betraying the origin of his
data,) the resistance would be somethin
less than 2 ounces for every square inc
of opposing surface, and counsequently



for any safe velocity that might be
wanted in the case of the undulating
milway, the resistance of the air is am
element that may aliogether be rejecied.”
I beg to inform Kinclaven, that the
atthority fer my datom om this point is
the very compendions formula given by
Dr. T. Young, of dividing the square of
the velocity in a second, expressed in
fest, by 500, which gives in pounds the
amount of resistance for each square
fevt of opposing surface, which, in the
imitapee m question, will be 43lbs,
Kinclaven es it only 18 Ibs. Now
suppose the ares of surface presented by
the first carriage to be 30 square feet,
(I would not contend that the same mode
of *dstimatimg the resistance should be
extended to every succeeding camviage of
the train, other than as it may expose a
lerger ares of surface,) we shall them
bave the emortmous resistamee that is
eqtiivalent to the foree of 318 horses, at
the wsual standard of 33,000 lbe. ome
foot bigh in 8 minute for each hovse.
Bren decording to Kinclaven it is equi-
vitdenrt to 181 horses; but his estimate of
the resistance i by far too little. The
uiblés published by Smeaton make it
40.¥bsl per square fool, and if he con~
soits Dr. Hutton’s tables, derived from ex+
poviments with the whirling iable, he may
eomphte therelrom, that the resistance is
were than 40 Tbs. per square foot, though
the highest velocity which the Doctor
gives is enly 80 feet per second, =nd
thougk he found that the resislance
gridually inoreased with the velecity, in
a greater vatio than the square of the
velecity. Kinclaven will now pererive
that thé retistance of thé air ¥ nof an
elemenit that may al be rejoeted)
but--| bope that he too will not “ now

féet bdth dick and sore with this unda+

laving railway question”’

* Kinclavenr eettwinly uses singnlat
language for a mathematician, He
spéakn.of the abstruse soience of mmathes
watits,” and the  certain science of
logic.” To me thése appear like sole-
eisms; for assuredly mathematics i lees
alistrosé than it is certain, and legie less
ce¥iain thaw it is abstruse ; but, perhaps,
he thinks with Leibmitz that Eueclid is
but a serits of syllogisms from beginning
to end. Neither do I understand how
& greater atiemtion lo meu'ﬂysiu is &
{oseoning qualification to the stady of
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ic, for the former
}:cs:. the trasscendental
latter.

h.
m of the

I am, Sir, yours, &c.
Bensamriny CHEVERTON.
———
DEMONSTRATION OF THE TRUTH OF IHB
FURMULA GIVEN IN N0, 518 BY & V.

Sir,—I shall feel obliged by ydnr
affording a corner in your vety uséful
Miscellany for a few words in reply td
Mr. Badnall.

[

Draw & horizontal line A B, and a
perpendicular A C, and suppose 8 C t6
resent an inclined plane, upon which
any weight (W) is placed.
Draw c b perpendiculat to AB, &
dicular to B €, and ae para
to BC. The angle at & is equal to the
angle at B, and the angle at a Is equal
to the angle at A; gerefurc the twa
trianiles are stmilar and proportional,’
and ABisto BC, as ah isto Ré§
tberefore, A0 -
BC he
If k c represents the weight EW),. then
will @ A represent the pressure on the
inclined plane, and P is to Was a 4 is
tohc; or,as hcis to Wso is ahtn

P, and P= X1, When Wk e the

0
pressure against the inclined plame- rg
. a .
the weight as = is (o one, oy as X,
is to one; for ﬁ'mﬁ -
he BC. : :
If we put b for the base A B of an
clined plane, and L for the length B
of any indlined plane, raised upon
bare b ;—=dhat- is, drawh frota the

£af

i
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Bio the pefpendboulnr A C, produced, if
nécessdry, we shall have L6 ;W P, and

P= E_b’ and when W=1, P::f.; there-
L L

fore *“ the pressure dgainst the inclined
plane is to the weight or pressure on the

P ar": 1 to 1, whish is the formula

gixen by me in No. 518,

: When B C makes an angle of 45° with
the barizon, the pressure is o the weight
as one is to the sguare root of two, and
NOT as one is to two, as Mr. Baduall

beg to say, I do not imagine myseif
gﬁpable of instructing Mr. Badnall, nor
I feel inclined to argue with him on
-this subject. [ am merely stating facts
-which 1 believe are well known to most
persons calling themselves engineers,
SRR Yours, &c.
< 8.Y. an Engineer.
16, Lambeth-terrace.
i
THE LATE UNDULATING RAILWAY EX-
{ PERIMENTS—MR. BADNALL IN REPLY
70 “ PRACTICAL.”

. Sir,~The reasoning of your corre-
spondent Practical is of so extraordinary
a nature, that 1 almost feel a woman's
curiosity to view the phi]{.:ﬁupher in

it persond ; but, through respect to
{!I::'P:;nu{neuls which ’you have ad\l:nced
on the suhject of anomymous ocorre-
spondenece, 1 will stifle my inclination,
and. satisfy myself by the endeavour to

prove that Practical is not the man to,

convince the world of my error by his
lbgic.

He inquires why I ehose the Liver
and Fir locomotive engines instead
of the Collier and the Sampson. My
atiswer is, tliat I had rio choice in the
rifatter. Im the fitst instance, [ was well

edsetl to procare the lean of the

ocket, afterwards, much better satisfied
by the loan of the Liver, and, lastly, de-
liglted with the oppurtunily ef trying &
stiries of experiments with what are
welt known 10 "be two erceedingly good
engines, viz. the Pluto and Firefly.
With regard to the last, she is, cons
sidering her weight, size of cylinders,
and efigth of ativke, one of the best
engifies- ow the. line, : and especially
neted for '-l.‘h;- Iosdls :l:la ila capable of
takin e inolinad planes..  Bup~
yoeing,?mam, that Mr. Dixon, the

sa tending en on the line, had
substituted the Collier and Sampson foy
the two engines which be recommended
as snitable for a fair trial of the experi-
ments, can your readers, Bir, for one
meoment doubt that Practical weuld bave
thus exclaimed—** I must beg to ash Mr, .
Badnell why- he chose the Collier -and
Sampson for his asperiments ? Are not
tiuncd Mmes VERY STRONG ou fhe ima
clined plane co with any ethers,
;:ch as the Firefly and Liver P~—er was. it

cawuse experiments with WORSE enginay
weuld not have been so satisfactary. e the

undulating em/” Mr, Prciical |
]lir. Practical ! this is pear fighting.}
fee . i

- Practical states that I have omitieg
to mentien the circumsianee of the slipr
ping of the wheels upon the rails, whilg
ascending, which, he says, would h&n
been obviated in a great measwre had
the Collisr or been employed.
Will this long-sighted man of practice
do me the favour te explain how iha
slipping of the wheals, -w ila-awend'ﬂlﬂ
the inclined plane, could have produce

a result more favourable to the undulat.
ing system than il the adhesion had
been uniform throughout? Need [ say,
that the.more the whesels slipped the Jesg
was the chamce of auaining a bigh elea
vation, and, consequently, (when the ace
tion of the engine was reversed,) an in+
creased velocity at the foot of descent?
There ean be no deubt that bad more
powerful and heavier engines beea em-
ployed the elevation attained om the
ascending plane would have been greater,
and the veloeity at the foot of descens
cunsequently . greater; but if [ have
established an advantage wilh two. ane
gines, whieli are conceded by Practical
to be iuferier ones, surely there are nog
many practical men who would doubt.
the result with more powerful and supe-
rior engines! ‘The trial, therefore, of
such an experiment as your correspon-
dent pr , wonld be, I humbly con-
ceive, altogether a waste of time and .
money. Nevertheless, if S. Y. gnd Mr.
Cheverton are willing to support - his
views, and throw the merits.of the quea~
tion on such additional test, I will ade
dress the Liverpuol Directers npon the:
subject, and solicis the loan.of the, iwa
engines alluded to, - though, I confess, I
entertain u doubs as te their conplisucg,
on the ground of its being werely a



264

Bseless -of previous 'experi.
ments, and a very an expense.
In al]nsionﬂtyo tllnl:'mmnks p:rhich-
Practical makes, as to the ap ano-
malons result of the recent trials, [ have
only to offer a very simple explanation.
It appears, that when = velocity of
19°04 miles per hour was attaived at
the foot of ascent, the engine and train

aseended, monientum, 323 yards in
70 seconds; and when a velocity of
14'34 miles per hour was attained, the

power of the engine being continued up
the ascent, the train only ascended 315
yards in 90 seconds. This difference,
says Practieal, proves that the wheels
of  the- emgine sli ! How so? Is
. there any thing very extraordinary in the

faot that the momentum of a train,
weighing . upwards of 150 tons, and
mioving it a velocity of 19:04 miles per
heur, should be s0o much gveater than
the: mymentum by & velocity

1434 miles per hour, sa.to be mor

n equal to the additional effeclive
awer of the Firefly, when dragging so
¥ast & load up an ascent of 1 in 997
And what dues the difference in the time
prove?. - Simply, that the momentum
generated at a vefocity of 19-04 miles
per bour, was sooner expended than the
momentum generated at a velocity of
14-34 miles per hour, and supported by
the continued action of the locomotive
engine.
'hat the effect of momentum exceeded
the ¢ffect of locomotive force, is evident
from the following comparison :—

A velocity being generated of 19'04
miles per hour, the train rose by momen-
tum to an elevation of 323 yards in 70
seconds ; and

A velocity being generated of 2028

miles per hour, the train rose (the power
of the engine being continued) 575
ysrds in 116 seconds, viz. about 344
yards by momentum, and 231 yards by
the power of the engine.
. To argue that the wheels never slipped
would be ridicnlous, for when the velo-
city began to subside the slipping of the
wheels was necessarily the cause of the
train stopping; and such would be the
case with the Sampson, the Collier, or
any other engines ascending an inclined
plane, and loaded beyond their power.

As to Practical’s great doubts, thata
heavy train could not be conveyed from
one summit of an undulation®to-another

THE UNDULAYING- RAIEWAY EXPERIMENTS.

‘with twies the - pdwer ™ 1. coblewss
Plate, I beg' 16 refér him fo the ?
ment last tried with the Pluto and Pire-
fly engines. He wil find my ‘proofe
there—whrere shall | look for his? - .
Again, a8 to the opinton which [:exw
pressed, that one enpine would conwey)
Jfrom summit Lo ewmmit of an unduluiion,
the marimum loads of three locomotive ep-
gines on a level, say 300 tons, st an ayger-
age velocity of 15 mites per hour—1-
to repeat t{at I am still of the same opi-
nion,—Indeed, I feel confident that such
would be the case, the undulations being
laid d;:n in ncﬁrg:we with a noeuots
by Mnr. heason, sen., sn
:ly“f:lf, and -the grute’u -dip net exceedy
ing 156 to 224 feet in from 1,000/0 1508
- Sunday being the only

L P

on. which
this experiment could. be. tpied wishsaf

or convenience on the Liverpool Jing, ay
the unwillingmess of seme of the Dirpc,
tors lo sanction a further txial. on- thet
day, has hitherto unfortunately prevented
me reducing this opinion to a certainty.
One other remark, and I leave. Prac-
tical to draw & fair ison between -
the extent of his own delusion and that
of the body of engineers who witnessgd
the recent experiments. . He observes—
“ But allowing him sufficient power.fropp
womentum to arrive at the swmuwit of
each undulation, a velocity of 30 miles.
per hour at the bottom of the undulation
will but give an average velocity.of 15
miles per hour for the whole distance
of 32 miles.” Very true, Mr. Practical,
provided the train came to a standsstill
at the top of each summit; bnt how
would it be, if, as shewn by experiments
1 and 2 (page 71), the carriages were
passing over the second summit at a velo-
city of 10 mifes per Aour? It will he
seen by thuse experiments that a veleaity
of 20'28 miles per hour enabled the:train
to agcend 575 yards; a velooily thevex
fore 0f 3i-70miles per hour could wos haxe
been expended on arriving’ at-the satng
elevation.- Practical showld have argued
Qifferently ‘on this subject, - He shonld
have said—* The Firefly engin¢ proved
her powerof moving 150 tons frem & slate
of rest 1o’ a 'distance of 1,260.yards, hi-an
average velovity of -more than 15 miled
aer hour, by the adoption of urdwlasions,
hereas she could not have possibl
moved that toad upon a level lime ;.
‘with the Pluto (0 assist her, did 20t comn



ATTENDANGE. AT PIBES.

vagothe same load, after traversing.a
m the level, at a greater average
lﬁ"’hn 10 miles per hour, t
abpmew; blowing off throughout the whole
disl?un " Md;lrrc !'a.ela;-dwi.(li! Prug-
tigal 1axpese my: delusion a igprove
themd: ¢ I am, Sir, yours, &c.,
(IO BT * Ricw. Banvavl,
-‘Plr.iﬁ llﬁlll near D_ougl.u, Jan. 3, 1834,

% VAR
= J.8.~1 bave been trying, during the
R SR L S .
fiops a0l
AN ey - -
g.‘ﬂ.lil
Hir; A rgotvespondent, Pit, was
abapeseator Y thevtre at Mr. Homer's
fidind, " CbldHafvurlane; Camberwell,
oP 51;“]501 December last, at ten p. M.,
I neé¥ bbA iw to comphain
:EHN‘I fove he istends tai
m d¥ ‘i tHes arvival of the proper
fite: “The  hewding of bis com.
milidation’ at page 240, “ delay )

_fu,"“hdma, nd his- remark, that
Hitkchof “ tHe * propefty that was de-

#4' might -have been saved if the
%‘k arrited earlier,” will, 1 have
¥ Hdoubt,” convey an impression to ¥
fedders in gene,:‘], ver}; wide ofyotze
fitnh. ' T wust ‘beg leave, therefore, to
muke the following statemaent of facts,
#17dh> %All put this particular affair in
6 - Hght, and shew the praise-
fthy alcrity with which the fire-

IR | PRI

lsat month, a series.of interesting expe-.
riments at Manchester, with a view of
proving the superiority of the undulating
railway, or otherwise, by employing a
Julling weight inatead of locumotive fore.
The results were quite as satisfactary to
me, and as clear to others who wilnessed
the experiments, as all previowp omes,
And | can assure Practical that there
were a few beads present not often susr
ceptible of delusian on such sybjects. .

i
ATTENDANCE AT FIRES. A
" engines atre st in motion, whenever

their pervices are required-either mear
or far. Itis very wall knowm that, nm
der these exciting circumsisiices,. n fom
minutes & like a- much: demger
ﬁid' and ailowance sheuld bg madse

this feeling, and the true dime goom:
rately ascertamed, before amy. remashs
are put forth at all likely: to :convey
cemsure. ' - SRCINPR PR TSR

On the night in quesGon, the 'fire
burnt so rapidly that it ‘was distinctly
visible at a great distance, . On perceiv-
ing the light, the men of ‘the ondon
fire-engine establishment started off from
several stations simultaneously, and the
arrival of engines at the fire took place.
in the following order :— '

flofle e v
1} parish engine.
ul !gt:thr? gﬁlhe Establishment (from Waterloo-road). -
Uy, Bicond ° dimo ditto from Bouthwark-bridge-road). )
T ditte ditto  (witb Mr. Braidwood, the superintendant, from Watling-strect.)

Aok Thind -
T %&;:;ﬂ:ﬂ o tto ditto
V' ¥, ¥ifth engine of the

L - dio

».Te. three foremost engines of the
establishment xoached the spot within a
famminutes of each other, and before the
peariah epgine had been got to work. These

ware met on the road by a mounted
pohiceman,. whg was coming to call them
to she, fre ; they were the first engines
fhat worked upon the fire, which they

m ” LI «* 4 s +

sy Tbe .establishment had five engines
and forly-six.men _jn attendance al this
§r,nin lile  mere. than an. honr after
itoommenged. . .. . ..

- Upon this ocepsion the firemen were
called: 4n,the- fire by.the atmospheric re,
flection, ha soon as they could possibly

e in-Hand 1nsarance Com, s engine.
$ yri : ditto dql.t;y .
219, Kent

nd- Insarance Company’s engine,’
Ishment.

© dino (from Broadway, Deptford.) .

have been summoned by rockels, and
with much wmore cerfainty as to its
situation. ~ ’

In conclusion, I beg to assure Pit,
that I have paid considerable atlention
to the employment of rockéts, coloured
lights, &c., ds fire-alarms; and ufter the
most ninute investigation of the sub-
ject, I am compelled to say, that 1 be-
lieve no system of signalv can be ad-
vantageously employed in the metro-
politan fire establishment.

' I am, Sir,

Yours respectfully.

. , WiLLiAM BapDELEY.
_ Loudan, Jan.§,183¢ . . i
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_ THE_ UNPULATING RAILWAY..

such resisting column, as is seen very
frequently in the use of the diving bell.
The-valve ¢ is then opened at the top of
tha ciuieal . tube, and “the: ecmpressed
aivmshes out.” - This I can-anderstand,
boui.nat that: the water should spout out
frdim:hetabe. I should rather imagiue,
that the water contaiued in the cistern
Avkogld: vise in the conical tuhe to s
owh . level, wnid no forther. If it has been
P:J tu the vest of experience, [, of course,

- Perhaips | may be so in any
euxys, ‘but shall be most happy to be in-
furmed:ef my error. :

162 e ..« | pemain, Sir,

Lueso v o Your th.mﬂl,

£ LB ] . N. C.
Wt v waoa S, .

ifﬁ}:fu;up__(_':qr;no RAILWAY — REMARKS
52RY* KINCLAVES 7. ON . MR. CHEVER-

3, RONYREALE.. .., _

a: Notdithstawding' the trany able
a%;'pm e ‘had ﬁgm ‘M. 'Cgiam-'-
oz son et sics; natural philosopliy,
mdnmﬁe’noe,'l--hm allp:le m

inkon thet if bie ever all him.
selfite somwe ingo Cldse coinbal, it would
tigibefoand shat ite was net smvincidld.
He has litherto, however, played the
artt ‘_iaf\p cautious general so well—lear-
gw e fighting part to his aide-de-camp
oYy 8 secoud in command of the
‘of engineers—albeit, he was styled
. the other day the “ young en-
gineer,” par excel
been no opportunity’ of putting his
prowess to the test..--Getling at length
tire®ladd “sick” of this defensive mode
of warfare, he has-heenrtempted to grasp
his sword—I beg his pardon, his pen—
to_convince the readers and_correspond-
onts :of the Mech. - Mag. that e ¢an
plange as fur intothe sea-of controversy
duany of. ,
dtitwe as the best.” -~ - | -

- "Withoat firther preface, However, Mr.
Ratier::1 lsh‘nﬂ-'rrqbaﬂ to- make & few
* redia -w{:lfis 43t sngular preduiio;

Ng} ﬂs‘d o .:9-'.;:.,-,I P ul? £5 o8 H ‘,'".

Jhlnemmmmpom “and ‘iseres’
e fillowin ?:i on:—Buppove dh sk
.ihbﬂ»me' with a veldety off 100
ndleboper dong; atid tist the opposing’
lnifnw“éﬁ' 30 sefnare * feetsshiow  many’

s

Rénd power will ‘b Yeqisite
a#hhadomﬁt?}:m!mnce of e‘f;'t’m

?M‘ [ARE " B B [P 15 e
*;: . M 1-’;.-67.’"-.--" Rk el

cornd e,

. (but more of this afterwards).

ce—that there has.

-and ““bodfet it wifki a8 Justy:

a0}

Mr. Chererton, in giving the steps of
P’s solution (for a"ﬂé I:l%'t given' it in
ull), says that, according to a formuls
of Dr. 'lJ Young, it we divide the square
of the velocily in a second, expressed in
feet by 500, the result will be the resist~
ance in lbs. for' each square part of
opposing surface. Thus, im the present
question, 100 miles per hour produces 8
velocity of 146§ feet per second, and
(146§)2 =500=43 Ibs. the resistance on
a square foot. Well, thatisall we have
from Dr. Young’s formula, which, f
the present, we shall take for ant:i
he re-
wmaining part of the solution Mr. Ches
verton derives from his own respurces,,
He states, that on 30 square feet ¢
opposing surface we shall have the enor-
mous resistance that is equivalent to th
force of 313 horses, at the usual stan dnr_g
of 33,000 1bs., raised one fyot high in &
minute for each horse. How he arrived
at this result Mr. Cheverton does not
explain ; but we think it will be no dif-
ficult matter to show that, even accord-
ing to his own data, it is erroneous.
For, a velotity of'100 miles per hour pro-
es & velocity of 8,800 feat per minute,
and 43x30=1290 Ihs.,. the resintance
on 30 square feet. Hence 12008600
«~33000==344 horse pawer; whemsss Mr.
Cheverton states-the result.at -only 5131
A mere slip of the pen, perhaps! But
what if both data and calculation are
wrong? Let us see.

When Mr. Cheverton calculated this
enormous resistance, it seems ' passing
strange that he had not the euriosi? to
try what would be the corresponding
effect upon sume velooity that has ac-
tually been performed. us, take the
case of a carriage, with- two hLorses, a
driver, and two or three outside riders—
we may eftitnaie ‘tire whole k¥ 30 sijuare
feet of opposing surfaee. ' Now,-suppo
the velocity tobe 20 miles pérhour (whiel¥
is less than has somelimes -been ‘pen
formed); then, by Mr. Chevetton’s -ralé;
the resistance arising from the #ir wlone
would amount to nearly the force of
three horses, although, in point of facty
fwe horses can ‘overcome -it-—aye,- an
overcome inerlis, (a favourite word o
Mr. Cheterton’s, which he contrives to
slip in on every-occasion,) friction, and
thg diawbackof a lieavy load to beot

vaaloa :
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Let us now generalise Mr. Chever
ton’s wonderful rule. )

Mmh e 52000==j, ﬂw—c.fc'ad b
to any two ing surfeces ex
pnmdi:'aqun?on. V’andu the cor-
Yesponding velocities in feet per secomd:
then 60 V and 60 v will be the velosities
per-minute. Now, according to Mr. Che
verton's rule, eVix80V . q Bex 600

. e e
will express the two resistances in horses’
er, and r:feulng the eonstant quan-
tiea &, ¢, and 60, the ratio of the resist-
anoes will be as a2 V2 (o 3 ¢, and when
&2 4%, the ultimate ratio of the resist
ances will be as the cubes of the velo-
cities! Exquisite fudge this is, and yet
all in perfect conformity with the
verionian theery of the lew of aimo-
ic resistuncee.

Afwr the above, Mr, Badnall need not
be much surprised at the stetn oppositien
which Mr. Chevetton has unifermly
made ¢o the principles of the.undulatin
railway. Indeed, if | had been my
& believer in such monstmus absurdities,
1 too must of necessity have been of the
“ oppesite laction.”

I have still & good deal more to say
wn the subject, Mr. Editor, but at present
tim- presses hard upon mre, and I must
F-tpone the remainder of my remarks

ur a future letter. .
I am; 8ir, yours, &ec.
KincLaven, -

e

THE UNDULATING RAILWAY — PROPOSI-
TION FOR THE SETTLEMENT OF THE
CONTROVERSY.

- Biry~Upon noticing the tura which the
undulating railway question has taken in
your work, [ had determined to remain
a quiet tator of the ings, not.
withstanding that I had stated I would
mathematically demonstrate the conclu-
sions of Mr. Badnall to be erroneous.

I am now induced to address you for
the purpose of requesting Mr. Cheverton
to 1epeat the esperimentsl made at the
Adelaide Rooms, and related in your
pages at an early stage of the controversy,
and at the same time (o keep in view the
observations of Mr. Badmlr in reply to
them. By this prooeeding he will bring
back the disputation to something like a
practical view; and I am much sur-

NRITHER LIGHTING Nor Weirfido BY 0Ab'8F MODERN ORIGIN.

Q Yhat Yheve eXperimients Hve/ Wit
?ﬁmﬂy had the effect thar wes 11
nded-—namely, that of meeun’f ‘h‘fa
Badnall ott his own gromd, and with
own weapons. I must beg to udd,’
the experiments at Liv 1 hive
yet opéned my dull eyes to the advdn
of the theory ; and, to savé Mr. Ba
the trouble of n{{ﬂyinq to my present ‘ot
servations, I will conclude by mdﬁ?ﬁ
I concur in almost a1l Mr. Chévir
views, except that I consider Lim '
vrer-estimuted consifterably the revis
of the air—that is, the initial vesistand¥;
but not theratio of its increase (as sqnare,
or nearly so, of veloelty), which lattel
theory, in my humble opinion, Mr. BadZ
nall hias much mot¥ to do than hie Hd¥
yet done to controvert. - -
. Trusting you will find an, early,.
for these remarks in yous nrhc:gnﬂ:::
coming from one who teok an saEiy. park
m the Mnr ‘ Al sil'; et atal
Your st ebbiliedt servwist;: - v
P T___! m HHH‘_‘_’_"
Londony Jan. 13, lﬁ% o e
e

NEITHER LIGHTING NOR HEATING BV GAR
OF MODERN ORIGIN.® ' o

In several situations removed d:n.
any volcanic action, so far as is visible o
the surface, nataral jets of inflammably
gares are soen to issue, affording decisiver
evidenoe of chemical changes shat. are
taking place at various depthe baneptlai
Of thess, some have perved the -
of the priast to delude muiinr:m
it of the others have been .mote umsl
ully employed, S
Carburetted hydrogen s welt
known to b2 the “ fire-duamp® of thié todt
districts, and to jssne from thedoal strata ;
collecting in the ill-ventilated gilleviéy
of tollietiew, and, when sufficiently mifxt
with atmospheric alr, exploding - withi’
great violence when approachéd iméwhs
tiouslz with an unprotected ‘flanid}
eading mottrning and misery améng’
the familtes of the miners, If the gentud
of Davy had merely produced his um,;_

2+« = wtSand

[N PR (4]

* Fram Mr. De la Becke's Geologleal Manwual
(third edidun, coasiderably enlarged, 1815), one of
':' 'ud i Erhn  Btasitas oF geology has yeg
the new a m L acience 4
prodaced . —Ep, M, M, '-'
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bave two bols te screw up the packing,
it will give more room for putiing in t
stufing, if the stuffing box at k &, an
the one at the bottom of the cylinder, are
set at right angles to each other. A cup
for greasing the top stuffing box is shown
atl. Some oil or grease may also be in-
serted at the top of the part A &4 for the
sane purpose: m is the boltom part of
the cylinder, and = is the discharging

t of.the air pump 0. One advantage
n this sort of stuffing box is, that there is

only one half of the friction that there
‘would have been if stuffing boxes of the
ordinary construction had been used.
Another advantage is, that it is more
easily packed.
" Either of the arrangemenys described
in No. 504 may be used for setting on,
stopping, or reversing this engine. If the
wiper shaft be placed nearly on a level
~with the bottom of the cylinder, the ec-
centric rod will be about vertical, and the
starting bar will be nearly level in every
"position of the valve, in the arrangement
seen in figs. 3 and 4. Mr. Brendel’s
arrangement for the same purpose, de-
scribed in No. 533, will not work well,
as in it there is no way of setting on the
steam befure the piston reacts on the ends
of the cylinder, to let the inertiz of the
parts of the engine be overcome by the
elasticity of the steam. If Mr. Brendel
had produced the wiper-shaft lever ¢’ B
to au equal distance beyond the centre
of the wiper shalt ¢, and put another
pin for the eccentric gab to hold into on
the end produced, this would have an-
swered the end as well, and been much
simpler than so many rods and levers.
By means of a pair of compasses, and a
piece of board, he might have deter-
mined the lengths of his levers without
the aid of formula. There are a good
many engines with ny apparatus at-
tached to them, working in the neigbour-
hood of Glasgow, which give great satis-
faction.

Ifan efigine like the one for steam-
boats, formerly described, had the crank
shaft under the cylinder, one piston
rod would do, and two rods might be
taken out at the bottom of the cylinder
to work the air pump. A vacuum, or
any otherkind of pump, might be wronght
in this way, and the steam-engine would
be of a very simple construction.

In my last communication I forgot to

ENDULATING - RAILWAY.

mention, that the part g should be pre-
vented from making a complete’ revoliz
tiou, by having it wrought by & fric{ion
plate with a ‘projecting part cast on if, 1
catch on a touth fixed to the wipgr, _;,
which opexs the valve for setting ‘on and
shutting off the steam. . By giving fhis
letter a place in your valuable Migcel-
lany, you will very much oblige,, _ .:”
Yours vespectiullyy og
Janzs Waivemiw o
Glasgow, Jan. 4, 1834. ] :’:‘i

P R

e

ON THE RESISTANCE OF THE AIR, AR A¥-
FECTING THE UNDULATING RAILWA
QUESTION—REPLY BY MK. cuz\fsaﬁ'dt
7O KINCLAVEN, v &
Sir,—I tarn with pleasure frpﬁ:"i?ﬁ.

