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(Wiey ARCHITEOTURE AS A SOIENCE.*
]

pecial relation to Construction, Engineering and Modern
Requirements, )

BY A. T. TAYLOR, M.R.I.B.A.
(Continued from puge 67.)

inl};hlpte M. Street has well said, “ The best thing
®agaci 1becture is always that which combines the most
tion OUS uge of the materials, the soundest construc-
mem:nd the most convenient adaptation to the requir-
pmpo;t'wm-l thoroughly good artistic character and
%ome 81911 In the masses and in all the details, and
Wo Vidence of imagination in the design.”
hemjg h‘*’e, therefore, that Architecture spans two
on g 2o%es, that of mechanics and the industrial arts
hag 4 8@ hand, and the fine arts on the other. She
gy °f°t§xpl‘essmns—-prose and poetry. It is the for-
As 80 that we shall chiefly consider to-night.
the usefmldmg was the forerunner of architecture, so
1ol TSt ever take precedence of the ornamental.
Whig}, ’i‘:‘ axiom, which may appear self-evident, but
Perfoqy > Often forgotten, that o building should be
‘Itifuyi Suited for its purpose. No building, however
It ig, . 2 18 architecturally perfect which ignores this.
(3 coel‘pfore, and must be utterly wrong to set down
lngdjaev Ples of Pagan temples, or Moorish mosques, or
od fo, o1 C88tles, all of which were doubtless well suit-
‘ntirely 93“ time and for their purposé, but with our
Thig htered Clrcumstances, are now quite unsuitable,
| Yoar aéo OWever, is what was done not so very many
{ tice, Te';l‘“lld we have yet pitiable examples of the prac-
| bip p Dles of rectangular shape, with studied invaria-
| TWdoy,y’ - 08 and balanced parts which required no
| frop, the (such light as they needed being received
Y00f), and ne chimneys, were made todo duty
Viceg e churches and dwellings, and all sorts of
‘ ch'mheyg ™ te8orted to in order to concealt he windows,
‘ U'\Aleot » 80d other necessary adjuncts to modern
[ “Mverigyr® delivered bofore tho Fasuity of Applied Science, MoGill

———

houses. The medixval castle, with its machidolated
battlements intended to protect defenders and present
embrasures from which cannons could be fired or mis-
sles discharged, the overhanging spaces, down which
molten lead could be poured on the hesiegers below,
and. other features very necessary and desirable for the
times in which they were built, are surely hardly suit-
able in our peaceful times, when the only projec-
tiles flung from the housetops are frozen snow and ice,
and the only warders “tuning their footsteps to a
march ” behind the battlements, are sundry predatory
or amatory members of the feline tribe,

We have also in England and Scotland many exam-
Ples of buildings sacrificed to a mania for external
uniformity, regardless of convenience within, and I have
often seencases in which it has been necessary to enlarge
the house by adding on a wing at one side, a screen
wall, corresponding with this wing being placed on the

other side for the sake of uniformity. The doorand por- |

tico were fixed in the middle, and windows were ranged
in solemn array on each side, no matter whether they
were wanted or not, of exactly the same size and height.
If there was a plain surface of wall, the most original
idea which could occur to the builder was to put in a
blank window, and paint on the cement the window
frames, the glass, and even window blinds and red
tassels, all so like life as to be very deceptive—a long
way off., .

From an utterly false idea of art everything had to
be balanced by perfect similarity, somewhat after the
manner of the old Scotch gardener who had a summer
house at each end- of a long walk in the garden, and
having caught his master’s son pulling apples had shut
him up in one of the houses, where his father discov-
ered him. On his going to the other house at the
other end of the walk he found his other son in durance
vile also, and asking if he also had been pulling the
apples, the old gardener said “ No; but he had put
him in there for the sake of symmetry !” )

It is true there must be a balance of parts in all good
compositions, but this by no means needs to be by exact
similarity. The old buildere of our English, and especi-
ally of continental cathedrals and c!mrches understood
this, and if you will carefully examine them you will
find that where, for example, there are two towers or

spires at the one end, t}zey are generally not only of
— e ——
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unequal height, but of a different design, preserving a
perfect balance of harmony, but not a perfect identity
that, wherever it was pcssible they rejoiced to vary
their work. Thus it must ever be with all great souls
who are not content to be mere machines: they must
give expression to their great thoughts ever surging up
in rew forms, and cut and hew a way for their heaves-
born ideas to get to the light of day.

In designing anything, the exterior should be the
outcome of the internal arrangement, and should express
such, ard this is the only sensible mode of designing
for us. If a window is wanted, put it in when and
where it is wanted ; if a chimney is required, run it
up ; if a balecony is desired, throw it out. You will
not have a dull, dead uniformity, but you will thus
have a sensible, living picturesque architecture.

In designing, the climatic requirements must be
taken into consideration. This fundamental principle
I pointed out in my first lecture. Underlying are the
striking differences we found in the architecture of the
different countries of the world, and the ignoring of
these has produced much of the confusion of modern
building.

Thus we find that in warm countries with much sun-
shine and little rain, porticoes and colonnades, deep
recesses, where cool shadows may sleep, comparat-
ively flat roofs are cemmon features of the buildings,
while in more northern and gloomier regions we tind
the high pitched roofs to throw oftf rain and snow
quickly, and the absence of colonnades, except in the
shape of porches and such like, wh-re they were uscful
for shelter while waiting. It would puzzle*“say ” a New
Zealander a hundred years after this if he had to judge
of the climate from the buildings, to say wh:t it had
been. Should many of the buildings be standing then,
which I very much doubt, he would see high pitehed,
low pitched, and flat rcofs; open faced buildiigs with
large, welcome-looking windows, side by side with
morose, jealously-guarded, narrow-windowed Dbastiles ;
sham porticoed Greek temples, elbowing, fantastic,
dutch, high-gabled fronts; cathedrals inspired by that
lovely poem in stone at Salishury, staring out of coun-
tenance, cathedrals built on the lines of Bramante’s and
Michael Angelo’s great work at Rome.

Yet there is a good deal to be said for the peculiar
requirements of a climate such as wo have here, which
combines an Italian Summer with almost an arctic
Winter. :

How are we to reconcile these two distinct climates,
80 as 10 make our buildings suit toth? That is a
problem which I hardly think has been satistactorily
worked out yet, but has to be faced tefore we can
establish a truly national and good architecture,

Our buildings should be designed to suit the mater-
ials they are to be built with, whether stone, brick,
terra cotta, wood or iron. This also was an important
factor, as we found in shaping the ancient styles of
architecture.

‘Where stone could be readily quarried in large mass-
es, there we found an architectuie developed in which
large stones were essential.  Such, for example, isthe
Greek. Build one of their temples with small stones
or bricks, and you destroy at once a large part of its
beauty.

It was essential to have the lintels in one piece, all
the columns also were in large stones, and the ancient
Egyptians had a clear understanding of the value of

large monoliths in monumental architecture when

they set up their remarkable monolithic obelisks, 60,
70, 80 feet high. These, with their hieroglyphic inscri-
ptions, are striking and imposing because of their being
in onestone. Had they been built up in twenty or thirty
layers they would have been common-place.

The adaption of the arch by the Romans made build-
ing with small stones or bricks possible, but until they
developed a style of their own, their imitations of the
Greek were necessarily imperfect and unsatisfactory.

The Gothic is par excellence a small-stone style of
architecture, and it is possible to build a cathedral
with stones none of which need exceed the carrying
strength of two or three men. The brick and terra cotta
architecture of Italy, much of which is beautiful and
suggostive, shows what can be done with the common-
est materials, if only treated in a common-sense way,
and if its own capabilities are recognised.

Red brick may be said to be the fashion just now,
but it has more than fashion to recommend it. The
question of colour in architecture I hope to refer to in
my next lecture. The difficulty has been how to obtain
a good brick which would stand the weather and frost,
the average brick being soft and unreliable for external
faces of walls. Where pressed bricks were desired the
custom has been to obtain them from the States, but
there is a very good pressed brick made here in Montreal
which seems to answer all the requirements of the case,
and they have the advantage of being much cheaper than
those from America so that you have the gratification at
the same time of fostering native industry.

Lven wooden buildings can be made very beautiful,
of which there are many examples in the chalets of
Switzerland and in Norway, not to speak of Japanese
and Chinese houses, and I must own to a feeling of
great disappointment in travelling through Canada to
see how utterly prosaic and devoid of all taste, or even
attempt at architectural effect, the wooden houses of
the farms, villages, and settlements are.

Even time, which lays her gentle finger upon and
beautifies most things, seems to have despaired of
beautifying a Canadian frame house, for they seem to
get uglier if possible with age.

There is alvo a great field for eflective construction
in the combination of timber framing and brick and
plaster ; skilfully and artistically arranged and designed
they give most beautiful results. There are many such
buildings in all parts of England, some of them 200
and 300 years old, and they form as at Chester and
elsewhere, some of the most interesting domestic antiq-
uities we pussess.

