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PULLMAN CARS. 
IN the year 1859 :Mr. Pull_man constructed the 

first of the cars which have smce made the name 
of Pullman world-famed, and this car :vas placed. in 
service on the Chicago and Altoll: Railway, a l_me 
extending from Chicago to .st. ~oms, so~e 280 miles 
in length. Previous ~o _thiS trme sleepmg cars had 
been in use, to a lilllited extent, upon several 
American railways, but they were ~or the most 
part crude in their arrangements, a~d ~1 ad~pted for 
meeting the requirements of fati~mg JOUrne!s· 
The introduction of the new car!Iage, so. supen?r 
in all its arrangements to anythmg ~rev10usly _m 
use met with much favour from the railway pubhc, 
and was followed almost immediately by the construc­
tion of others embodying still greater attractions, and 
in 1864 so general had become their popularity that 
the present " ~ullman Palace ~ar Company" was 
organised. This company has smce prosecuted the 
business of providing ~' sleeping," '' drawing-room,." 
and " dining" cars '~1th such success that at ~his 
time their cars are m general use upon every Im­
portant line in America! the co~pany's contracts 
embracing over 30,000 mtles of ratlway, and neces­
sitating the use of over 800 cru:s. The great adv~n­
ta~es which these cars and thetr system of operatiOn 
afforded to travellers had, in very many instances, 
attracted the favourable attention of English tourists 
in America but it was not until 1873 that any 
effort was ~ade towards their introduction upon 
European lines. 

Just previously to that time, however, 1\>Ir. J ames 
Allport the able general manager of the Midland 
Comp~y, having had occasion during a visit to the 
United States to perform a journey of some 
6000 miles in a Pullman car, was so favourably im­
pressed with th~ merits. of the system that _he 
determined upon mtroducmg the ca.rs upon the Mid­
land Company's lines. The first train has now been 
in operation upon that railway about ten months, 
and the cars composing it form the subject of the 
illustrations we this week publish. Following the 
example of the l\1idla.nd, the Alta Italia and other 
companies forming the railway system of Italy, have 
contracted with the Pullman Company for the 
immediate introduction of the cars there. 

When rather more than a year ago we gave (vide 
page 162 of our seventeenth volume) a general 
account of the Pullman cars then just placed upon 
the Midland Railway, the regular running of these 
cars had not even commenced, and varied opinions 
were held as to the manner in which these vehicles 
were likely to be regarded by the travelling public. 
A train made up wholly of carriages constructed on 
the double-bogie system, and including Pullman 
"drawing-room" and" sleeping" cars, has now, how­
ever, as we have said, been running regularly between 
London and Bradford for teu months, and the results 
have been so satisfactory that the :Midland Company 
are now largely extending their stock of double­
bogie carriages, and on the 1st a. service of such car­
riages was commenced between London and Liver­
pool. Altogether the l\1.idland Company have now 
68 double-bogie carriages either on their line or in 
course of construction, and of these 36 are real 
Pullman cars, 25 being drawing-room cars and 11 
sle~ping cars. The r emainder of the double-bogie 
stock includes first and third class carriages. 

It is not our intention in the present article to 
enter into any discussion of the relative advantages 
and di~advantages of rolling stock constructP.d on 
the ordinary and the double-bogie or American 
system; but we propose to describe in some detail 
two Qf the principal types of Pullman car introduced 
upon the Midland Railway, namely, a drawing-room 
car specially intended for day service, and a sleeping 
car. Of each of these C1lrs we this week give a two­
page engraving, while we also give on pages 264 
and 265, views of various constructive details. In 
external djmensions and general construction the 
two cars illustrated are identical, the difference 
~n!isting in the internal arrangements. Each car 
11 58 ft. long over end platforms, or 51 ft. 6 in. long 
~ver the body, while the width is 9ft. over mould­
~g_s, or 8. ft. 9 in. outside the body proper, the width 
mstde bemg 8ft. 2 in., and the hei ght inside at the 
centre 8ft. 6i in. The width of the cars on the 
Midland Railway is, we may mention, considerably 
less than that of the Pullman cars in use in the 
Uni~ed States, on lines of the same gauge. Each 
car 18 mounted on two four-wheeled trucks placed 
at a distance of 39ft. apart from centre to centre 
and each having a wheel base of 6 ft. ' 
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The general arrangement of the body framing will 
be best understood by r eference to the right-hand 
half of Fig. 1 on each of our two-page sheets, and 
to Figs. 1, 2, 3, and 4, on page 265. From the 
latter views it will be seen that the floor framing 
consists of four longitudinal timbers besides the sole­
bars; these longitudinals and the sole-bare being con­
nected at short intervals by transverse timbers, and 
r esistance to oblique strains being given by a double 
flooring, the planking of which is laid diagonally. 
The sole-bars are strengthened by truss-rods as 
shown, and at four points between the bogie centres 
there are also transverse bearers stiffened by double 
truss-rods as shown in the views just mentioned. 
The side framing of the bodies is shown by Figs. 1 
of our two-page engravings. From these it will be 
seen that between the bogie centres the sole bars 
are strengthened not only by the truss-rods already 
mentioned, but also by diagonal timbers and strain­
ing beams, which form a r egular truss beneath the 
windows. Besides this, a tie-rod or counter-brace 
extends along each side under tLe windows, this tie­
rod bearing upon cast-iron struts, fixed on the sole 
bars in a line with the bogie centres, and then ex­
tending obliquely down through the soles so as to 
give support to the ends of the carriage, and keep 
all parts of the trussed framing well up to their 
work. It will be seen from what we have said that 
the floor combined with the trussed sole bars and 
body framing beneath the windows, r eally consti­
tutes a kind of girder of to--4 section, and constitutes 
a structure possessing great powers of resistance to 
either compressive or transverse strains. 