Badnall to my more sciemific oppohié,

Kinclaven; and yet, methiuks, { ought

to tremble at an encounter with'p.ti

man of science, and a mathematidian
the backbone, for ** he hasall dlong bé¥!
of opinion, that if ever I allotved my-
self to come into close combat, it woanl
then be found that I wasnot invincible.”

Perhaps not; for like Antseus, who,

when lifted up in the aif, found all his

struggles powerless, so on this subject of
the air’s resistance, and in the brawny
arms of this second Hercules, it may be
that my strength is shorn, and that 1t

my fate is come—or coming, Havifig,
however, come to a close grapple with
my respectable opponent, it is not in

intention easilr to relinquish my h‘;;a

especially as he exhibits—in one pdint

in particular —decided symptoms of
weakness, manifusting that he, at“amy
rate, is not iuvulnerable.  Tiwice has Yhe
fallacy been pointed out to him of éstib-
lishing his position (of the shorter.time
on a curye), by assuming what he shotild
first prove, and what we shall never ad-
mit; and twice has he thought it mote
discreet to refrain frowm taking auy notice,
either in the way of justification, expla-
nation, or admission, of this paralogigm
in argoment, this petitio principii of ‘the
logicians. Really, I am afraid that this
term will -become as great a favourite
with me, as it is charged against me
the word imertia is, and which it
seems' [ ¢ continue to slip in on evéry
occasion;” but somehow or other
‘it so happens, which my opponents
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éan besl explain, the ofcasions are 20
fitting, and the words so apt, that indtead
of being lliched in, they slip in of them-
‘gelves ; and as to their being so apropos,
4t 18 not at least my fault—in short, they
arg the key words which unlock the
‘mystifications in which the ‘subject has
‘Been enveloped. : -
The point now in dispute is, as to the
powet required to overcome the resistance
of the air_at the_velocity of 100 miles
per hour, and was raised by my asking
the question—how many hundred horse
power an engine(losomotive) must be, in
qrder to produce this velocity ? Kin-
glayen made “the resistance something
f’éss_than_ two ounces for every square
inch of opposing surface,” or 18lbs. per
pare fqot. It was stated by me, on the
uthority of Dr. Young’s rule, at 43lbs.

ie fdot, that Smeaton’s table makes it
48{bs., and that it may be computed from
r. Hulton’s tables at about 40lbs. per
opt—to which I may add, that the writer
_of tle article in the Scotsman, which ap-
heared a few years since on railroads,
“takes for his datum 48lbs. To these au-
thorities Kinclaven makes no_reply, nor
ZEoes,he justify his own estimate ; and yet
1 he permits bimself 1o say that 1 am wrong
Ju my dafa.
- But I am wrong in my calculation too:
. jﬂg'ha!ing taken the opposing surface at
30 square feed, and the horse power at
j‘-$3,00l.'llb_s..' one foot high in a minute, I
,made. the total power required 1o cope
‘vith the resistance to be 311 horses ; and
i here I confess toaslip of the pen, foritis
1doo little, it being 344 horses. But even
this ;gorrected result is wrong: in fact,
,Aome grand error (which it would but be
igwl and charitable in Kinclaven to point
snrr;) jpervades the whole affair; for if the
pthing were true, “a carriage, ‘with a
driver, and two or three outside riders,”
‘q!h‘g: may be supposed to present a
‘surface. of thirty sqnare feet, wopld re-
"quirg three horses to draw it at the rate
-af 'twenty miles an hou, in opposition to
.%::reni:laqce of the air alone. But it has
‘been performed, says Kinclaven, with
Awo horses—ergo, &c., Q.E.D. Barring
,the breakneck nature of the experiment,
/T confess I should like to see this feat
performed ; but taking the premises for
.granted—as usual—is there any thin
_astonishing that spirited horses. nhouhf b
in a panic, or by violent incitement, be
able to put forth for a short time, three
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ot four times, it may be, the energy® which
they exert in the ordinary routine of la-
bour, and on which, as capable of being
maintained the whole of the horse’s day,
the usual estimate of the horse’s power is
alone founded. Thisis the grand mistake
which, until very lately; the steam.coach
speculators made—particularly Garoey.
hey thought as stage coaches had only
our horses to them, that if they em-
barked six or seven, or at most eight
horses power in their machines, they
should have enough and to spare, not
heeding the importance of the fact, that
those hhrses frequently do their day’s
work in an hour. .

There are some practical considera-
tions, in regard to a carriage moving with
great velocity, which would induce ome
to believe that the theoretical rule for the
resistance of the air, of its increasing
with the squares of the velocilies, may be
modified both ways; thatis, that some
circumstances may tend to increase, and
others to diminish, the rate of resistance.
‘Ilere are other circumstances which
may tend to increase and diminish the
absolute amount of resistance on a square
foot, derived from the consideration of
the hydrostatic pressure, and the Tieight
due to the velocity ; and, on the whole, I
am inclined to believe, with your corres-

ondent ‘I'. Ji—d, that,in practice on a
arge scala the influence of the diminish-
ing circumstances may be found to pre-
pouderate in favour of a less resistance
than I have assigned ; but experiments
only can determine such puints. Ignorant
of the value which ought to be attached
to Smeaton’s table,and inclined to depend
more on Dr. Hutton’s experiments, 1 can
yet very easily imagine, how the whirlinﬁ
table may give results different from an
exceeding what may be obtained from
rectilinear motion. As to 30 square feet
of opposinF surface, it is certainly a large
estimate for a single carriage, though
Kinclaven scruples not to adopt it, and
would undoubtedly be too great, if a
roper form was given to its exterior.

owever, after all abatements, can any
one doubt of my being justified in putting
the original question—how many, hun-

. dred horses power, &e. 7

Kinclaven is determined to doubt it,
for net only my data, but the rule by

L | Rmpwély use this word, to avvid any quibble
a1 to the rapid diminution of ahorse’s power of draft
with the increase of hia velocity.
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which T &lculate the amount of the re-
quisite power, iy wrong—it is, in fact, “a
wonderful rule,” *a monstrous absurd-
ity,” and why ? — because it furnishes
results which are in the ratio of the cubes
of the velocities!! But the reader must
have before him lLis own account of the
wnatter, and the argument ad absurdum
with which he would overwhelm me,
 Assume 33000 = 4, 500 = ¢, a* and
% to be any two oppusing surfaces, ex
pressed in square feet, V und v the cor-
responding velocities, in feet, per second §
then 60 V and 60* will be the velocities
per minute. Now,according to Mr. Che-
a2V x G0 Vand B22'x 60 v

he

verton’s rule

will express the two resistances in
horses’ power, and rejecting the constant
quantities A, e, and 60, the ratio of the re-
sistances wil) be, as a2 V310 [*43; and
when a? = £, the ultimate ratio of the re-
sistances will be as the cubes of the velo-
citiea! Exquisite fudge this is, and yet
all in perfect conformity with the Chever-
tonian theory of the law of atmospherie
resistances.”

This array of Mr. Badnall’s * symbols
and figures” will greatly delight lum, for
he has a vast reverence for such things,
Let us, however, see what they are worth,
I admit the correctness with which my
rule is expressed, as above, and that the
ultimate ratio is truly as the cubes of the
velocities; but the ratiq of what—of the
resislances, says Kinclaven. Not quite
80 fast, my friend ;—it has not been said
by me—this *“ fudge,” so * exquisite,” is
none of mine, What I undertook, was,
to give (in regard to one particular re-
sistance) the rutio of the horses’ power, ot
of the expendiiure of power in a given
time, the distances varying, as it is, in
this way, the measure of the engines’ ca-
pabilities are expressed ; which consi-
deration, includes the welocity of the
impelling force ; and, therefore, ® V2
is multiplied into 60 V. Exclude
the velucity, and the measuring units
& und £, and the remainder will correctly
enoughexpressthe resistancesinthe ratio of
the squares of the velocities, which is the
well-established and only law recogniscd
by me, for, asto the  Cuevertonian law,”
it is wll * fudge.”” Has, then, my worthy
opponent really confounded the intensity
of furce requisite tu balance a resistance,
with its momentum as an impelling force ?
Aud bas he to be informed, that uniform
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motion takes place because the memente
of the impelling and resisting forces are
equal, and that, having provided a pros
pelling equal to a resisting force at any
particalar velocity, it is necessary - to
ive it the same velocity, and ~thas
t is upon this consideration, that powes
is furnished to the engine, and by
which its consumption is determined, as
any engineer, though not “as he ought
to be, a mathematician,” could have told
him. " Now, the resistance in question,
beintg as the square of the veldcity, and
the force to cope with it having the samq
velocity, it obviously follows, witkout the
nceessity of this algebraical language to
prove it, that the ratio of the powers of
engines at different velocities must be
(as to this particular resistance of the air)
as the cubes of the velocities. s
Probably, Kinclaven imagines, though
I have been very guarded on that point,
that in giving this rule for this purpose,
I conniger the proper measure of the
mechanical effect, in this speed-required-
case, is the proportionality of the force te
the cube of the velocity, as it wonld be
If stated in terms of the distance, uli
not of the sgtiare of the velocity, as it
will be, if stated as it ought to be, ig
terms of the time, that is, that I consider
the expenditure of powerin a given dis.
tance to be in the ratio of the cubes of
the velogities ; but 1 have always exs
pressed myselfto the very contrary. Time,
as is well known, is an element, which
above all things must be included in the,
measure of the effect in the case of loco-,
motion ; and, therefore, if not given, the,
product must be divided by it. Now, if.
the disiance is given, the lime is as the.
velocity, inversely ; and, therefore, we can
divideﬁythelatter. Taking then Kingla..
ven's own expressions, for the [nonce, as
above, and emitting A as useful only to
bring the estimate to the measure of .4
1 . { at Ve 60V
;rgerum:, we sha lhave—-;-;sov and,
vI X 60y . i g cag
e T, which, by similar rejecting,
will present the ultimate ratio as the.
sguares of the velocities, which is that of"
the cost or expenditure of power (as t¢-
the particular in_question) for any gives’
distance, and such as would arise, fromy-
the furce being more expressly stated iw
terms of the time, which Kinclaven him-
gell can supply, It should be observed
that in his 0wn expressions, the time being




wnity respectively, 60 V and 60 v, vapre.
u'mymn I{'e different clislancef a3
well as the velgcities, and that the forge
i therefore multiplied into the space over
. *hlich i'L tmvel!s. ’

n plainer langnage to you MEssIEURS
Sroxenrs or THE Enom‘{u, if your logo-
motive has gone 10 miles in an hour, and

u now make her with twice the
;:lecity, you will as(l’nit that she will
travel twenty miles in the nexs hour, and
that notwithstanding you haye been about
the Job in only the same time to 2 minute,
you have rid of double the quantity
of steam, for you have gone a doubls
distance, or made double the number of
ptrokes y and some among you may com-
g‘ruhrrld, peradventure, that you have

oubled the power of your engine by so
doing, and perhaps iy ra not guﬂe beyond
your capacities to understand, that if, in
sddition te this double-quick time, you
hitch on what will make four times the
lord you had bhefore, you will now make
your engine do eight times the work she
did belure, and that she muy now be
eonsidered as of elighiy-horse-power, if
khe was ten-horse power before, Aguin,
Messrs.SToxERS, oF THE ENGINES, Vou
will not stumble much at my meaning,
when | tell you, that in going the twenty
miles in the hour, you have emptied your
cylinder Just the same number of times,
as you would if you had gone the same
distance at your old rate of ten miles an
hour; that is, that you have made no
mere than just the same number of
strokes ; but, as you have some sort of
suspicion that your steam must be four
{lmes stronger than hefore, by reason of
the.load being four times greater thun be-
fore, or elee, thut you must have a cy-
linder to contain four times more steain
than hefore, you will nat be greatly
bothered when I tell you, that yon have
spent hut four times 1{9 steam you would
wtherwise have done, I will not muke
yeu shake your heads by telling you that
the concinsions to whiefn I have led you
about eight times and four times, are to
the increased velocity, in the ratios of the
sqaare and the eubs, for that is ull non-
sense § but, if you can make your imagi-
Raligns goar to the pitch of supposing,
thai the additional resistance may arise
net frem an extra load, but from the
obsuruction of the air being four times
what i{ was before, and lthal. n_}:;r as Lhis
goes, you must equally provide steam
accopdiagly, yoaeqwill tgn know all

* % gver legislation,” who maintain that the

about the matier, quite as wall |
or as Kinclnven(?? Pl el

I remuin, Sir, yours, &¢.,
BensaMix CugventoN, -

——

NOTRE WORTH mmck.'

“ Ball things, 1l lied, b

at resplts. ﬁ'hrﬁ- {be":n e :F' ol :‘b::

rough ankpown seas to a mew and magnificent
world 1—TRe tiny needle.”

The Britieh Mupeum r:um....m destinge
ton of thoss volomes lnlg ng George the h:'l‘n

brary, of which duplicates exist in the British

nseum, s mot yet determined on; hut it hag
been proposed elther to sell them by auction, orte
dispese of them in a less paliry manner, by pres
senting them to some public institution—the latter
ssems certainly a mode mora worthy of the nallon,
Ifthe City Library at Guildball were thrown apag
to the geperal body of the citizens' (espesially
if the Grasham Leciures were attached to the same
foundation), where could & more appropriate re-
pository e feund fer thess saperfivews litsrary
treasores § R

Marchef Cheapness.~Penny literatare is maki
the tour of the glube. A new periodieal in t:*
Freach langnage, * at the small echurge of epe
penny,” Bas beem started at Montreal, nmder the
title of L'Abeille Canadi (The Canadian Bee);
and the latest literary nuvelty of the ludian seas
is The Penny Gasette of Penang! On the Contie
nent The ;w M fa !rlnmrhum& it
formed the ghief artlcle at the last Lelpzig falr,
and ls said to have alresdy attained a sale in
Germany of greal extemt, with every prospect
of reaching 60,000 before the Easter rair. It
threatens to drive all literature of a more aspiring
charagter out of the market altogether. "

Distant ary.—1t Is an interesting
task 10 waleh the progress of periodical Hterarnre
in all connirles, more especially in our own solonies.
Néw SoothWales, it 1s well known, already absands
in newspapers; but a prodaction of a more ster-
Hag (perhaps they would say ewrvent) character
bas lately isaned from the Ansirallan s, o the
shape of The New South Wa'es Magasine, a
monthly work, devoted, as Its prospecius states,
pmlienfnrly to “ eolonial Hteralure,””—* peetry,”
—and the editor boasts of having secured the as-
slaiance of the best ts in the colony (!)—** the
new fashlons,"” &c. z:‘&:. One principal object
of the publieution is, 10 ge emigrati n
alm which most would think could hardly be an-
swered by a work published in the conntry fo
which emigrants are invited, not from which they
are expeetod.

Hrother Jonathan at Fault.—The Americans
either cannot or will not make their steam-bollers
20 secure as the English) a fact proved by the
accounts in the United States’ papers of twelve
fatal steam-boat accidcaots in the ghort space of
six weeks, and the recommendation by the Presi-
dent of a new law upon the subject. This must
sarely be a purzling fact for those sneerers at
ublie
are gnite able and quite willing to take saficient
care of themselves in snch matters, withoot the
qfficious interference of parliaments. : -

Steam (‘ommunication with India.—There In at
leogth a very tair p that this desirable ob-
Jeet will soon beaccomplished. The plan has been
warmly taken op at ull the three presidencies,
apnid no less thau ywo Incs of rupees have been
already subscribed—accompanled by mo lack of
good wishes. Among the namen-of the snbseribers
are of ihe l.naL of Tabjore, the Ranee of
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DERENZY’S HAND FOR THE ONE-HANDED.
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of his one-handed knife and fork (fig. 7)
—two articles as essential, perhaps, as
?ny to the comfortable epjoyment of
ife:—

“ We will now turn our attention to the
dinner-table, a scene of action at which, I
believe, most of my readers will agree with
mme, it is particularly desirable that every one
should be able to shift for himself; and here
I flatter myself that I shall be enabled to
render an essential service to the one-handed,
by drawing their attention to the most perfect
Knire and Forg which has ever been offered
to the netice of persons so circumstanced. It
will be seen by the engraving that the knife
and fork form but one instrument ; the knife is
cygved in the form of a cheese-cutter, and
terminates in four prongs, which act as a_
fork ; it cuts by pressure, and as quickly as

‘any other knife can accomplish, or as the

most active gourmand can desire.

“ Three blades formaset. They are curved
according to the hand for which they may be
pequired ; and the fork of one of them is plated
80 as to answer the purposes of a silver one.
They are all made to fit the same handle,
within whkich is a spring to hold them tight ;
and they can be changed with the utmost faci-
lity, by slightly pressing on the table the
end of the handle, where the spring projects
a little, holding at the same time the blade
which is to be removed between the fore-
finger and thumb, in order to prevent its
falling out upon the table-cloth.

“ For portability, the handle and blades
have a small red morocco case, which opens
by the slight pressure of a spring ; and thus
a person who has only the use of one hand,
may sit down in any company with as much
ease and independence as the rest of the
guests, :

* No fearleast dinner cool,’
who would otherwise be obliged to tax the
politeness of his next neighbour for assist-
ance.”—pp. 42-44.

‘We do not ourselves perceive much
rdom for improvement in any of Captain

"Derenzy’s inventions ; but of this we are

sure, that we could not give them a bet-
ter chance of oblaining every improve-
ment of which they are susceptible, than
by thus bringing them under the notice
of ourany clever mechanical readers.
We should rather expect to see some
valuable additions made to Captain De-
renzy's list of articles, than & material
improvement in any of them. The pe-
culiar wants of the one-handed among
the manufacturing and trading classes
must doubtless have given rise to con-
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trivances different from any here re.
corded ; and it seems reasonable to hupe
that the excellent example which C
tain Derensy has sel of publishing the
results of his personal experience, for the
benefit of all similarly circumstanced,
will not be left without numerous imi-
tators.

=i

THE LIVERPOOL AND MANCHESTER
RAILWAY.

We mentioned briefly in a recent
Number the highly satisfactory - pecus:
niary results of this important cencern,
for the half-year ending the 31st of De-
cember last—a dividend at the rate of
9 per cent. having been declared (only
1 per cent, less than the maximum al-
lowed by the Act of Parliament incorpo-
rating the Cempany of Proprietors), and
4,088/, 8s. 10d. lhaving been appro-
priated as a reserve fund (being at the
rate of 10 peér cent. on the total net
Emﬁlu—wllich is the utmost allowved to

e so reserved by the Act of Incorpora-
tion). We have since then been fa-
voured with a copy of the Report wnuade
by the Directors on the occasion, and
find in it so much matter of fact that is
of universal interest on the subject of
railways and locomotive power, that we
need offer no apology for transferring it
(with but little abridgement) to our
pages. Mr. Grahame, and the other
partisans of canal navigation, who still

ersist with so much lonesty and can-

our, in representing that the profits of .
this railway arise mainly from the con-
veyance of passengers, and that it can-
not possibly compete with oanals in the
conveyance of goods, will ebserve in this
Report some rather stubborn facts on
both these heads. The comwon-road
steamn-carriage charlatans tov, who tell
us that the expense of working a steam-
carriage on & granite highway will be
not more than sixpence per mile, and the
tear and wear next to nothing (for * 1,700
miles” at least), may learn from the
circumstantial dewils here given of the
actual expense of working such car-
ringes on a railway, where the [riction is
many times less thun on the best granite
road that can be constructed, how much
occasion they have to blush for the delu-
sive representations they have seat forth
to the public.. We do not of course in-
clude in this class of public deceivers
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of those homest and intelligent in-
dividuals—the Heatons, Hanococks, and
Saxunlas of the day—who frankly sub-
scribing to the undeniable fact, that there
is more friction to be overcome on a
common read than on a railway, have
proposed to themselves to determine by
experiment whether it would not he
cheaper to work steam-carriages against

- THN LIVERPOOL AND MANCHESVER BAILWAY.

ib—in some oases at least, if not in all,
These last are adventurers of a very dif-
ferent ntamr; they speculate on & par-
ticular resalt, which, though as yet un-
ascertained, is neither impossible nor im-
probable; and as long as they pursye
the reasonable ohject they have in view
by fairand honourable meang, they shail
command as they deserve our begt én-

that greater friction, than to be at the

eouragement and support. .
expense of laying down railways to avoid e ’ PRt -

LIVERPOOL AND MANCHESTER RAILWAY-wFOURTH HALF-YEARLY MEETING.
REPOBT, '
Liverpool, Janutiry ¥3, 1884,

The Directors, in submitting to the Proprietors a statement of their gecounts and procéedy
ings for the half-year ending 81st December, 1833, have to report a considerable ingrease in
the general business of the cuncern, as compared with the corresponding Six Months of the
previous year.

The total quantity of Merchandise conveyed in the Six Months between

Liverpool and Manchester was «oovvvvnviriinnnennns tasssasranann
To and from different parts of the Line, including Warrington and Wigan 9,788
Between Liverpool and Manchester and Bolton .....000evus veansensa 18,708
e
Total quantity conveyed. cesssesssresssnnscssssnnsas 9,847
it
Quantity of Coal frem various parts to Liverpool ....... viraraiaenacs 88,504
Ditto 1o Manch@lor ysiiinigsre svvssasssiveiipsisuanssnnsprnise 000
X gt
Total to Liverpool and Manchester ....c..eveeasanea. 40,184
. e
The number of Passengers booked at the Company’s Offices 215,071
The number of Trips of 30 miles performed by the Loco-
motive Engines with passengers Was..asseseevernsens .. 3,263
With Merchandize . 0000 cossnieernasnnninnsnarsones 2,587
———l
T 5,840
Compared with the corresponding six months of the last year, the increase
in Merchandise conveyed has been....uvveneresresennnsnnsenenes .. 11,4068toss

In passengers 82,248,
The present winter has been in an extraordinary degree stormy and wet, which has no
doubt diminished the amount of travelling. . :

The wetness of the season also has prevented the railway from befhg thaintainedl iw that
complete order which is desirable; w;:ile the boisterous weather, with the dirty state of the
Rails, has impeded the passage of the Trains, not unfrequently remdering asswtant engines
mecessary to ensure their progress, even on the level parts of the way. These cireumstances
have unavoidably increased the charge for locomsotive power. OUn the other hang, the navi-
gation of the river, owing to the long continuance of tempestnous weather, being frequently
dangerous, and sometimes impracticable, the utility and importance of the Railway convey-
ance have become more manifest and striking, apd the natural consequence liasbeen gn
:;eessi%:l:l of Traffic to the Company propertioned to the required atcommodation afforded to

e Public. . i

The following is a statement of the receipts and expendityre for the hajf-year; and the
subjoined table exhibits a detailed classifioation of the disbursements ;—
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HALF-YEAR FNDING 315t DECEMRER, 1833,

Receipts.

Coaching Department,........ sEvETRTETT R sasRa VR T e e vaeni e 03,685 6 11

Merchandise do. ... SRR S e e
Coal e §ssavesinsubsssRIvE TSRS T IR e O T s TRODL 168
.

’ Ezxpensts.
Advertising.... «..A€COUNE ;. .vsvriinsncnnnnnnennas
Bad Debt.ocvsvanian. d0.00eisibeaidnaneisnnaannanas
Coach Disbursement . .do., viz., geardsand porters’ wages,
£1,168 4s. 6d.; parcel carts, horsekeep and drivers’
wages, £361 1s. 7d.; materials for repairs, £689 125, 6d.;
men’s wages repairing, £1,041 1s 34, ; gas, oil, tallow,
cordage, &ec., £196 45 11d.; duty on passengers,
£3,224 11s. 11d.; statiotiery and petty expenses,
£977 4s. 5d. ; taxes on offices, stations, &¢, £116 0s.84.;
guards’ clothes, £64 15s.ceeiiiiniiiiinnnniannes,

. Carrying Disbursemént Accoutt, viz., agents and clerks’

salaries, £1,728 16s. 9d.; porters and brakesmen's
wages, horsekeep, &e., £6,006 6s. 104, ; gas, oil, tallow,
cordage, &c., £520 17s. ; repfirs to jiggers, trucks, sta-
tions, &ec., £366 92, 11d. ; stationery and petty expenses,
£429 5s. 1d.; taxes and irisurance on offices, &c.,
£456 175. 7d.; sacks for grain, £110 3. 10d.......

"' Copal Disbursemeht Accoumt ....e-vsvsasnsces sosnss

Carlage (Manchester)....do. cosuaiesrenrerionnenns
Charge for Direction ....do. ...cicieeusnrnreranees
Compensation (Coaching) do. ........... dE AR e
Compensation (Carrying) do. ..... cessimansrenrsage
Cosch:offict Establishmentdo., viz., agents and clerks’

salaries, £602 6s. 8d. ; Rent, £30 +....vveennn, )
Engineering Department Account. ey viervares caeres
INtErest v .ovvevessnnsenseadd sorionine sonareinanns
Locomotlve POWEr «..... do., viz.,, coke and cartimg,

£3,107 ds. 44.; wages to coke fillers and waterers,

957 16 8

. £$97,234 10 1

£610 o0
3714 10 i

7138 16 9

8,627 17
62 0
3,173 18
313 18

143 4
238 10 1

638 6
319 3
5140 6

—~oOOoOVe

b 0o

£348 8s. 5d.; gas, ofl, tallow, hemp, cordage, &c.

£865 14s. 9d.; Lrass and copper, iron, timber, &e., for
repairs, £3,755 85 Td.; men’s wages repairing,
£4,401 4s. 104.; eugins&ﬂrem:n‘swlges,ﬂ&&.&t;
out-door repairs to engines, £613 35. 9d.. .. .v...etls
Maintenance of Way Account, viz., wages to plate layers,
joiners, &c., £2,987 19s. 2d.; stone, blocks, sleepers,
keys, chairs, &c., £2,411 2s. 4d. ; ballasting and drain-
ing, £925 16s. 114.; new rails, £150 16s. 3dl.......

" Office lishthent Aceount, viz., salaries, £607 2.;
rent and taxes, £75 14s. 3d.; stationery and printing, -

- £33 V5. 84. ; stamps, £17 D0.3d. cerivieiiiiiiaan
Police....ssssrncAccount . .o... T ————
Petty Disbursement do. ....oceesssssonasecincareses
ReDE covnvrcnanna @0 sonucnssssnnnnnnnans ctpssene
Repairs to Walls and Fences . eeevreiaroransonenses
Stationary Engine and Tunnel Disbursement Account,

viz 1, £302 Gs. 5d.; engine and brakesmen's wages,
£310 11524 repairs, gas, oil tallow, &c., £419 152.5d.;
_ new rope for tunngl, £266 30.6ds . caveiiiiiiiiiian
Tax and Rate Account «..coovvesesrssnesaee deawrese
Waggon Disbugsement dd, viz., smiths' and joineis’ wages,

£718 19;. 7d. ; iron, timber, castings, &e., 700 9s. 1d.;

cordage, paint, &e., £28 5s. 2d.; canvass for sheets,

L1683 65 5d. cevsnsnsrrrrenssiirasassinasnanss
Cartage (Liverpool) ...sse-sssssssrsiccnsracsarase
Law Disbursement .coovvosreaes Seae SRR R

13,966 8 1

6,436 14

[+ ]

722 6
1,028 7
’ﬁlg

- 603 10
685 3

[N N- -0

1,307 16
3,409 11

(2]

1611 0 3
80 17 10
300 3 9
———— 56350 1 9

Net Profits for Six MODLES «us vs ssesrseesnssssssssssanrersoasy £40,884 8 4

.



TER LIVERPOOL AND MANGNEEWER RAILWAY.

Ist Jury to 3lst. DECEMBER, 1833. . '

Disbursements apportioned under the different Heads of Ezpenditure.

i

Disb ts in the Merchandise Department,
consisting of Porterage, Balaries, Parish Rates,

and Insurance, £436. 17s. 7d., Carting, Statlonary

Bogine, &c. Disbursements .......qveueneen.

Disbarsements in the Coaching Department, com-
w.q_.._.u Porterage, Salaries, Repairs, Duly on
assengers £3,224. 11s. 11d,, &c. &e. .evvvans

Porterage, &c. in the Coal Department, after de-
ducling amount received for weighjog Coal ....