Terra cotta is also a valuable building material. It
was in common use by the Romans, and there are many
interesting examples of its use in various parts of Italy-
1f of good clay and hard burnt it stands the weather
better than most stones, and is almost imperishable :
it has also the advantage of being fireproof. It has of
recent years been reintroduced, and one of our leading
English architects, Mr. Waterhouse, has largely used
it in many of his important buaildings, notably in the
new Natural History Museum at Kensington, a clever
and striking building full of stréngth and energy with
great fertility of design and freedom of execution.

One great advantage of the material is that you caB
get the artist-workman’s own impress on the work, and
another that within proper limits you can get a reduplics-
tion of any design with more econony than in stone-




April, 184 ]

ﬁ\

AND THE INDUSTRIAL ARTS. 99

Herg; - -

lfr.e’n however, lies its danger. The facility of repro-
Carimg I any quantity a given design, whether it be a
ATved panel o g moulding, is apt to degenerate

i . .
'}to Mmachine work and lifelessness unless carefully
Watcheq. ¢

Itisy

are ] eginning to be used in the States, where they
also

. making it, but with only partial success as yet.
ery Zesults of my endeavours to use it here were not
the In;lf:otpI‘agmg, but doubtless, when they understand
& isfacltm acture of it better, the result will be more
ory. :
tion:lome now to an importe}nt m:ate;‘ial for construe-
Comg mPUTPOst and one wluch'wﬂ.l in all prgbublhty
©Dlipe] ore and more into u-e, viz., iron, . This is almost
arcs e)’ & modern material as regards its use to any
tioz litent n aichitectural or engineering construc-
this.pmt Was, you may- say, entirely unknown for
Pose to the (ireeks, the Romans, and the
Vas iy t‘dl builders, and the usis to which it was placed
Archeg { "e shape of tie rods to tie the springings of
many Otf)i,t}ﬂlthpr, y_v}ucl} lmfl in gufﬁcxent abutment as in
or in th : Italian (xomh}c bulldmgs.and monume{)ts;
pTeSSuree orm of a chain to equalize the thrust or
St. p, ,38 10 the domes of St. Peters’ at Rome an-l
aul’y, London. .

“ild;?s al; intoresting question to know what the
Wiy of the great cathedrals and monuments of
cony .y, Wo‘uld. have made of iron, had they been as

tsant with 1t, as we are.

O wr ir jaov
ealiep ¢ ought iron of the medizxval agesand of even
but j¢
€

Mg, oy

t"’{eS, is 50 lovely, in the uses to which they
i}as 10 gates, railways, grilles, screens, balconies,
bm.;] al?lt 016 would fain believe that they would have

i r(: ::g'shew good work with the other also.
itect 18 matevial that engineering draws closest

:, ‘:eothg era of iron, and the inauguration of rail.
all” . btion of dra.muge schgmgs, water work.s, ete.,
Woulq DOVSVUCh as brulgeg, ‘buildings, etc., wl}xch we
Wag desiq, call more distinctively engineers’ work,
thajy Woul ted by architects and was considered part of
our Chairman will not, I am sure, feel

0 I say that the engineer was un-

T,
Agyn: *
bo“@Ved
kn own, whe

Th
“Donots}?e benefactors of their race had not yet risen

bt f‘)rs:ﬁne’ as a special class.

8 thy gy ' Teasons I have named ard partly owing
time, thf:'it Y and conservatism of the architects of the
of the ;ﬁmen who devoted themselves to the problems
Uateq W forces then awakening, came to be desig-

Propoge * 1'% Dame of engineers. Thnse of you who
“‘imbf.rimfcoﬂllng engineers have a noble ancestry
elrg S Many talented and great men. Youare the

Prof.gy; Zoble uchi_%vements and the future of your
n even brighter things in store. I suppose
thy ‘:l:nem of bridge-building n stone is overp};nd
Frop, :f steel will be the almost universal material,
my ming Mistic point of view one regrets this, as to
8 e €Te are no modern bridges so satisfactory in
t{,ﬂoﬂ“ the well defined old stone bridges.
Spea Tdge over the Thames at London, not to
OBdon Bridgge itself—many of the bridges
¥ o 'il,‘.]e at Paris, the Bridge of St. Angelo, at
lol'euce valto gt Venice, the Ponte Vecchio at
What aflpa 8t poetic associations around them !
Te0t strength and dignity they have as

linking shore to shore they span the turbulent river,
as if rebuking the restless rush of the waters!

But all these I suppose must go, before the approach
of iron, like the old three-deckersand ships of the line,
b: fore the iron-clads, The old stone bridge and the
gallant ship with every sail set, were favorite subjects
for painters, but who would sit down deliberately and
paint an iron-clad or turret-ship, such as the ¢ Devas-
tation ” or “ Thunderer,” or an iron bridge in all its
gaunt ugliness. But this is a utilitarian age and the
‘“almighty dollar” is the standard alike for Jjudging
wen, buildings and bridges. .

But with this dirge for the disuse of stone bridges I
must freely confess that iron and steel are most valua-
ble materials in architectural and engineering structures,
and have made possible the bridging over of wide gulfs
and raging torrents, and even seas that would otherwise
have been impossib'e, and also the covering over of
large interiors such as markets, railway stations and
halls, . '

Unfortunately when it was first used its utility was
all that was thought of, and its appearance was never con-
sidered, so that strange and ghastly abominations,
speedily began to loom up and confront one in the streets
and hang over the rivers like a nightmare, and engineer’s
architecture became a by-word and a reproach. Mr.
Ruskin has lately been lecturing on the plague cloud
of the 19th century and attributing it to the degeneracy
in the morals and manners of the age. I think he
might have included in the list of causes certain

- engineering monstrosities.

Of recent years, however, there have been great im-
provements, and when engineers have worked in con-
Junction with architects, the result has been much
more successful, as for example the new St. Pancras
Station, in London, the new railway station in Phila-
delphia and others.

It has begun to dawn on the minds of engineers
a directors of railways and others, that a thing may
be both ugly and deer, and that a bridge or roof de-
signed on graceful lines with features pleasing to the
eye, even without any ornamentation, ‘may be con-
structed quite as strongly and economically, as ome
which acts as a constant irritant on a mind with refined
instinets and tastes, and is a perpetual blot on the face
of nature.

1 believe there is more scope for the successful use
of iron or steel in engineering works than in architec-
tural, The engineer has been forced by his very cir-
cumstances to create new forms and is therefore
untrammelled by old ideas and is free to superinduce on
the constructive skeleton such features as may makp it
graceful and growing naturally out of the construetion.

The great danger is that to save trouble the engineer
will do pretty much as the architeet has (}oqe, take
stone or brick details and have them cast in iron or
hammered out in wood work forgetting that tl.xe nature
of the material must give the key to the shape’of detail
and mode of ornament and that instead pf a genuine
ferruginous ornamentation we may have simply a sham
stone ornamentation, and we may even consider our-
selves happy if it be not painted to imitate stone with
the lines and joints of the sham masonry shewn on.

If this be so then there is an end of all hope of im-
provement on these lines. ’

To be continued.
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BOILER EXPLOSIONS IN 1883

(]
BOILER EXPLOSIONS IN 1888.—(Engineering.)
"‘*‘mlt‘:}"kﬁf:ld’ contemporaries, we publish from time to time

by and wounded, the list of lives lost or damaged
"n?.: s“:"d’ carelessness, or incompetence of the msk‘g:s,

" giy d attendants of steam boilers. The information we
the &0; We take from the annnal report of Mr. E. B. Marten,
ang éngineer to the Midland Steam Boiler Inspection
Just Assurance Company, whose admirable yearly summary
the 'denwﬁﬁd bears evidence that the long-continued efforts of
thﬂngh  press and the boiler companies are bearing fruit,
the ’mwﬂslewhat tradily. The num%er of lives lost during
1y im 3 from the explosions of steam boilers was only 21,
& the Provement upon the past, as will be seen by a glance

bioi ® past,
inj Subjoined Table, which gives the results, as regards
!lg:z to: l‘}e.m‘l limb, of all the boiler explosions of the last
Number of Number of
Year, g:ﬁ:;‘;:: Persons Persons
1874 76 77 198
1875 68 81 142
1876 89 93 110
1877 54 54 75
1878 46 47 84
1879 g9 38 53
1880 81 71 83
1881 33 a 51
1882 38 38 43
The fonl“? . 89 21 a
Thege ':;'6“8‘8 i8 a copy of Mr. Marten’s report :
Cauneq the 9 boilers explosions in the year 1888, and they
ofol the 69 :;th of 21 and the injury of 41 other persons.
h OWhery, ) w:: . ed orinjured, 1 Was an owner, 4 were sons
_'b"‘lnn. 5 oy manager, 9 were enginemen, 9 firemcn, 28
03'.5:, dren, and 5 strangers not belonging to the
era]
“ewhat :x?gﬂiight steam boilers explosions, or explosions of
S vessels, are mentioned in an appendix, as

not being sufficiently important to put in the records of hoiler
explosions as given in the past 22 years.
one of the boilers were under the care of this company.

The Exploded Boilers were used for the following
Purposes :

T No. Kd, In.

Steam tugs or boats .. .. . 6 2 1
Small shops .. .. . . 5 1 12

No. Kd. In.