The uppeD part of the body framing consists of 
vertical pillars of apparently light section, a num­
ber of these pillars being, however, strengthened by 
wrought-iron rods, extending through them from 
top to bottom as shown by dotted lines in Fig. 1 
on our two-page engraving of the sleeping cars. An 
appearance of great lightness is thus obtained without 
a sacrifice of strength. The roof is so formed, as 
shown in the transverse section, that the central 
portion of each carisconsidorably higher than the r est, 
and toavoidthe necessity of carrying roof sticks across 
this raised part, T -iron is large1y used in the roof 
framing, the T -iron roof sticks following the contour 
of the roof. Altogether the detail of the framing 
of the Pullman cars affords abundant evidence of the 
care with which it has been worked out. The con­
struction of such long vehicles so as to secure 
strength and rigidity without incurring excessive 
weight is by no means an easy task, and the suc­
cessful issue now arrived at represents the results of 
many years practical experience. 

The cars are fitted with central buffers and coup. 
lings, the end platforms and the couplings b eing ar·· 
ranged on Miller's sy~tem, a system which is now in 
extended use in the United States. 0 

-

In the case of the cars on the Midland line it was 
necessary to provide for their b eing in some instances 
coupled up with stock having the ordinary side 
buffers, and to meet these conditions t he arrangement 
shown by the detail figures on page 265, has oeen 
designed. A r eference to the views there given will 
at once show that the side buffc.:- r s P and central 
drawhook K can at any time be very readily re­
moved, the latter being replaced by the ~liller buffer, 
while the l\1iller hook can be connected t o th~ spring 
specially provided for it. The alteration of the car 
from the side to the central buffing ~ystem or vice 
versa is thus an operation requiring a few minutes 
only. 1\lore recently another arrangement of side 
buffers, &c., for the Pullman cars has been de­
signed, which possesses some special advantages, 
a.n<l of which we hope to give particulars at an 
early date. 

The construction of the trucks or bogies on which 
the cars are mounted is so clearly shown by the de­
tail views on page 264, that but very little descrip­
tion will be necessary. The trucks are, as will be 
seen, four-wheeled, but in the United States it is 
preferred to use six-wheeled trucks on the Pullman 
cars, and such trucks are stated to ride more easily 
than those with. four wheels. The wheels of the 
~1idland carriages are larg-er than those used in 
America, they being 3ft. 6 in. in diameter. Wit h 
the exception of one set they are all wooden disc 
wheels of the Mansell pattern, the exception being 
a set of Allen's paper disc wheels, of which we shall 
give engravings in an early number. 

As will be seen from the views on page 264, the 
bolster body is connected to the truck by a centre 
pin, and takes its bearing partly on the plate5 sur­
rounding this pin and partly on the side rubbing 
pieces J. The weight of the body is thus trans­
ferred to the beam D, between which and the swing 
beam M,. are interposed the bearing springs L , t, 
there bemg three of these springs on each side. 
The beams D and M, together with the springs, are 
free to swing laterally, the beam M taking its bear­
ing on the pins V, which connect the Jower ('.nds 
of the links T on each side. By the links T the 
the swing b eam is euspended from the side frames 
E, .and the.se, in their turn, bear ~pon spiral springs 
wh1Ch are mterposed between thetr under sides and 
bent bars, the ends of which r est upon the axle­
boxes. The load is thus transmitted to the axles 
through two series of springs. The reference letters 
affixed to the various parts in the different views 
on page 264 aBd to the detailed Figs. 4 to 8 an­
n exed, will enable the whole arrangement to be 
readily traced out. The cars we should add are 
fitted with the Westinghouse air hrake, the brake 
blocks, which are of cast iron, being applied to all 
the wheels. 