Locomotive Power Account, proportioned accord-
__.w.n to the number of mﬂ..mn“w“q ﬂ. E“a-u.nﬁa!"-_

epariment, cOMprising pal o ngines
Wages, Coke, &c. &C. <rvses oy

Rates and 5, Interest on Loans, and Chief
Rents, pr 1joned according to the amount of
Profit in each Department, calculated exclusively
of these items of Disbarsement ...ovvounannnaas

Total Disbursements...coscsassssnesns
Net Profil ceeessrccrssssssssssnannns

Cross Recsipls .....cocnsnssscsnnanes

’ _IG.M. o 1 Tt -
w s2%§l 5 |8, ¢ ..m 33 3 ;
T 5% gz | e5%| £ 5E g g% 4
3 =2 €3 |82F) % 3 i | 3 3
“hmm Sl B I

1 er__:am a:_.sz_ 8

1 |

e 3 0% |eveannnn| 0 3% [iersniinnnn 16150 911 L 2490 0 813309 1D 7
L]

o0 settne uslsivinennfans 7013 8 1 e T Weea] 7018 B 1
R [ 0 0% [eveeii]iinsnnienisferieaniiienn 82 0 Biiininal 82 0 0
0 8% |1 6% |eveersafeanenns 7170 0 16186 8 0 .ivvrinnnls ...[13065 8 1
o 8% |0m0% |0 1|0 7 |55 0 23404 5 1262 210 54718 20836 6 3
0 6% 0 7% |0 2% |0 1% 6120 1011|2526 6 3. 411 1 5 95 0 5/ 0153 8 0
ueﬂ_u;#ea* 0 11% 346 8 3 Snoumugaeg—ou_aguo
2 6% 210 |01l |0 5% 33018 81138310 7 1836 1 6 434 8 74064 ¥ 4
3 1% 0 8% |1 3% 10 2501 © 61316 7 1097334 10 1

o




TR LIVEBPOSL  AND-MANCHESTER RAILWAY, 329

STATEMENT OF RECEIPTS AND EXPENDITURE ON CAPITAL ACCOUNT.
From the Commencement of the Undertaking to 31st December, 1833.

TREASURRR, Dn. - i TR N AT TrEasURER, OR. ~8 & d
To .&mmmt nrjomt capitalin sbma By Amoont of Expenditare on the :
............... . 1,080,885 0 0 constrnction of the Way aud
Dltto or ‘Dlvirlendu not paid 1,087 3 1 the Works, including the ;
+« Surplus in hand after payment Tunnel Excavation, &c.,
of the 6th Dividend, in Au- DOW in Progress .... ..... 1,080,818 17 | 7
i gOSty 1B33.scsenaarss 3510 2 « Ditlo in the hands of Moss and I
+o ' Net Profit of the Concern for ° Co., Bankers ........ 28,476 11 0
. thebalf-year ending 31st De- «+ Ditto in the hands of the '
. cember, 1833, .00 00000000s. 40,883 8 4 BUFEF ..evsas senns 42159
d A «« Ditto of Arrears on Calls. . 25 3.6
+. Ditto Balance of Book Debts Nt
: due to the Company ...... 10,888 13 '@
! e, hitEe
: . £1,1292%2 1 7 . £1,120252 17
1

During the past six months the excavation of the new tunmel from the vicinity of Waver-
tmee-]:]me to Lime-street has proceeded regularly and satisfactorily, and is now more than hﬂf
cotnpleted.

In order to extend the ndvantages ofa rai‘lwsy conveyance to the northern docks, and l.hole
parts of the town which are ata considerable distance from the railway station, the Directors
transmitted a memorial to the Common Council, the Dock Committee, and the Commis-
sioners of Sewers, proposing to construct, at the expense of the Company, a line of railway
from Wapping to the Clarence Dock, by means of which merchandise deposited at the north
end of the port might possess the same facilities of conveyance by railway into the interiar
of the country as goods in the southern portions of the town, besides relieving the streets

* from the noise and interruption of numerous waterside carts. This memorial, as might be

expected, from the evident utility of the scheme, has been favourably received, especially by
the Dock Committee, and the Commissioners of Sewers; the principal object:un to the plan
being that it was not sufficiently general and extensive to afford to the public at large that
mensure of accommodation which appeared so easily practicable. The Directors, however,
confidently look forward to the establishment on a comprehensive plan, probably to be under-
taken by the Dock Trustees, of a line of railway with the requisite branches, along the dock
quays from the northern to the southern extremities of the port; which measure seems alone
wanting to give to the mercantile public those advantages of economy and despatch, which a
railway eonveyame is so peculiarly calculated to afford.
" The Proprietors are aware that the subject of locomotive-engines has always been one of
great interest and importance. The charge under this head continues very heavy, arising in
a great measure from the necessity of renewing and strengthening the frame work of the
mhehlw : and from the purchase of copper and brass plates for the remewal of fire boxes
and ta

The charge for coke has been a heavy item in the lucomohve expenditure, amoun!.mg to
neaily 6,000, per annum. The Directors have lately been induced to try gas coke to a ve
considerable extent. The cost per ton is less than one-half the cost of Worsley coke; an
although a greater weight is required to do the same service, and an extra consumption of
fire bars and some otber difficulties attend the use of it, the Directors have considered the
experiment well worth making, in the hope of diminishing the expenditure in that department.

Several new schemes for an improved locomotive power have lately been brought under
the consideration of the Directors. Past experience forbids any very sanguine anticipations
of success in respect of untried speculations; at the same time, the Directors will not fad
impartially to investigate the pretensions of any scheme from a respectable source, which
professes to introduce improvement into so important a branch of the Company’s establish-
ment.

The charge for the maintenance of the way is another heavy item of the current expendi-
ture. In particular parts of the road, especially on the descending lines of the inclined
planes, the rails prove too wegk for the heavy engines, and the great speed at which they

,are moved; and from the breakages which have taken place, the Directors have thought it

expedient to ‘order a supply of stronger and beavier rails, to put down in those districts where
the present rails have been found insufficient, This proceeding will in the first instance sub-
ject the Company to some increased expenditure. The Directors, however, have contracted
(for the ensuing year) for that portion of the maintenance of way which consists of labour
and small materials on terms of comparative advantage to the Company, which they expect
will balance the increased outlay required for the purchase of stronger rails.
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COMPARATIVE EXPENSE 6F LocomMdTivE

POWER ON’ HAILWAYS AND ComMON
ROADS.®

It is known, that the earliest engines
used on the Liverpuul and Manchester
Reilway were not more than six tons
weight, and that they have been pro-
gressively increased to aubove ten tons.
Now, according to M.t, the heavier en-

ines are the more expensive in working.
g‘he contrary js the fact, ascertained by
experience.

Again, it is known, that the smoothest
road yet made, viz., one of granite (like
that propesed in the Steam Coach Pro-
spectus), presenis a resistance which re-
quires a power of traction to draw a
weight at 24 miles an hour, of 1-70th of
that weight.

It is known, that the mean resistance

on a railway dves not exceed 1-200th of

the weight at the highestspeed. If then
the “ violent percussions and blows”
which the engines are * necessarily sub-
ject to” on the railway cause the wear
‘and tear to be at 15 9d. per mile, what
will the still more violent percussions
and blows which the engine will inevi.
tably be subject ty on the granite road
‘cause their wear and teat to cost?P
- Again, one of Gumey's hollers, in a
Yocomotive enuine einployed o a rail-
“way consumed about 6lbs. of coal per
ton per iile. On the granite road hefote
desctibed, it would require a supply of
18lbs. per ton per mile, or, in other words,
6lbs. of coal would mote only }d of a
ton one mile. Be it remembered that
{liis boiler was of the construction which
alone obtained the unqualified approval
of Dr. Lardner in his lectures on the
steam-engine, as being superior to the
tubular boilers.
Now, if about the same heat be raised
by a pound of coke as by a pound of
coal, LEa quantity tequired for a steam
coach, with = load weighing in the
whole six tons (the weight given by M.),
will be 108lbs. instead of 43lbs., which
is thirty.six times greater tham the oon-
sumption of the mom improved locomo-
tive engines now nsed on a ratlway, sad
wbout t&enty-four times the avérage con-
fumption.
According to our present knowledge,

® From an able leiter of a Correspondent of
Aris's Birmingham Gasette,

t A partisan of the London sud Hvlylhead Steam
Coach and Road Company.

UNDUEATING RAIUWAY.

thee hesistariée bif & Pallvay 4 hi the ratio
of dne-tiird of hed on the best ite
voad that has yet been formed, one-
seventh of that on the best formed Sril-
mon road, atd vne-twelfth of thas on
the ordinary turnpikesroads. Motioh on
a railway is #s skaltisg npon ics, com-
pared as to the effects of concussion, with
running upon & pavement; and whut-
ever be the results attiined ofi ‘uny of
these roads, by either animal or mechani-
cal power, the same power will effeet
resuits wpon a railway of which the de-
numinators of the preceding fractions
are multipliers, with this further advam-
tage, that a rate of speed may be atthined
on a railway far exceeding that om ady
other known surface of road.

——

ON THE RESISTANCE' OF TAE AIR ‘As
AFFECTING THE UNDULATING HA(h-
WVAY UUESTION—KINCLAVEN N col-
TiNOATION. (fROM p. 8302y

Sir,—I do not knew whelsor Mr.
Cheverton will still petsist in haintsip-
ing thé soundmess of Lt mew theéry of
the ldw of atmospheric resistancen, or-if
he will at once candidly adinit that he
is wrong. If, however, lie adheres to
his own principle, that whan the app®-
ing surfuces- ure equal, the amaspheric
resistances are a8 the cubes of the valo-
cities, Le is certwinly bound tp giva us.a
dewmonstration of it. - Fur no opm can musv
deny (except himself, parhaps) thatguch
is the law that follows from lis. ema
Piemisas. .

Mr. Chevértod ¥indty' infofitis
me, (No. 548, page 250,) fhat ‘“nvi'Bé-
Ing dn ehgineer' it is hot extrabrdihdfy
that I should be liablé to éerur 5 but thét [
have “injured iny reputation aé & insthé-
inatician.” Th reply to the latter féitiark,
I have only fo state, that [ never dfig-

ted to myself the chatacter of & ig-
thematician ; and, moreover, bejng only
an anonymons contributor, | {mve, in
facty mo “ reputation’’ ap sullg, Not-
widnstautjiug this, however, | feel as
anxious in endeavouripg to support truth
and expose erzar, axif | were tb give my
name, profession, and place of abade.
Mr. Cheverton; it i trae, may bogst of
being niote manly ; for, o the crédit of
hi¢ name and character as ah engineéy,
he has boldly hsserted (hat it would re-
gquire a force equivalent to that of 344



UNBVBATING RALEWAY.

hosses o gvgrepma the resistance of the
#ir alone, on an opposing surfage of 80
square feat, whea prapelled with s velo-
gity of 100 miles per bour. While [
(the unknown Kinclayen), on the con-
Avary, de assert that (ascprding te Dr. T.
Yeuug’s formule, or, to speak more ac-
.oesately, sogerding to Dr, Charles Hut-
-tow’s BExperimental Tables on Atmosphe-
-%i¢ Resislanegs,) sq far is this from bein
Leue; thet, instead of 344 horses, it woul
‘WO _require -the yiyth part of the force of
.9 #ingla donkey 10 overcome the resisi-
.89ce, allowing two denkeys to equal the
.wirepgth of one horse.
. M Cheverton caloulates, from Dr.
‘Young’s fermuln, that when the velecity
is 100 miles per hour, the atmoepheric
resistance is 431ba., and consequently on
30 square feet 1290ibs. He then sup-
posas_that a weight of 1300lbs. is p
Jecwed wilh @ new velocity of 100 mi
_per hgyr, or 8800 feet per minute, and
then he gives ys the enormous force of
repistanee==1290 X 8800=11,353,0001bs.
Here Mw: Cheverton is at faulty he for-
fets that io is enly in consequence of the
-engine’s ‘having atiaiped w velooity of
*'100 miles per hour that the force of re-
Agishenoe gmoyats o 13901be. ; snd if the
'valosisy is kept up te 100 miles per
+anr, ‘the of resistance (12901ba)
+boeoynes eonstant, - 8o that instead of
-J'1,868,000lhs, being the foree of reslst-
iamoe, i i enly 1900lbs.§ and even this
“lusl repistance ia considerably everrated.
* Dr T. Young’s fermula is enly in-
sended. for finding the ferce of almo-
splieric vesistunces on military projeotiles,
.and. whea ibe velevity happens to be
{rom 800 ta 1400 feet per seond, er
from 545 w0 681 miles par hour; the
Jesylts deduced from his formyle will
enrly agree with those nb%ined from Dr.
Hutton’s. Exrerimenlal ables. Thus:
_gupposs a ball of 1965 inches diameter
A%.projected with a velecity of D00 fest

‘pér “second ; then (1'965)’.‘&.7;“_:

1:616293==area of half a great cirele of
‘thé tall -* By Dr. Yourg’s formula.

15163908
900* x 500 5 1% 4._.!7*0Mbe.....lhe force

ofresistauce ;and, by Dr. Hufton’s Experi-
mental Tableg, the resistance is 16-94[bs.,
wuly differing by +sth parts of a pound.
But for a less velovity, Dr. Young’s for-

mwula will give teo great o resistance.
Thus, taking the velogity at 100 feet per
second, the formula gives a resisiance of
'2106ib.3 but from the Experimental
Tables it is only *167, which is about
4th more than it should be. Or lastly,
by calculating the foree of resistance en
30 square feet of opposing surfave, for
a velocity of 100 miles per hour, or 1464
feet per second—from thé Exper-
mental Tables it will be found to be
1076 1bs., or 3-08 03, on the square inch.
And here | must coufess that Mr. Ché-
verton was right, when he stated that I
bad estimated the resistance by far teo
Jow; when I stated it to be somethi
less than two ounces per square ineb,
ought certainly to bave said something
less than four ounces on the square ineh ;
bat whether this arose from a “ slip of
the pen,” or a fault in the head, | am
unable just now to determine.

Mr. Oheverton’s supporter, T—s H—d,
seems to have some douhts about the
truth of his new theory. He states that
be concurs in almost all Mr. Cheverton’s
views (what views P), exceptsthat he coni-
siders him to have over-estimated comsi-
derably the resistance of the air. Yes,
Mr. T—s H—d; he certainly has done
soy as he makes it more than ten thou-
gand times what it ought to be. Suill,
after all, I have no dou%l that Mr. Cheé-
verton will tell us that he touk his autho-
rity from & cerlain eminent writer. I
koow be has been misled, but not by the
writer alluded to (see chaps. xi. and xiii.).
The trath is, he has confounded one sub.
jeot with another. His aide-de-eamp,
8. Y., may, if he pleases, try to prop him
up; but without an abler sustainin

wer, he must fall to the ground. In

act, 8o far as the resistance of the air {s
concerned; he Las not a leg to stand
upon.

I am, Sir, yours, &ec.

KiNCLAYEN,

P. §.—~Since writing the above, I have
seen Mr. Cheverlon’s raplf o the first
garliun of this paper. As I anticipated,

¢ is determined to uphold his own
theary ; but he seems now to grasp the
suhject with a less steady hand, and has
been driven to some singular shifts. OF
all this, however, more anon.
: K‘
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b1, DEDUEATING RAILWAY,

TABLE B. :
= Fspiriments wilh equal Arms of the Yoke at S Milss per Howr.
Depth of | Weight of
© Modely P ion| Vessels with |Difference.
. Jn inches..| thelr Loads.
me:“f - 'Z:,z: L1 $3 (R J| 82 | No.3 carrles § more than No. 1.
i ] o }| 72 | No.2 carmies § more than No. 1,
“¥lat Vessel....No. 1 | 417 '192 s : o
Schooner......No.3 | 841 | 234 .. } 43 | No. 3 carries § mere then No. 1.
' Na.l{ &7 a .
K N‘::é ig—'gg g?;g - } 42 1 No. 8 carries % more than No. 1.
‘ g'l::n‘;’::l . jgz:;}‘ 7 |3 ¥ o | Mo difference at this rate of speed.

N. B.—The dlpth pf lmmersmngntemd above i

is l.ha.t nbserved when the vemh werg at ll!tl,

and which did not appear to alter when in motion.

s

"

Bir,— ll is demonstrated in-a gatisfac-
{ory am] .lln!isrlip:]_ mannér in Hufton’s.
Philosophical and Mathematical Recrea-
tions, published thirty years back, that
when two points sijuated so that they
can be connected hy inglined planes;
two or more of which make angles with.
.the horizon of 459, that the line of these
planes will be that of the quickest mo-
tion, .ur that on-whish- -given pewer -

TIfE UNDULATING RAILWAY.

: TABLE C.
. Ecprsmrt with equal drms qf ﬂw Yoke at 6 !fib‘l par Hour.
- = || 'i Welght of ‘
Models p Yin Tnches. yy o of::;ed Difference.
. , t . .
No. | Flat Vessel ....| . 1921135. 1| - __ | Thedraught of water noted in the
.No.2Coaster «souse 192 .. § column of immersions was that
No. 1 4 956 . obseryed when the models were
No.g....uu...... S‘H' 6 . } L - at rest previous to the commence-
% Bueceiseianaens Tz ) - ment of each experiment; the
NowJeeornnsananed 42 (192, } actual immersion during theex-
No. 3 Schooner shape | 70 | 192 . o periment was considerably less,
No. 1 44 ) 256 - especially in the flatter vessels;
No‘s""""_""_" 9 956 .. 5 - but there were no means of as-
DENF RS 1 i : certaining it precisely.
AN Yiianrnsense .' 5¢% -+ 820 . } _ . ' -
No, 4 Twin Boat ... . 5/ “"Tr 320 . ] : e
71 g

-will e ‘most efficient. If the contro-
versy, therefore,” ¢n _ this subjeet were
confined_to planes at such.angles, thh
question of {riction, which Hutton does
not take notice of, would be oue of in-
portance in the invesugmm), inasmuch
-as the pressure and consequent Friction
of a mowving body, on such an_incling,
would be to the friction on the hori-
zonted nearly as one'is tp two, as M.

.
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. -Badoall obyegvad ;* -hut a8 the angie of
. -the Sutfon .incline plane is so small, as
- to have a rise of hut one in one hundred,

". the question.of frigtien must be of litle * tény

. uence, and may be. allogeiber dis-
, pensed with. The lige also so neazly
. approaches a straight one, and is se far
, yemevad from the planes ahove de-
i..aerihed, that the very unaxpeoted resnits
of the late experiments must be alto-
» Rether causeil by the variable power of
.. the engines, amounting to eonsiderably
. a-morg than has been hitherlo coatem-
.« Plated—for ng direct experiments were
i Ayessnade.tg ascertain irenpoint. The
2.undulating question has therefore taken
+:8;djffetent turn from what it was at the
s £ammeneement of the inquiry ; and the
. emall, ineline of tha Sutton plane has been
5 found sochange the variablepower of these
1-@PEings to- ¢ constantt powerof the great-
- @6t imtensity -the .engine is capable- of.
This leads me tp make an. observation on
the manner these experiments were made.
' to be observed that, ds the engine is
+ moving frdm a state of rest to a state of
--2apid motion, the intensity of the power
-3¢ rapidly -dimidishing; ‘on the other
‘*hand, wlren moving from a state of rapid
 iotien to a state of rest, as in moving up
“ the incline plune, the power of the engine
“ 3% fncreasing in intensity, and will, when
near the top of the ascent, be consider-
_ably increased, and recover the power
that had before ceased to he available ;
" it therefore follows that the velocity of
the carriage, as aseerlained by calcula-
tions in these experiments, must be very
erroneous; but [ have no doubt the
" actual velocity, from the same cirzum-
. stanee, il the _results are given accurte,
_are more in Mr, Badnall's favour; and
" this was my impression when 1 made the
remark-abeut these experiments in my
Jast.

CHE SERER - MexTon.
_Calgel-ltuet. Dublin,
'eb. 13, 1834,
L. e Your correspondent S, Y. mnst recollget, that

“1t is the pressave of a at rest on an inclimed
“plade that is 0. fhe welght as obe s ta 1he square
-pdok of:tuo; and’'not.of -a body in motion, as tie
ower aciing in’ the ling: drawn parallel to the
ne-in the former case js tn the laiter remowved,

© 4 The word constant, as applied 10 mechanics,..

shan beam meisnadyssipod, It is not mads uee.of %0
‘distingnisly a  coalingous .
puwer, bat to distingnish a variable from a power
dhdt always, and sader all, circumatances,

nues at oynal intensliips, mbegher ll_lhl.‘ll. at Jow
yelocities, or whetherrunning in a reshiilng or un-
resisting mediom, .

ousti~

. AER RANCRART ARAS-=P. 1. .

ve o5 THR YRRIABRRAS RN T
2 - - Big s Roeve: ﬂm
- newa) o(h_&n-&hmuhchb
= ; . = gaor
-.:;ohdit-ﬂll be-puil?:.dund._ﬁm
i'ﬂ"\'“’ﬁ m’ 3 1] ,m b .*'
pisboimrofigprimgio ,..:}e.,"“‘
vemuring te-i ~peadms. i
- yaport -of -the -excenive- hioskT andsfm-
oo el oy
e to A fe o
that betwenn the parellels of 1IA%
L 11930° N. lat.. ang 788, 3¢/ .and 2
- lang., a tract of chuntey exissnbelabd0
, miles in le and26.in-beestdsh, ‘stian
elevation-of from. 4,500 .40 B/200:sfhet
sbore the lpvel of the seas whotendliey
- may enjoy & mild. and : Je:ctimae,
-well suited to the: Europeai monatitation ;
besides derivibg measy oilierindvamages,
- to enumerate whish- is_the @bjecsdif she
present communication. Coov e
.- The dread-enteriained by theotMtives
of the. sumereus snd nemglesn slasgers
. r-}?amumd th: sarmeuniin .!:l;n
» hilla, appesrs to-have prev Aheir
heing explored, until 1819, whetsdéme
fzom.- Coigbatany, ivebio

gendléman, whio chad
. wandered hither on-& shooting gmouision,
-pleased with the mildness ¢f the climete

tempted others to- follew thiem:soms:
whom built bungalows,- and, ime:the
course of a-few years,.tliese hilladdre
become a most valuable convalescent
station for the invalids of the two south-
ern presidencies of India.

The aborigines of the Neilgherries con-
sist of three classes or castes, which are
};erfecl!y distinet from each other and

rom the inhabitants of the fow coutitly.
They: distinguish _ thewsélves by..the
names of *‘ Thoder,” -** Busgbur}" sify
“ Kota.” " The Thoders are ongé ¢f;
finest races of men in.India, beingtali,
strong and athletic; they allow’ ‘fhe
“beard and mustachids (o groi, aod Wedr
‘no covering on the head1 theh .dilss
consists of a large square piece of-colton
cloth: thejr wamen are fair, and wquld
be handsome, were if.nok ﬁi.‘xha, 3
.breadth of .their moinths; Iulr%g, b
“similay. to that of the men, hjit wonk
;différent magner ; when. deckedl oui’y
any . ceremony,. _l.il.ez ourl their hair in

; zimglets, which hang down: all round the

an jalegmitiing . “heéad. -: Tire wnly docupations -of the wien

.-are .foedinig -\heir bulfloes, ‘it * 5t

-tonditg: to:the- duties of the.dairy;into

which 8 woman is not allowsd (o enter,
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™
and strengthened by, ebligne - brages.

Being an .experiment, the cams te
be phﬁod“:gon it ;: iutendnd mlyfu-

the on - of
place of eptertainment a.t e &nh_er
end of it.

'l'&mly serionh s objection - tl;u has
been to the n railway is,
that being" e]evllem'ar fmmn,lho
ground, it may not be so sufficien
manent, and so capable of bearing uv
louds, at a rapid rate, as the iron rails
which are elevated only a few inches.
We do not wish to discuss this question,
though many persons, whose opinions in
these mafters are of great weight, be-
lieve that it-may.be made su clent]y

mufora practical purposes.

'ﬂit-! usmn.nnm mu.wu-—ul:"nu.
¥ oF MR, cntvn'ron TO MR.
AL

{Slr.-r-i shoyld ill: cansult my own charac-
ter, or thas.of your scientifie Journal, or the
good: taste of your.readers, were 1 to make
your pages, thopgh with your permission,

the ' medinm of a persomal quarrel between
mud.lnlh Badna.d { , will not deacend to
animitationiaf thas-dull vitaperative style
ig which.he has. in: his. last com-
lmnm'mgnrlffia .eppld - have -made a
piohint eginhitienf arrors, or.even held up
tenaple phgitiond;wod arguments- of mine. in

& kidjorowsi paint of view,. it would have been
ﬂhhalﬁw #8:n:Jagitimate mode of warfare
i kedni anpgunter of the wits; but pﬂmt—
Jesspersanalities, perverse misconstructions,
false stintemants,, and falsified quatations, are
ROt -thuby taste, and therefore, with this
edsnpioations; [ ulese my controversy with
MerBadnall.. Satisfed with baving forced
frotanhim the admission, that be has nothing
farther 1o.advance: op, the merits of the
thsory -of, tho apdulating railway (and the
experiments have Jong simce been explained
and digposed of),: 1 will not be a party to
that wordy .gad. worthless discussion to
which Me invites me; for. the “.amusement,”
farsooth,. of your readers; and long may it
be, before, ln Ipek-of better means of enter-
mnmmt, you will. ﬂnd room fora display
of that satiricpl prosess,” as with overween-
ing fondnesa~he calls jt, of which his com-
munication befora: me ds to be the com-
mencement.. It were a,sorry.object of am-
bition to put. u,qlm # writer, whese ut-

most effort .t ;eatting. sarcasm consists in
0“1‘"‘3 .&i& appongat. s‘QbNmmu}1 Chvser-

playedm bundmg hind with the epithet “ The;

- CHPULATING: RAILWAY.