Iron works. .. .. . . 4 6 8
Collieries or mines .. 4 8 7
Farms ... .. .. .. . 4 0 1
Contractors or builders . . 4 2 4
Mills el e e . . 4 8 5
- Chemical ve e, e . 1 0 0
Paper works .. .. . . 1 2 0
Tauyard e s . 1 0 1
Soda water works .e 1 0 1
Quarries e 8 0 ¢
Railways o eer 1 2 1

Total .o . o 86 21 41
hﬁ: causes of explosion are arranged under the following

A. Faults of Construction or Material wlu'c{tma'ybe

Detected befors Starting or after Repasr.
No. Ed. In. No. Kd. In.
Weak tubes . . 2° 2 4 .
‘Weak ends e . 1 0 @
Seam rips .. 2 010
Bad joints v T 1 1
Bad punching .. . 1 0 2
Bad stays e Lo, 2.0 1
9 3 18
B. Faults to be Detected by Periodical Inspection.
Internal corrosion .. 11 6 9
External ¢ . 4 1 4 '
17 7 13




102

CANADIAN MAGAZINE OF SCIENCE

[April, 1884.

C. Faults which could be Detected by Attendants.

Shortness of water 7 10 9
Deposit .. .. 1 g o
Over pressure, from valves
out of order .. 4 1 1 )
— 12 11 10
Unknown, as vessel sunk 1 0 0
Total .. . 39 21 41

The exploded boilers were of the following kinds, the causes
of exg]osion being stated as in the summary under the heads
ABC.

Cornish or Lancashire.

No. Kd. In. No. Kd. In. No. Kd. In.
A Weak tubes 02002 4

Rigid ends ... 1 0 o
Seam-rips . 1 0 8

— — 4 2 12
B Internalcorrosion 2 0 2
External corrosion 3 0 4

— — 5 0 6

C  Shortness of water 4 10 8
Deposit .. .. 1 0 o

- — 6 10 8
— — 15 12 26
Plain Cylinders.
No. Kd. In. No. Kd. In. No. Kd. In.
A Bad repair .. . . 1 0 2
B Internal corrosion 2 1 3
External corrosion 2 6 3
— — 4 38 6
— 5 3 8
Locomotive Multitubular.
A Bad stays .. 1 0 1
B Internal corrosion
or furrow ., 2 2 1
C  Over pressure .. 3 0 1
—_ — 6 2 3
Vertical or Crane.
A Bad joints .1 1 1
Bad punching .. 1 0 2
Bad stays . 1 0 0
G — — 3 1 8
B Internal corrosion 2 0 0
External corrosion 2 1 0
—_ — 4 1 0
—_ -~ 7 2 3
Marine—Ship, Tug, or Boat
B Internal corrosion 1 1 0
External corrosion 1 0 0
— — 2 1 0
C Shortness of water 2 0 1
Over pressure 1 1 o0 )
Unknown, sunk 1 0 0
— 4 1 1
_— 6 2 1
Total .. 39 21 41

Of the fatal cases, two were in Scotland where no inquests
are hold, and, in the other ten cases, the verdict was accidental
death, with certain recommendations as to better inspection.

The Board of Trade has made preliminary inquiries under
the Boiler Explosions Actof 1882, in thirty-one of the cases
mentioned in the records, also on twelve of the slight cases
mentioned in the appendix.

As four cases were at collieries, the reports will appear under
the Mines Department, while those on shiphoard under the
Marine Department. '

The most fatal cases have been at iron works. The class
of boiler most frequently failing has been Cornish or Lancashire,
as might be expected, as there are more in porportion to any
other kind. The cause of explosion most prevalent has been
corrosion which could have been detected by inspection ; and
also othets which might have been prvented by more care by
the attendant.

The models used in making the sketches for the annual
records were lent during the year to scientific societies or
gatherings of engineers, at Middlesbrough, Newcastle-on-Tyne,
and Stoke-on-Trent, and addresses were given with simple ex-

periments upon various matters bearing on the subject of boiler
explosions.  Some of the these addresses are printed with
full illustrations, and from an addition to the introdnction of
vol. ii. of the records. )

The general extension of the system of covering all risks by
agsurance has caused a demand for larg sums to be assured on
boilers, with comparative indifference on the part of those
asking for it, as to securing that inspection which should
accompany it. The long expericnce of twenty two years.
confirms the impoértance of that independent periodical inspec-
tion which is the primary ohject of this company to provide,
and it is hoped that the perusal of these records will assist in
showing the owners of boilers the importance of making
prvoision for the proper carrying out of inspection, in the
interest of both safety and economy.

— e
WIRE-GUN CONSTRUCTION.

BY MR. JAS, A, LONGRIDGE.

Bofore entering on the specific su'ject of the paper, the
Author referred to a number of documents received by the Insti-
tution from the Ordnance Department, U. S. A. These were
mostly translations from the works of Virgile, Rossct, and Cla-
varino,and related entirely to the Hoop-Constructions of Guns.
The conclusions and formulas arrived at bv these authorities
completely bore out those of the Author’s Paper of 1860, and
the fundamental formulas, agreed with those derived by Lamé,
Hart, and Rankine. The formulas, however, required moditi-
cation in certain circumstinces, when account was taken of
the action of lateral forces, whether of tension or of compres-
sion.

In guns constructed on the Author’s principle there was no
strain on the core or coil in the direction of the axis of the
gun, so that only the radial compression-force had to be con-
sidered ; it was shown that in no case was this very important,
and that its effect vanished when the modulus of elasticity 0
the material of the gun was the same throughout. Virgile
came to the conclusion that no part of the gun should be
strained beyond its elastic limit, whether in tension or com-
pression.  Whilst agreeing with this as regarded tension, the
Author came to a different conclusion as regarded compression.
This from his own experience might be largely exceeded with-
out detriment, and in this he agreed with Clavarino, and ex-
pressed the opinion, fully confirmed by experiment, thata com-
pression of three times the elastic limit was perfectly adinis-a-
ble. Both Virgile and Clavarino attached great imp 'rtance to
the proper determination of the shrinkages, in this resp-ch
agreeing with the Author, who had always contended that
Sir William Armstrong and the Woolwich authorities were
wrong in assuming that if the actual shrinkagos were in exces8
of those indicated by theory, the gun would shake itself right
by repeated firing. This view the Author contested ; he
pointed out that it would only be true if the exccss straib
caused a permanent set just equal to the original excess shrink:
age ; that it often happened that the permanent set was gieat-
ly in excess of this, and in such case the gun was reduced t0
the condition of deficient shrinkage, and it might be of b0
sbrinkage, and would then inevitably fail. The Author next
referred to the failure of a 6°3-inch gun on board H.M.S-
* Daring™ on the 22nd February, 1883, resulting in the death
of two men and the wounding of three others during target-
practice. From calculations made by hLim, the Author con’.
cluded that the failure of this elass of gun was certain, ir the
powder-pressure was not kept down to about 10 tons per s 20r€
inch, the effect of which on the efficiency of the gun need not
be stated.  He thought it probably that, owing to the metho
of construction, this gun did not actual]y burst, but was tor?
asunder by the successive permanent sets loosening the hol
of the hoops upon each other between the breech aud the
trunnion. After referring to Rosset’s experiments on ““Specia
Elasticity,” or the extension of the **Elastic Limit " by streteh”
ing, the Author pointed out that inasmuch as this only to0
place when stretching was the effect of mechinieul foree, an
not when it resulted from contraction in cooling, this property
wus not available in the ordinary method of gun-constructiom
though it had some effect on the behaviour of a gun under fire:
After careful cousideration the Author was forced to the cob”
clusion that the oonstruction of a perfect hooped-gun was bese
with encrmous practical difficultirs, and that the present 877
mament of the country was unreliable.

Turning to wire-guns the Author remarked that there was 8
good deal of misconception on the subject. It was not that

: ) 7
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matefial in the form of wire was much stronger than the same
aterial in mass, and that the method of coiling it on was ex-
edmons and convenient. This was true : but the essential
.ﬂ‘ture of Wi're-Gau Construction consisted is the facility it
fO\‘dgd of bringing the body of the gun into the proper state
. rvarled initial tension, in order that, when the powder-pres-
o € acted, every portion of the coil might be equally strained
'&: pre-determined tension. Thus the important question
win to determine the proper tension with which to lay on the
ﬂni:' It was maintained by some that the tension should be
Withor‘m’ and by others that it wassuffivient to lay the wire on
plan Just enough strain to ensure close contact. The latter
con thad been adopted by Dr, Woodbridge in the 10-inch gun
Sta: Tucted at Frankford Arsenal, in 1873, for the United
mo ol C_rovernmen.t. After briefly describing that gun and its
of ite of construction, the Author pointed out the impossibility
pr 8 Proving a success, being wrong both in priuciple and in
Actice, '
en:l;hﬁ Author thep proceeded to enunciate the problem, and to
di Merate the variables on which it depended. By a series of
e ?r'an}s he showed that by a proper formula it was possible to
at Wine the exact laying-gn tension of each coil of wire, so
unifOWhen the powder-preSsure acted, every wire should be
be keﬂnly stra{nefi to the allowed limit, which should always
alsg dpl: well within the elastic limit of the wire. The diagrams
Whep €Monstrated the strains both of the coil and of the core,
thegs ‘;l_uder fire and when at rest.
elagt; Jagrams, in the respective cases where the modulus of
ton a}y of the core was 4,500 tons, 9,000 tons, and 22,000
'hozed at of the wire being 22,005 tons throughout ; and they
In ¢y clearly the great advantage of a core of low modulug.
th :_ Dext section the Author dealt with the case of layiug-on
Seriey Ite with uniform instead of varying tension, and by a