F1g . 6 . 
The Miller coupling was illustrated 
and described by us in detail on page 
272 of our second volume, but we 
may neverthele~s point out its special 
features here. In the case of the 
ordinary American combined central 
buffer and coupling, any compressive 
strain imparted to the buffers is trans­
mitted indirectly to the framing-, and 
moreover, as the coupliug is effected 
by links, there is a certain amount 
of slack between the cars. In the 
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Miller arrangement, on the other ' .. 
hand, the compressive strains are rece1ved by 
central buffers placed directly above the coupling 
hooks these buffers transmitting the strain direct 
to th~ framing. The coupling hooks are formed 
on the euds of bars of crnciform section. connected 
t o draw springs fixed to the two central longitudinal 
timbers of the floor framing. the connexion being 
such, that the outer end of the hook is free to 
move horizontally to a small extent, although its 
tendency is to remain in a central p osition. The 
ends of the hooks are so formed that when two cars 
are brought t ogether the hooks at first push each 
aside, until the cars having come sufficiently close the 
hooks engage each other, the operation of coupling 
being thus automatic. 'Vhen the cars are coupled 
the buffers are somewhat compressed so that there 
is no slack. To uncouple the cars one of the hooks 
is drawn aside by a hand lever provided for the pur­
pose, and connected to the book bar by a chain as 
shown by Figs. 4 of our two-page engravings. By 
pulling these levers over into a notch, the hooks 
can, if desired, be kept from engaging with each 
other when the cars are brought t ogether. 
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So far the constructive details we have described 
are common to both cars; we have now to describe 
tl1e internal arrangements n.nd we t'ball commence 
with the cars for day service. Referring to Figs. 
2 and 3 of our two-pa~e engraving of the .dra:w~n~­
room car it will be seen that the body IS d1v1ded 
into a main saloon 30ft. long, two private compart­
ments each 6ft. long, and some smaller compart­
ments forming lavatories. &c. Comm~ncing at the 
end shown on the l eft of our engravmg, we find 
access to the interior of the car is afforded by a 
central door opening to a short pas~age provided 
with another door at its inner end. On one side of 
this passage is the gentlemen's and on the ?ther. the 
ladies' lavatory. From the pa~snge access 1s gained 
to the main saloon which in the car shown by our 
enO'ravino- contains nineteen chairs. In the cars 
n o~v run~ing on the l\1iclland line, h owever. the 
number of seats in the saloon has b(len redncerl to 
seventeen the chairs being ~pacerl wicler apart than 
shown by' our engraving. The chairs are of very 
comfortable shape and are each mounted on a central 
standard so that they can be turned almost corn-
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pletely round, their motion being only limited in the 
direction of the central passage which it is desired 
to keep clear. By drawing a bolt also each chair is 
left free to be canted backwards into the position 
shown by one of the chairs in Fig. 2. 

From the end of the main saloon a paasage leads 
along one side of the carriage past the two private 
compartments already mentioned, doors opening 
from the passage giving access to these compart­
ments, each of which contains a seat or sofa and 
two chairs similar to those in the main saloon. Be­
yond the private compartment is a sort of lobby, 
having on one side a small compartment containing 
the heating apparatus and on the other a store 
closet. A door from this lobby opens to the end 
platform. In the internal fittings of these drawing­
room cars no expense has been spared to add to the 
comfort of the passengers. The seats, which are 
very comfortable, are upholstered with Utrecht 
Telvet, the floor is well carpeted, and the car is well 
lighted by handsome lamps, arranged as shown in 
our engravings. The lining panels are of American 
walnut relieved by gilt chamfers, which contrast 
well with the colour of the wood. The windows 
are large and well fitted, and provided with blinds 
wade of a peculiar material finishe4 off with stamped 
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leather. These blinds are mounted on rollers fitted 
with a very neat little contrivance for holding them 
in any position, and which, unlike such contrivances 
in general, does not seem likely to get out of order. 
It consists simply of an elliptical cam fixed to the 
roller, and pressed upon by a spring, the result 
being that at two points in each revolution the 
roll er tends to stick. The material of the blinds 
is sufficiently rigid to impart motion to the roller 
and move it past the sticking points when the blind 
is pushed up . 