‘Utilitarian ;* but whpse , will .to.de - ib..as
evident as the deed mmt- .o, no, &
challenge from M a combptant has no
allurement for me. - If circumatances should
ever force me to entar the arena ofh:erm'r
gladiatorship, let me have for my antago-
nist one wi whom a contest would, be .0p
disgrace, even though I should - be. foiled; in
the strife—one of a noble ,-#hagen
da:m::ds!ymld a kean and e m
pom, not a coarse practitiaper &om, the
abatteir—a mere hacker and hewey, o Aogh
and bones.t Ifmy sword must ]pnp from
scabbard, it shall mat be at the,sound.-
Mohawk’s war-whoop, but at the clarign ﬂll
of high-minded chivalry—not ta’avenge s
barbarous tomahawk assault, but to -PALTY
the scientific thrusts of a weapon, sharper
than a two-edged sword, and piercing gvea
to the dividing asunder of soul and spirit,
and of the joints and marrow. Is it
my wish, because nature has been asni
in her gifts to my opponent, of the means of
attack and self-defence, as she is .to."the
feline race, that therefore he should.nof
have the prlnbg of employing them, sush
as they are? By no means—he must use
his own discretion as to that. [ mgrely.de-
cline to quarry sueh ignoble game, or;eyem
with sonorous tin to worry and run it.
He has done his best, and I Fmtokﬂi
tn it (but not until he had misguoted me
for [ dared to laugh at the ludicraus pretens
sions of a man, who una.eqwnxedﬂﬂﬂ“ -
much as any ane be. wnh;m
the first principles c of mec wx\l philosophy,
has had the assurance to give a challenge ko
all the men of science in England, aye, and in
Europe too. Was it not to.such an ope
sufficient cause for sore offence, that,. bya
simple iteration in his owm _
without comment, of his crude o
nations, and hnlf-.dtgestzd ﬂ'ﬂm
he who.b

ledge, it was s that
his - “f expenyive- cﬁmuon," and E%ﬁ
¥eATs .gitention . to scienti

S LR
bow, pou

giVengss,

viction the ¢i::rgem§ hm",ia?myh ﬂ

as adml:ms A _propasition, , h

" Bet n—-—lwﬂﬂd covet
the uplill hit, as Mr, 'Blda:sll ig‘z thﬂ
consists in giving me this sobriquet, tt
posed colner oF a mew-langled Corm; wi
were not im constant nse in refevenpe 30 that, o+
dern schoal of economists, to which your uhlp
correspondent Junins Rédlvivus hus, I 1 mhidtake
not, a iar claim to belon

+ Perlaps Mn Badmdl, wfvl &armn‘
intellect whl:h has epabled him to § 1 the
expression ““a true Irish perception of things,” to
o i w :om-"; m:-mi m
now, with eqoal ne that
Mimobenipiry a3




. 07" which

. - UNBULATING: WAL WAT, I

“mot - adVande, Abd “of--his- having garbled

the quotation, dtid: omitted mamy words and
:l:;:! in others, 'i; erderl.io er the -cul-
‘deception. For thisHterary dishonesty

1 'owed him me céurtesy, and yet showed
more to him than was his due. - Mere error,
yea, gross ignorance; should be requited
only with- correction and with instruction—
even -charlatunical fgnorance may not al-
Wwiys' provoke one to- administer the lash
'.'ili,cltit deserves; but when accompanied
by"witful mis-statements, perverse miscon-
wtrtiétions, and 4 frandulent quotation, for-
be:trcnee i such a case becomes a fault. To
this fault, howéver, I must plead guilty, and
erive your readers pardom, ‘for I am not
disposed to return epithet for epithet, nor
Hvail myself of all the privileges which an
tndisguised signature confers upon me ; but
should certain terms be supplied and ap-
plied by your readers, in the way of infer-
ence——and should certain laudatory expres-
slons-escape from their lips in spite of their
teeth, it is more than I can help, or care to
prevent. It is thus, Mr. Editor, that con-
troversies which commence amicably enough,
B3 i the present instance, terminate so
often with acrimony, because one of the par-
£its” his dof sufficient integrity of mind and
uipose €& withhold him from taking unfair
vantages of ‘the other. If Mr. Badpall
&ad ackhowledged that the misquotation
Wiy @il oversight, the explanation would
lrave been dccepted; but as he has not done
80, anilhas chosen to mystify the accusa-
tiom, by treating it as though be bad only
made an inference of his own, I shall leave
it 10 your readers to draw their own con-
tlusions, whether that which I charge him
with was an inadvertency or not. '
‘- Henow brings togetherall that  havesaidon
the'dm'hﬁt'ﬂ‘y of the two forces of steam and
ravity; with the exception ofsome qualifying
é;ﬁm«lthm tfumphantly asks; ¢ Have
"l edi%be terms -of Mr. Cheverton of
m “H has both falsified e terins, and
¢ R coticlisiops—the one cannot be
amihad Lo with too “mpeh deverity,
atitl WAMERisf aya witiiess agafdst hith as
1468, Gha Be'nd ‘_ei;d\::{r?,' as the type which
m&é"ﬂwe’m_ s mérely, 'ds 5. Y.
, X gnitheffais’ between -him.dvd his un-
ey ey
thit I haye pot been guilty of the-egregious
ﬁ‘: Badoall w0 _persgv::ﬂslr

tepapis to Tastenon me, of stating that the
foreo oft stoumr (¥ common locomotive prac-
tive) 15 egually constant like that of gravity.
From the very first, I asserted, that the
similarity of the two forces conslsted in their
Boﬂi',bt'_ii)'?'of_the accelerating kind, without
gntering into the question abou their res
spaotive inteosities, or whether one could.be
Ré oqually maintained as the other, -Be

o#aed'] hirve spoken of the 44 copstant adsion
of :seam.” and .of its . produding: 4 egosle-
‘wited swotion,” Mz, Badoell; withleughable
simplicity, thinks I must mean a force
equably constant like gravity, and capable
like it of producing uniform acceleration in
an unresisting medium. The fact is, he has
no cotiception of the valneof the word uniform,
a1 applied to scoelerated motion, for he uses it
$ndiscriminately under all eircamstances.
For instanes, be hliulof “l: featber de-
scending in a -perfectly still atmosphere
with u:‘.\fm acceleration,”’ and of its being
undeniable *“ that uniform acceleration must
take place until the greatest velocity fs at-
tained,” namely, that which is  acquired by
a body descending in a resisting medium.”
There is, as 1 explained once before, but
which explanationMr. Badnall has not thought
it worth his while to netice or evom to-undere
stand, an u.mbigui_ty; bout the word * con-

stant ;” for it may either have a reference to
time, as ta & thing-constantly of coptjnus|]
acting, or it refer to qq.n!irty, om%;!,uni
toa thing remaining always the sape. _Inone
instance (and quoted by him), I used thieword
in the former semse a9 applied:-sodtchen, « My
words were; “he { Mr. Badnall) ipetksof goai
vity truly as being & sniforviiy
foree ; but does' not admit of thg:motiy
force of the engine beikg of dn secclorating
kind, though he rust bolawurd thet ‘gcisua .
eomstant forea.™ . Observe/ll did ros
the foree of -thé englwe.ls:of &.uukfn
sccelerating kind; 'of oPits Yeingw danstmsa
uniform - foree; but-F ! tidy “addedy
:!;;I:e:{her it i Nh'fm
rating is mot - nécesiary! o !
&e' Now one negudinted withothdio
things must know, thal i§ wwaddibel wni
formly accelerating,'and: ba ‘Hiiogravigys-f
the force of steam vore- comsnemy) dn -thsd
sense of an equable foree.. ¥.&vidently mli
Taded to the constant actionof o foroey whiek;
aceording to cironmstanebs, milyy:be'imey
hot, be variable-in respectite hu iutdnaity;
and obviously suppose that.il mey «of be
*“ fike gravity”. in this partienlir. ¢ Mt
Badnall himeelf, with- unother imstance:sf
laughable simplicity, admits, *5thet:.iv.is
true Mr, Cheverton afterwinds tonkes allw-
sion to the possible differesttién tho: two
forces, as regands umifors dotilisavion,” awl
yet he does not perecive that-this admission
entirely destroys his voneldsion, that I eon-
sider ¢ the power of steath, Jike the power of
gravity, a constant foree,”’ This is not an
instance, I concéive, of a - rée miscon=
struction of my rneaning, but a self-denying
and infenuons display of the- mest exitive ig.
norance in regard to the point -in diseussion;
Thereﬂi; mtm;ﬁt;:q&n;gla eensure herein,
gxceptimg:  pre GETDICQ quotntion af
greepting abeags he gUAIRE tofation 3
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-mu.hom,mﬂlhinmmdm
bluader which he would impute to me—what
then + Wounld he rest the merits of the undu-
lating primeiple upon the circumstanee of
' gravity being a constant foroe, and of stegm
ot being such & foroe? This would appear
‘to be his opinion, and also Mr. Ham’s and
Mentor's; and, perhaps, some other of your
readers may coincide with them in this view
of the subject. It is, however, confuted by
the fact, that the undulating principle is
supposed to triumph), in the experiments in-
stituted for that purpose, even when the
-carriages are urged by acknowledged con-
stant forces, such as spring-power in one
case (equalised by means of a fusee), and
more recently at Manchester, the power
obtained from the descent of weights. What,
then, becomes of the vaunted efficacy of this
quality of constancy in the gravitating
foree, secing that the reason of its alleged
superiority must be sought for in some other
principle? This, also, the prolifie Mr, Bad-
nall kas brought forth, for he has discovered
the exaot counterpart of his * periphfugal ’*
force in the affirmative to the question—
* whether you can take advantage of the
grateitons power of gravity on a general
dovel, without being under the necessity of
repaying that assistancet”’ By the way,
this admission of the grafwitows power of
gravity, and the contradictory nomsense of
yepaying it, is a vile travesty, by this ¢ beau-
ideal of a good controversialist,” of what I
really did aak. My question was, “ Do you
-xpedt to proocure that aid (the assistance of
_gravity to eope with resistance from air and
driction,) grafuitowsly, and to avail yourself
of that power on a general level, without
beiag under the neceesity of repaying such
assibtance ?”—and when 1 answered, * As-
suredly not:” I little expected, even from Mr.
Badoall, the frantic’ extravagance of object-
dng to the only sane reply which such a
question ean receive. According to him,
this is * the very question in which the
whele of this controversy originated,” and
that I have settled it at once by answering
“ agsuredly not,’’ an answer in whieh all
your readers, who are not perpetual motion-
seekers, will' readily cencur. Is it then,
at last, avowedly eome to this, that Mr.
Badnall expects to gain more in going down
hill than he will lose in going up hill +—the
vefy absurdity which I reproved Junius Re-
divivus for attributing to him. Here, then,
is the discovery of a prineiple on which to
ground the advantages of the undulating
railway, that shall for ever be the erowning
fame of the perfecter of the Newtoniln phi-

. * The .spelling, the word, the thiog s d
udlhca:‘ud:ic u:.hohr, ﬂ?i coiner,‘and the di;-
coverer ese col {1

e o counterfeits, are worthy of

UNDULATING RAILWAY.

losophy; and worthy is it of the progenitor.
or protector, as the case may of that
wondrous thing the * periphfugal force,” ian
which, if Newton were now alive, He would
ive ‘“a most extraordinary practical
confirmation of his most favourite and his
noblest theory.” There must eertainly he
-some among Mr. Badnall’s supporters who
are scientific individuals, for the scheme is
not so obviously absurd, that eertain vague
notions respecting the curve of quickest
d t, and its supposed applicability to
this case, may not mislead those whose pen-
‘chant for science is more abstract than prac-
tical. Why do not those among them who
are his friends interfere to save bim from
himself, and avert that derision which must
fall on the scheme, through the self-exposed
imbecilities of its projector. One of these
is 50 outrageous as to be almost incredible.
“What think you, Sir, of  doctrine sosound "’
as this, that the force of descent of a traip
of loaded waggons is equal to its own weight!!
But you must have his own words for it.
“ Let us now ascertain at what velocity a
train of loaded waggons, weighing 100 tons,
must be moving before the resistance of the
air could be equal to ths force of descent¥'—
“ At what velocity, then, must the train of
100 tons be moving before the resistance of
the air become equal to 100 tons?” Per-
haps, after all, Mr. Badnall may be in the
right, for we cannot tell but what he was
‘contemplating the case of a perpendicular
descent of a train of loaded waggons, bring-
ing to him a fresh supply of the commodity
he deals in— moonshine.
" There is only one more instance of per-
verse misconstrugtion of my meaning, to
which it is worth while to allude. 1 had
observed, in reply to Mentor, that “all m
statements in respect to the similar effeo
produced by steam and gravity were hypa-
thetical, and carefully guarded by con-
ditions,” meaning, what I had already fully
explained, that though these forces were
similar in kind, they must be supposed to be
similar in degree, ere they could produce the
same effeots—a supposition, which could e
easily realised in practice, but having wHo
other application than to convince Mr, Bad-
pall that these forces are not so essentially
different as he imagines. Again, I had
stated, that if it were an object of any im-
portance, steam force in locomotive engines
could be rendered constant up to any in-
~tended velocity, and at the same time as-
signed what was requisite to.produce this
effect. Now Mr, Buadnall has chosen to
torture these statements into an admission
that all my arguments about the undulating,
aye, about the wundulatirg principle, are
hypothetical, and that they are founded upon
imaginary improvements in lodomotive ma-~
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ehimiry. Heve svre his wotrlls i+’ Now, Bir,
if &l his arguments in refirence to-the undus
lating railway wre, aseording 1o As own con=

. ion, founded on hypothesis, and, moreover,
if each hypothesis is ecarefully guarded by
eonditions, what reliave, &c.” * Had 1
supposed, when I took the trouble of reply.
ing to Mr. Cheverton's various commusion.
tions (he is infinitely condescending), that
the whole of his arguments were founded,
not only on  hypothesis, as generally under-
stood, but upon imaginary improvements in
locomotive machinery, I should have taken a
very different course.” Mr. Badnall knowd
very well that both of the above statements
refer to unimportant collateral points, and
were avowedly argued with him as such, and
merely to correct some erroneous motions of
his concerning them ; and his eonscience is
fully alive to the fuct, that my principal ar-
gument, as invalidating the undulating prin-
&iple, refers to the amount of, and mode of
estimating, the locomotive duty, and that he
has not uttered one word of reply to fit,
though his notice has even again and agaln
been challenged to that particular.

As this argument may have been dome-
what lost sight of duting the latter part of
the diseussion, it may be as well to stase it
¢oncisely, thus—very littlle steam power is
employed in producing motion—almost the
whole of it is expended in doing work or duty,
that is, in overcoming resistance from air
aod friction—thus employed it is lost or dis-
sipated. Now, Mr. Badnall never pretended
to show, either by his * diagrams” or his ex-
periments, that the force of gravity can be
used in this way gratwitously—the mere
statement is sufficient to convince of its im-
possibility on & general level. He can only

erive advdnotage from it, then, when its em-

ployment does not infer its being lost or dis-
:Hmbed. that is, in imparting motion—such

vantage is only at the commencement—
ta this he is welcome.

In adverting to the instances just passed
under review, of the total disregard, on the
part of Mr. Badnall, of all the principles of

pour and fair discussion by which a dis-
sut&.nt should be guided, I have been in-

uced to undertake the disagreeable task,
léss with a view to my own justification, as
to bring forward sufficient reasons why I de-
eline further controversy with such an np-
ponént. It is not, however, my intention
wholly to abandon the subject, if any thing
from the more judicious and scientific sup-
porters of the undulating principle should
require my notice. Mr. B. will, most pro-
Bably, reply to this, and it shall be to him
@ satisfaction to have the last word.

.- There are, however, twe or three particu~
lars in Mr, Badnall’s recent letters whieh srw

7

entitled to & alight wotlme. We [
a velocity of 85 milet an hour, lh?“?ﬂ“'u-
sistance of & train of leadsd waggénk is w0
redweed, that any man standing in the frst
carriage can, by laying hold of the cotmuet=
ing chain, draw up all the following cdar-
riages to his own, wheréas at 5 ilés an hotr
such power would be altogether inefRctual.
It isquite a matter of course that the tuygi
effort of the engine should be gréater wi
the said lesser veloeity, for, up to thé point
at which uniform velocity is attained, it bas,
in addition to the usual constant resistance,
the inertia of the moving mass to eontend
with; and yet it is quite in aceordance with
this sircumstance to state, that the obstrde-
tive resistance is much greatsr with high
than with low velocities, and that with &
double velocity, the expenditure of power &
octupled im regard to one portion ef that ré-
sistance. There is mo incomsisténcy bere,
and yet, I fear me, it will long continué &
enigma to Mr. Badnall, notwithstanding [
did my best, unsuccessfolly it seemhs, to suit
my explanation of the subject to the eslibre
bl’ his mind. * It is quite evident” says
Mr. Badnmall, “ that either Mr. Chevertoh
or mysell must be most egtegi im erter;”
==there is no doubt of it. Is it, howéver, &
fact what i stated by Mr. Badnall? Jead
easily beliéve that there are secdsiond) met
menis when a man's strength may be exeriéd
with such an efféet; but nothing less thad
the carefally ebserved average indications of
a dymamometer, and reported by a betler ex-
perimentalist than Mr. Badnall, will com
vinee me that the draft of & train of lomded
waggons, sdy 150 tons, is met et & level
more than equivaleat fo & man’s stremgth i
that position—say & hondred weight. Why
thid would make the resistames from frietiod,
let alone that of the air, ts be Ehe thres
thouedndth, instead of the thrée Kundredtl,
part of the weight, and shis latter is & tdé
favourable estimate of its amount. Besides,
what a libel on the powers of these far-famed
locomotive engines—what vile pieces of ma-
chinery they must be, to have their werking
force reduced to this.

Mr. Badnall still insists on our * doing
Honour te the new light" he hias received, on
the resistance of the air “ being less &t high
velocities than at low velocities,” at any ratd
“ of its not increasing as the squares of the
velocities,”” What, in the name of charlde
tanry, are the experiments of Pr. Hutwon
worth, though instituted for the express put-
pose of dscertdiniug the law of resistance,
when compared with * the strong ted-
sony” prhich the scientific Mr. Badnall Has
“ for believing his opirions t6 be true™
Besides he and Mr. R. Ekphenm‘ the disw
coverers of “ the periphfugal force,” are*now
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mnk”ng alwum 1o

lese can: be o~

yect«l l.h.n that metw & the laws:ofmedisn -
and -resistance, under various circumstandes, -

and velocities, will he mere

cleariy: 4
than they have wmmm,” for, be it re-

corded, that * in the year 1666,7 Hooke
gave utterance to the following remark, and,
of course, it is true and applicable at the

present time, although one Newton has lived -

in the interim, else Mr. Badnall weuld not
bave *“ been led by the results which he an-
ticipates .to quote it.”’—* Gravity,” s
Hooke, “ though it seems to be one of
most unjversal active principles in the world
and consequently ought to be the most con-
siderable, has had the.ill fate to have been
always, till of late, esteemed otherwise, even
to slighting and neglect.” Oh Newton!
what a dunderhead were you, to miss all the
bright imaginings of our two philosophers;
and oh happy age! to be distinguished here-
after as the era in which they flourished.
But Mr. Badmall has the experiments of
Mr. Woods to cite in corroboration of his
opinions: ~ I have not Mr.-Woods’ -book at
hand, bat ¥ have no dombt that these expe-
rimenes, réferred to by Mr. -Badnall, were
institated with & wish to avoeéd, as much as
possible; the interferenee of the resistance of
the mir; in the tonclusions he intended to
draw’ from them- relative to- the nature of
frictiow, - With .this view, the utmost velo.
city he allowed the carriages to attain, even
at the' ‘m‘m‘[nd.lsb'n “¢ff the- deseant, was not
more that aboud’ 18 hiles an: hour; and
nobody bat druBadnedl would suppose that
the acceleraqion of a weight of .more than
four toms] would be:affested: in any consider-

able dugree imthe.gradual attainmesnt to this -

moderate ultizeate velocity by the

of the dir. .- However, he says it exerted no
influence whatever, asthedmﬂxnﬁhnaqm
riments prove—for instance:—

In’ i8 sedonds'the l.a.l'l'la.gé fell .‘25 l'eet
wesasiineeeies 2765

reme

v 123 the terminal velocity

carriags :descended arg very nearly ss the
squares of the times, and, therefore, as Mr.
Badnall infers, Ahe resistance of the air could
not have imcreased. with the velocity. Let
us, however, examine the subject a little
more closely thau- Mr.' Badnall has done.
In the first and senopd instances there is a
discrepancy the.other way,shgwing, as might
be expected, that the friction was greatest
just at the commencement of the experiment,
Let us, therglore, compare not the first and
last, but the distance ttaveﬂed over in S8
speands with- that'gone over jp 128 seoonde,

12665 y:
Nowthe.first and last distances which- the. -

UNDODATONG . RAILWAY;.
sivoustignte : thia subs

and then we shallfind that, had theredmsent i -
B0 inerense: of resistaifte, hmm i

.should bave beer L3556 fest, instend.; of -

12666 feet, as in theuvxpe

niment--ohly kS - -
feet differemce! Itisnot wosth. while tosifh . 1
the table more!exaetly, 454 show. the vasiay-.) -
tions'in velntion with:the welocithes.” : Fha .+
game-remlt is observable in the other sevies: 1
of experimenta <which; Mes Badnall quiotssib 1»
and where, 800, ;he-has: stwmbled ol Jishesiboi
wrong column for his date. : He basiaekins:
tually taken the distanoes: &5 real¢nhiredind- 25m
cording to the squares of the times)in aiddnsys
to prove that uuymu the qmﬂ-llh:l: {0
times. On: comparing the tao colmmes, mifi:r.r
will be seen that beyond & cértain lisd
there is with tha inateased yelooity 8 setiee.of) 10n
increasing differences-—a rircumstantewhinle nos
it was eonvem;e for Mr. Blithl:l:to:wfm Fiy
Thus it is possesses appy. ili=
of making the experiments he takes in hamdashs
whether his-own or other persons, seppo® '.1.-‘
any objeet he has in view, and, nmilnm
he announces that his interpretation of thoss :
in question * is a deathblew to tham 201
admitted opinions on this .subject’”. sHM i
second deathblow, for the thing must_be #ift ,iins
dead, consists in similar. '-&mnm-—.dnivedm-.r-
from his Liverpool and Manchéster drailwag.isic
experiments, and are of. M;ulﬂbqqn—
there is no necessity for um“nghﬂni
more upon the subjeot.- At

Mr. Badnall invites me to suggeS'l.
new mode of performing his experiment
would wish him, then, in refetenge to'th
model ra:lway, not to make up the resis;sn
to his motive power with weight so much’
be is accustomed to do, but to product” A
more in that manner in which he will’ i ﬁ;f :“ﬂa
to encounter it in practice upoh a !mg s
This he can do by extendiog a seil of gop /7

 siderable comparative dimensions, omgithend: 1

the drag or the carriage that follows: it,po ds nai

'.._wexposes larger surface 1o the; resigfanica ms

. of the air; and by moderately loadlpg Wﬁmsm

“only which locomotives, have. fo.an
. after ¢he, greatest, velopilyisig

" carripges, and locking.all their wheelw exdept .11/

the propellisig, pairy so. a5 ko preduceigmaten o
friction,. , The. e Aludyid »
constituted,..from- gic.' and.. fription, . o6 thakd 5
1 AT
m h Rl h' ll-l!ﬂ'
13 taking place. in & BIBULES, B yerya hil
inconsiderable porl.wn of the’ wt:lq‘ﬁemned’i'- »-,1
ture of steam. power is euployadm ﬁrﬂ - A
ting the sgasé into mo®on ; but; im ﬁn. ol
‘Badnall’s - experiments, which tmmmlm*h

® If the reader will take the trouble to add ; a
the table in No. 540, which Mr. Badnall gives.from "=
Mr. Woods’ book, two other columins of first and " *
second differences, he will perceive thatthe revaltei™® .
are rather mmulons, lhnwlng that they havg ma ...,
valne wh in the law of Itlﬂ- .
spherie revisiance, 3 '




UNDULATING RAIEWAY.. . .
. whereat one of :Mr. Badnall’s filends: and

which would obtain'in gractice, for the con-
ditions are Dol aliter $FMr. Badnall will,
in themanner seggedtod, witke she obstruc-
tive reifitarios to fofm s much larger portion
of theiotal resistarive thad 'he ivin the habit
of doingphp wilk.fiatl thit (be dévanteges, as
indicadéd iy ibis Sevmer. expiriments, : will
vanishoinspropdrtionds the inertja of the
mass-fernkethe deast part-of it; and if he will
extemd ke railwaydn length, take advantage
of the dirresistapee-to avoid a general acce-
leratiom, ° resuits only on the latter
half of tinp kime; (suppdsing the acceleration
not té contimue beyond the first half of it,)
and ﬁ:mmmwm of the ex-
perimeist rt actnal practice, he
will Mmm only that Il:il sapposed
s will di altogether, but

that the'vesults will be extremely unfavour-

. able to'his scheme. . Ifhe is an honest man,
and wishes to avoid the imputation of deal-
ing cvaftily with the. public, he will put the
undulating principle to this test forthwith,

. and,;i‘li*ﬂlailhn"m, abstain from ?Jl.t inde-

~# badgered* there any lenger.
- '" Your éorrespondent, T——s H——d, will

377 ;

supporters wag 80 hed, or convinced
against M will, that he declared he would be
off to the-country, and would not stay tv be

perceive, by these remarks, that similar ex-
periments to those which he proposed, and in

art instituted, and to a discussion of which

e invites my attention, were made in the
presence of Mr, Badnall, and failing to con-
vince, i1 were vain to expect that any thing
I could say respecting them would produce a

‘greater impression. :

1t may be interesting to be informed, tha
at a late meeting of the Society of Civil En-
gineers, when Mr. Badnall’s undulating rail-
way was the topic of discussion, it was una-
nimously voted to be a fallacy.

I shall conclude with a practical view of
the subject, the correctness of which it is °
impossible Mr, Badnall can impugn. .Let

all that be contends for be allowed, and still ..

his scheme must ever be inferior to the ordi-
nary mode; for the greatest velocity which

can be permitted to obtain is that whish is ..

patible with safety. Now, the locome- - .

i anted, of
statement;: by which .le would enlist the
suppdraiof thiadpublic in furtherance of his
plan. ' 1-mudyy perhaps, if 1 have time, make
the first part of the experiment myself at the
National Gallery of Practical Science, &c.,
in Agelaide-street, not, indeed, for my own
satisfagtion, hut for the especial gratifieation
and delight, of Mr. Badnall himself, unless,
frightengd at this announcement, he should
order, the railway models to be immediately
remoyed, in, which case your readers can
draw p;q:\:r gFA conclusiong,

With-regard to the etperiments instituted
at the i delabde-strect Gallery ‘some wmonths
since; bya ‘vety ingenlous gentleman, whose

pameT:hiive nob’ avked his permission te -

patpose of explaining' to *
Mr. Badnal] uird" bis friends then present,”
the rationdle off ‘tife ‘dpparent udvantages:
whichilils Wwa! priar -chpevidients indicated::
as béledbivg - 001 the! ubkdul@fing: systemn—in

mentiing BN ¢he jrn

regard) 160’ thesti ek perithetrts; so it
mg-:dw nhlarm@‘w oF M ways,
did met>asdert; 681 he hbdses: ta-sdly T1iHd}
that - Srole deddels wkre: pat dowii™ For
that mombumlm very Wik that
they been -provided long before-by MY.
Badoalt - himeslf; but I alluded siviply to the
fact, of such illustrated admonitions and
corrections having taken place, and to the
fecture which was thiep and there delivered
{;’ﬂll}. Ihgr.l’mtﬁlor B88989e, of the London
nivers ys and 1o the sundry conversations
and “Qfecusvions ‘appertalning thereunto,

tives are, perhaps, already le of makipg
an effort up to that limit,
they shortly will be; and this velacity, be it
observed, will with them be constant, hutin , .

if they are not, .' . ,'._

o

Mr. Badpall's scheme it.can .only take plage ... .

at the bottom of the undulations, and. theren ...

fore his rate of .speed must ngcessarily be,aly .
ways considerably slower than the other, . . . -

To part, hawever, in geod bumotr, § beg

to express to Mr. Badnall how deeply Rena A

sible

am of the extreme obligations [.amy -1 ¢

under to him, for the Greek quotation with ..

which he closes his communication, for, ot -
understanding a word of it, it has excited i
my admiration vastly, and edified e -

ceedingly ; and in return for this moat ex- . . -

iellent piece of larming, part and parcel, no,
doubt, of his ‘* expensive education,” I.beg
to assure him, that though some ill-natuped

. persons may take him for a pedant, I, on the

contrary, am duly penetrated with astonish-

', ment at the extent of his talents and attain«
- moents of all sorts;

and thas, noteithuiand.
ing certain awkward and untoward, though
some may think apt and elueidatory meta.
phorical illustrations, at ‘the comnmencement
of this article, I now eagerly seize this op~
portunity of renewing to Lixh {he ussurances
of my most distinguishied censideration,—
remaining, 8ir, with a. bymble sense of my
own littleness, in tho presemce ‘of such pro.
found scholarghrip, . - e
Your most obeitient servant,
" .- 7 "Beny, CHEVERTON,



a]!aiauhnlm,u&mlheamoymtol‘
pictures, statuary, or music.

ismore anapt of reason lhnhof
and there is hardly any great feature of

beauty or deformity in a building, the pfo-_
priedy or sbsurdity of whiéh conld ‘net be-

made obvious to the most ordinary under-
standing, even if the r of that under-

standing had paid . very little attention to_

the subject,”==p. 3.

There can be no better proof of the
ominant share which reason has in
etermining the state of the architectural
art in any country than the very low
state in which 'it is in Great Britain at
the present day. We are a reasonis
ple,—none more so,—butour public
ings would seem to indicate that we are

a nathm of fools. The cause of thisis -

reason of the community
has :mer brought to bear with
sufficient force om the character of our

w Pyecedentand caprice have
long time the presiding in-

fluesces, and the .consequence has:been -

the covering of theland with a.multitude
of edifices, scarce one of which is in
harmony

cotrse of erection ‘a’¢ Gallery,” which
is to be called par e:ce!lenu “'i' ational,”
and which, they say, has been appreved
of -by the selac: of bath Court and Par-

liahiesit, but- which we hesitate not to’

assert will be universally pronounced, a
fevi . years -hence, a National Disgrace.
Le{ -any f:emm who daubts this, go and

model of it, at Mr. Day’s’
ent gollection of nrchileetunl mo-

deln, in _King William-streét, Charin

¢voss (we recommend ‘them’ to r.‘

Lo;dna’s attention) ;—let him '‘consult

“his own common sense (if he ‘has:
nny ‘8810’ its merits, and Wwe feel quite’
sure - lie will. agree with us, that a more:

conleraptible design for a grand * Na-

tionsl” Museum could not easily have’

been wntnved Mr. Loudon’s plan of

the * reason"” of the commu-

ml ay, is the only thing to put an’
3‘ lg s;erpelmmg of ¥ gNl!li):ml"-

offences like this. -Give but such efforts

as his for the diffusion of a taste for-
architectural beanty the encouragement

they deserve, and we shall hope to see,
ere years, the majority. of the works
of the tom-¢its (nut Wren's) of our apunt
time, become & common theme of on
and scorp.

inatdén; - o0 4 Into Demerars, will be found

peo-
uild-.

with the common sénse’ cha-’
racter of- thie age, - There is now in the’

vy s wemeetc 43,7

NOTES AND. NOTICES.
Ample :
ly
J——a
, 1882,

-uuiliil

in the Numbers of this Journal for 28th J
a'ml 27th IuLy. 1833,
ements have been

l“nnoe i.n manafactare of tiles =
fng. .‘ ntm called the Volvie stone, )
by the lava of the rocks of A.luriu:, is found to
nmur the pu of ul.u mnd: tter than any

'fmii i digine has also been
iatmduced Intoﬁ man at Beyres, and iy
found to make very uoellent chln.l as well as tiles,
and js used for enamelling. i
mens of enamel pllntln; npol :Itil stone
lately been executed at Bevres, Oneis a pf
a master-piece of Gerard Dow, and another a -
tifal specimen from Robens. This stone sa
any beat without injary, and is so hard that it
be employed for pavement. Indegd, it Is inten
to be used in Parls, in those streels which
be improved after the ish muu.—mmu-.