There were three sets of

oter of diagrams he showed how very important it was to
algg sml;me the proper amount of this tension if uniform. He

ticnlgy O%ed that for each individual gun there was one **par-
thay thi tensx.on of laying-on which gave the best result, and
'8 particalar tension might be found by the formulus.
the r:rmu]fls and diagrams also demonstrated the condition of
f‘lrthe:"e““"e guns when under fire and when at rest. A
Wade ; Set of diagrams showed the serious error that had been
itg co“”tC“P.tam.Schultz' 34 centimetre guns, if the account of
Tegy  oruction in the United States Ordnance Report was cor-
Meggy, dav‘“lno's hypothesis, that ‘the strength of a gun was
the lnae by the ¢ extension ’.’ and not by the *“tension” of
Objectiq Tlal was shown to be ill-grounded. Proceeding to the
of loy ii?s Which had been made to wire-guns, namely, want
) cﬁ, ‘ll]{ilnal strength, derangement of temsions by heating,
the 2y hing the core by the compressive sction of the coil,
g""ide d‘glpomted out that such objections had no validity,
© next € gun was constructed properly.
tion of th 8ection of the Paper was devoted to a brief examina-
be onl © Practice of * chambering.” This was maintained to
8 toa evice for reducing initial pressure of the powder
Bre ws“" an extent, that it would not overcome the iB-
as made“k_ness of the guns of the present day. A comparison
Other une of two 14-inch guns, one with a large chamber, the
Te eqr 3Mmbered, and it was shown that whilst the two guns
With 5"““")' strained by the explosion, the chambered gun,
enetgy to 111)8 of powder, imparted about 19,000 foot-tons of
o nem_lt € projectile ; the unchambered gun, with 413 lbs.,
Upon ), Y 30,000 foot-tons. Some remarks were then made
W-burning powder, and it was maintained that it was

2 retr,
Cal] d° Tade step ag regarded ballistic effect, and was only

N 0:. by the weakness of the gun.

Whig, fhmc‘!’ul inferences drawn from the investigations on
PFirst &Papﬂ‘ had been founded were three :—

hying_:m ® Paramount importance of a proper, formaula for the

of Watep; ltenslon of the wire. Second, the advantage of a core

Tllird a1 of a low modulus of elasticity, such as cast iron.
e PTincei 8Qvantage of a thin core. Inan Appendix were given

of @ 8tp, Pal formulas for the construction and the calculation

plic&ti% °Ngth of these guns, and a few examples of their ap-

PV P —
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Wag six?rod‘.lcf'mn of the Lake Superior copper-miues for 1883
¥ millions pounds of copper.

TELE
telogr, “AOPF* OFricEs TN CaNADA.—The total namber of
%"0 Tatg to 8 in Canada is 2,259, the highest number
kctr%n the population of any country in the world.—

ROADS AND STREETS.*

BY JAMES MOFFATT.

Roads are built for the purpose of affording quick,
safe, and economic carriage, and in order to attain this,
regard must be had first to their location, grade, cross-
sections and cost.

Location —1In all old settled countries the opening
of a new road is a tolerably easy work to an engineer,
for not ouly can trustworthy maps' of the district
through which it is proposed to run the road be had,
but even the general characteristics of each farm, such
as nature of the surface, whether under cultivation, or
woolded, or marshy, &c., are obtainable in the different
Registry offices, so that he can make an approximate
location before proceeding to any instrumental exam-
ination.

But in a new country it is a much more difficult
matter ; no maps that give anything but the most
general information are obtainable, and unexpected
difficulties are constantly arising as the work advances.

To surmount these, unless the surface of the country
is very level as on the prairies of the North West, it is
advisable to make a reconnaissance or rough survey of
the district, noting all the features that are connected
with road location, as streams—their size and easiest
places for bridging, nature of their beds and banks,
direction of flow, &e. ; the hills and ridges—whether
thay form part of a range or not, their direction if they
do, their height, &e. ; the soil—its suitability for road-
making, &c., and whether the country is wooded or
not, &e.

Money spent liberally in these surveys is by mo
means thrown away. In the construction of the Can-
adian Pacific Railway some of the favoured routes
through the Rocky Mountains were found quite im-
practicable when preliminary surveys were made.

Having thus obtained an approximate location of
the road, it is then finally located and constructed by
the ordinary methods of surveying; and here much of
the future value of the road depends upon the work.

The road mnust be as straight as possible or the cost
of building and keeping it in repair will be unneces-
sarily large, and carriage over it will be slower and
conscquently more expensive ; but straightness must be
sacrificed whenever a level road can be had instead of
one with steep ascents and descents. i

The grades should be no greater than can possibly
be avoided, for travel over steep ascents and descents
is slow, besides being attended with more or less dan-
ger, and smaller loads too must be taken or else addi-
tional tractive power supplied. It often happens that
a road around such a place, though it may be more
than twice as long, affords quicker and safer transit.

A rise or fall of one foot in 35 is generally consid-
ered as the maximum grade ; down this a horse can trot
rapidly with safety. . .

When the carriage over a road is greater in. one
dircction than another, the descents may be made
slightly steeper in this direction for the sake of econo-
my.

Shape of the Road-bed. In Canada the majority of
the roads and streets are 66 feet wide, and when traffic
demands a greater width, they are usually made 99
feet wide. Avenues are commonly this latter width.

*Summer Report in course of Civil Engineering, McGill University.
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The road-bed itself is of different widths, varying
from 16 and 17 feet in country rcads, and 26 and 30
feet on principal thoroughfares, to 50 and even 60 feet
where the trafic is great and where there is much
pleasure driving.

‘Where the road runs down a long hili-side or
mountain by zig-zags, it is usual to make it several feet
wider at the curves connecting the straights.

This road-bed is hardened in many ways as will be
afterwards seen in order to make the traction as light as
possible. It is made in the centre of the road-allow-
ance, 8o that the sidewalks and drains may be placed
on either side when necessary.

7 // ///{//
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Its shape is governed by the following requisites :—
(1), it must wear down evenly ; (2), it must not not
wear concave and keep its centre a pool in wet weath-
er; (3), it must permit the water to run off rapidly
into the ditches at its sides; (4), and it must be of
such a shape that vehicles will travel over it in all
parts indifferently.

Teking these circnmstances into consideration the
cross-section of a bed formed by two planes with their
angle at the centre slightly rounded (Fig. 1) is the

best.

To provide against sliding, it is well to cut the earth

%n which the embankment is made in steps, as in
ig. -

An open trench at the top of the cutting should also
be made for the purpose of intercepting the water and
preventing it from washing down the earth on the
slopes.

‘When the hill is very steep, the slopes of both cut- -
tings and embankments should be revetted either with
stone walls or timber,

Roads over marshes will be noticed under “cordaroy
roads.” In all fillings it is usual to make the road-bed
wider at the top and correspondingly narrower at the

Z
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bottom, 8o that after the road becomes fully settled it
comes to the required dimensions. (Fig. 4) explains
this fully. Fillings are advantageously kept concave
on the top, as the water gathers there and hastens the
settling and hardening of the road materially, and the
shape, too, tends to prevent slides.

In all cuttings, slopes of 1 in 2 will in most cases be
found sufficient, but the deeper the cut the more gentle
should the slope be. When the earth is very light and
easily washed down by rains, all deep cuttings should
have retaining walls at the foot of their slopes, suffi-

% Q

Another form, that of a convex curve, is often davo-
cated (Fig. 2) ; but it does not meet any of the requisites
of a good cross section, for vehicles will not leave the
ridge as the sides are too steep, so the wear is consequen-
tly uneven, and as shown by the dotted linein the

figure, it will retain water in its centre until it sinks
into the road-bed, the very place where it is not wanted.

On a hill side, the bed should be a single slope, in-
clining towards the hill, the ditch being between the
bed and the side of the hill, and so made that the
water can be carried along the side of the road either
to convenient places-for making culverts, or for cer-
tain distances where culverts should be put in.

In this case the road-bed (Fig. 3) is usually made
half in excavation and half in embankment, allowance
being made for shrinkage in the latter.

) / ////////////

Fic. 8.

ciently high to hold all the wash of a wet season
When springs are disclosed in cuttings they shold be
tapped and carefully led off, '

Drainage.—This is a very important subject in road
building and too much attention cannot be paid to it.
The side drains should not only be able to carry off all
water that falls on the bed, but also cut off all surface
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i Water from filtrating under it from the adjacent ground

r 3ud rendering the substratum soft. In a fairly level

sountry these drains should be about 3 ft. below the

tom of the road-covering ; this depth with say two

%t depth of road-covering would give b feet of side

| °Xposed to the drying effect of wind and sun, and will

| ::lmlly ‘ensure a good dry road if water is not allowed
! T®Wain on the top.

| s d Overed drains are necessary in cuttings where open

\Ce-draing would soon be filled by ‘wash.” Fig. b

thows ap excellent method of constructing them.