Nothing about the cars probably will contri­
bute more to t he comfort of passengers than the 
arrangements for warming and ventilation. The 
warming is effected by hot water pipes led off from 
one of Baker's patent warming apparatus contained 
in the small compartment already mentioned. This 
apparatus, which is shown more clearly in Fig. 2 of 
our two-page engraving of the sleeping car, consists 
of a small heating furnace or stove containing a coil 
of piping. The water heated in this coil passes up to 
a tank on the roof, and from this it is led off 
through the pipes which traverse the carriage, a 
return pipe bringing it back when cooled to the 
heating coil. The water thus circulates constantly, 
while the small tank on the roof se1:ves to contain 
a reserve supply which will make up any slight 
losses due to evaporation or leakage. The heating 
pipes pass along the sides of the carriage below the 
windows. 

The ventilation is provided for by the windows, 
by openings at the sides of the raised portion of the 
roof, and by air inlets in the under sides of the 
hoods which protect the end platforms. These air 
inlets, as well as the other roof openings, are pro­
tected by fine wire gauze, so as to avoid severe 

Co.r S lrin..gt:r 

B 

" 

uw • .a .. 

Fig.2. 

I 

\ ~· 
I COJ" SilL ~ '@Y I 

0 0 

~ 
j 
d 

S ccx..U ys ol' an. lnch t.o t.h.e 1' oot 

0 
I 

~ Q p ~ E 
-

a 
~ 8 0 t..Lom. V' U!W 1-::" 

tO 
' 

""@- 0 E3 D @ ; 0 1 0 0 I 
. . ----· 

( .. .............. · · ·--·~ ·--~- - .. . . ·-· ~- -· .......... . ....... . 
•• • - :r • _. • ..___, 
• .. ~ [ -, .... "' " "' .I . " '" i . lA' • . .CO. > .:- . ...... . ....... ~ ... ... J 

\........--.....--+- .. o-- o B 1,1!1,~ ._§, " ' 6 : o n €l) : o ~ 1Q ... 
....... - ... "·'·"·' i~~ c ";-(! 

l i Y•t..;.~ . q ~~~~ : ·:: :f- ·: ... :: 
p ~tt-! .. : • .: , ,~ ... . 

~~- r[:i'b ~'"e]; ~ -o- 1: 0 ; v v +. . 
• .. .. • r--"1!!1"'1!1 a e ... 1 

C:) 

@ oc 
' r ' } ......... ... .. -~- ... .. [ .. - - ~ ·· ·· ...... F= ""{ ' I 

d .. .__,, l 1_.... 1 1 
....... ~L .!........... . ...... -- -~ 

0 0 
.... .... 

E 

• 

Car SilL 

Ca.r SilL 

A 

i'Or?t i ~ I~ 

@J 

.E 

B D ~ ' . \~------------------------~-

~-~--- ... , 
J 

V'1 0 

1.........41 ::~:. 

A 

• 

( 

draught and prevent the entrance of dust and 
cinders. 

With the exception of the lamps, and the ha~ r~il 
brackets, which are bronzed, the metal work w1thin 
the car, such as the door handles, &c. , is almost all 
nickle plated. The water for the lavatories is con­
tained in tanks beneath the basins, a small pump 
beside each basin rasing the water as r equired. 
This arrangement is adopted to avoid the employ­
ment of roof tanks, which are difficult to fill. Each 
lavatory also contains a special cistern containing a 
supply of drinking water. 