The outery at the decline of science in

- is ever d;y-gmwlngwuhnnd weaker.

rﬁllow‘? 'e n l:mtee»r Pﬂ!;:llh
atar: " we suppose

to join in it:—* 1‘{ 'ﬁ )
and mlelieu blished for the purp

» in various Iuys. (&c W :

tlld 1

. during the eighnnl.h and pnuﬂ :

been a strikin

taxts
p i Yet. (wil it be balleved !)

which l‘mmsithehtlﬂe of th}s very 'd“ﬁi- B
fro.n a paperin the Quarterly
Hmwﬂll".pfnllm!l!l that the chiel ;

publication is to * devise n ciiré?’ for thé
o d«:{w taste for sciedie”!'-How b ¥
ing 10 be d Yor ;
hand write the bodt, and another E .
motto? We shall next week m ‘
sor's book more at le

. The reproach wh as 80 Ion rested on
land, that she I: the t:mljf nation v oy
re uire proiection, aasing-away, at Y

rmge is coneenu:l:i mr_l’he risian gov
mnt has found it necelury not only to
Exchange with an iron palisade, bat similq

defend the oi-devant Temple of Glory, the Ml
leine, 'and the approaches to the Panthdom,
similar barricades.—Architectural

- M. Poloncean, the engineer of roads and br
has just completed his survey for the gml:
road from Paris to Bonrdeavx, which will
braneh-roads to many other places—.

. We have made . iry -into_the
lhlmenu sent to us the

misinformed.

llr Bmuit'. uupiuuannh m uh -
"Cw‘nvmiulhm reeni\feﬁ frotn
Q:'antrello—-llr Wit E’--lr ‘Ratter.

Page 881, colamn 2, line 12 l'ram
2 lﬂﬂlbl” read “ 1075 Ibs.

Y. 8
Oﬁu. No. 8, Pe
Court, between 135 and 136, ¥

Yor the American Edition,
Lion-square., Sold G. G. Bennis, 55, Rue
Nenve, Saint Augustin, Paris.

- M, SALMON, Printer, Floet-street. . .

r. 0. Ric:
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P HQTPS AND NOTICES,
,Mr. James Heard, of Blackheatly, states, in a
communnication 10 the Society of Arts, pn

blishied in_
" the last 3ot of their Transaclions, that Séhad seen,” "

at 8t Pefersburgh, some excellent specimens of
sireet-paving, formed of wooden Dblocks, set with

the grain upwaids; and hespeaks of itas * gampde -

of constructing roads in cities,” nol only new to
Russia, but ** Ritherto tolally unhnown. in: s
land.” Mr. Heard has been misinformed. As Tar
back as 1825, this mode of paving was recoum-

mended 10 the British public by Mr. Johu Finlay- "

800G, A8 r])nrl‘«:ninrly “ suited to the streets of Lon-
dok an

he gave of its_durability, was, that in the case of a
causeway in Scotlaud, which bad, for the purpose
of experiment, been partly consiructed of wooden
blocks and partlyof granite, the wooden portion was
found, after a lapse of twenty.four years, 1o be
much less worn than the granite. May we not,

therefore, fairly conclude that the Russians huve -

only availed themselves of Mr. Finlaysun's sug-
gestion? ¥ ]

8cnnefelder, the inventor of the art of litho-
graphy, died on the 26:h of February last, at Mo-
nicl, in the 634 year of bis age.

The Saciety (of. Arts) has been informed by one
of s meinbers, that he lias koown an iron steam-

boiler, us s witer, preserved in constant
L 4k gati,; by cleaning it iftem, and
smeariug the Id§8e WwHb oil or tallow afer each
cleaniag, - ~method of producing the same
effeetiny wmt to-the Society by Mr,

5 Dean-

cdiond, of- Leeds, druggist. He put into
ge steam-bofler between two and three gallons
of sperm oil faals, and found that, after eight
webks" caustunt nse, the deposit of crust was very
smiull, eompared to whit it used 1o be, from the
swme waler alode ; and also that 1he crust could
be cleared off by means of 4 compon stif broom.
—T'rans. 1833, Part 1L

In_the Mysore, donntry, towards the elose of
Tippoo Snltan’s peign, & mass of ice fell near Se-
ringapatam of the ime of au “ elephant.,” This
fact | is recoriled aud well autheoticated, and the
Jarg Colonel Mark Wilks informed e, in the pre-
sence of My, Anthony Daplop, at his residence, in
the.lsle ol Mau, that he investigated - the circam-
stanpe fon the spok, wliere [t was authenticated by
the fndependent bestimony of many iedividuals
then ATivd, wni who distiaetly remembered the ex.
traokdihary veapivence,— Wurray's Obseroations on
the Phenomena af the Thunder Stormi.

The Greenwich Bailway Act declares that no
more (han certgin specified rates of rame shall be
exacted for the gonveyance of goods and pussen
gers, but does not Hmit in any other way the pro-
fits vt may be devived by the shircholdegs, C, L.
* shuald the proprictors of the Liverpool aw
Minchester line be resiricied to a dividend of ten
per cent, and those of the Greenwich be st liberty
to divide ten times ten 1" We cannot, certainly,
saggest any satisfuciory reason ; and are persuaded,
that bad the attention of Parllament been drawn to
the circymstauce, so importaut an advanmge over
other railwny™ specnlators - would mot have been
conceded Lo the Greeuwich proprietary.

The projectors of the London, Holyhead, and
Liverpgol Steam Coach and ‘Road Company, now
give gut that it is not their intention to go o Par-
liament ** during the present session.” Have the
shures, then, not been subscribed for? Oh| shrewd
public! ¥

The Oxzford Journal states, that *the advance
inthe price of wool has put all the farmers om

other great towns;”" and one of the proofs -

 We af¥ obliged, from wask- gt
“Mr. Badoall's last commt T

complain: of s as unfair. * Why,” he |.|kz i ks
it 1 tions receTved frimt

~Mr. Wi

the alert whe »ay of : " 4 Toell
and sheep are actu; mm:mi i
the sake of the wool, and covered up with flannel
to prevent their fiesh from being injuréd by the ex-
posure to the cold.” . -What-nemt $ -~~~ ===

The W, i'qf Straw In the handloom is
stated Lo have been accomplished by Messrs J. and

“A. Mulr, straw-hat mand ¢ Gregnoek. It
-ia expected that this

31 WL entisely-quper-
sede the old mode iting; and t ere hﬂ:
ladies straw bonnets wilkexhibit: s ol BV
ety of figures as the Edinburgh-and Pajllay shawla,

The Queen of Spain has, by a reced- , de-
clared that all artisans_are gualified to o
municipal offices, -of i angd- places
under geverniment; for, sayy the of the
decree, very sensibiy-=theyserre the conniry in
their station, and tiir trade, whatever it may be,
should not be an obatagde to them.” .

A npative of Fars mnh l.imil ago mnili. #con-
iderable imp " thie o -por-
celnin. His feme quickly spread till ll-runr;d

the court, when the king immediately n!lt‘u‘tkhmi ’

an order, commanding him to repair to Tan,
to make ehina for the shah (of Persta). Now the
poor fellow knew, that once there he would have
to make chinu not only fur the shah, but fur af] the
shah's uffice;s and courtiers, and that tos without
the hope of any payment, unless jt m!ﬂ.% an
occasional good beatlng. Beized with conilerua-
tivn be collected as large a sum ad posrible, and
presenting it by way of bribe to_ the ia s be-
sought him to report that he wad net the man
who made the china, but that the regl potter had
run away. The b éss wis naonged rding
10 his wish, and he returned pennyle; wn
country, vowing mever agaln to pikiE-4-

china, nor to_attempt an impro
as long as he lived.— Frasnr's Petrig. |

1

> v ]

The feeling of the House of Comons, h«
Ject of rallways, was remarkably exemjli|
week on the second readirig of Gremt

Railway Bill, which, thqugh powetlaliy
was carried by a majerily of 182 w0 82,
of “ Great Western,” —lbl'-'b{, is bee
what inappropriate’; sisice it is now m
:md to carry the line, at the ong
on to Readiog, and at jhe other-
Bagh, F-

- A lock of a very novel and 4
tion has been Invented by one of oy
who is desirvas ofmul'rd: with 8o
would jela bim in takieg out o
afverwaurds working It a0 adv
may. be pbiained on applitstion

: -Mr. Jupling—Bndrt—%- A Prac-
tical Science—A. B.—M¢. Pearson
hitew e, Data=de-t-B. Humiiton,

W Errata. .

In the .l'strono‘mlv.l:’nll probler:;,l.,_l 'u:, 1 :, for
“_obtuse," '"ﬂ * oblgte ;’ and L 19, for
siding,” read +t precedings ¥ - - L:-g___»_;f_p‘

it
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TV T aeDeLATIRG- RATEWAY, Ot A

Switstrhondaor “dr Wbdt 't6° Westmor-
land or Walesain- of mountain-
scefrery, when, il (it while, they had
that: remendeus range; the Middlesex
:lno;nmuins,_ under theirvery rioses ! What

] gers mean, too, by praising the
smostiinées’ -and evenness of English
rostw? 1Why, here we have a travelled
Enp¥shdisn, who assires'ns, that there
is & maanLainipats, Some tert miles from
Lomdiny;!#-far fﬁle;j_iér amd more difficult
thati:shicose by Whick' ke onée climbed
oveterglie Sluplen’ mte ftaly !*  Posi-
tivelyy 1lie-nent namber of the Annual
Tmodﬁhtw be devoted to the wonders
of therBugeware-road! He must allow
Colomel:Macerone to look over his proofs,
by-the-by, - if he would not wish that
gerdoman to contradiet every particular,
as toi Iris steamer, in the same moment
that e gtrotes it in proof of its wonder-
ful superiority over all others. Mr.
Ritehie says, the earriage made a dis-
agreetble noise.~~No'such thing, rejoins
the ;pevvy enjoying the bemefit of his
testinowysifihde ne noise at all. Mr.
Ritakie eslls it * & vehicle of enormous
weight”s«"Pggh ™ ¢xclaims the Colo-
nel,” Hhvw Moy, v i as light as a
feathbrdt: *sl-defs & lime of black smoke

behiadiit, quéth’ dhe Middlesex monn-
tainweri4 Not:u patiele,” responds the
contsadiesor? yatéritee ;* *a little waste

steam' thav’balk’ And then conchides
witlrw# 7egudsr blow-up > of his valua-
ble eys-witnesd, whose narration of 'a
steaw.trip of “sunie -conple of miles is so
oftentaxy so complimetitartly teferréd-to.

Whata Thing it'e thut fhe roads Have'
alwdyw beon: iewhgravélled just befire

C

caiidour, §nid Y have done. - At the s %

i

set'of his pamplilet he professes that i =
has ptinted “the whole (?amu ondence .g,;',

| iet,fur reasons best known to himgelf, he' .

as' thought -
cock’s letter, denying his broad assertion

roper to omit Mr. Han-

that he (Mr. Hancock) has * seldom
been out without being brought home

by horses ;>'—as well as the second letter
(chiefly in reply to one of the Colonel’s,
which he takes care to give at full length),
from, Sir, yours respectfully,

.

London, March 13, 18%4.
———

THE UNDULATING RAILWAY —A FEW
WORDS IN BEHALF OF THE ‘* MESSRS.

STUKERS,” IN ANSWER TO MR.CHEVER: _

TON—BY MR. BADNALL. : L

Sir,—My gratification would be equal
to that which Mr. Cheverton expresses
in relinquishing his combat with me to
grapple with my powerlul and very able
supporter, Kinclaven, could T, like lim,
be fortunate enough in meeting with an
opponent over whom a victory would he
a source of grealer credit and honour;
but as 1 am never likely to find a man of
more established scientific reputation
than Mr. Cheverton, bold enough fo
contend against 1he advantages which,
in theory at least, the undulating ruil-
way presents over thie horizomtal one, I
cannot be an inactive observer of the
movewments of 80 hursh an engmy,

Were lis letter 1o Kinclaven (p. 316)
confined to the subject of atmospheric
resistance, ['should have left him to en-

3 ) !
‘]og the full pleasure of that new combat
Wwhich i$ to decide his invincibility, or

the stehmioe Gegin-1o fah-at Jeadt oud’ -~ otherwise; or; at least, I should have
worlhg2ColoneisT srehinetlfbt ol #h>" “patiently awaited the dreaded infliction

sinugse (whist W Chanles) Buhod, aiid:
wymhnmrmwsm?gq

eve

ter Judk. .owA1Y e mi SochBfer
me fiosrBlgibem peaddd! s (N & 6vat!
of resdsdls Rnghaid? FHero mbist bk

destidgtm] wokk D1 ekt D "Wk uR Itiche -
m.?i’&um'm’u Weilt' to® Wihddor

the sbad: betawid >treriewduidyc hilly”
“ forthut beeasion'only."! And nW,‘-nSz
withsthaQingthe' immense kwid which
the cemthispleners’ huve lxid out in' what
they dacgtiowely style * improvements ”
on the.. are-ruad, it is ** the wo!
in Epglapd.”. Swurely, the 1700-mile-
journeys of the Colonel have had no
share’in producing this state of things ?
One instance of Colonel Macerone's

“df his rod, and his explanation of the

'+ gauses’ of the ‘extraordinary anomalies

- which, if his theory of resistance be cor-
: vect, the various experiments of Mr,

> Nicholas Wood, as well as those tried

“un the Liverpool and Muauchester rail-
way, evinced on this subject. But, Sir,
Mr. Chevetton has again thought it pru-
dent 1o recapitulate those fallacious sen-

I N s ¥ e W o o

N om el

S EMN G
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timents on the question of locomotive |

steam-force, on which his original argu-
ments were founded; and, as | am not

inclined to lose sight of these -original

arguments, as long as he is bold enough
to defend thew, [ shull hape to 'be par-,

doned by yourreaders for revalling their

a®omiion to-his earlibr refnatks. *
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. Mr. Ghoverian hopes that the Magars.
Siokems of the engines will admit various
tonclusions, many of whieh, if admitted,
would form raiber important data fog
his own erromeous oOpinions. Awong
thesa Le observes:— ) .

(lst.? # If your locomolive hag gope
tea miles an hour, and you now make
her go with twice the vek city, you wil]
adut thet she will travel twenty miles
ip the mext hour.” .

Admitted.

¢2dly.) “ And that, potwithstanding
you have been ahout the job in only the
same time to a minute, you have got rid
of double the quantity of steam, for you
have gone double the distance, or made
double the quantity of strokes.”

=i s Denied— .

" Inasmuch as it is well known that a
lpcomntive engine, when travelling af
twenty miles per hour, does not, in equal
times, conspme twice the 1uamily of
fiyel which she consumes wlhen travel-
Ting ten miles per hour; nor dues she,
although the number of strokes are
doubled, expend a double quantity of
steam. To elucidaté this, we will sup-
puse a safety-valve placed at the top of
the cylinder gs well as on the heiler; at
starting, 1he steam shall blow off at each
valvg gf' a pressure of 501bs. to the inch,
Now, if'the sleam in the boiler be kept
up_t0 that pressure at all ‘speeds, the steam
in 1he cylinder would diwmiuish in pres-
suve or quantity as the velocity increased,
Conld then the requisite pressure on the
cylinder-valve be measured at twent
miles per hour, it would be found that
251bs. on the ipch wonld be more thaun
sufficient o prevent the blowing off.

-{8dly.) *“ And some among you may
w’:np]rehend, peradventure, that you haye
doubled the power ¢f your engiae by so
doing.®

' ; Denied— '

- For'itiv & well-establisked fact that ¢
effective power of & locomotive steam-
engine decreusgs 43 the velocity of the
engine increasgs. .

(4thly.) # And, perhaps, it is not guite
beyond your capacitigs to understand,
that ify in addition tq this double quick
time, you biteh op what will wake -four
times the .load. you had before, you
will now make your engige do eight times
the work phe did bafure; and- that she
may now be spngidered of eighty horser

| RTATINA MRS .

power, if she wax up bome-prwes L

_ Prodigious ! \
The power of the locomotive engines
an the Liverpool and Manchester rajl-
way may be fairly rated at 15 horse t
20 horse-power, 'x;h'e fullest "effect of
that power is employed at the lowesl
speeds; the wore rapidly they. irpvefy
e less is the effective power -'iﬁopny
quently, iustead of the power of s guy
gine being oclypled under the Gh{f_ls'ﬂ"l:'
stauces to which My. Cheverton allude
it decreases, as befure observed, with
every increase of velocity; and weye pok
the decrease of friction, or tolu) resistancg
throughout equal distances, greater taw
the decrense of power, the velocilieg
which are now obtained could never |
obtainable. Maximum velocity is thergs
fure attained when the engine can com-
mand the least effective power, and 3t
that particular period when there is the
least friction or total resistance. ., .
(5thly.) * Again, Messrs,’ Stokq:sgg
the engines, you will not stuinble nitich
at my meaning, when I tell you that, ¥ -
guing the Lwenty wiles ju the ioyr, you
have emptied your aylins.ei' just the same
number of times as you would if you-hud
gone the same_distance st ypur ol rats
of ten miles au hour; that is, youw-have
made nv more than just the sjupe num-
ber of strokes; but as you have soing sogk
of suspicion that your stegw,musihe
four times stronger than. jt. was belorg,
by reason of the load heing fouy,limes-
greater than before, or else thas you, wuus,
have a cylinder to gontgin foug, Hig gs
mora steain than before, you wall. #oh bs
greatly Eothercd when. I tell, you 2!
¥qu haye spent but. four 4 5%
mu‘a\'_mqld,ha\:e_.otl\anym_.‘ ca. "}_'!TEH.I.I'!H;'

g stonin o) e g8l
an.hgfore, or the gy 4 &W"
) li ¥

ayr Umes, pgre. - I
For whag?  May, I hy - g
verton, will, in good” hymong (of

wise, if he prefer 1t), refer o the, 44k
paragraph which I have gquated,,.a
after perusing my remayks, explain
ambiguity by which the diag ,oh,
servation is surrounded. ‘Eulil he

do this—umntil, in accordance with T:
own theory of atwmospheric resjstance,
it happens that a decreasing foree (UNe
LIKE THE FURCE OF GRAVITY) produces
an iacreusing velocily undil aree is
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"to aw epposite resistance,~or unlil
he prove thal SUCH |5 NOT THE CASE,—
'l must earnestly recomipend your readers
to “shake their heads” far more tham
either “ four times” or “ eight times” at
the conclusions to which he would lead
them; ip the wean time, resling satis-
fied that they know ¢ quite as much
éhout the matter” as wy friendly oppo-
ment, Mr. Cheverton.
 As Kinclaven has done me the honour
tg 1ake an important part in this discuse
sion ; and as Mr. Cheverton has ex-

ressed his wish to measure swords with
gim.]_' feel at present relieved from the
pecessity of noticing any further observa-
yons in reply to his late most erroneous

calculations on atmospheric resistance,

merely proguosticating that, when his

mind is a little more divested of erro-

nevus prejudices, he will be more in-

clined to measure theory by practical

results.

- In fairness to S. ¥, | shall make some

allusion to his last &mmmnuicalion in
next, I am, &c.

W R Ricu. BapNaLL.

 Manclhiester, Feb, 17, 1851,

i Wc‘&%‘ﬁr‘:&?«"ﬁz:.ﬁmﬁﬁm |lo' T.
everton & copy of the preceding leiter, in order
ﬁuh‘i: me:‘km nnwil;hlny u::kl Iuie
'ma‘i‘mn o: :(.E; to :h'ei:'he bas tu:t' nﬁ: the fm-
furg note.—Ep. M. My
* Sir,—When, in my last communica-
tion, I declined all further controversy
with Mr. Badnall, [ was not aware that
ou held in reserve a fresh attack from
im, by way of diversion, in aid of my
respectable p{pment, Kinclaven. fItre.
res ‘he, therefore, to append a few
ts of explanation to these really very
amusing ‘remarks of ' Mr, ‘Badmall, in
order 1o_seltle

order 1o_settle 'up and’ fairly balance
aCoounts Petweenws, " " T 7
' A5 he'Das laken soe pains to show
Tiak * the mure rapidly the lacomotives
trave), the less is the effective power,” he
must, |- suppose, really imagihe that
those observations of mine, which he
quotes, cuntain something opposed to that
opinfon ; and ‘yet he might have found
passages in my former communications
which asserted the same thing. 1 do
not dispute it—it may he as he intimates,
that the steam is very much wire-drawn.
I ean imagive, though.1 will not give
credit to such a libel, except on bettep
authority than Mr. Badpall's, that the

(1]
coustruetion s so bad, that an ewgiag
may be unable to give any sssistanee o
a train when urged by mnether mom
werful locomolive, or to display moy
efficiency than a useless expeadi~
ture of its steam. Be that as it may, is
does pot concern .'i argument in the
least, for it is founded oa the ﬁpﬂ‘“
of certain effects being preduced, and of
the cause being adequale to their produc-
tion; and then it stutes that such causs
must be proportional either to the squarg
of the velocity or the cube of the velo- *
city, according as it is stated in tenns of
the tine or the distance; and this argu--
went, or conclusion rather, Mr. Baduail
may controvert, if e chovses, but, simpls
as it is, it will be as well for him {0 un.
derstand it first. [ congratulate Kia-
claven on the valuable aid which hasse
officiously flown to his assistance,
Whether the same locomolive engine
could, by a little contrivange, be made te
undergo equal variations of velogity and
development of power which the argp-
wment supposes, [ do not know, mor is it
to know. Mr. Badoall says it
cannot ; perhaps not, and the argument
does not require it, but allows one to
imagine the introduction of another
eagine if needful, as Mr. Badnall must
huve been well aware, for he has him-
sell quoted these words of mine—" os
else you must have a cylinder tp contain.
four times wore steam than hefore”
The stokers themselves would be ashamed
of such quibhling. . '
1 am truly sorry to occupy your pages
with rebutting such petty cavils, but {
will sin no more, Yours, &c. :
: Bewa. Cusverron,
- Py 8.~Kinclaven will perceive that
wy Jast reply to him comtained au sn.
swer, not only to the it part, but by
anticipation to the second part also, of
the observations with which he favoured
me; 1 therefore wait hisfurther remarks.

e

WELSH SLATE THE FITTEST MATEBRIAL
FOR 5EPULCHRAL MRMORIALS,

Sir,—In your Number of the 25th
Januvary lust, under the signature
“ Encrt,” appears a cotamunication “QOn
the Fragility of Modern Gravestones,”
1 perfectly agree with your correspond-
‘ent as to the frailty of the memorials
raised over the remains of the dead in
the burial-places in and aboat Lopden,
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PHE UNDURATING: BAILWAY

Sir,—It has been said, that Buonaparte
remarked to one of his Generals at the
battle of Waterloo, that British soldiers
did not know when they were beaten.
The same observation, I am inclined to
Believe, may with equal justice be ap-
plied to some of our %ritish men of sci-
ence. Indeed, I have on more than one
occaslon seen a display of this in the
Mechanics’ Magazine, when the de-
feated party, although beaten to a mum-
my, “ would argue still.” I am afraid
that my scientific opponent, Mr. Chever-
ton, holds a commission in this hard
corps of veterans; for, in defiance of all
reasoning, whether mathematical o1 phy-
sical, he still maintains the perfect
soundness of his own newly-discovered
theory of atmospheric resistance. Nay,
more, he has given us (No. 548) some-
thing in the shapeof a demonstration of
his theory, (an Irish demonstration,
G.S. WDIIH& no doubt callit,) which he
probably fancies we ought to swallow
without examination. But, Mr. Editor,
I must honestly confess that though I
have examined it well, T do not under-
stand one word of it. It is in fact as
unintelligible to me, as Mr. Badnall's
Greek quotation was to him. (See No. 552,
page 372.) However, if his demonstra-

tion shall be found to be orthodox,by.

those who can understand it, then of ne-
cessity | must be in error; and, if so, I
suppose no one can blame me if I con-
trive to hitch the saddle upon the right
horse, and throw the whele blame on old
Mr. Euclid. Well, let us to this precious

gear then, Assume—g?-a:P (See Nos.

[
547 & 48) then by Mr. Cheverton’s new
theory, a* P V¥ and 5 P +° will express
the atmespheric resistances in horses’
power, - ‘Now Mr, -Cheverton (kindly)

.slluws, that when a®==b® the four quan-

tities «? P V3, §* P+*, V° and v* are in
proportion; butalthough the twofirst terms
express the ratio of the resistances (this
he also admits), he denies that the two
last terms express the same ratio!!l
‘What a blundering old fool, then Euclid
must have been ; for he positively asserts,
ayes and pretends to demonstrate tou,

at ratios which are the same to the same
ratio, are the same to ome another,
(Book 6, prop, 11.) Now Mr. Editor, I
need scarcely inform you, that the proof

of the 11th propbsifian, solely depends
upon def, 5 and 5. Indeed, I may add,
that the whole of the 5th book does. It
therefore follows, as sure as the sun will
sise to-morrow, that if Mr, C. has suc.
ceeded in establishing the trath of. his
proposition, the whola of the 6th book
is nothing else but a heap of fudge.
Q. E.D. )

Cor. 1. Since the 6th book depends
upon the 5th, it must share the same
fate: that is, in short, there is no truth
whatever in geometry.

Cor. 2. Arithmeticians are wrong
when they assert that 1§=4; hecause
it is not in accordance with the Chever
tonian theory.

Mr. Cheverton’s method of trying to
account for the possibility of the carriage
question with two horses, and 30 square
feet of opposing surface, &c. is, I confess,
strictly in conformity with his own theory:
He says there is nothing astonishing
that (two) spirited horses should in &
panic, or by violent incitement, be able to
put forth for a short time (a precious
short time no doubt,) three or four
times i¢ may be (or it may not be), the
energy which they exertin the ordinary
routine of labour, &e.”

I have no objection to Mr. C.’s appli-
cation of the terms panic, incitement, or
energy 3 but with re to the * short
time,” thatI deny. The time was thirty-
six minutes, and the distance gone over
twelve miles. Well, surely, one would re-
quire to swallow credulity in pailfuls be-
fore he could force himself to believe that
two horses, galloping at .the rate of
twenty miles per hour, could, in addition
to that velocity, overcome a resistance
which would require three horses to per-
form at a dead pull. How he cau recon-
cile such a doctrine with prop. 9, chap.11,
vol. 3, of Dr. Hutton’s Course (a chapter
whic]: he has drawn many of his resources
from, although he ought to have taken
his position a few steps further down the
ladder), I cannot conceive, unless he
has become an apostate to the belief of
mechanical philowph{ as well as geo-
metry, for both equally declare the un-
soundness of his theory. In the p
tion above alluded to, it is stated that thy

‘maximum action of e horse is when his

velocity is 21 miles per hour, and the
Joad § of what he can move at a dead
rull. Al, Charles Hutton! you must

ave been as great an impostor as Euolid
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wes. It is trae, Mr. Cheverton: has in:.

some degree p! us for his sudden
apostary ; . see Number 545, pages 960
and 261 ; also compare the same with the

teeript to his article 534, and Num-
E:NB, page 318, where the reader will
find some other amusing specimens of his
consistency.

The truth is, Mr. C. is a mathemati-
cian among mere practical men, but only
a practical man among mathematicians,
He is a smooth writer ; his sentences are
well urranged, and read well ; but with
regard to much of his reasoning, what-
ever value it may bave in the eyes of
metaphysicians, it can have but little in
those of men of science. Ar erson u:_
ignorant as he manifestly is of the art o
swivnming, should not yl:ie so fond of
plunging into deep water.

* As I mow despair of bringing Mr. Che-
verton mathematically to a right under-
‘standing of the question at issue, I will,
“with your leave, Mr. Editor, change my
tactics, and endeavour to bring my anta-
gonist. at_onee o & tical trial of
strength. Mr. C, is, we know, acquainted
‘with.the common rules of arithmetic;
‘SoEMien sense, too, he, no doubt, holds in
a superlative degree ; and he is evidently
versed in the first principles of the laws
of falling bodies. With these three re-
'guisite qualifications, if ri%htl; applied,
he will find no great difficulty in ﬁvmg
the following practical undulating railway

- Suppbee “a carriage to move from a
state of rest by the force of gravity down
a lﬁ]:.l' inclined railway, the declina-
tion ‘being one in 80 ; suppose that at the
end of 12 seconds the distance gone over
is 18 feet; and that at the end of 200
seeonds, counting from the time of start-
ing, the whole distance descended is
4,800 feet. It is required to determine,
1. How much of the velocity is destroyed
by friction per second? 2. The whole
amount of the resistance of the atmo-
?hereP 3. How much of the velocity is

estroyed by the joint operation of both
causes? 4. The last acquired velocity ?
And, 5. What partof the time of descent
is lost through the resistance of the atmo-
sphere?