FiG. 5.

. Culvery, for carrying the water from one side of the
%o the other and for allowing small streams to
\Bder it are made in various ways. In the aver-

timhy 2*dian road it is usual to make them of squared

“icksr’ with side of about 18 inches. Two or three

tw sion each side, one on tep of the other, form the

des of t . 2
;monnt of w. he culvert, the width depending on the

ots

8n )
{hrPort the roadway, made of planks 3 or 4 inches

th:r‘;:nd laid down at right angles to the direction of
Stoneg ¢ - © bottom is commonly covered with small
Whe Prevent any underwash. :

. 0? timber is not in plentiful supply culverts are
ven stone and should have a concrete floor to pre-
dation 4 1"38h doing injury to the stone-work foun-
*-pavzgd the road-bed. (Fig. 6.) In streets that
Rather o1 gutters 3 inches in depth are sufficient to
the qpg; Water from the carriage-way and convey it to

The p) and sewers of the city or town.
of M&Ot 8nd profile of the line, the establishment
Tady }, t;nd caloulations of cuttings and fillings are
Y the customary methods of surveying.

CLASSIFICATION OF ROADS.
ATy Ro

Toads, are thAD?’ or a8 commonly called in Canade, mud
\eslmplest kind and are the foundation of

ater likely to pass through at the time of
1 these there are laid several sills, which

- Y e

NN

nearly all our thoroughfares. They are everywhere the
pioneer roads, owing to their easiness of construction,
for they are merely the natural surface of the ground
with the smaller ridges cut down, and the hollows filled
with the earth taken from them and the side ditches,
if they ever have these.

In summer they are dusty, and in wet seasons they
are very muddy, especially if there is any heavy traffic
over them ; but they are the easiest of all roads for
driving on, a carriage running over them as smoothly
and noiselessly as if on a carpet.

N
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Their grades should be easy, not exceeding 1 in 30,
and the surface should not slope less than 1 in 20 to
ensure a dry road. The side ditches should be deep
and large. .

In sandy soils a top layer of pasty clay makes a great
improvement, as the sand and clay two pack together
and soon form a fairly solid bed. If the eoil is a stiff
clay the addition of a layer of sand will have a like

nefici t.
beTlﬁm:uigﬂ;:cade in the fall and spring should be filled
in with coarse gravel as soon as formed so that it will
be pounded down and worked in with the mud before
the road gets dry in the summer. By doing this care-
fully for a few years & very compact and solid bed is
magg'nnmoy Roaps,—When such a road as th.e one
just described came to a marsh in early days, as it was
useless to build it further-the settlers had recourse to
another primitive kind of road, a corduroy. )

As Canadian swamps are usually well stocked with
cedar, and pine, they felled these along the proposed
road and -towards it to lighten the work of hauling
them, cut them into lengths of about 16 or 17 ft, lopped

D - ISR EN \\W.n
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off all branches close to the trunk, and laid them down
at right angles to the direction of the road on two
others laid lengthways with it and partially sunk in
the ground, so that those on top would not sink down
into the soft ground unevenly, being careful to leave
but the smallest spaces possible between them.

When they wished to improve the road they split
some of the straightest trees into three or four pieces
with triangular cross-sections and inserted these edge
downwards in the open joints, placing them so that
their top surfaces would be on the same level as the
tops of the logs.

In some instances roads are built through country
totally unfit for settlement, as pioneer waggon-roads for
the advancement of railways.

The Canadian Pacific Railway, owing to its passing
through such a country fiom Mattawa, westward
through the districts of Nipissing and Algoma, has been
compelled to build a road along its located line to for-
ward supplies, &c., in order to have a greater number
of miles of road under construction at the same time.

Nothing but a mud road is, of course, attempted, for
as soon as the end of the iron reaches any spot on this
road it is at once disused. Drainage is rarely attended
to, owing to its being too expensive for the amount of
use the road is put to. The road is built as near the
located line as possible, in order for it to be convenient
for future operations when the grading is being done,
and as the most level ground is sought for for the rail-
road, it is to be expected that a large number of swamps
and low-lying stretches of ground will have to be
crossed. This is the case especially in Algoma. In one
particular instance the line crosses a large spruce flat,
about five miles long, and with no high ground in any
reasonable distances on either side. The flat js plenti-
fully timbered with large spruce, tamarac and balsam.
In some places the water was two or three feet deep
for half a mile at a stretch, when the location party
went through early in the month of June.

To cross this cheaply, the following methed might
be tried, Fig. 1.

Clear the necessary width of road, trimming the
branches, some that are tolerably straight, and throw
them on the part where the road is to be made, at right
angles to its direction, in order to form a bed to keep
the logs from sinking much in the soft ground. On top
of them lay logs, the same way as in preparing for a
corduroy—that is, two logs laid in the direction of the
road, trimmed, &c.,—an additional one in the centre
would be a great advantage. On these lay the cross
logs, notched, 80 as to prevent their rolling, one every
eight feet would probably answer well, the number
depending on the size of the logs. On top of these
again lay anothcr three in the same way as the first,
and also notched to prevent rolling. Care should be
taken that the odd numbered rows break joint with
each other. If this raises the road-bed sufficiently, the
cross-logs that form the roadway are then to be laid in
the same way as in the ordinary corduroy road.

‘Where fair timber can be had, an additiogal thick-
ness of two logs would raise the road bigh enough to
make it dry where such a road could be built with any
degree of cheapness.

The advantage of such a road is that it is cheap as
regards labour, easy of construction, and least expen-
give in a very swampy piece of country. The timber,

except, perhaps, some of that used in the roadway, is
uninjured, and may be made into ties when the end of
the iron reaches it.

As the country became more thickly populated
these roads were covered with gravel and earth and
were considered complete,

The opening in the woods caused by the filling of
the trees has a very beneficial effect on the ground
along the road, as the sun aud wind getting at it dries
it up considerably.

Military engineers build roads over wet and marshy
ground in a somewhat similar manner to this, but
instead of using timber, they use fascines or bundles of
brushwood,]8 ft. long and 9 inches in diameter, secure-
ly fastened at 12 places with withes, spun yarn, wire
or hoop iron, the two latter answering the purposes
best.

They are laid crossways in one, two, and three layers
acco:ding to the requiremen‘s of the place, the top row
being always at right angles to the direction of the
road.

The whole is covered with gravel sloped 1 in 30
from the centre. It makes an excellent road, easy and
springy, and for these reasons valuable for the transport
of artillery.

It might safely be used by civil engineers, for it is
light and little liable to settle in wet ground, and not
only for this reason but also on account of the difficulty
earth would have in working up through it as it sank,
especially if put down in three layers. It has also the
advantage of using no valuable timber.

As the country, in its better sections, becomes set-
tled, this method of road-making would be a very suit-
able one. Every bit of brush issuitable for making the
fascines, and the hazel might be used for the bands.

Cutting and scattering this under brush over the
road way has been tried along the Algoma Mills
Branch of the Canadian Pacific Railway, but as ne
earth was put on top of it the natural consequence is
that when the brush got dried out, a horse stepping on
it makes it fly up in every direction. For a temporary
road-way the spreading of six or seven inches of earth
over it would make it serviceable.

Praxk Roaps.-—Plank roads were once somewhat in
use in localities where lumber was cheap and gravel
scarce, but are now seldom made. They were built
alongside of earth roads for use in wet weather and
were usually only about 8 ft. wide ; the planks, which
were 3 or 4 inches in thickness were laid on sleepers
about 5 ft. apart and as in figure 8. 'The object of
this arrangement was to prevent long ruts being made
at the edge of planks and to assist vehicles in getting
on the plank covering again after they had turned off,
as of course one would always have to do from the
narrowness of the 10ad.

The sleepers should not be placed deep in the ground
or they will form form serious hindrances to the drain-
age of the road. A good dimension would be 12" x 3"
and laid flat.

However, it is not a successful kind of road; the
planks twist and warp, and so get loose and displaced
and render travel over them disagreeable and danger-
ous. A good gravel roxd will in time prove much more
profitable in most localities.