We have now to describe the arrangements of the 
sleeping car, and for that purpose we refer t o our 
other two-page engraving published this week. 
Commencing at the left-hand end in our engravings 
we find, as shown by Fig. 3, access given by a 
central door opening t o the end platform, to a 
passage 5 ft. long, a gentleman's lavatory being 
situated on one side of this passage and a water ­
closet and linen closet on the other. At the inner 
end of the passage is another door opening to the 
main compartment which is 25 ft. 9 in. long inside, 
and which is traversed by a central aisle from end 
to end. On each side of this aisle are, during 
the day, four pairs of seats with a table between the 
seats of each pair. For night service the tables are 
removed, and each pair of opposite seats converted 
into a bed, while a second bed is formed above them. 
In Fig. 2 three of the pairs of seats are shown as 
they appear during the day, while the other pair is 
represented arranged to afford sleeping accommoda­
tion. To form the bed the seats are drawn out, and 
the backs then fall down and fill up the spaces left by 
the withdrawal of the seats. A n:attress is then 
placed over the seats, and in this way a vexy comfort-
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able bed is obtained. The arrangement of the upper 
tier of beds will be understood on reference to Fig. 5. 
During the day the shelves containing these beds 
are folded up obliquely against the roof of the car­
riage as shown on the right-hand side of the :figure 
just mentioned, whilst, when required for use, they 
are drawn down, as shown on the left-hand side. 
The beds are balanced by connecting the she! ves by 
a chain to a coiled spring, the spring being coiled up 
as the bed .i.s pulled down and vice versa. They can 
thus be pulled down and pushed up very easily. 
When down they are at such a height above the 
floor that passengers can, if they desire it, still occupy 
the seats beneath them. These seats, we may add, 
are each of sufficient length to accommodate two 
passengers, and the beds are nominally double beds. 
'They are, however, rarely occupied by more than 
one passenger each. The mattress and bed linen 
for the lower bed is, during the daytime, stowed 
away upon the upper one, while a box below the 
seats receives the pillows, as shown on the right­
hand side of Fig. 5. 

At the end of the main compartment is another 
linen closet, while beyond are two private compart­
ments entered from a passage which runs along one 
side of the car. Between these compartments is a 
third linen closet, as shown. Each of the private 
compartments just mentioned contains a couch­
which can be drawn forward at night so as to form 
a comfortable double bed-an upper berth, and two 
seats, which are also convertible into a bed. Beyond 
the private compartment is a lobby having on one 
side a ladies' lavatory, and on the other a small com­
partment containing the heating apparatus. A door 
opening from this lobby gives access to the corres­
ponding end platform. 

As in the drawing-room car, the seats, &c., are 
upholstered with Utrecht velvet, and all the internal 
woodwork is of American walnut relieved by gilt 
chamfers. The workmanship of all the internal 
fittings -and indeed of the carriages throughout­
is excellent. The arrangements for lighting, warm­
ing, and ventilation, are similar to those provided 
in the case of the drawing-room cars, while 
throughout the :fittings are to be noticed almost 
numberless little " dodges" for preventing noi~e 

E N G IN E ER IN G. 

Mr. Deverell's original proposition was to suspend a he~vy 
weight on board a ship by means of springs, and to obtain mot1ve 
power by the oscillation of this weight through a distance not 
more than the height of the waves. 

On looking into the question, it appeared to me that since t he 
centrifugal force of wave motion in a vertical direction is alter­
nately added to and subtracted from the force of gravity, thereby 
causing a virtual variation of the intensity of that force, that 
broadly the question resolved itself into this : Supposing the 
force of gravity to vary in intensity at regular iutervals- tbat is, 
to become alternately greater and less than its normal amount-
what is the best means to obtain the maximum amount of 
energy from a given weight oscillating under the influence of 
these variations? For example, supposing the force of gravity 
to be for three seconds one-fifth greater, and for the next three 
seconds one-fifth less than its natural intensity, and suppose 
that we have a weight of 5 tons suspended by a spring, with an 
infinitely open scale, so that the spring will continue to exert a 
uniform upward force of 5 tons, no matter how far the weight 
moves up and down, it is clear that during the three seconds 
in terval, du ring which ~ravity is one-fifth more than its normal 
intensity, the 6-ton weight will virtually weigh 6 tons, and will 
thus exceed the upward for<'e of the spring by a downward force 
of 1 ton; in the same way, when the force of gravity is one­
fifth less, the weight will only weigh 4 tons, and the spring will 
then exert an unbalanced upward force of 1 ton. Now, as 
energy or power is defined as force moving through distance, it 
is clear that the quantity of energy or power to be obtained by 
this system will depend on the-distance through which this 
weight is caused to move during each successive variation 
of gravity. Thus, supposing that during the plus interval it 
moves downward throu~h 1ft., and during the minus interval 
it moves upwards through 1ft., it is clear that during each of 
these intervals it will exert a force of 1 ton moved through 1ft. 
-that is, 1 foot-ton; but if, instead of 1ft., it moves through 
10ft., it will exert ten times the power- thl\t is, 10 foot-tons; 
or, if it moved through 100ft., it would exert 100 foot-tons 
during each interval of t hree seconds: in fact, other things being 
equal, the quantity of power to be obtained by such a system 
under such conditions would be simply and directly as the dis­
tance through which the weight moves. The fact that external 
force would have to be 
used to compel the 
weight to move through 
a greater distance than 