Again: suppose that at the bottom of
the plane another plane of the same in-
clination is to be ascended with the last
am&uimd velocity, and that the friction
and resistance of the atmosphere are the

same as ia the case of the finst plane -
uired, to determine the distance to
which the ‘catriage will have ascended
when it comes to a stagd still? - )
Or, supposing' that at the bottom of
the first plane the carriage were to move
forward on a hurizanlalipg:ne, what dis-
tance would it reach P R aeg
In all the three casés, let it be assiie
that the resistance to motion rrodm: ]
friction is in proportion to the fimes—
which is well known to be consistent wif
the actual fact, * o Vet
If Mr. C. will endéavout to solve Ehp
above questions, I am cerlain it will cuge
him of the erroneous opinions which he
has imbibed regarding atmospheric x
sistance. But whether he does or not,
promise to give a solution of it. p
I was w]? glad to find from your
Notes and Notices, No. 551, that {)rs'.
Dalton and Lardner are buth favourably
disposed towards Mr. Badnall’s system.
Dr. Dalton’s opinipn adds a tower of
strength to the system ; and Dr. Lardner,
although not a practical engiseer, ik
found mathematician, and, as such,
is opinion must be held in high estima-
tion. He states, * that he has ne
any thing (and I h"P en to know,tha
reads the Mechanics’ azine) which ig
conclusive against the gystem.” . .~ ..}
" Mr. Cheverton, as a damper to.the
above,states(No.552) that “ata late meely
ing of the Society of Civil Enginsers;
when Mr. Badnall's undulating rlway
was the topic of discussion, it was unanis
mously voted to be a fallacy!” -, : .,
Mr. Cheverton does not, howevez,
form us who composed this meetip
does not give us the.name of & $in
engineer who was present. We ma
we choose, suppose that it wes 3 Nig
and-corner meeting, .gat up oy
pose, with Mr. Cheverton for . Lhaj
man, and a certain able auxiliary of hj
of the corps of * ¥oung Engineext,”
S (ecretar) Y. CeT
I am, Sir, yours, &e. ot
Kincraven, =

_ Mareh 20, 1834,

Sir,—In m eral reply to Mr.
Badnall, I mgde?o?ne rem’ﬁ.rpk{ upon his
assertion, that, at 35 miles an hour, a
man standing on the first carrizge could
drawup to himselfa whole train of loaded
waggons ; and misled by his own expe~

R e —

Bed™ .



colel SRAY'S RAILWAY-SYSIREL -

riments, which were made, ha says, with
a weight of 164 tons, I asswmed such
train to be 150. tons;-but it is probable
that he alluded to the lighter loads
caried on the Liverpool and Manchestor

ilway, 1 beg, therefore, to correct my
.fgum.ent by taking the average number
0f luns ‘per trip, and to re-state it thus:—

According to Mr. Badnall,thedraught ofa

train of loaded waggons, say 60 tons, is
not on a level more than equivalent to a
man’s. strength, which, iu the posture
alluded to, may be taken st one cwt.
Now this is little less than a miracle
which Tue BapNaLL announces—for it
makes the resistance from friction, let
alone that of the air, to be the twelve-
hundredth, instead of the two-hundredth
part of the weight ! !
: Yours, &o.

Bensamin CHEVERTON.

——

THE INDEBTRRMINABLE CASE IN LAND-
* . MEasuRtNa (p. 366).

Sir,—Your correspondent Agricola has
' a geometrical problem, which,

¢ states, is indeterminable from the
riven conditions. It certainly is so, as

ere are only three conditions given to
éonstruct the quadrilateral ; whereas itis
well known that to do so, five things must
be given. From the given conditions,
Kowever, Agricola expects the problem
can be solved, when the area of the
quadrilateral is a maximum or a mini-
mom.—Now, when the area is a maxi-
mnim, the contents will be equal to half
fhe rectangle contained by the diago-
nals, whetlier the figure can be inscribed
if a cfrcle or not. But in no case will
the problem admit of a’ minimum.—
However, 1 have endeavoured to patch
dp p'prbblem which admits of a simple
and elegantconstruction from Agricola’s,
which I shall be glad to see solved by
him, or any other of your contributors.
The:
quadrilateral figure in a given circle.
having given each of the diagonals an
the area.

! I am, yours, &c.
Iver Maciver.

Pimlico, March 10, 1834,

P.S.--Pnr, Mr. Editor, when do you

intend bringing the undulating railway
vOL. XX,

em is this : to inscribe a plane -

438
questi stion to & termination ? I had a notion
some months ago of gl'lgplillg‘ with some
af Mr. Badnall’s scientific opponents, but

I am glad to find that the snbject has
been taken up by an abler hand.—I. M.

——

GRAY’S RAILWAY SYSTEM.

“ In 1811, Mr. Blenkinsop, of the Mid-
dleton colliery, near Leeds, took out a patent
for the application of & rack or toothed rail,
into which wheels turned by the engine were
to work, and thus produce a progressive mo-"
tion ; and shortly afterwards he erected some
engines on the Middleton colliery railread.
They worked well, and to this day they con-
tinue to work well. Indeed, there never
could or ought to have been any doubt en
the subject. . For the conveyance of greit
weights, the rack-rail must manifestly have
an immense advantage over every descrip-
tion of plain rail: no gripe, by mere adhesion
of sur , can ever match the gripe of a

set of teeth,

“ Mr. Gray, of Nottingham, has strengly
advocated the adoption of a mixed railway-
system—plain rails for speed, and toothed
rails for heavy weights; and we incline to
the opinien,” that when econemy comes to be
more regarded by rallway proprietors (as it
will be ere long), this is the system which will
be found most advantageoys in practice,”—

‘Mech. Mag. vol. xv. p. 190,

Sir,—As common sense, honesty, anid
truth, must and ever will prevail over du-
plicity, fraud, and falsehood, so. do I hope
that flain, practical knowledge will mlti-
mately supersede the vain almmqu of
those delusive theorists who have latel,
taken the field, in your Magazine gn‘
the public papers, to introduce an undu-
lating railway scheme, backed and sup-

rted as it is by mathematicians, and l.ge
irresistible power of their figurea! Com.
mon sense and daily practice might fur-
nish proofs innumerable to show that, for -
the purposes of general trade—the daily
accommodation of passengers—and the
conveyance, also daily, of thousands
upon thousands of tons of merchandise
on lines of railway in each direction of
traffic, the most simple machinery, and
the perfectly level plane, or the nearest
possible level which can be obtained, are
the fundamental and only true principles
in the constructjon of railways.

Had the Liverpool and Manchester
railway been agreeably to my Lumble
suggestions—toothed rails for heavily

2r
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Jaden waggons, and plain rails for light
carriages, which aystems may be ugiled
in the same rails—the proprietars of the
above mentioned railway would have
saved litile short of 20,000/ annually,

With respect to running steam car-
riages on the commen turnpike-road, the
idea is obviously preposterous; and how
it can mow be listened to or tolerated
savours of samething more than igno-
ranco: the sad experience of late ad.
venturous, hut meré fallen engincers,
ln{.v:omd too as they were by matliema-
ticlans, seems rather paradoxicall How
Jgunorant must that individual be of lo-
comuotive stegm machinery, who dares
venture even to bope far success from
such attempts; and, how painful s is
t see innocent individuals becoming
dupes to such visionary speoulations!
Alas, poar John Bull ¥

Every locomotive steam-engine will
always, under all circumstances, effect
den times more on railways, and at a
greater ?eed. than on the common tury-

" plke-road.

‘Will you, Sir, be pleased o give me
room ip your Magazine, and also to re-
oollect that | am your firgt correspondent
qn this subjest,

I am, Sir,

Very respectfully,

Your obedient servant,

. ) THoMas GRaY.
Nao. 143, Fore Street Hill,
Esgeter, Mareh 12, 1834,

—r

THE MUSE€ULAR FORCE EXERTED IN
ARCHERY.

8ir,—If fan correspondent A, M.
366) will tie a line to the oentre of the
w-line, and another to the centre of the
bew-stem, and pass these two lines uver
two small pulleys at each end of a deal
table, leavipg the bow to rest thereon, he
will discover that, instead of twa 25ibs.,
he will require two 5Qlbs. (allowing a
Nittle more for the friction of the pulleys)
to lﬂ'oetorthh baw-line &o the extent {ne
;pukn ; ctonsequently, a separalive
orce of two 50lba will be required in
counter directions.
1 am, Sir,
Yours, respectfully,

oWo

% PRACTICAL APVICR T EMIGRANTS.”®
The press has of date been singularly
prolific of works m emigration § but ven-
sidering how very masty thousandsof eur
fellow-subjeets have during the last three
oy four yoars been driven by the difficulty
of thriving at heme tapusk their forttises
abroad, it is reasonable to presnie that
the supply of * Guides,” ‘ Directeries,”

“ Companions,” “ Pooket-books,” &c..80.

has been no more than -commensoraid
with the damml::d. \:I:hw.'dl t;: eould
say as much for the as r.nr
lit; of these literary zme:,. bat with not
a great many excepiions, some of the
more remarkable of whicht have had
their due meed of praise at our hands,
they have been in general of a very spu-
rious and trashy description—either
up for the purpose of serving particu
local interests, with the most perfect in-
difference imaginable to truth, or put to-
gether with the help of scissoraand paste,
to serve no other purpose than to bring
money into the pockets ef the putiers-
together and their empl
The present emigrating season had
a new volume of “ Practical
Advice to Emigrants,” which appears to
as to have strong claims to be added teo
the list of homourable exceptions. It is
not free from the suspicion of haviag been
compiled in subserviency to the interesis
of a particular commercial speculation,
for it has for its avowed abjett to tarn
the emigration from the mother country
into & new channel—namely, the portion
of the eastern townships of Lewer Cea
nada, lately suld by Governwent to thd
“ British American Land Company;” and
the auther a‘peah of his “ panticular. e
uaintance” with “ the operations’:of
at Company .in a way wl‘ich,,guu
ligtle room for doubt that le ig a,
holder—perhaps a Director—ol if. Eﬁ
there is, at the same time, 6o little of the
odour of pertisanship about it—it is writs

® © Pracfical Advice to Emigrants on all Polaty
ceanested - with their Comfort and

ng a Farm.”—120 pp.

t+ We do not say all, for there is at least ome =i
entitled to noties g any, whish has, somebow er
other, never reached our “hm{ table. We allade
to the * Mimts™ of that admirable writer and true
ai:nd of his c:u:try. H;;‘liln Doy.I;, '.13 ‘Ibl:

n pronounced by good judges to be owe of 1

ablest of his many able prodeetions, apd bas seld
(we belleve) better than any other work om emls
gration which has yet appeared,

y foonl -
Choi ip Mw
r-I“ M.t.ns::‘Wimn.M. .

et

e AL
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THE'TWENTJETH VOLUME.

A.

Abattoir at 1slington, 48
Aerolites in India, 320
Agriculture, possible improvements in, 98

- Air-buoys, application of, to raise sunken

ships, 170, 285, 385
-—-pump and stuffing-box, 315
Alcohol, freezing of, 96
Alloys of metals, errors in Mr, Brande’s
table of the expansion of, 188
Almanacs for 1834, 119, 152
Colonial, 148
America, dip of the needle in, 112
-, emigration to, 434
American locomotive engine, 16, 121
mode of regulating marine steam.
engines, 129
steam- boilers, insecurity of, 319
steam-raft, 336, 337, 352, 368
of English origin, 412
mode of warming buildings by
friction, 339, 364
patents, 349
—————— suspension railway, 369
Anchor, Kentish’s safety, 413
Animals, distribution of, 445
Apiarian system, Nutt’s, 126, 253
Apprenticeship, law of, 176
Archery, muscular power exerted in, 336, 434
‘¢ Architectural Magazine,” Loudon’s, 383
Architecture, influence of public opinion on,

383

, disfiguration of, by chimneys,

336

Arctic laad expedition and Capt. Ross, 62

Arigua iron mines, 5

Arts and manufactures of the ancient Greeks
and Romans, 77

Astrology, sensible, 121

Astronomical mission, Sir John Herschell's,
176

problem, 335

observations, application of, to

wﬂc&tjm of chronological eomputsr.icm,

Astronomy, Gresham professorship of, 128

Atlantic and Mississipi, railway hetween 368

Atmosphere, resistance of; see Radw;,
undulating.

, pendulum to neu-
tralise, 335

Australian Steam Navigation Company, 80

Statistics, 149

¢ Autopsy,” Mr. Hancock’s steam-carriage,
47, 64, 65, 112, 127, 153, 180, 191, 231

B.
Babbage, Professor, refusal of knighthood
, 176
’s ¢ E y of Machinery,” Foreign

translations of, 306, 336

Baddeley, Mr. W.; compact crank motion for
steam-engines, 104 ; new fire engine, 113;
“ Autopsy” steam-carriage, 127; Cooper's
patent stoppers for bottles, 1§1, m, im-
proved fire-engine suction cock, 212 ; at-
tendance at fires, 265; London fires in
1833, 274; Witty's hydraulic projector,
234; Birmingham organ and Town-hall,

1

Badnall, Richard, Esq. ; see chy, undu-
lating.

Balloons, velocity of, 16

Bankers’, Lond » clearing house, 307

Barton’s metallic piston, 336

Beer, new method of bmmg, 206

Beea, Nutt’s system of managing, 126, 253

Bell, great, at Newcastle, 192

Bengal, gas lighting and cooking practised
in, 303

, boring for water in, 352, 416
Berlin cast iron ware, 311
Birmingham organ and Town-hall, 401
Blackfriars-bridge, repairs of, 25, 38, 280,
353, 367, 416
B].akel patent pivot fid, 390
Bleeding, receipt for stopping, 176
Blow-pipe, new hydraulie,
Boats, canal, of irun, 192, 231
——, experiments to ascertain the
best form of, 134, 340
——————, Paisley, 423
Boothia, dlsonvery of, 61
Boots and shoes, new material for, 94, 187
“ Book of Science,'? 362
Boring for water in Calcutta, 352, 416 .
Botthe, Contars patict Boppiis/f
ot ooper's patent sto or, 181,.
243,288 , PR

Boyle, town of|, 7,

Bramah’s improved tread wheel, 289

Breakwater in Portland-roads, 428

Brendel’s double cylinder expansion engine;
17, 56

Brewing, new method of, 206

Bridge, New London, 448
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Bridge, wooden, in Australia, 150

Bricks, new mode of building with, 266

Brighton, phosphorescent meteor seen at, 25

=————— Chain Pier, fall of, 55

Bristsl Medical Society, 48

and London Railway, 48, 400

British manufactures, effect of foreign com-
petition on, 45, 109, 207, 313

Museum, 80,329

¢ — Almanac,” 152

Brunel, Mr. and steam-carriage projectors,
anecdote of, 256

Building, new mode of, with bricks, 266

Burmese, mechanical knowledge of the, 239

- imperial state carriage, 365

Busby, C. A. Esq.; account of a phospho-
rescent meteor, 25; remarks on the acci-
dent to Brighton Chain Pier, 55

Butter, Indian, 239

Buattons, dead-eyed wood, 351

C.

“ Cabinet Cyclopedia,”’ 77, 897

Caloric engine, Ericsson’s, 81, 191,233, 250

Ct;;%us, French mode of taking casts from,

Camphor, evaporation of, how prevented, 352

Canadian horses, 438

Canal through Long Point, Lake Erie, 288

——- between the Mediterranean and the
Red Sea, 360

Canal navigation, 32, 134, 192, 230, 231,
840, 423

Candles, mode of burning, without snuffing
or smoke, 107

Caoutchouc, quantity of, imported, 88

Carriages, apparatus for registering the

of,

Carvings, wood, how to clean, 53

Casts of cameos, how made in France,810

Caterpillars, lace made by, 319

Celestial planispheres and projections, 132

Cheap literature, march of, 319

Cheverton, Benjamin, Esq. ; on steam-car-
riages and railways, and Mr. Gurney'’s
pretensions, 28; on the undulating rail-
way ; see Railway, undulating.

Chimneys, defects in the construction of, 336

China, gas-lighting and cooking practised
in, 303

——, population of, 439

Chronology rectified by astronomical obser-
vations, 443

Chronometer balance-springs of glass, 368

Church’s steam carriage, 49, 87, 108

Cinnamon tree, 388

Clay houses, 15

Climate, effect of a hot, on human streagth, 16

Clock, common, used as a musical time-
beater, 255

Coal drawing machine, new, 176

—-, Llangennech, 200

—-, sale of, by weight, 340

Collars, horse, improved, 308

Colonial almanacs, 148

INDEX.

Commerce, English and Prussian, compara-
tive freedom of, 313

Commercial resources of nations, 176

Col;geﬁtion, British and foreign, 45, 109,

Concords, musical, 300

Conical screws, 41, 125

Continent, quick communication with, 4

Controversialists, hints to, 41

Cooper’s patent bottle-stoppers, 181, 243, 288

Correspondence of the press, benefits of, 320

Cotton spinning, wages paid for, 111

manufacture, 120

————— e, Javanese, 312

Crank motion, compact, for steam-engines,
104

“ Credit Pernicious,” Rosser’s, 79, 128, 399,
414

Cuvier, memoir of, 202

D.

Dairy, East Indian, 239

Dampness in buildings, how it may be pre-
vented, 266

Dance’s (Sir Chas.) steam-carriage, 47, 3
96, 163, 176, 200

Davy’s (Mr. Christopher) plan for the im-
provement of the Holborn communication
between the City and West-end, 62, 88

Day’s collection of architectural models, 38-

Debts, small, 79

Derenzy’s (Capt.) Hand for the One-handed,
321

Diet, vegetable system of, 284

Differential pulley, Saxton’s locomotive,304

Diving bell, 363

Doctoring seeds, 307

Domestic oil gas apparatus, 257

Double operating steam-engine, Udney’s, 194

Dredging machines, 15

Dublin, Royal Society of, 5

Dye, Dr. Williams® green and yellow, 333

Dyeing linen, ancient Roman mode of, 78
E.

Ll

Earth, distance of, from the sun, 272

Earth -work, on calculating the cubical con-
tents of, 278, 314, 429

East India Company and steam communica-~
tion with India, 319

¢ Economy of Machineryand M R
Mr. Babbage's, foreign translations of, 306

Edinburgh street houses, 58 -

Education of the people, 98, 217

, Prussian system of, 222

Electrical conducting power of metals, 365

——————— conducting rods, 446

Electricity an efficient agent in the compo-
sition of bodies, 446

Electro-magnetic apparatus, 446

¢ Emigrants, Practical Advice to,” 434

Bmigration to India, 344

————————— Ameriea, 434

~—————— and population, 439

Fants i)
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* Enchiridion, or Hand for the One-Handed,”
Captain Derenzy’s, 331

Endless bands, &c., guide for, 349

English and Prussian trade, comparative
freedomn;!', 313h s i

orthography defects in,

‘ Englishman’s Almanac” for 1834, 119

Engravings, method of taking reduced im-
pressions of, 308

Ericsson’s (Mr.) caloric engine, 81, 191,
233, 250,368 )

-—, rotary steam-engine and
water-wheel, 336

Erie Lake; canal through Long Poiat, 268

k.

Factory Commission—Extracts from Evi-
dence, 45, 109

Fashions, old, 94, 187

Fid, Blake’s patent pivot, 390

Fire-engine, Baddeley’s, 113

Firae'-)in gine establishment, London, 265, 273,

Fire-engines, improved suction.cock for, 212

Fires, attendance at, 240, 265, 304

——, London, in 1834, 273

Firing, quick, 80

Flame, nature of, 269, 361

Flax, New Zealand, 332

Florence, new professorships at, 272

Flower-pots, improved, 197

France, savings’ banks in, 32

, boring for water in, 368

Franking, privilege of, 120

Free-trade, 313

French Minister of Public Works, visit of,
to England, 47

translation of Babbage's ** Eco-

nomy of Machinery,” 306, 336

process of taking casts, 310

windows, 367

Priction ; see Undulating railway.

, buildings warmed by heat generated

from, 339, 364

Fullers, ancient, 79

Furnace, Teague’s patent, for manufacturing
iron, 210 )

-, Hancock’s, for steam-boilers, 66

_ G.
Galvanjc rock-blasting apparatus, Hare's,
295, 396 ’

multiplier; Hare’s, 241, 248

Galvanism, the discovery of, 249, 348

Gas, oxygen, simple and safe method of
obtaining, 4 :

=, from resin, 52

———, lighting and cecking by, 112; not
modern, 302 b g

———, oil apparatus, domestic, 257

———, natural jet of hydrogen, 368

——, consumption of, in the metropolis, 448

Gas engines, 313

Gases, liquefaction of, 127, 312

Gas-works, application of Rutter's new
mode of generating heat to, 173 .

“ Gentleman’s Diary *’ for 1834, 119

Geametry, Professor Playfair’s, fallacy in,
361 .

German translation of Babbage's * Economy
of Machinery,” 306

Glass-blowing machine, new, 104

——, stamped, 310

—, plate, 311

—— balance springs, 368

Globe, new apportionment of the, for maps,

Gold ;ninain Malabar, .discovery of, 42,

123
** Goldsmith’s Almanac " for 1834, 119
Grave-stanes, fragility of modern, 286
———————, durable material for, 411
Gravity, force of; see Railway, undulating.
Gray’s railway system, 433
Greece, ancient, arts and manufactures of, 77
Greenwich observatory, time-regulating ball,
112
————- railway, 336, 384, 400
Gresham professorship of astronomy, 128
Gurney’s (Mr,) steam-carriage, 28

H.

Haarlem organ, description of, 404

Hancock's (Mr. W.) steam.carriage “ Au-
topsy,” 47, 64, 65, 112, 127, 153, 180,191,
231

wedgewheels, 305, 425

, Dr.J., plan by, for raising sunken
ships, &e., 170

¢ Hand for the One-Handed,” Derenzy’s, 321

Handed, one, telescope-holder for the, 351

Hare’s (Dr.) galvanic rock-blasting appara-

tus, 225, 396
- multiplier, 241, 243
Hent, extensive influence of, 420
~——, Mr. Rutter’s new mode of generating,
16, 51, 125, 178, 190, 211, 268, 269
— from friction employed to warm build-
ings, 339
Heaton, Brothers’, steam-carriage, 47
Herschell, Sir J. astronomical mission of, 176

* Holborn communication with the City, pro-

posed improvement in, 62, 88, 90

Holes of varying dimensions, mode of boring
351

Home, Sir Everard, and Cuvier, anecdote of,
295

Horses’-collars, improved, 308

——, remains of, various uses of, 308

, Canadian, 438

Hot-air Llast process of smelting iron, 312

Houses of clay, 15

in Edinburgh, 58

Hudson's Spectaclenia, 32

Hughes, Mr. Thomas, death of, 126

Huntingdon tread-mill, 291

Hydraulic projector, Witty’s, 241, 300, 334,
421

blow-pipe, new, 296
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L

Ice, extraordinary fall of, in Mysore, 400

India-rubber, 80

— , steam communication with, 319, 360

=, 8erolites in, 320

——, boring for water in, 352

——, mode of irrigation in, 352, 366

——, price of provisions in, 346, 389

Indian method of extracting oils without
pressure, 95 '

y ':;i.feh“ :_nd measures, 239

—_m of removin t
weights, 239 . B

, dairies, 239

, lapidaries, 426

lostruction, Public Minister of—would the
appointment of one be expedient? 217

Insurance, maritime, ill effects of, 94

y life, errors in the Northampton

- tables of, 361

Ireland, statistics of, 5

———, effects of heat on, 188

—— canal hoats, 32, 192, 231

——, Teague’s patent process of manufac-
turing, 209

-—— ware, Berlin, 311

—, hot air-blast process of smelting, 312

~—— steam-vessel, 416

—— bridge, new, over the Thames, 427

Irrigation, 15, 352, 366

Islington abattoir, 48

Isometrical and radial perspective, 29, 45

% —— Perspective,” Jopling’s Practice
of, 235

Italian translation of Babbage’s “ Economy
of Machinery,” &e., 306

Italy, state of the press in, 208

J.

Javanese cotton manufacture, 312

Jopling, Joseph, Esq.; plan of repairs for
Blackfriars-bridge, 25, 38; radial and
isometrical perspective, 29, 45; Practice
of Isometrical Perspective, 235 ; improved
causeways for Blackfriars-bridge, 280;
metropolitan improvements, &c., 426

Jupiter, size of the planet, 120

K

Kentish’s safety anchor, 413

Kerigan’s new celestial planisphere, 132
Knackers of Mountfaucon, 308

Knife and fork for the one-handed, 524
Knighthood of men of science, 176

L.

Labour, hours of, in factories, 46

Lace made by caterpillars, 310

Ladder-hill railway, St. Helcna, 417

“ Lady's Diary ” for 1834, 119

Lakes, tides in, how caused, 336, 352

Lambeth iron bridge, 426

Lamp, new, on the oxy-hydrogen blow-pipe
principle, 352 *

Land, proportion of, in Great Britain, to the
population, 98

I¥DEX,

Land, measuring, 366; 433

Lapidaries, Indian, 426

La Place’s * Mechanique Celeste,” 103
L"dm;'s;r Dr., and the undulating railway,

288,
Leaden sheathing, inapplicability of, t»
ships, 80 .
—3-—50- pipes, improved mode of casting,

Leather, material to supersede, 94

Lee's(Mrs.) “Life of Cuvier,” 292

Leman Lake, ebb and flow of, how caused,
336, 352

Lenses, polyzonal, for light-houses, 368

Lever, Reed’s multiplying, 50

Level, rule for the deviation of, 120

Life, Northampton tables of, error in, 361

Light, polarization of, 445

~———— of the sun and of the moon, 445

Lighthouses, improveménts in, 368

Lighting, gas, 112

~—————o— pot modern, 302

Linen, ancient Roman mode of dying, 78

Literary, &e., Institution, Marylebone, 210
, Brighton, 240

- y Southwark, 272

, Westminster, 320

Lithography, death of the inventor of, 400

.}:il.terat.cun.dlﬁg i
ive 1 and Manchester railway, 272, 304,
sgrsl:o;oo, 416, 433 Fans

Liverpool and Birmingham railway, 176

Lock, new, 400

Locks, canal, improvement in, 230

Locomotion ; see Steam Carriage.

f— —, Elementary, Macerone on, 162

Locomotive-engine, Pennsylvania, 16, 121

—— waggon,

- — differential pulley, Saxton’s, 304

London improvements, 48, 62, 88, 320, 426

,» Holyhead, and Liverpool steam-
carriage and road company, 207, 232,
256, 272, 304, 400

~———— fire-engine establishment, 2653,
273, 304

~————, fires in, during 1834, 273

and Greenwich railway, 336, 400

and Birmingham railway, 367

bridge, old, 304

- , removal of, effect on

the bed of the river, 354

, new, 448

Loudon’s * Architectural Magazine,” 383

Long’s locomotive engine, 16, 121

M.

Macerone and Squire's steam-carriage, 14,
161, 201, 205, 232, 256, 272, 288, 304,
336, 352 .

on Elementary Locomotion, 162

v. Mechanics’ Magazine,

M;;héinos and models, relation between, 143,

% Machinery and Manufactures, Economy
of,”* foreign translations of, 306, 336




INDEX,

Macneill (Mr. John) on the resistance of
water in canal navigation, 134

————-on calculating contents of earth-
work, 278, 314, 429

« Magazine, Penny,” 48, 319

————, New South Wales, 319

—————, Loudon’s * Architectural,” 383

Magnetic needle, dip of, 112 .

remarkable change of diurnal va-

riation, 112

Magnetic Pole, discovery of the, 61, 112

= geals, 271

Magnetism, influence of, on chronometers,
120

Magneto-electric apparatus, 446

Magnets, ancient artificial, 271

——-—-, large, 288

Malabar, discovery of gold mines in, 42, 123

Mallet, Mr., claim of, to the invention of the
conical screw, 41

Manual power, 290

Manufactures, foreign and British, 45, 109,
207

Mannfactures, state of, on the continent, 45,
109

getable sub-

453
Motion, laws of, on the forces of nature as
connected with, 419
Mule bead, improved, 350
Multiplying lever, Reed’s, 50

Museum, British,80, 319

Musical time-beaters, 16, 255

taste in high and low, 128

festivals, 128

concords, 800

Musket, new, for quick firing, 80

Mylne, John, the architect of Blackfriars-
bridge, original letter of, 354

N.

National Gallery, 384
“ Natural Philosophy,” Powell’s “ History
of,”' 397 .