GRAVEL Roaps.—Gravel roads in Canada have been
nearly all built on the top of mud ones, and have con-

[April, 1884.
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Imly good beds to begin upon. In choosing mate-

Mal, gravel that is coarse and varying in size from %
1nch to 11 inches is best and should not be water-worn
but should contain sufficient earthy matter to make
the two bind well together. (ravel from lake shores
and beds of rivers is not suitable for road-metal, the
Pebbles have become rounded by the action of the
Water, and all the little roughnesses that would once
ave greatly assisted their consolidation in a road-bed,
ave been removed. Besides the sandy loam has been
all waghed away, so that it is quite unsuitable for
road covering unless other materials are mixed with it,
efore using gravel dug from pits it should be
Screened through a sieve with wires 14 to 1% inches
3Part so as to clear it of all large pebbles, and then
through a second one with wires 4 ins. apart. Those
Pebbles which do not pass through the first must be
Token if used ; and the earthy matter which passes
througl, the second sieve should mot be used in making
itxllle roadbed at all, but will answer for side-walk cover-
gs.
I In applying the road metal, a layer of 4 irches of
8favel should first be spread over tho ruud bod aud
Vehicles then be allowed to pass over it until it be-
Comes almost consolidated ; the ruts as fast as they
oPen being filled in. A second layer should then be
PUt on 3 or 4 inches in depth and treated in the same
Way as the first ; and finally a third layer, but the ag-
8regate thickness need not ‘exceed 12 inches.
o b should be packed each time with either a steam
ul' horse roller, a light one of about 2 tons weight being
tsed for the tirst layer so as not to pack it too well
o8ether and hinder the second one binding with it.
or the other layers a heavy one of 6 tons and up-
Vards in weight may be used.
roll the gravel becomes too dry to pack well under the
°r 1t should be moistened with water.

he side  ditches should drain the road bed at least

1ches below the bottom of the road covering.
the ACADAM Roaps.—Macadam roads, so called from
n dnamfi of the man who first introduced them, are
8Qe With broken stones.

oI obgerving heavy vehicles pass over newly
rOunedgl'avel roads and noticing how the more or less
Whe ed pebbles rolled and pushed one another about
c%snl}lnder the wheels and that the road began to
Debb(; Wdate only after long traffic over it and after the
that is began to get broken, he came to the conclusion
mem:l the stones should be broken into angular frag-

o by hand and that no large stones should be used.
°Ven went so far as not to allow any earthy matter

on ti Mixed with them, but this when carefully tried
be ® Toads of the New York Central Park proved to

WEightm oiStake’ a8 the broken stones even under the
they ,

wh@ela and h

fa 12 ton roller would not pack so much that

iy orses’ fet.

stong Beh engineers consider that the cleanliness of the

800p ' 18 Unecessary ag the travelling over the road very

8ti pu!ve"m part of the stone and fills the inter-
88 with dust, &e. ;

® engineers think too that just h calcar-

€oyg 1k too that just enough c

theg Matter should be added in advance as will fill up
T; Vacancieg,

b“ﬁ]i? :tone to be used should be very hard and tough ;

1d trap are perhaps the best. Limestone is

ould not loosen under the action of wagon -

good too where the traffic is not very heavy but is apt to
wear and is dusty in dry and slippery in wet weather.

For the bottom layers softer metal may be used as it
is not exposed to any grinding action.

According to Macadam, stones should be reduced to
pieces not exceeding 6 oz. in weight, which corresponds
to a cube of about 1-5-inch in side. The stones are
broken either by hand hammers or by machines, the
best known of which are made by Mr. Blake and can
break from 3 to 7 cubic yards of stone per hour accord-
ing to size of machine.

The thickness of the road covering need not exceed
10 or 11 inches, 5 to 9 being frequent!y sufficient.
Macadam laid the metal metal down simply on the
natural ground after the bed had been prepared by
levelling, sloping, draining, &c., first a layer of 3
inches thickness, then travel was admitted or a roller
used, ruts raked.in when formed and when almost con-
solidated, a second layer was added of same thickness
and proceeded with in same way and so on until the
necessary thickness was reached.

The broken stones need not be spread over a greater
width than 12 to 16 ieet except near large cities ; for
roads little used 8 or 10 feet will be enough.

A binding layer of about an inch in thickness, of
gravel or hard pan, i3 sometimes added when the last
layer has become nearly consolidated.

TrLrorp Roaps.—Telford roads are only an improve-
ment on Macadam ones. A foundation of ‘‘ bottoming”
of pieces of stone 4 to 7 inches in dimension being set
on the bed by hand on the broadest edges and length-
wise across the road, the 7 inch ones in the centre,
and the smaller ones towards the sides as in Fig. 9.
Above this “ bottoming” the road metal is spread as in
Macadam roads.

The superionty of the Telford road over the Mac-
adam depends on the following: —The smaller stones
of the road metal get between the * bottoming” stones
at the tops of their joints and act as wedges, tightening
and making stiff this ¢ bottoming” foundation, and so
hindering heavy traffic making depressions or hollows
in the road surface above.

REPAIRING OF GRAVEL, MACADAM AND TELFORD ROADS,
—These roads must be comstantly repaired to keep
them in a good state for travelling on, as the very
toughest metal soon gets ground into dust under heavy
traffic, anl as a rule they seldom are;—ruts are
formed, into which all the rain that falla on the road
runs, and lies until it soaks down into the rot}d cover-
ing and bed, so that instead of being comparatively dry -
roads a little wet weather makes them muddy for days.

All these roads should be repaired during wet wea-
ther, if possible, the upper surface of .the part to be
mended being first slightly loosened with a pick, and
the new layer then spread uniformly over 1t and care-
fully rolled otherwise, the new metal will not bind.

STREET PAVEMENTS,—Street paving at present is a
subject of much discussion, and to say what kind is
really the best is a difficult matter. A good pavement
must in the first place be durable, so that it will seldom
require renewing and repairing, and must be capable of
being taken up without injury for the purpose of put-
ting in and repairing sewers, and water and gas pipes;
it must give a firm foot-hold f.r horses and yet be
smooth and easy for driving upon; it wust be free
from dust and noise ; it must be able to carry off all
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liquid refuse ealled sewage ; and lastly it must be easily
cleaned.

Foundations.—For all pavements good foundations

| aro absolutely necessary, and the want of them is one
| of the most frequent causes of the failures of pave-
| ments. They should be made of some incompressible

{

}
l

material and of sufficient thicknees to keep the bottom
of the pavement from the subsoil.

The chief foundations are those of sand, of broken
stone, of pebbles, and of concrete,

For stone pavements, sand is one of the best, owing
to its incompreesibility, and is laid down on a well-
pounded prepared bottom in a layer of about 4 inches
in depth, then wetted thoroughly and pounded ; two
other layers may then be added in like manner, and
the whole when well rammed should measure about 8
inches in depth. -

Two additional inches of loose sand may then be
spread over the whole 80 as to fill up the joints of the
stones from beneath,

Broken-stone foundations are prepared in the same
way as macadamized roads, and should not generally
be lees than 8 or 10 inches in depth. A few inches of
clean gravel spread on the top completes the founda-
tio )

.
Pebble or cobble stone foundations are used chiefly

i
Siie i

this pavement should be tough and hard, should not 1 '

for dressed stone pavements to rest upon. They are
set in 8 bed of sand a foot or so deep.

Concrete foundations should be composed of 1 part
of Roman cement and 1 part of sand mixed together
dry ; the whole then mixed with 8 parts of broken
stone using as little water as possible, Upon firm
subsoils 6 or 7 inches properly rammed in one or two
layers-will be sufficient ; other soils in proportion. In
a fow weeks it becomes strong and though it may crack
a little, its superiority over all the others can scarcely
be doubted.

Bection of Strest.—1In cities and towns the road bod |
is usually the whole width of the street less the width
of sidewalks and gutters. The road-way is separated |
from the sidewalks by & row of stones called the curb |

sidewalka, to allow the water to flow over them into |
the gatter. Their lower edges should be below the
street pavement, to which they form an abutment.
The gutters should extend from these curb stones some |
15 or 16 inches, and this part should receive special |
care in paving. The slabs used for this should be 3 |
feet long at least, 15 or 16 inches wide and 6 inches
thick ;. they are laid flat. (Fig, 10.)

STONE-BLOCK PavEMENTS.—The material used in

i
i
|
-stones, set qn their edges, their tops flush with the i
|
|
!

i
|
1
|
!
i
|
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fig. a Fie. 11.

;ezm“’th. but always remain rough on the surface,

3 %o give foot-hold to horses, nor should it wear
de thy; and lastly the blocks should be of uniform
PEh else the Jegs deep ones will settle more in the
Wnger o there must necessarily be more loose sand
TR them to bring all flush.
'8 10 shows how sidewalks, gutters and pavements
" ounected,
to 128°0d size for the blocks is 3% to 4% in. broa-d,.9
dep Oreven 15 inches long and 8 or 10 inches in
Side - Some engineers recommend cubes of 8 inches
in co“'a good size. They must be packed closely
tn 0us courses, with their length across the
Wl’]"‘d Joints broken,

| their °n the stones are laid, as in the plan above, with

Strogt Courses 5t right angles to the direction of the
%theu edges are found to wear away o'ving to the

: dﬁ"’m the wheels, &c., 8o to prevent this they
of 450 frequently with their courses making an angle

1')'1::3 ity the street slopes if the V of figure b i8

BT in its point up the slope the flow of the
of this o?urg}:ggnﬁﬁu is greatly assisted by the joints

e

Y

F1c. 14.

e -
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The stones ar> sometimes set firmly in a bed of stiff
mortar cement and not disturbed until the wortar has
set. Some builders advocate that the joints as well
should be filled with mortar and this certainly would
give a very compact road.

The blocks are set in contact with each other and a
thin layer of sand poured over them and allowed to
work well into the joints.