0 

other, accomplishing the distance in about half a minute whi h 
is at the rate of about 1eoths of a knot per hour. Had it ~ 
possible to ~ener~te a set of reg~lar waves, the model would 
have travelled . Wtth at least twtce this speed ; for when the 
model met w1th waves of the proper period the machine 
worked with great energy, causing. the screw to revolve at t~ 
rate of about 160 revo_lut10ns per mmute, but this e.xbibition of 
energy was only occasiOnal and only recurred when the wavea 
ha:ppened to synchronise with the weight. I therefore deur. 
mmed to try the model at sea. I accordingly took it out in 
Torbay and f~llowe~ in a b~at . . M~. F~oude, who has throu b­
out taken a ktndly mterest m th1s m~wry, and has afforded ~e 
much valuable assistance in carrying 1t on, was present at thil 
trial. 

The result of this t.rial was much the same as that in the 
tank. When four or. five waves o_f the prope! period followtd 
one another the machme worked w1th great v1gour, causing the 
screw to go at the rate of about 160 revolutions per minute bot 
at other times it almost stopped. The average rate or' the 
screw as counted for one mmute was 40 revolutions during 
which time the model moved ahead about 30 feet. Th~ model 
had a tendency to come up bead to wind, so that this progre.w 
was made against a head wind. The study of the action of thia 
model clearly convinced me that I was right in my view that 
the work o.btainable _from. a given weight. is as the height 
through winch the we1ght 1s caused to oscillate. Iu this in. 
stance, supposing the weight to oscillate through only one foot 
instead of two, and as before to give off its work only at the end 
of its oscillation, it is clear that the te~sion of the spring and 
consequently the force dehvered on the rachets will be only half 
what 1t was with double the range of oscillation. Again, the 
work delivered by the system is equal to the work put into i~ 
minus the friction. And the way in which the work is put 
into it is by the spring actually t ending to resist the vertical 
motion of the boat, by pulling up when the boat is descending 
and pushing down when it is ascending. The quantity of work 
put in by each upward or downward movement of the boat il 
equal to the mean tension of the spring multiplied inro the 
distance through which the boat rises or falls, and the me&~~ 
t ension of tbe spring is as the range of oscillation of the weigh~ 
consequently the quantity of energy put into the apparatus is 

~ .... · ----~ 
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·. and rattle, and adding to the comfort of the 

it otherwise would 
move through if left to 
itself, does not ia any 
way al ter this fact ; 
for, theoretically, no 
power would be lost in 
causing the weight to 
oscillate through a 
great or any distance. 
All the energy con- ~ 
sumed in the accelera­
tion of the weigh t 
would be completely 
returned during its 
retardation. 

• • passengers. . 
Just , however, as no hotel would long continue 

to attract customers if its sole claim for consideration 
rested in its being a handsome and well-furnished 
building, so the Pullman cars would not have 
attained their present popularity in the United 
States, had their sole recommendation consisted in 
their commodiousness and the luxurious character of 
their fittings. There is in reality something more 
than this. The Pullman cars are attended by well­
trained s~rvants, and it is the thoroughness with 
which they are looked after, and the scrupulous 
cleanliness of all the arrangements, which perhaps 
more than anything else has gained them their high 
reputation. The Pullman Company thoroughly 
appreciate the value of appearances and of attention 
to small comforts, and they not only provide bed-linen, 
&c., which is the best of its kind, but they main­
tain in their cars what-for want of a better term 
-we may describe as an almost military neatness 
which is unquestionably taking. As regards 
the smooth running of the cars, we have already 
spoken of it in high terms. Whether or not the 
Pullman cars will become as universally popular 
here as they are in the United States is a mat­
ter which can only be determined by time and 
experience, as it is always a difficult thing to say 
what will or not take the popular taste, and in 
railway travelling our social habits will have much 
inftuen~e on the amount of favour with which these 
vehicles will be received. H owever this may be, 
there can be no doubt about the comfort of the cars 
themsel~es, and the English travelling public are, 
we consider, indebted to the Midland R ailway Com­
pany for enabling to test for themselves the quali­
fications of the Pullman cars. 

WAVE MOTORS. 
' On a Method of obtaining Motive Power fro·m, Wave Motion.• 

By B. TOWJ!:R. 
I PROPOSE to Jay before you to-night the results of an ex­

perimental and theoretical inqnic·y into the possibility of obtain­
mg motive power from the motion of a sh:p in waves, for the 
purpose of actuatin~ machinery on board. 