Navigation, steam, application of Rutter’s
new mode of generating heat to, 51, 268
,Company, Australian,80
-——————— between America and

England, 127

, with Indis, 319, 360
—————— canal, 134, 192, 230, 340, 423
Needle, dip of the, 112

, materials of;

stances, 332 - :

Map of Tuscany, trigonometrical, 272

Maps, apportionment of the globe for, 168,
800

Mars, trigonometrical determination of the
parallax of, 215

——— Society for the Diffusion of
Useful Knowledge, 336

Materials of little value, employment of, 308

Measures and weights, East Indian, 239

of dry goods, 340

Mechanical knowledge of the Indians, 239

« Mechanics’ Magazine,” Redmund v., 154

, Macerone v., 406;

Medical Society, Provincial, 48

Mediterranean and the Red Sea,canal be-
tween, 360

Memnon, statue of, how made vocal, 127

Mensuration, cases is, 366, 433

Metallic piston, Barton’s, 114, 336

Metals, alloys of, error in Mr. Brande’s table
of expansion of, 188

, electrical conducting powers of, 364

Meteor, extraordinary phosphorescent, 25

Meteoric stones, 447

Metronomes or time-beaters, cheap, 265

Mildew, prevention of, 127

Milne’s plan for raising sunken vessels, 385

Mines, gold, discovery of, in Malabar, 42, 123

Mississipi and the Atlantic, railway between,

368
Models and machines, relation between, 145,
228

Monopoly of labour, evils of, 176
Montfaucon, knackery of, 308

Moon, light of, 445

“ Moore's Almanac”” for 1834, 119
improved, 119
Mosselman’s zine rooffing and sheathing, 378

, remarkable change in the diurnal

variation of, 112

pointing injurious effects of, 313

Neilgherry-hills, 124, 344, 387

Net-making, 299

New River Company and Mr. Hancock, 180

¢ New South Wales Calendar,” 148

= —— Magazine,” 319

Newten’s (Sir Isaac) discovery of the system
of the universe,

Norwich tread-mill, 200

Numbers, high, table to assist the mind in
apprehending, 40

Nutt's system of bee management, 126, 253

0.

Oaks’s sugar manufacturing apparatus, 177

Ogle's steam carriage, 163, 198

Oil-gas apparatus, domestic, 257

Qils, Indian method of extracting, without
pressure, 95

Organ, Birmingham, 401

, Haarlem, 404

———, York, 405

Oxygen gas, simple and safe method of ob-
taining, 4

—————, liquefaction of, 312; see Flame.

P.

Paper, substances from which made, 333

Parallel lines, mew theory of, 31, 44, 86,
118, 173, 289

Parchment employed to take reduced impres-
sions of engravings, 308

« Partridge’s Almanac” for 1834, 119

Patents, new, 64, 160, 224, 288, 367, 448

Patent laws, amendment of, 416

Pauper emigrants, 436

Paving, wooden, 400
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Peat pressing machine, 120 Railway, undulating, 9, 20, 22, 36, 53, 69,

Pebbles, how to distinguish, from glasses in 91, 103, 131, 156, 182, 196, 212, 244,
spoeta.c]a.aﬂ 256, 259, 262, 288, 301, 302, 316, 330,

Pedomotive carriage, 127
Pendulum to neutralise the resistance of the

air, 335
, thermometer, Witty’s, 347
Pen-holder and nibber for the one-handed,
323

Pennsylvania locometive engine, 16, 12t

* Penny Magazine,” 48, 819

Pepper, black, prevents the evaporation of
camphor, 852

Perpetual motion, 287, 304

Persia, agement of genius in, 400

Perspective, radial and isometrical, 29, 45

e—————, Isometrical, Jopling's Practice .
of, 235

Peterborough-court conversazione, 154, 217

Phosphoraus, ignition of, 361

——, remarkable property of, 396

Picture fuddle, 208

Pin, improved patent, 12

Pine, white, 438 .

Pipes, leaden, improved mode of casting, 350

Piston, Barton’s metallic, 336

Planispheres and projections, celestial, 132

Plants, distribution of, 445

Playfair's  Geometry,” fallacy in, 361

Plough, new, 448

Polar expedition, return of Capt. Ross, 48;
results, 60, 96

Polarization of light, 445

Puor law commissioners, extract from report
of, 436

Population and subsistence, 98, 435

, ancient and modern, 438

———— and emigration, 439

Portland-roads, pro breakwater i, 438

Powell’s  History of Natural Philosophy,”
397

« Practical Advice to Emigrants,” 434
Press, state of the, in ltaly, 208

Printing from stereotype, 310

press, double cylinder, 349 .
machine, improved double Napier,

349

Probabilities, Northampton table of, -error
in, 361

Problem, astronomical, 335

Professorship of astronomy, Gresham, 128

Projections and planispheres, celestial, 132

Prussian system of education, 222 .

and English commerce, comparative
freedom of, 318

Public Instruction, Minister of—the expedi-
ency of such an appointment considered,
217

Paulley, Saxton’s locomotive differential, 304

Pump, Shalder’s fountain, 56

Pump, air, and stuffing-box, 315

R.

Raft, American steam, 336, 887, 352, 368
, of English origin, 412

385, 343, 367, 379, 409, 411, 416, 451,
432
———— lawsuit, 16
—-—---,47 London, Brighton, and Shoreham,
————, London and Bristol, 48, 400
, Liverpool and Birmingham, 176
, Amsterdam and Cologne, 192
—————, Liverpool and Manchester, 272,
- 304, 325, 400, 416, 433
, London and Greenwich, 356,384
400 3
, Swannington, accident on, 352
~————, London and Birmingham, 366
between the Mississipi and At-
lantic, 368
—————, Sargent’s suspension, 369
————, Palmer’s ,371
—————, ladder-hill, St. Helena, 417
Railways, apparatus for measuring the
of carriages on, 1
and steam-carriages, 28
and canals, 230
———1L, locomotion on, expenses of, com-
pared with that on common roads, 330
waterside, from London bridge to
Chelsea, 426
——————, system, Gray’s 433
Rats at the Montfaucon knackery, 309
Redmund v. ¢ Mechanies’ Magazine,” 154
Regsiolee and Mediterranean, oanal between,
Reed’s (Mr. William) multiplying lever, 50
Robison, Juhn, Esq. Sec. R.5.E., experiments
by, to ascertain the best form of canal
boats, 340
Rock-blasting apparatus, Professor Hare’s
galvanic, 225, 396
Rome, ancient, arts and manufactures of, 77

" Roofs, wooden, wash to preserve, 352

, zine, 378

Roscommon, county and town of, 5

Ross, Capt., return of, 48; results of his ex-
pedition, 60, 96

Rosser, Arch., Esq., * Credit Pernicious,”
by, 79, 399, 414

Rotary tteam engine without valves, 33, 83

——————, Woodhouse’s, 255

~e—— - carriage, 256

——, Ericsson’s, 336

Royal Society of Dublin, 5

Ruling machines, 15

Rutter’s (J. O. N., Esq.) new mode of gene-
rating heat, 15, 51, 125, 173, 190, 211,
268, 269

s.
St. Helena, Ladder-hill railway, 417
St. Katharine’s docks, zinc roofing at. 379
Sang, Mr., on the relation between a machine
and its model, 145, 228
Sargent’s Suspension Railway, 368
Saving banks in Fraoce, 32



Saw, Indian, 426
Sawing machine for gemeral purposes, 255
Saxton’s locomotive ditferential pulley, 304

« Science, Book of,”’ 362
— —, alleged decline of, in England,

384

Scientific men, knighthood of, 176

e literature, effect of Useful Know-
ledge Society on, 272

Scott, Mr. George, on the doctrine of paral-
tel lines, 31, 44, 86, 118, 173, 298

Screw, conical, 41, 125

Sea-weeds, 445

Seed, adulteration of, 310

Sennefelder, the inventor of lithography,
death of, 400

Shalder’s fountain pump, 56

Shuaving paste, 31

Shaw] manufacture, 121

Sheathing, leaden, 80

~————, zing, 378

Ship incapable of being susk, 350

——-, sinking system, 94

Ships, leaden sheathing for, pseless, 80

——-, preservation of, from worms, 120

~——-, Dr. Hancock’s plan for raisiag sunken,
170, 283

— ., Milne’s plan for raising sunken, 385

Shire’s, Mr. W. trigonometrical determination
of the parallax of Mars, by, 215

Shoes and boots, new material for, 94, 188

Smithfield, removal of, 48

Smithy, wonders of the, 148 )

Smoke, mode of burning cundles without, 107

Soanean Museum, 80

Somerville's (Mrs.) ** Connexion of the Phy-
sival Sciences,” 442

Southwark Literary Society, 272

Spain, nobility of, 400

 Spectaclenia,” Hudson’s, 32

Spectacles, tests for, 32

Speech, elements of, 172

Speed-rcgistcring apparatus, 1

Spi noing-mule, improved, 350

Spring, balance, of chronometers, made of
glass, 368

Steam-boilers, insecurity of American, 319

, mode of preserving, 400

Steam-carriage, Macerone and Squire’s, 14,
161, 192, 200, 205, 232, 240, 256, 272,
988, 304, 336, 352, 407

————e ——, Gurney’s, 28

—_— , Sir C. Dance’s, 47, 63, 96,
176, 192, 198, 200

———— Hancock’s, 47, 64, 65, 112,
127, 153, 180, 191, 200, 231

i , Heaton, Brothers, 47, 198

— ., Church’s, 49, 87, 108

, projectors, on, 108, 256

—_— Trevithick's, 108

, Ogle and Summers’, 198

Company, London, Holyhead,

and Liverpool, 207, 232, 256, 272, 304,

400

—

455
Steam-carriage, with rotary engine, 256
Steam-carriages, historical retrospeet of, and
list of, built and building, 198
exempted from duty,127, 176
,» wedge-wheels for, Hamcock’s

305, 425
Steam-engine, Brendel’s double cylinder ex-
pansion, 17, 56
——, rotary, without valves, 33, 83
» Woodhouse's, 255
, Ericsson’s, 336
; substitute for connecting rod, 35
—, Symington’s lifting, 97, 192
, compact crank motion for,104
, marine, American mode of
regulating velocity of, 129
———————, Udney'sdoubleoperating, 193
——~; air-pump and stuffing-box,

515
Steam-engines in Cornwall, work of, 84
Steam navigation, importance ef Rutter's
new mode of generating heat to, 51, 268
———— Company, Australian, 50

i

between America and Eng-

land, 127

with India, 319, 360
raft, American, 336, 337, 352, 368
, of English ori-

gin, 412

Steam travelling on common roads, 47, 162,
191, 256 ; compared with railways, 336 ;
sce also Steam Carriage.

Steam-vessel for canals, 32

~————— between America and England,
127

————— engires, American method of
regulating velocity of, 129

, iron, 416

waggon 288, 335

Steamers v. Schemers, 87

Steeple, removal of a, 175

Stephenson and Blunt’s (Messrs.) Report on
the repairs of Blackfriars-bridge, 353

Stereotype, new mode of, 310

Stone, artificial, 310

Stq;]:él:!:n, Cooper’s patent bottle, 181, 243,

Straw, weaving of, for bonnets, 400

Street houses, Edinburgh, 58

——-, new, from Holborn to West-end, 62,88
Moorgate to Lothbury, 320
Hyde Park to Clapham, 426
Study, novel design for a,283 '
Stuffing-box and air-pump, 315
Suction-eock, improved, for fire-engines, 212
Sugar manufacturing apparatus, Oaks’, 177
Sun said to be receding from the earth, 272
—-, light of the, 445

Suspension railway, Sargent’s, 368
Symington’s lifting steam-engine, 96, 192

Ts

e m——

Tea-trade, 121
Teague’s mode of manufacturing iron, 209
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Telescope-holder for the one-handed, 351

Temperature, low, at the Pole, 96

Thames navigation, imprevement of, 59

e tunnel, 128

————, bed of the, 280, 354

, viaduct over the, 426

Thermometer-pendulum, Witty's, 347

Tidal power, 16

Tides in lakes, how caused, 336, 352

—— theory of, 419

Tiles for painting and enamelling, 384 .

Timber, conversion of, 15

sawing-machine, 255 .

Time-beaters, musical, 16, 255

‘Tobacco, oil of, applied to stop bleeding, 175

‘Tourists, hints to, 176

Trade, English and Prussian, comparative
freedvm of, 313 .

“ Tradesman and Mechanics’ Almanac” for
1834, 119

Tread.wheel, Bramal’s improved, 289

at Norwich, 290

—— at Huntingdon, 291

Trigonometrical determination of the paral-
lax of Mars, 215

map of Tuscany, 272

‘Tunnel, Thames, 128

from London-bridge to Edgeware.
road, 128

Tuscany, trigonometrical map of, 272

u.

Udney's double operating steam-engine, 193
Umbrellas, improvement in, 105, 271
Undulating railway ; see Railsray.
Universe, the vastness of, 443
Useful Knowledge Society, 48, 272, 319

» Marylebone, 336
, maps of, 132

V.
Vegetable system of living, 284 .
———'— substances, materials of manufac-

tures, 332

Velocipede, improved, 208

Ve:tg.utinn, improved mode of, for a study,

83 * ;

Ventrilequism, art of, 364

Verney, De, the discoverer of galvanism,
249, 348 .

Vessels, plan for raising sunken, Dr. Han-

cock’s, 170, 285
, Milne’s, 385

Viaduct over the Thames, 426

Viee for the one-handed, 522
- w.

‘Wages of cnttol;-spinners, 111

in America, 438 -

‘Waggon, steam, 288, 335

‘Walker and Burges's (Messrs.) plan for the
repairs of Blackfriars-bridge, 367, 416

‘Walls, new mode of building brick, 266

‘Wash-hand tray for the one handed, 324

Water, resistance of, in canal navigation,
134, 340

——, boring for, in Calcutta, 352, 416

France, 368

, expansibility of, 393

Weaving of straw for bonnets, 400

Weeds, sea, 445

Weights and measures, East Indian, 239

of dry goods, 540

, mode of removing great, 239

Weld’s Statistics of Roscommon, 5

Welsh slate for gravestones, 411

Wheel, tread, Bramah's improved, 289

——, steam and water, Ericsson’s, 336

Wheels, wedge, Hancock’s, 305, 425

Wheel spokes, machine for making, 350

Wheelwork, new, 27

White pine, 438

“ White's Ephemeris” for 1834, 119

Whitelaw, Mr. James; American mode of re-
gulating steam-boat engines, 129; on the
vegetable system of living, 284; air-pump
and stuffing-box, 315; Paisley canal pas-
sage-boats, 423

‘Windows, French, 367

Witty's bydraulic projector, 240, 300, 334,
421

thermometer pendulum, 347

Wollaston’s planispheres, 132

Waood carvings, receipt to clean, 53

—-— buttons, dead-eyed, 551

——— roofs, wash to preserve, 352

—~— paving, 400

Wool, value of, 400

Woollgar, J. W., Esq. new apportionment of
the globe for maps by, 168

‘Workmen, prejudices of, 313

y Vo
York organ, description of, 405
z.

Zealand, New, flax,332
Zine roeffing and sheathing, 378
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Article reprinted with the permission of the late
author’s family for genealogical and non-commercial purposes.

A Wild Ride on Badnall’s
Famous Undulating Railway

By Joseph C. Meredith

If there is a special heaven for frustrated inventors, a place where
everything works, surely the soul of Richard Badnall is there, riding
around on the kind ofrailroad he envisaged for us all, designed according to his
“undulating principle.” Badnall lived in the springtime of the industrial
revolution and its most exciting development: the use of steam power for land
transport—not along country roads (unreliable) but along rails, and not by
the use of relays of stationary engines pulling on cables (awkward) but by
the use of moving engines to pull trains of cars wherever the rails might lead.

Men and animals had been pulling heavy loads along rails of wood and
iron for centuries, and even the idea of steam propulsion was not exactly new.
Asearly as 1641 the Frenchman Solomon de Caus declared that steam could
propel carriages and even ships. He wrote a book about it, only to be locked
up as a madman by Cardinal Richelieu.! In 1769, James Watt patented his
steam engine, and in 1804 Oliver Evans invented a self-propelled vehicle.
Others followed, with models, demonstrations, claims, and counterclaims, all
groping toward a workable combination of machine and method. Such a
combination was finally attained with the opening of the Liverpool &
Manchester Railway (L&M) on September 15, 1830, a date that marked the
beginning of the age of the railroad.

Richard Badnall was probably one of the ten thousand spectators at the
grand opening, but he could claim no part in the triumph. Like many others,
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1962 retired from naval service as a lieutenant commander. He
then embarked on an academic career, earning advanced degrees
in library and information science from the University of Cali-
fornia and Indiana University and retiring for a second time in
1982 as a university professor at Governors State University in
Illinois. Meredith is the author of a recent book from Naval
Institute Press, A Handful of Emeralds: On Patrol with the
“Hanna” in the Postwar Pacific.
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he may have ridiculed the self-taught man of the coal pits who had brought
it off—one George Stephenson, whose main qualification was that he could
make things work.

Stephenson’s genius lay in his ability to recognize a good idea and to
adapt it to a particular purpose. His first locomotive, patented in 1815, was
simply an improved version of one built by John Blenkinsop in 1811. In
successive versions over the next fifteen years, Stephenson incorporated
the tubular boiler, spring suspension, and the “steam blast,” whereby
exhaust steam was used to draw air through the firebox. When the directors
of the newly organized L&M sponsored a competition in 1828, his four-ton
Jupiter ran off with the prize of five hundred pounds.?

Stephenson saw the locomotive as part of a complete system, all parts
of which must work well together. Experience convinced him that cast-iron
rails would always be breaking under the weight of engines and cars, and
that only wrought iron—in spite of its cost—would do. He also rejected the
popular idea of cog-wheel traction and considered smooth wheels and
smooth rails better suited to reliable long-distance hauling, even though
they limited positive traction and required 2 nearly level roadbed. Accord-
ingly, the L&M route 2s designed by Stephenson was a marvel of cuts, fills,
tunnels, and bridges. It was also 2 marvel of costs, but these were quickly
compensated by revenues.*

Railroad projects blossomed on every hand, but much remained to be
done to make the trains safe and reliable, to carry more freight and
passengers, and to carry them ever faster, even to 25 miles per hour as
envisaged by Stephenson. There was plenty of room for improvement, and
ideas poured forth for all kinds of devices—brakes, couplings, signals,
whistles—all the paraphernalia of a completely new system of land
transport. Some ideas were useful and some were ludicrous, but they all
made copy for a new breed of technical journals, notably the Mechanics’
Magazine, Museum, Register, Journal, and Gazette, all of London, and the
Mechanics’ Magazine and Register of Inventions and Improvements, of
New York. Their innocent enthusiasm makes these journals great fun to read
even today.

Among all these schemes, none was more fanciful or aroused more
controversy than the one proclaimed by Richard Badnall.

Inspiration
Our hero was a gentleman of sufficient means to enable him to publish
long treatises such as A4 View of the Silk Trade, with Remarks on the
Recent Measures of Government in Regard to That Branch of Manufacture
(London, 1828).* The trouble with Stephenson’s railway, he decided, was
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that it was too level. Stephenson had called for gradients no more pronounced
that 1 in 200, having found that his locomotives spun their wheels on anything
steeper. So why not start the train so that it would first be moving downbhill,
Badnall reasoned, in order to gain speed to carry a train over an opposite rise,
then down again, and up again, and so on? Would this not permit using lighter
engines, and save wear and tear on the rails?.

"To test the idea, he fashioned a plank 4 feet long. concave on one side
to a depth of 4 inches, and flat on the other. He ngged a2 wooden cylinder so
that it could be pulled along either surface by a string run through a pulley at
the end of the plank. At the other end of the string he bung 2 small weight.
He then compared the length of time it took the cylmder 10 traverse the
concave plane and the time it took on the flat plane, and found to his delight
that the former was quicker by half, even when he propped up one end of the
plank to simulate an overall rise.

Badnall believed he had discovered a new scientific prnciple. He
constructed a model railroad on which to run a tiny clockwork engine and
carriage, with two tracks—one horizontal and the other “serpentine.” as he
called it, dipping and rising every 2 feet along its 32-foot length. At first the -
little engine gave him some trouble and he had to send it back to i1ts maker for
a stronger spring. Satisfied, he packed the contraption offto London and put
it on display at the Gallery of Practical Sciences and Works of Art, on
Adelaide Street. He also entered a patent application covering his discovery.

Proclamation

Badnall then published a Treatise on Railway Improvements,
Explanatory of the Chief Difficulties and Inconveniences Which at
Present Attend the General Adoption of Railways, and the Means by
Which These Objections May Be Overcome: As Proved by a Series of
Interesting Experiments to Which Are Added, Various Remarks on the
Operation and Effect of Locomotive Power (London, 1833). After an
obligatory bow to George Stephenson, he plunges into a discussion of “the
imperfections of the present mode of railway conveyance,...the
difficulty of ascending inclined planes . . . and the excessive weight of
locomotives all hindering further development.”

The solution, he said, occurred to him on June 7, 1832, and he went on
to explain itin a numbing series of formulae, tables, diagrams, and “‘additional
remarks and enumeration of advantages.” The book ended with an appendix
consisting of letters from “Mr. Rob’t Stephenson Senior” to Badnall and to
the London Journal of Arts and Sciences, and Repertory of Patent
Inventions.*
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Although the letters are not particularly relevant, the name of
Stephenson was all that counted. Here Badnall may have deliberately
obscured the fact that the Stephenson with whom he had the most contact
was Robert. The Stephenson who had designed and built the L&M was
George, the father. Robert had drafted much of his father’s correspondence,
however, and may have signed some of it himself. Badnall never bothered
to explain that his only contact was with the son.

Badnall’s treatise intrigued promoters, politicians, and armchair
enthusiasts alike, because it promised a way around the major problems of
cost and rights of way. The ensuing flood of letters, queries, and challenges
amounted to a classic in the field of journalism, beginning as a stately gavotte,
and ending—as we shall see—in a virtual free-for-all.

The first press notices were somewhat skeptical, and the March 1833
issue of the London Mechanics ' Magazime carned a sarcastic piece by one
“Junius Redivivus™:

1 have been casually informed that these & exiubsting somewhere about town,
a model of an undulating rastway. whesehy the inventor undertakes to
convince the public that the motion of lewel surfaces being best adapted for
wheeled carriages is entirely wromg. and of course, if his position be correct,
the road surveyors have wasted 2 “premty amount of money” to make roads
worse than they were before, by lewelimg the hills, which ought to be restored
without delay.*

Clearly, he went on, undulation would produce no gain in power, “or of any
thing but amusement.” As for Badnall"s claim to originality, the critic noted
that from times past, the Russians had emjoyed winter fun on ice hills built on
the Neva, which the French copied m 2 kind of roller coaster they called the
montagnes Russes, set up on the Champs Elysées. In conclusion, the writer
warned that “fallacies like the undulating railway tend to discredit all
inventors as plotters of absurdities.”

Badnall’s response is a superb example of the haughty rejoinder
addressed through an editor:

Sir,—I should not have considered it worth my while to have noticed the letter
contained in your last number . . . signed by “Junius Redivivus” had it not
been accompanied by some remarks of your own, which I feel it necessary to

reply to.’

Badnall trusts that the editor will do him justice. He has indeed invented and
patented the undulating railway and has exhibited models of it in London and
Manchester, “which engaged the anxious attention of some of the most
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scientific men in this kingdom.” He invites the editor (not Junius) to see his
engine perform at the Adelaide Street Gallery.

The editor then noted that not having yet seen the model or received a
copy of Mr. Badnall’s “pamphlet,” he will not venture an opimion either way,
even though the author’s talents, mformation, and experience seem to “shake
his incredulity” in the matter. Somewhere amad the courtly phrases lay a hint
of derision.

The next letter came from Benjamin Cheverton, chiding Junius
Redivivus for arguing beside the question and for failing to detect the error
of the experiments. Cheverton then labored to explain the experiments’
flaws, so that Badnall and his ﬁ1ends would not “allow themselves to be
deceived, to their bitter cost.”

All three communications—from “Junius Redivivus,” from Badnall,
and from Cheverton—were reprinted in the October 1833 issue of the New
York Mechanics’ Magazine, a younger, livelier version of its British
counterpart. Publisher D. Kimball Minor filled its pages with spirited
articles on mechanics, chemistry, agriculture, and natural philosophy (such
as “Mallet’s Plan for Cooking by Gas Flame” and “C. H. McCormick’s
Self-sharpening Horizontal Plough™), lavishly illustrated with wood-block
engravings and nicely printed on a modern press. Wisely, Minor refrained
from passing judgment on even the most chancy schemes and contraptions,
preferring to let time and trial determine their worth.

Journals in those days freely reprinted each other’s material, so that
Minor’s evenhanded coverage of the Badnall affair was probably as
comprehensive as any. Of course the vagaries of postal service jumbled the
sequence, and sometimes a reply appears in one issue before we encounter
the item that inspired it, in the next.

Retorts Courteous and Discourteous

In a second letter, dated April 22, 1833, “Junius” expressed his
resentment of Cheverton’s calling him an “unpracticed thinker” whose views
were “incomplete and superficial.” As for Badnall (“who seems sore with
me”), he declined to answer the questions posed, having “neither the time nor
the inclination” to enter into the necessary calculations.® Soon afterward,
having obtained a copy of Badnall’s treatise, he fired off a third letter agreeing
with Cheverton that the experiment was too crude to prove anything. Minor
carried this letter in his next issue, along with a comment from “S. D.”
declaring that the amount of “friction” would not be any less on an undulating
railway than on a horizontal one.’

“Friction” apparently meant more than just the resistance of surfaces
rubbing together and was taken to include foot-pounds of work. Likewise
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“velocity” covered all aspects of motion—speed, momentum, acceleration,
deceleration—making it easy to overlook how passengers might feel about
riding on such a railway.

Demonstration

Badnall was not about to take any of this criticism without a fight.
Somehow he persuaded George Stephenson’s son Robert to arrange a full-
scale trial of his theory, using an L&M engine and cars. The trail would be
conducted on the “Sutton plane,” a section ofrail line near the town of Rainhill
with a grade of 1 in 96.

Since the Sutton plane amounted only to half an undulation, Badnall
planned to make it do double duty by comparing the times of ascent and
descent. First, the train would be brought to top speed before beginning the
ascent, and would be timed from a mark at the foot of the slope to the point
where it slowed to a standstill at the top. The engine would then be reversed
and would push the train down the incline. The time would be measured again
for the same distance. If the descent took less time than the ascent, Badnall
asserted, the soundness of has princaple would be proved.

On the appointed day, several officials and other spectators gathered to
watch the experiment. A tram of tharteen cars weighing about 72 tons was
moved into position about ¥ mule from the marker at the foot of the incline.
The engine used was none other than Stephenson’s Rocket, which had won
the famous £500 competition. Afier getung off to a good start, the engine, the
cars, and all finally clattered to 2 stop 278 yards up the slope, clocking 90
seconds from the marker to that pomt. The trip back downhill took 50
seconds, indicating that the tramn acquired enough speed to have carried it to
an even greater height in an opposite ascent, had their been one. Badnall was
delighted, repeated the test twice, and averaged the results: 81 seconds up,
46 seconds down. No one bothered to measure the time it took the train to
reach top speed from a standing start on the level.

A few days later, Badnall and his supporters gathered to conduct
additional tests. The crowd this time included nine observers sent over by the
French government. The train was twice as long and twice as heavy, and it
started a full mile down the track and was brought up to speed by two engines,
Firefly pulling, Pluto pushing. When it reached the foot of the incline,
traveling at about 19 miles per hour, Pluto dropped away and Firefly pulled
it on up the slope before coming to a stop 575 yards from the marker, in 1
minute 56 seconds. The trip down took only 14 seconds. The second and third
trials produced similar results. For the fourth and most curious test, Firefly
shut off her steam at the beginning of the ascent, coasted with the train up
the slope in 70 seconds, then pushed the train down in 66 seconds.
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Almost everyone was impressed. John Knight, the newly hired editor of
the New York Mechanics’ Magazine, was enthusiastic:

The experiments undoubtedly proved two most important facts, not only that
a locomotive can convey, on an undulating line, double the load which it is
capable of conveying at the same velocity on a level, but that it can
accomplish this by the employment of only half its power. . . . Admitting the
possibility that the use of steam may ultimately be superseded by this plan, the
immense saving which would be accomplished in fuel, carriages, machinery,
&ec. fills an amazing gap in the contemplation, and would be sufficient to
counterbalance any attendant disadvantages. Among the principal of these
would be the additional capital and labor required for the construction of such
a railway, in which a level tract of country, so important a desideratum under
the present method, would present one of the most formidable obstacles. !

In other words, where no hills existed, raslroads would have to create them.
Was he joking? Apparently not, as his report had none of the usual rib-poking
signals of contemporary satire.

A month later came Badnall's own report, conveying the same
information and prophesying that the public, mn spite of earlier prejudice and
erroneous opinions, would soon acknowledge, appreciate, and benefit from
the undulating principle. The same issue carried an endorsement from an
American reader, A. Canfield, of Paterson, New Jersey, predicting that the
invention would prove to be one of the most substantial improvements ever
made to railroads."