. Lately in Toronto, Ont. in discussions as to the re-
lative cost of the different pavements, it was estimated
that stone-paving would cost the city $2.50 per yard

~ when laid down ; to this was added 50 cents per yard
for replacing and repairing the surface stome once in
its average life ; so that the total cost of this pavement
would be $3.00 per yard for 21 years, which was
considered an average life.

In Buffalo, U. 8., it is found to be cheaper still,
being laid down for from $1.80 to $2.25 per yard.

The principal objection brought against it in Toronto
was the noise vehicles made going over it, and this cer-
tainly is a serious one on streets where a large retail
business is done, though it is no greater than is made
going over macadamized roads. Certainly no pave-
ment has been found yet that will stand imn.ense
traffic, preserve an even surface, be as durable and
as economical as a first-class stone pavement.

WoopEN PAvEMENTS.—Wooden pavements are made
of blocks of wood, set on end, with the grain vertical,

That they are slippery in wet weather, and that they
do not last long are the principal objections to them.
They soon decay owing to the water getting into the
pores of the wocd ; various methods are adapted to
prevesnt this, the principal ones are—Kayne's method,
which saturates the wood with a solution of bichloride
of mercury or a corrosive sublimate, (one pound in ten
gallons of water) ; Burnetts’, which uses a solution of
chloride of zinc (ome pound in ten gallons of water)
absorbed in a vacuum ; Renwick’s, with coar tar._
Seely subjects the wood to a temperature above the
boiling point of water and below 300 © (F) while im-
mersed in a bath of creosote oil, until the moisture is
expelled ; when thus expelled the hot oil is replaced
by cold oil, which condenses the steam in the pores and
forms a vacuum into which the oil goes. There are
numerous other methods,

Yellow or white pine and cedar are the woods
usually used ; they must be free from sap and sound ;
none but picked wood should be used.

Nicrorson PaveMeENT.—For this pavement the

locks are made between 3 and 4 inches wide, between
6 and 14 inches long and 6 ins. deep, the grain being
in direction of the depth. The blocks for the gutter
are sawed to a bevel so as to form a channel abo:t 6
inches from the curbstones.

The foundstion is made by excavating the subsoil to
a depth of 9 inches and must be shaped to the same
form it is intended to give the top suiface of the pave-
ment. A layer of clean sand is then put on, and a
close flooring of pine boards (1 iuch stuff) is laid on
this and lengthwise with the street, the ends resting on
the same kind of boards laid crossways as sills.: Theee
boaids are tarred on both sides with hot doal-tar to
preserve them, and upon them the blocks are laid, their
lower ends being dipped into the tar just befo.e being
put down. :

As each course of the blocks is laid across the street

W
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a baton of common pine 1 inch deep and  inch thick
is laid at the base of the blocks and nails driven
through both baton and block into the floor. The
spaces above these batons are then filled with a con-
crete of clean roofing gravel and hot coal tar tho-
roughly mixed and rammed down. Lastly, the surface
of the pavement is coated with hot coal tar, one inch
thick, and covered with fine sand and gravel.

A modification of this pavement consists in making
all the blocks of the same dimensions on top, (4" x 4"
is a good size,) but cutting just one-half of them 3 or 4
inches less in depth than the rest and setting them as
in Fig. 13, fill in the spaces with coarse gravel and pre-
pared coal tar or asphaltum, and the whole then covered
as before with the coal-tar preparation and sand.

The most common kind of wood pavement in Canada
is made with the best picked cedar blocks, about 10
inches in depth and 8 inches in diameter, bark stripped
off, and usually left round, but occasionally hewn into
a hexagonal shape. They are put down in the same

manner as the blocks of the Nicholson pavement, the |

spaces between them being filled with gravel and hot
coal tar as before, and the whole covered with tar and
sand and gravel.

In Toronto, Ont., a great deal of this kind of pave-
ment has been put down within the last three years,
but as the road bed was not properly prepared, nor was
the plank bedding put in, the consequence is that it
shows hollows in places. At present Queen street
east is being paved in this way and at léast one block
in every eight or ten has a hole through the centre or
has dozy wood there.

That this pavement can stand but a very few years
and that it is not a fair test of this method, must be
apparent to every observer,

In Toronto it was estimated that this pavement
would cost $1.20 per yard laid down, so that taking
its average life at 7 years it would cost $3.50 per yard
in 21 years without taking into consideration any cost
of repairs. Hence a stone pavement would be 60 cents
per yard plus cost per yard of repairing blocks cheaper
than a block pavement in 2{ years, and would have
also the advantage of less stoppage of traffic on the
street for laying down new and repairing old pave-
ments.

But undoubtedly on a street over which there is no -

very heavy carriage a block pavement is the best as it
is easier for driving on and less wearing on horses and
vehicles. .

On the whole a stone pavement is best for streets on
which manufactories and wholesale houses are built
and also on those over which heavy traffic is done, but
for streets on which there is light and rapid driving
the block pavement is most suited on account of its
springiness and quietness,

AsSPHALT PAVEMENTS. —A<phalt is a variety of bitu-
men generally found in a solid state. It is brownish-
black in colour, opaque and too hard to be marked
with the nail at ordinary temperatures ; it has a smooth
fracture and no odour unless heated.

It is prepared for use in road-making as follows: it
it first broken into small piece, and then combined
with bitumen or mineral tar, by heating the latter in
an iron boiler, and adding the asphalt by degrees,
taking care to stir them well togcther. The average
proportion of the two is about one part by measure of

[April, 1884.
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bitumen to soven or eight of asphalt. Then eleven
Measures of this is mixed with nine of broken stone to
Orm the bituminous conerete used to cover the road.
The foundation should be preferably concrete or
*oken stones laid in the same manner as for stone
Pavements. If the surface requir:s levelling, mortar
13 ugeq prepared as foliows : one moasure of R)sendale
ement paste, one of commen lime paste, and seven or
8ight of coarse sharp sand ; or Portland cement pasts
One, lime paste two, and sand ten or twolve.
" e covering is epread, while hot, over the founla-
100 1} ing, thick for the carriage way, and for side-
i:’alks, £ ins. thick, in rectangular sections. Its surface
then sprinkled with sand and the surplus sand swept
O and the whole left to cool.
O repair this roadway, dissolve one part of bitu-
2 1n three of pitch oil and spread ten ounces of
18 over each square yard and sprinkle on it two
£°“!lds of powdered asphalt, and then on top of all the
And a5 hefore,
88 many merits. Among them may be mentioned :
oduces no dust, and hence no mud ; it is quit
em_se €8 ; it absorbs no noxious liquids, and, therefore,
163 19 fou] vapours ; and,lastly,it makes traction light,
08s not get polished and slippery in wet weather.
fouts Cost, including the laying down of a concrete
Adation, is from $2.75 to $3.00 per yard.

* SIDEWALKS.

e,

It pr
oj

areS‘dB.Walks, for the accommodation of foot passengers,
uilt on both sides of the road-bed, and are paved
Crota BStone, wooden blocks, or some variety of con-
: ey are given a pitch of about one in twenty
towards thg gutters, P
or inagstone§ are laid down in a bed of sand or gravel,
simj) the middle of a bed of asphalt prepared in a
‘lsuaﬁr Way to that used for road beds. The flags are
ineh..) 2bout 4 faet by 2% or 3 feet, and four or five
cheg deep, ' .

) %den blocks are used, too, but chiefly for cross
of sx;. When they are placed within two rows of stones
Stonel:e shapg, and placed in the same way as curb-
ing 11 20d given a curved form for the sake of keep-

8Athem dry,
roa d?svl'lalt side-walks are made in the same way as the
thick 478, the covering being, however, only {1 inch

P
A0ks, two or three inches thick. of pine, hemlock,

an

lendg:}?d"' Aare aleo much used, being laid with their
n 3t right angles to tho traffic.

ing 4 Owontreal, Fig. 14 shows a favorite way of lay-

away fJ‘on Plank sidewalks in those parts of the cily
tc‘m“) business and much traffic.

Planj, imStS of a six feet wile sidewalk, with the

to th, 01? tf)'TOnt of the gites sufficiently long to reach

I apq ourt stone fur the convenience of those g tting

takep a of vehicles, The remainder of the spaea not

or agphst Y the planking is filled with either cinders

8 . . .
arg theigrreat. advantages in having wooden sidewa'ks
lng, Perh, °Ing less wet in rainy weither—nartly ow-
anq | D3, to their absorbing the watr, however—

R thyy, S 'Ppery, and their being so much -asier to walk

Dot gg sa r&e. The only disadvantags is that they do
8 fe:,y;&r: Téquire constant repairs aft: r being down
18 m

ethod of road-making m1y have to be used

yet more than one might at first think. In Algoma
there are miles o‘f bralé, with scarcely a stick of timber
standing, where nothing but small underbrush covers
the ground, usually soft maple, cherry, poplar and
hazsl. The surface of the ground rolls but very little,
making drainige a difficult matter, and, consequently,
road-beds would ba soft.
————t———
RAILWAY CURVES, &c.