This inquiry oril!,inated in the proposals of .Mr. Spencer 
D eYerell, of Portland, Australia, whose broth('r, Mr. W. Deverell, 
showed his confidence iu his scheme by coming horn~ from the 
antipodes for the purpose of promulgating it. 

* Read before the I nstitution of Naval Architects. 

Further considera­
tion con~inced me that 
this analogy was a 
strictly correct one, and that, other things being equal, the 
quantity of work to be obtained by a given weight under the 
inftuence of wave motion would depend simply on the distance 
through which the weight. is caused to move during each wave 
interval. By adopting this principle I saw that it was possible 
to obtain a reasonable amount of power from a moderate weight, 
and was encouraged to pursue the subject and to put my con­
clustons to the proof in a workmg model. For this purpose I 
obtained a model boat, 6ft. long and 16 in. broad, with a dis­
placement of about 80 pounds. Amidships on the deck of this 
model I fixed an upright standard 1ft. 3 in. high. Pivoted in 
its centre on the top of this standard was a spring consisting of 
a steel blade 4ft. long and 3 in. wide in the middle, taper ing to 
nothing at each end, and 1\th thick. On the after end of this 
spring was fixed a 7lb. lead weight ; to counterbalance this at 
tf1e fore end, the spring was connected to another flat spring 
close to the deck of the model. Both of these springs were set 
to such a curve when unrestrained, that the strain of the 7lb. 
weight was jnst sufficient to straighten them. The fore end of 
the sprin~ was also connected to a system of double-acting 
rachet pauls, so that a motion of the end of the spring either 
upwards or downwards communicated rotation in one direction 
to a toothed wheel, which toothed wheel geared into a pinion; 
on the same axis as this pinion, acd driven by it, was a grooved 
pulley; driven by this pulley was a long elastic round india­
rubber cord, i in. in diameter. This cord stretched the whole 
length of the model to the after end, and then passed over the 
stern over two guide pulleys, and thence under water to a groove 
on the enlarged boss of a screw, 8 in. in diameter and 12 in 
pitch. 

The india-rubber cord was thus at once a driving band for 
communicating the motion of the grooved pulley to the screw 
and by its elasticity a reservoir of power whereby the inter~ 
mittent motion ofthe grooved pulley was converted into a con­
tinuous motion of th_e scr~w. The 7 · pound weight could oscil­
lat~ th.rough a vert1cal d1staoce of 2 ft. , . and had a period of 
ose~ll~t1oo of about one second. The gear10g was so adj usted 
that tbe fo rce on tbe rachets necessary to drive the screw at full 
speed ~as just abou~ eqnal to the tension of the spring when 
the we1~ht was near 1ts extr~me upward ?r downward position ; 
the we1ght was thus permttted to osc1llate through its full 
range ot 2 ft . before any work was abstracted from it. 

This model was evidently only suited for w3.ves having the 
same period as that of the wc:ight on t he spring, namely one 
second. I first experimented with it in a tank 30 ft. long and 
10 wide ; . in this t~nk I ~en.erated waves of ~ nearly the 
proper penod as poss1ble, art1fiC1ally, but I found 1t impossible 
to :let up a regular series of waves owing to the waves reflected 
from the end and sides of the tank meeting those which were 
advancing and causing a confused jumble ; nevertheless my 
model made many voyages from one end of the tank to the 

as the range of oscillation of the weight. The quantity of wor~ 
per minute in foot-pounds which this apparatns is capable of, if 
actuated by a regular series of waves, is e1pressed by tba 
equation-

W = 60 1r3 h m H=65.7 h 11t H. 
P'g pa 

In which h is t he effective height of the wave ; m is the moving 
mass or weight; H is the height through which i~ osci~~i 
P is the period in seconds. Thus the work per mm~te lS di­
rectly as the height of the waves, the mass of. the we1ght, and 
the height through which it oscillates, aud mnrsely as the 
cube of tbe period. 

In the case of this model, when k = -la of a foot V! = SO 
foot-pounds per minute, which would be equal to dme ~ha 
model about 1! knots per hour, and certainly ~hen work1og 
with full vigour it seemed to be quite equal to this . 