In the March issue, however, came a dose of common sense from “a
Civil Engineer” of Albany, New York:

Mr. Editor,—You must pardon me—my patience is exhausted—I can no
longer look on and see your respectable and useful paper countenancing an
absurdity which none but the blindest species of infatuation (that of an
inventor for his favorite project) can support after a moment’s serious
reflection. . . . I allude to Mr. Badnall’s “undulating railway”, and especially
to his late experiments on the Liverpool road, which, it would seem, were
seriously witnessed by Mr. Stephenson, the Engineer of that great work.'

He went on to say that the trials proved something that needed no proof—
thatalocomotive could push a train downhill faster than it could pull it uphill.
Without bothering to disguise his low opinion of Badnall, he wondered if the
English and French seriously approved of all this, or did they smile and shake
their heads?

From other letters, it seems there was already a good deal of head-
shaking going on, and Knight may have wished that he had shaken his own
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instead of heralding the trials as a triumph of genius. Oddly enough, English
commentators continued to pick over details that Badnall had no trouble
dealing with, such as the unevenness of the gradient at Sutton plane, the
effect of diameter on locomotive drive wheels, the measurement of speed by
counting piston strokes, and so on. But at length the London Mechanics’
Magazine carried a letter by Benjamin Cheverton, who came down hard on
the whole scheme. Badnall was goaded into a reply:

Mr. Cheverton in a most unwarrantable manner accuses me of withholding the
truth when I have the power of publishing it, which truth if exposed would (he
says) prove the poverty of my scheme. . . . He endeavors to sweeten this bitter
observation by saying “I cannot believe there is any intention to deceive, yet
it suits his (Mr. Badnall’s) purpose.”. . . | am not one, Mr. Editor, who feels
disposed to quibble about trifles, or, in discussions of this kind, to be
disturbed by every burst of anger from an opponent whom, in this instance, /
Jeel within my grasp, but | offer my unqualified protest against the right or
propricty of any man attributing unjust motives 10 another, without a cause
which he is unable 10 substantipee ©

Along with more words = $he same vemn, Badnall begged Cheverton to
exempt Mr. Stephenson and other engmneers from his remarks, which was
a neat way of draggmng them = 25 supporters.

But even among those partly comvinced by the demonstrations, there
grew a sense of distrust of this man whe peessed his claims with such fervor.
One wrote suggesting that Badnall had 00 much of the “man of the world”
in his composition, that is, that be was 2 crook. Many, on the other hand,
continued to support the inventor, smce the promotion of new lines had
become a business in itself, and Badnall's theory could sometimes be turned
to advantage. The debate overflowed into newspapers like the Manchester
Guardian and the Liverpool Mercury. Letters signed “Saxulus,”
“Champion,” “S. Y.,” “Professor Crackwell,” and “Friend” abounded.

Badnall Rampant
Amid the welter, Badnall produced his masterpiece, a three-thousand-
word polemic that rose like arococo fountain among the squirts and dribbles
of his enemies. He had something for everyone: injured virtue, manly
fortitude, patience toward the uninstructed, humility, pathos, anger, pity,
and contempt. He described Cheverton as a clever man:

buta clever man occasionally errs; and never is he more likely to do so than when
inflated with that unhappy quantity of combustible matter,—vulgar abuse, self-
sufficiency, and extreme vanity,—which have been so conspicuously displayed
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in the disjointed lectures which Mr. Cheverton has directed to me on this
subject. . . . Unless we draw in our horns, the undulating controversy will
not only become sickening, but, judging from Mr. Cheverton’s last letter,
disgusting.'*

He then veered off to proclaim a new theory of air resistance: that instead
of increasing with velocity it actually decreases, as shown by the tendency
ofall bodies “to rise from the surface of the earth when inrapid motion, such
asinthe flight of birds.” He realizes that such a view is diametrically opposite
to received opinion, “but so was the undulating railway!”

Sure of having overwhelmed his critics, he rushed on to predict that
within a year, engineers and mathematicians would have an opportunity to
make up their minds, and that from that time forward, “we shall never have
another level railway laid down in Great Britain” The L&M would
always be a monument to British spint, Bnitish perseverance, and British
ingenuity, he added, but posterity would smile and exclaim, “Could you have
believed it! They expended hundreds of thousands of pounds to make a
railroad level!”

The implied slight to the L&M was Badnall’s first real blunder, and its
effect on the Stephensons and the directors of the L&M can well be
imagined. Badnall ended the diatribe by promising more tests and
announced that he would shortly publish a new treatise on railroads, with
George Stephenson as coauthor.

Frustration

For his new tests, Badnall wanted to use part of a line being built
between London and Birmingham under the supervision of the
Stephensons. A rail link between the two cities had been proposed as early
as 1826, but was not finally approved by Parliament until 1832, after noble
landowners along the projected route had been amply paid to withdraw
their protests.'* Since the directors of the L&M were heavily committed to
the undertaking, Badnall figured that they could be persuaded to save cut-
and-fill costs by letting the new line freely undulate. He reckoned that the
directors might overlook his critical remarks about the L&M if they could
be convinced of an economic advantage. And so they were. At least they
entertained his proposal that 10 miles of the road be built according to his
specifications.

Badnall nevertheless failed to reckon as cannily on the Stephensons.
Although the elder Stephenson had held Badnall’s theory in silent comtemgs
from the beginning, his son’s cautious interest had enabled Badnall 1o ssuggee
up to the Stephenson name whenever it suited him. Robert appasentiy &
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bother to object. Badnall probably did not blame Robert for the flatness of
the L&M; it was only his father’s notion to have it run level.

Before responding to Badnall’s proposal, the newly constituted
London and Birmingham board of directors called on Robert Stephenson
for an opinion. His report, duly rendered on May 5, 1834, spelled disaster.

Stephenson began by saying that he had been favorably impressed by
the model exhibited at the Adelaide Street Gallery, and that he had paid
special attention to the experiments made at Sutton plane. On careful
consideration, however, he concluded that the apparent advantage in
Badnall’s scheme was illusory, because for one thing it made no account of
the initial velocity. A train could get off to a better start going downhill, of
course, but that could not always be arranged. What really mattered was the
average performance over distance, and nothing in the formulae or the
results showed any gain through undulating.

Tuming to practical aspects, he asked what would happen if a train
were forced to stop at the bottom of 2 dip. How would it manage to climb
out of it? The only solution offered would be to work it back and forth until
it got up enough speed to attam the next summit.

What about the locomotive, flaslng downhill one minute and laboring
uphill the next? Nothing could be more destructive to the engine. As the
world’s leading manufacturer of locomotives, Stephenson noted that
although steam power was wonderfully flexible, locomotives performed
best within a very narrow range of speed. Throughout the report,
Stephenson knew just where to apply a very sharp chisel to weaken
Badnall’s case. At last, he brought down the entire argument, ending with,
“No saving in power could by any possibility be effected.”’

A man lessresilient than Badnall would have given up. But Stephenson
had left an opening, either because of some lingering doubt or perhaps
wishing to bestow a little comfort. Whatever the reason, Stephenson said
that a trial on some branch line might be worth considering, since the saving
of first costs on such lines was “of paramount importance.”

Badnall pounced on the remark. He wangled permission from the little
Whiston Branch Railway to use a segment of track being laid out on the
natural contours of the land to serve a local colliery. He then appealed to the
directors of the L&M for the loan of one of their locomotives. They
declined. Finally he located the Manchester. Built elsewhere than at
Stephenson’s Newcastle works, the engine was available—as Badnall
would learn—possibly because it was virtually unfit for ordinary service.
With customary fanfare, he announced a new series of tests on a truly
undulating railway.

The Manchester, although said to be powerful, was also considered
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unsafe, with a regrettable habit of galloping off the rails at high speed, as
had been shown by a recent mishap on the Sutton incline. The descent from
the colliery would be twice as steep, and since the owners of the engine
insisted that it be returned in good condition, Badnall faced a problem. His
theory required that full power be applied downhill as well as on the
upgrade, but he was warned that a solitary car had careened 30 miles an
hour down that particular slope. It began to look as if he were arranging the
most spectacular wreck of the decade.

With these doubts about the Manchester, he applied again to the L&M
for a suitable engine, guaranteemng to pay for any damage, only to receive
the following reply:

Dear Sir:

I submitted to the Board your renewed application for the loan of 2 locomotive
engine for your proposed experiment on the Whiston Brasch Raslway, and am
required to inform you that the Directors regret they canmet comply with your
request. They gave the matter due consideration previous o thewr former
decision, and they do not see reason to alter the determmation they came to. |
am, dear Sir, yours most obediently,

H. T. Booth, Treasurer "7

At last Badnall got the message.

So the test went ahead on October 24 with the Manchester alternately
pulling and pushing a load of 80 tons back and forth through a dip in the line,
firsta distance of 760 yards, then 794 yards, and successively 824, 862, 900,
1,071, and 1,167 yards. By now the poor engine was in sad shape, “almost
an encumbrance.” The engineer was terrified and kept spoiling things by
applying the brakes. The test had to be abandoned, having proven only that
a locomotive could push a train.

Badnall took to his bed in October and was no more heard from until the
end of the year, when he published a long letter blaming the Manchester
(“from every point of view unsuitable”) and hinting that H. T. Booth had
earlier misled him. Castigating the Whiston Branch Railroad for not providing
an accurate survey, Badnall apologized for not having proven his theory as
promised. For the first time, he conceded that “for practical purposes a dip
of about fifteen feet in a curve of 1,000 to 1,200 yards [i.e., 1:200 to 1:240]
should seldom be exceeded.” This was exactly the standard on which George
Stephenson had insisted from the beginning.
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Beyond Badnall

The notion of an undulating railway faltered to a stop. The New York
Mechanics’ Magazine reprinted Badnall’s last letter and quietly let the
whole matter drop, perhaps embarrassed at having ever credited the idea.
Moreover, it was obvious to railroad builders in America that they had plenty
of natural undulations to contend with, without creating artificial ones for the
sake of a dubious theoretical advantage.

In fact, railroading in America quickly branched away from the English
model. There were greater distances, hills, and rivers for the railroads to
contend with. On the other hand, there was less local opposition calling for
circuitous routing and fewer costly viaducts and bribes. American
locomotives soom desplaced English imports. Better traction was gained by
doubling and tnplmg the sumber of drnive wheels. When combined with
greater power and weaght and stronger rails, these measures went far to
overcome the difficulies of terram that gave Americanrailroads theirunique
character.

Special condions called for specaal Sittings and equipment, and Yankee
ideas for improved brakes, walves, couplings, wheels, carriages, bridge
trusses, and rails spalled across the pages of Minor’s Mechanics ' Magazine
and other technical journals. It was the age of the amateur inventor. Huge
profits beckoned, and everyone got 2 hearing. The railroad was seen from
the beginning as a harbinger of prospenity and growth, compensating for the
deplorable state of American roads.

By 1836, the railroad mania was in full swing on both sides of the
Atlantic. With new lines being planned wherever shares of stock might
be sold, promoters in top hats and frock coats proclaimed glorious
opportunities to eager audiences. Fortunately, the panic of 1837 nipped
the American version of the mania in time. The Mechanics’ Magazine
passed through some hard times, but survived under the editorship of
engineer George Schaeffer after Minor merged it with the American
Railroad Journal. Minor himself sold out to his printer in 1839, only to
resume control in 1843, and finally to sell out again in 1848 and depart for
the California gold fields.

During this same time, the railroad fever in England continued unabated.
A Parliamentary committee continued to control approvals fornew lines, but
proposals came in faster than they could be properly considered, while
speculators traded merrily in the stock of projected roads. Prospectuses
flowered with the names of the high and mighty. At one time, 157 members
of Parliament were listed as subscribing to various issues, often for huge
amounts.

Old George Stephenson would have nothing to do with these joint stock
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companies, but other engineers were not as fussy. One even sold his name
for a thousand guineas. There grew a school of “fast engineers” who
ridiculed Stephenson’s conservatism and promised all kinds of innovations,
such as the “pneumatic railway,” which was to be powered by a piston in a
long vacuum tube.

In 1845 Parliament approved construction of 2,883 miles of new railway,
and in 1846 anadditional 4,790 miles. More than 620 new lines were projected
when at last the market in shares began to falter, and Parliament called for
complete surveys of all proposed limes. Suddenly it was discovered that there
were not enough surveyors in England 1o meet the deadline, and most of the
projects went under. For Richard Badeall and his adherents, it was the end
of the line. O

1Samuel Smiles, The Life of Georpe Supinsan. Ralivay Sxpineer. 2ndl o (London, 1857), pp.
60-61.

*Ibid., pp. 79-82, 136.

*The L&M carricd 445,047 passeageny gl 99 574 e of Seaght o i S Sl year of operation
and regularly paid 10 percent on capeitll Sheseafier. Rachand Tames, The Trensport Revolution in the
Nineteenth Century. a Docsmensery Approack, vol. 2, Reilways (Oxford, 1970 pp. 15.
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SMerged in 1832 with The London Journal of Arts, and Sciences; Containing Reports of All New
Patents, with a Description of Their Respective Principles and Properties; Also Original Communi-
cations on Subjects Connected with Science and Philosophy, Particularly Such as Embrace the Most
Recent Inventions as Applied to the Arts.

SMechanics* Magazine (New York) (October 1833): 208-11, reprinted from Mechanics” Maga-
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"Mechanics ' Magazine (New York) (February 1834): 67.

2Mechanics’ Magazine (New York) (March 1834): 161-63.

BMechanics’ Magazine (New York) (March 1834): 16364, reprinted from Mechanics ' Magazine
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“Mechanics’ Magazine (New York) (April 1834): 196-201, reprinted from Mechanics’ Magazine
(London) (November 1833).
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'“Mechanics' Magazine (New York) (week ending 21 March 1835): 169-72, reprinted from Jour-
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Richard Badnall Senior, father of the railway engineer, and a
businessman and silk manufacturer
1770-1838



Extract from the:

American Railroad Journal and Advocate
of Internal Improvements.

Saturday March 28, 1835 [Volume IV - No. 12]

[From the London Mechanics' Magazine.]

The Undulating Railway—Mr. Badnall in Explanation.

D ear Sir: Your readers might naturally expect that | should have taken a much
earlier opportunity, either of publishing the particulars of those experiments to
which | so urgently invited their attention some time ago, or that | should have given
some satisfactory explanation of my motive for withholding them. | am not, however,
without a hope that this letter will prove a sufficient vindication of my conduct against
any charge of neglect or wilful delay.

In my letter of the 20th August last (1834,) | stated that the Whiston Branch Railway
was completed, but that our experiments were unavoidably delayed by the refusal of
the Directors of the Liverpool and Manchester Railway to accommodate us by the
loan of a suitable locomotive engine. At the same lime, | intimated that, under such
circumstances, | had no other resource than to endeavor to obtain an engine
elsewhere, either on loan or hire.

With this view | made every necessary inquiry; but the only engine which | could hear
of as being disengaged was the Manchester, which was buih by Messrs. Galloway,
Bowman and Glasgow; and though capable of dragging a considerable load, she
was, from her particular construction, by no means adapted to the safe attainment of
that velocity which could alone determine, on the Whiston line, the comparative
superiority of an undulating or horizontal railway. | say upon the Whiston line,
because the dip of the undulation was greater than | should ever recommend in
practice; which may be judged of from the fact, that a loaded waggon, descending
from the colliery by gravity alone, attained, after traversing about 500 yards, a
velocity of upwards of 30 miles per hour.

Perceiving, however, that | had little, if any other, chance of trying immediate
experiments, | consulted my partner, Mr. R. Stephenson, sen., on the subject, who,
from being well acquainted with the capabilities of the engine, strongly objected to
her being employed for the purpose in question, it being his opinion that, although a
very powerful engine, when in good repair, the Manchester could not be trusted at
those velocities which, upon the Whiston undulation, it would be necessary to attain.
Mr. George Stephenson was also of a similar opinion.

Thus situated, | resolved on making a second application to the Directors of the
Liverpool and Manchester Railway, offering, at the same time, a guarantee for
payment of any damage which the engine might sustain, and explaining the difficulty



in which | was placed, by having publicly announced the trial of my experiments;
which announcement | was induced to make in consequence of a verbal
communication which | previously had with Mr. Booth, and from which | had formed,
it appears, erroneously, an opinion that, if a guarantee were given, there would be no
longer an objection to the loan of an engine being granted me. To this second
application | received the following reply :

Railroad Office, Oct. 13, 1834.

"Dear Sir: | submitted to the Board your renewed application for the loan of a
locomotive engine, for your proposed experiments on the Whiston Branch Railway,
and am required to inform you that the Directors regret they cannot comply with your
request. They gave the matter due consideration previous to their former decision,
and they do not see reason to alter the determination they then came to. | am, dear
Sir, yours most obediently,

H. T. BOOTH.

Under these circumstances, and finding how impossible it was for me to obtain a
suitable engine, and feeling how deeply | had committed myself in your pages, by a
declaration that the perion was arrived when the whole question should be
determined without further delay, | was resolved to adopt the only means which were
left me of even partially fulfilling my pledge to the public. On the 21st October, |
therefore called on Messrs. Galloway and Co., and solicited the loan of the
Manchester engine for a few experiments, under the promise that the maximum
velocity attained should not exceed from 20 to 25 miles per hour. With a liberality for
which | feel greatly indebted, Messrs. G. and Co. granted my request, merely
requiring a guarantee that | would return it in as good condition as | received it. On
examining the state of the engine, it was found that the pistons required repacking;
but as we could not expect to come to any very decided result, (the velocity being
limited,) it was thought unnecessary to make any alteration for a first trial. On the
24th October, Mr. Robert Stephenson, sen., and Mr. Gill, accompanied me,
therefore, to Whiston; and the Railway Directors having accommodated us with
empty waggons, we proceeded, after loading them with coal, to the trial of such
experiments as we deemed compatible with safety, and likely to produce some data,
whereon an opinion, pro. or con. could be formed.

It is necessary that | should here state, that the Whiston branch line was completed
by Mr. McKenzie, under contract. That gentleman had previously given me a section,
and although, upon that section, the summit levels were, no doubt, accurately
defined, no intermediate levels had been denoted, either on the section or by stakes,
on the ground itself; our only course, therefore, was to start from such parts of the
descending line from the colliery, as would prevent our attaining a dangerous
velocity, and to ascertain how far the train would rise on the opposite ascent; marking
the starting and .resting points, until future levels could be taken. Had the inclinations
been regular, this precaution would have been unnecessary, as the measurement of
the distances would, in such case, have determined the elevations. But the Whiston
line forming one extensive undulation, varying according to the surface of the land,
no criterion could be formed from such calculation.

An accident, which some time ago occurred to the Manchester engine, which left the
rails, when descending the Sutton inclined plane, had unfortunately given her the
character of an unsafe engine at high velocities; and it was evident that, on the
present occasion, both the engineer and fireman were afraid of her. We, however,



made eight experiments; Mr. Stephenson, myself, or Mr. Gill, accompanying the
engine-man on each occasion. Our load was 80 tons ; which, considering the
condition of the engine, was an ample one, as she was proved to be only capable of
drawing on that day about 15 tons up an inclination of 1 in 84, her steam being at
from 40 to 50 Ibs. on the inch pressure, though partially escaping between the piston
and cylinder.

By these experiments, we were enabled to prove one very satisfactory
circumstance— which was, that, notwithstanding the many disadvantages under
which we labored, the train invariably rose to a higher summit than that from which
she had previously started. For instance, in the first experiment, the train started from
a given point, which was carefully denoted, and rose to a higher point on the opposite
ascent, which was also denoted ; the total distance being 760 yards—time, 2' 35".
The power then being reversed, the train rose 34 yards higher than it had originally
started from; again being reversed, the train rose 64 yards higher than on the first
experiment; total distance 862 74 yards, time 2' 26". The power being again
reversed, the train rose 38 yards higher than before—total distance 900 yards; when
again reversed, the train rose 171 yards higher than before—total distance 1071
yards; and on the next occasion the total distance was 1167 yards.

On the 7th trial, no accurate result could be deduced, as some of the brakes were on
the waggon wheels.

On the 8th experiment, the steam was brought down to 10 Ibs. upon the inch ; and |
have every reason to believe, that when | am enabled to transmit to you a precise
statement of the level from which it started and at which it rested, it will be found that
the 80 tons were conveyed at that low pressure, very nearly, if not quite, from summit
to summit.

Your readers will, | fear, be disappointed, and by no means satisfied with the rude
statement which | now feel it imperative upon me to publish ; but until | have a better
opportunity of deciding the full merits of the question, | can only put them in
possession of facts as they really occurred— this | have done myself. In justice to
myself, however, and to the cause which | have conscientiously advocated, and still
continue to advocate, | ask them, what could | have done more? or what, under
existing circumstances, can | do: All men of science must, | am persuaded,
sympathise in my regret, that experiments of such a nature should be delayed, when
such delay could be so easily avoided; and with regard to any chance of a
satisfactory conclusion being come to, by employing the Manchester engine, | need
only refer to Messrs. Galloway &. Co. themselves, who, | am sure, will hear testimony
to her being in every point of view unsuitable to the purpose. She is, as before
observed, an engine capable of drawing heavy loads at moderate velocities, but her
many moving parts and general construction, render her altogether unfit for the trial
in question. It.was my wish to have sent with this letter a correct section of the
Whitson branch, with the exact distances denoted thereon, which the train traversed
at our recent ex. periments; but severe indisposition, which has, since the end of
October, with the exception of a few days, confined me to the house, has prevented
my paying that at. tention to the subject which | should otherwise have done.
Wishing, however, to have an impartial survey of the line made, | wrote to Mr. Hall, of
Warrington, begging him to prepare the necessary sections, showing the various
levels, &c.; but he has not yet been able to undertake it, owing to his time being
entirely occupied in completing a survey of the Grand Junction line, to deposit for
Parliament: when the section alluded to is completed, | will forward you a copy of it.
As a proof of the unfitness of the Manchester engine, for the trial of experiments on



the Whiston line, | need only remark, that over a great portion of each undulation, her
power was not only ineffectual, but she was almost an incumbrance, owing to the
loaded waggons attaining, by gravity, a greater velocity than she could effectually
command in advance of them. This will easily be understood by those who consider
the difference in the friction of a railway waggon, and a locomotive engine of her
description. It also shows, that upon deep undulations, such as the Whitson line
(where we have a fall of more than 30 feet in 500 yards), none but engines capable
of sustaining an excess of speed above that which is produced by gravity, can be
employed with/u/i effect. Such was my view when, in allusion to the Whitson line (see
page 214, No. 516), | said, " the full effect of practical experiment must depend upon
the momentum acquired by the combined forces of gravity and steam being safely
and effectually maintained down the descending line of each undulation.” For the
same reason, also, | have before mentioned that, for general practical purposes, a
dip of about 15 feet in a curve of 1,000 to 1,200 yards, would be the proportion |
should most strongly recommend: though exceptions might, of course, be
advantageously made, where the nature of the ground required it—especially in
passing under or over cross-roads, canals, &,c., or where the inclined planes would
not be so deep or so extensive as to produce a dangerous velocity without the
employment of the brakes—considering, as | do, that velocity on railways is always
dangerous when the engine (her full power being employed) is not able to keep up a
dragging influence on the succeeding carriages, or, if behind the train, a propelling
influence on the carriages in advance.

So convinced did | feel that no further impediment would be thrown in the way

of a full and impartial trial of the undulating railway theory at Whiston, that at

the meeting of the British Association at Edinburgh, in September last, | as publicly
announced my intention of immediately bringing the question to issue, as | had
previously done in your pages. | hope, therefore, | shall not be accused of any
disrespect to your readers, to yourself, or to the public at large, for a breach of
engagement which it has been entirely out of my power, for the present, to obviate. |
am, Sir,

Yours most respectfully,
RICH. BADNALL.

Farm-hill, near Douglas, Isle-of-Man,
Dec. 31, 1834.



Badnall's Undulating Railway

from the book "The Engineer's And Mechanic's Encyclopaedia”, by Luke Hebert (1849).

very singular and interesting proposition has been made by Mr. Richard Badnall, for

travelling upon undulating lines 6f railway in preference to straight or level lines, with
the view of saving locomotive power, by the application of the natural force of gravity in the
descent, so as to obtain a great momentum in making the succeeding ascent. His plan is
best explained by himself in the specification of a patent, dated the 8th of September, 1832,
which he obtained for that object.

"If a plummet suspended by a string, (as in Fig. 1 in the annexed engraving,) from the point
z, be drawn away from the perpendicular line to the point a, and there let go, it will fall by its
gravity to b, in the arc a b; but, in its falling, it will have acquired so much momentum, as
will carry it forward up to a similar altitude at the point c.

Fig.1.
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"Let it be supposed that a line of rails, or tram-way for carriages, be so constructed from the
summit of two hills, as Fig. 2, across a valley, that the descent from one hill, as a, to the
valley b, shall subtend a similar angle from the horizontal line to the ascent up the other hill
from b to c. Now if a train-waggon, as d, be placed at the summit of the declivity a, it will, by
its gravity alone, run down the descending line of rails, to the lowest point b; but in so
running, according to the principles of the oscillating pendulum, it should have acquired a
momentum that would carry it forward without any additional force up the ascending line to
the summit of the hill ¢, being at the same altitude as the hill a. It is quite certain that this
would really take place if the force acquired by the momentum was not impeded by the
friction of the wheels of the carriage upon their axles, and upon the rails on which they run.
Hence, subtracting the amount of friction as a retarding force from the momentum which
the carriage has acquired in descending from a to b, it will be perceived, that the force of
momentum alone would only impel the carriage part of the way up the ascent b c, say as
far as z.

It must now be evident, the carriage d would not only pass down the descending line of
road from a to b by its gravity, but that the momentum acquired in the descent would also
impel it up the second hill as far as z, unassisted by any locomotive power. In order,
therefore, to raise the carriage to the top of the second hill, | have only to employ such an
impelling force as would be sufficient to drive it from z to ¢, the whole expense of
locomotive power for bringing the carriage from a to z being saved. If now | employ a
locomotive power to assist in impelling my carriage from a to b, |, by that means, obtain a
greater momentum than would result from the descent of the carriage by gravity alone, and
am enabled by that means to surmount the hill ¢, having travelled the whole distance from
a to ¢, on the undulating line of road, with the exertion of much less locomotive power than
would have been requisite to have impelled the carriage the same distance upon a
perfectly horizontal plane." Having thus explained the principle of his invention, Mr. Badnall
claims the formation of tram and railroads, with such undulating curves as are adapted to
his object.

This invention has been the subject of much able controversy in the Mechanics' Magazine,
and some other public journals, of which our limits render it impossible to give any account.
The plausible arguments which were raised in support of the inventor's theory, led to some
public trials on the Manchester and Liverpool railway; which, although conclusive as to its
inefficacy in the minds of most persons who doubted before, has apparently had the effect
of confirming the patentee in his prepossessions of its utility.



LIVERPOOL AND MANCHESTER RAILWAY
Liverpool 17" May 1834
Dear Rathbone

I thank you for the loan of Robt. Stephenson’s Report on Mr. Badnall’s proposed
undulating railway, which I am glad to have had the opportunity of reading; it
contains, however, an observation on the Inclined Panes of the Liverpool and
Manchester Railway, in the Correctness of which I cannot coincide. After alluding to
the “destruction of machinery from varying velocities”, the Report proceeds to state
that “the objectionable nature of inclined planes is evident to all, Conversant with
machinery” — “from whence it is probably not too much to say a very large portion of
the wear and tear of the Locomotive Engines on the Liverpool and Manchester
Railway has sprung”. —

Now, though I admit, fully, “the objectionable nature of Inclined planes”, used as a
source of gravitating power, and therefore involving the neccesity, not only of
varyiing, but very high velocities, I cannot agree that these objections attach to the
working of the Inclined planes on the Liverpool and Manchester Line — because, the
descent of the Engines upone them, is not used as a means of Power which it might
be, if we would consent to the increased “wear and tear” which such a mode of
working, would involve. With ordinary Care, the descent is managed without either a
“varying” or a high velocity: indeed, it is a rule on our line to traverse the inclined
planes at a slower speed than the level portions of the way.

As a question of Fact, then, I should say that “a very large portion of the wear and tear
of the Locomotive Engines” was not owing to the Inclined planes; but that it was
owing to the very high velocities: to the comprising within a small machine, a
concentration of power and heat — of action and reaction — far beyond what its
construction and original strength of materials, were calculated to bear.

Iam

Dear Rathbone
Yours Truly,
H[enry] Booth

Letter by Henry Booth, who in 1825 established, along with other wealthy merchants
from both Liverpool and Manchester, the Liverpool to Manchester Railway Company,
becoming its secretary and treasurer. In 1825 the company presented a Bill to
Parliament to build the line, though the Bill failed it was re-submitted the following
yvear and was passed. He was also the designer of the multi-tubular engine used by the
Rocket Engine, the winner of the Rainhill Trials.

Rathbone was a committee member of the newly formed Liverpool and Manchester
Railway Company.
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