Though this model answered its purpose perfectl.Y well ID 
demonstrating the truth of my theoretical c~nclus1ons i the 
arrangement of the apparatus was clearly un~01table for prac· 
tical application on a larger ~cale. One senous defect ~nder 
\vhich it laboured was its being only adapted to one part1cular 
lenath of wave and in order to make it adjustable to any length 
of ;ave it beca~e necessary to provide means eit~er to vary at 
will the strength of the spring or the weight; e1ther of these 
would be difficult and I therefore sought for some arrangem~t 
capable of adapting itself to any period. Accor~i~g to ~ 8 

theory, t he weight has to be rising while the sb1p IS pass10g 
from the p oint of maximum slope on the front of the wave over 
the crest to the point of maximum slope on the back of the wllve, 
and should be falling from this point over the trough _or h: 0~ 
to the point of maximum slope on the front! :when It 5 01~ d 
again begin to rise ; and SO long as these C?ndl~lO~S are coma~ 
with, the nature of the mechanism by wb1ch 1t ~~ ~ft'tcted 
not affect the result providing that it is equally fnct1onless. 

These considerations led me to think tbat t he best .arra:rm· 
ment would be to put the w~ight on the end of a revolviDg. ' 
and to balance the weight, in all position_s, by~ spring act~ofoo: 
a crank· the weight would thus descrtbe a c1rcular pat d. 
vertical 'plane and the value of H would, of course, be the 1

1~ 
meter of the ~ircle . I also perceived, that if the w~ilbt revot~at 
in the same plane and direction as the wave parttc es! sot 1 as 
the centrifugal force followed it all round, that the bomon a r 
well as the vertical oscill.nions would be utilised, and the powe 
of the machine nearly doubled. · rin· 

I have here a model of a machine constructed on this P. 1 
ciple; it was originally intended o~ly to utilise 

1 
the d v;;!~~ 

oscillations, and in it two 50 lb. w~1ghts sre emp oye t. ns ill 
together, so as to cause thPm to revolve in oppos~te dire~ 1~ if it 
order tbat the horizontal forces might be neutrallsed

1
; f u ~itre· 

is desired to utilise the horizontal forces, the remova 0 a 





-
-
-
-

,.. >
r-

<
Z

>
 

>
o

 
... - 01"

 
,. .. <

 

• 

-
-
-
-
-
-

t
~
 

lh
..

 

' . • • • • • • • • . ~
 

~
'
 

• • • • • • • • . • . • . • • . • • • • .. • • : • : • . • • • • • • • 

• . >
 
~
 

1.
: • 

I ' . 

0 .....
. 

>
%

 
<
~
 

:.
r- .....
. 

o:
S

: 
:D

 .
..

 
<

 z
. •• • 

T
 I ' ' ' • • • • • • • • . • • . • • • • ' • • • • • • . . • • • • • . . • • . . • • 

I 
: . • • • • • ' ~

I 

. . ' • . . . . . ' ' ' • .. 

-

• • I ~
\ 

.. 
~
 

: .
 

' ' ; '
 .. ' 

' .. 

..
. .. . ••
• 

••
 ... • 

0 
•
•
 

...
 

...
 ....

... -
-
-

- ·-• 

- - -

I 

• 
~llllll

lllllll
llllllll

lllll 
1 

I 
I 

D
 

[g
) 

[ 
--
-~
 

I 

--

D
 

I 

) 

- .., -· (
J
' 

• -

• • • • • • • • • • • • • • • • • I • • 

... .... 

: 
.. 

! • • • • • • • • • • • • • ' 

: 
~
 

~
 

- -
~
 E

) 

[)
 

• 

cw
 

cQ
 ~

I 
~
 

~
 

~ 
~
 
~
 

• 

lQJ
 
~
 
~
 

., - • 
• 

0 

-

• • • • • 
: 

'
.
 

·-
·-

· 
IZ

 
11

 
..

..
..

..
..

..
..

 
• 

-. 
-

I 
• 

• 
• 

• 
'"

 
--

--
-·

--
··

 
. 

. .. -
..

..
 -.

 
...

...
. -

• 

-
-

-

>
 

z u ~
 >
 

_...
... <
 
~
 z 0 I ~
 

0 0 ~
 

t-
rj

 

0 IQ
 

~
 
~
 

tr:
l 

• 

I I 

-

p -• ;:
 

~
 c: ~ - ~
 c - ( • 


	Ev19-p263
	Ev19-p264
	EV19-p265
	Ev19-p266
	Ev19-p267
	Ev19-p268
	EV19-p269
	Ev19-p270
	Ev19-p271
	Ev19-p272
	Ev19-p273
	Ev19-p274
	Ev19-p274a
	EV19-p274aa
	Ev19-p275
	Ev19-p276
	Ev19-p277
	Ev19-p278
	Ev19-p279
	Ev19-p280
	Ev19-p281
	Ev19-p282
	Ev19-p283
	Ev19-p284
	Ev19-p285
	Ev19-p286