Mr. A. A. Robinson, M. Am. Soc. C. E., stated that the
location of the New Mexico Extension of the Atchison Topeka
and Fe. Railroad was made with the standard of compensation
Lased upon the theory that each degree of curvature was the
equivalent in resistance to the movement of trains of 5,100 1bs
per foot of ascent. After the construction it was fonnd—first,
that upon maximum gradients O. 6 per cent where in full train
was 30 to 32 loaded cars, this compeusatior was bardly suffici-
ent ; second, upon maximum gradients of 1 13-100 per cent
with full train of 18 to 20 cars it was fully sufficient ; third,
upon maximum gradients of 3.4 per cent with full train of 7 to 8
cars it was evidently greater than was needed. Mr. Robinson,
considers that the resistance due to curvatare is affected by so
may condilions that it cannot be determined by a mathematical
formula except for the particular cond-tions assumed in a special
case. The sp-ed of the train, the elevation of rail, the greater
length of outer rail, the guage of the track as compared with
that of the wheels all affect the question and the resultant of
all the forces will be a function not only of the rate of curva-
ture and of the gross tonnage of the train but also of the number
of cars in the train. A train of 10 cars will produce a resistance
greater than 10 times that of a single car. Upon a division of
the railroad where a locomotives can pull 80 cars the rate of con.
pensation should be greater thin upon a division where engines
can pull but 10 cars. In practice Mr. Robinson has adopted
the following rules for compensation .

Rate of maximum grade 0.0 to 0.8 per 100 compensation 0:06 per 100
R 5 s A R S
Mr. Wm. H. Searles, M. Am. So. C. E' discussed mathe-

matically the nature an:l amount of the increase of resistance

on curves due to the increase in number of cars upon a train
and deduced a general formula for the total tractive force
necessary to be applied at the head of a train of cars moving
at a uniform velocity on a giving curve, and presented tables
giving the coeflicient for solving such formula in terms of the
number of cars and the degree of curve. He ?.lso presented
tables of resistances for given trains upon certain grades, and

a summary of equivalent grades per station per degree for a

given train upen various curves and grades. Alsoa t.able.of

resistances for a consolidation engine of 60 tons handling its
maximum train on a 20 degree curve. He also expressed the
opinion that widening the guage on curves was not an advantage

as far as a 4 wheel track 1s concerned. .

Mr. Lewis Kuigman C. E. stated that on the Atlantic and
Pacific Railroad the compensation 5-100 per degree was adopted
for all curves ; that 10 degree curves were the maximum, and
that all curves were leased off at both ends by compounding
gradually from the tangent to the full degree of curvature.
This practice he counsidered of great vatlue‘ and of very Sllght
additional expense. From carefulobservat'lops upon !:h.e action
of locomotives pulling trains upon curves, it is his opinion that
the compensation should vary with the grade.

Mr. A. M. Wellington, M. Am. Soc. C. E said that the rule
adopted by him was for the high grades the same as that of
Mr. Motley, viz., 4-10 per degree of curvature, but that Mr.
Morley increased this to 6-10 per degree on lower grades. The
theorv upon which this was done was formerly a_dvucaged 'by
Mr. Wellington, but he now believes from furthel: investigation
both experimental aud theoretical. that no sensible diff:rence
exists due to the longer trains which could be 1un upon the
lower grades. No absolutely fixed rate of compensation ought -
to be made. Circumstances of location may make it inexpedient
to adopt a rate of compensation which otherwise might be
desirable. The rate of compensation of 1.10 per degrge is
higher than is ever necessary unless in certain cases at stations
or where it may become a question whether to admit certain
shurp curves at all. 1t is extremely probable that curve resis-
tange is materially. greater, and inore complete experiments
cannot be secured than have already heen made.

Mr. M. N. Forney, M. Am. Soc. C.E. referred to the fact
that the conditions of rolling stock and of track were very
important elements in any experiments that could be made
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upon this subject. Different car builders made cars and trucks
and wheels according to their individual notions. Engineers
made the section of rail according to their individual notions.
The actual condition of the rolling steck of the country was
such that it was doubtful whether any experiments could be
relied upon as determining results which could be applied
generally. o
Mr. Wellington expressed the opinion that while it was

fectly time that the condition of rolling stock was as stated by
Mr. Forney, yet that experiments properly made could be
relied upon to give fair average data.—(/n. Am. Soc. C. E.)

SOUND-MILLS.— Nalure.)

FTER the notable researches of Crookes on radia-
tion, which culminated in the discovery of the
radiometer, or light-mill, it was a natural transition of
thought which suggested to several minds almost simul-
taneously the possibility of devising an apparatus which
should rotate under the influence of sound-waves as does
the radiometer under the influence of the rays of light
and heat. Such instruments were indeed devised inde-
pendently about six years ago by Lord Rayleigh, by Prof.
Alfred M. Mayer of Hoboken, by Mr. Edison, the well-
known inventor, by Prof. Mach of Prague, by Dr. A.
Haberditzel of Vienna, and by Prof. V. Dvordk of the
University of Agram (in Croatia). These researches,
though of great scientific interest, have been somewhat

overlooked in the rush of scientific inventions during the
intervening years. During the course of the past year,

=—=] by
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however, Dr. Dvor4k has given to the world, in the pages
of the Zeitschrift der Instrumentenkunde (vol. iii. Heft 4),
a detailed account of his experiments, together with
f\i’s\xres of various pieces of apparatus hitherto undescribed.

e propose to give a résumé of the principal points of
Dvor4k’s researches,

Four kinds of sound-mills are described by Dvor4k,
two of them depending on the repulsion of resonant-boxes
or cases, and-two others on different principles.

The first of these instruments is depicted in Fig. 1,
and consists of a light wooden cross, balanced on a needle
point, carrying four light resonators made of glass. These
resonators are hollow balls of 4°4 cms. diameter, with an
opening of 0'4 cm. at one side. They respond to the
note g' (=392 vibrations). When the note g’ is forcibly
sounded by an appropriate tuning-fork, the air'in each of
the resonators vibrates jn response, and the apparatus
begins to rotate. As a resonatar will respond when placed

.in any position with respect to the source of sound, it is
clear that one single resonator properly balanced should
rotate; and this is found to be thé case, though, naturally,
the action is more certain with .four resonators than with
one. : .

Before proceeding to the other forms of sound-mill

l devised by Dvor4k, it may be well to explain briefly the

cause of the phenomenon, and to describe Dvordk’s

particular method of exciting the appropriate sound
Dvordk has pointed out, as indeed has been done else-
where both by Lord Rayleigh and by Prof. A. M. Mayer,
that, when sounds of great intensity are produced, the
calculations which are usually only carried to the first
order of approximation cease to be adequate, because
now the amplitude of motion of the particles in -the
sound-wave is not. infinitely small as compared with the
lengths of the sound-waves themselves. Mathematical
analysis shows that under these circumstances the mean
of the pressures in the condensed part and in the rarefied
part of the sound-wave is no longer equal to the undis-
turbed atmospheric pressure, but is always greater,
Consequently at all nodal poeints in the vibrations of the air
in tubes or resonant-boxes the pressure of the air is greater
than elsewhere; and therefore any resonator closed at
one side and open at the other is urged along bodily
by the slight internal excess of pressure on the closed
end. The apparatus, Fig. 1, therefore rotates by reaction,
in the same way as Hero’s primitive steam-engine rotated,
though the reaction is due to a different cause.

To produce vibrations of sufficient intensity Dr.
Dvordk employs heavy tuning-forks mounted on re-
sonant-cases, and excited electrically. For this purpose
he places between the prongs of the fork an electromagnet |
constructed on the following plan. Two plates of iron |
separated by a sheet of paper are used as a core. They J

|
|
§
!
|
f
l
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are cut of such a breadth as to-lie between the prongs |
without touching them. This core is overwound with |
insulated copper wire, as shown at E, Fig. 2, andjtbe |
electromagnet is then mounted by a bent piece of wood |
abe, upon the sounding-box, X, of the fork. The wires |
are connected in a circuit with a battery, and with the §
electromagnet of a self-exciting tuning-fork of the same §
note. Dr. Dvordk is extremely particular about the

arrangements of the resonant-boxes of his tuning-forks.

They must not touch the table, the arm & & ¢ being

clipped at about the point & in a firm support. Moreovef |
the resonant-boxes themselves require to be specially |
tuned, for all are not equally good. Dr. Dvordk points |
out that, beside the tone of the fork, and the tone of the ] -
air column in the cavity of the box, there is also a ton®
proper to the wood of the box itself, which in mast of the
forks used in acoustic researches is too base, the woodes
walls being too thin. To hear this tone the prongs of the § -
fork should be damped by sticking a cork between them«J .
and the cavity should be filled with cotton-wool, while thé} -
woqden box 1s gently struck with the knuckle. or with 8§:
corkhammer. It is important that the wood-tone shon\ﬁ
be tuned up to coincidence with the tone of the fork an {
with that of the air in the cavity. Dr. Dvordk hims
used the box depicted further on in Fig. 6, in whi

drawing I" is the socket into which the stem of the for¥} |

>
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:;as screwed. The wood was tuned by planing it away
the top and bottom, while the air cavity was tuned by
relafgmg the circular opening in front. In the later
Searches the box stood on four feet made of india-
verc oY tubing. The note of the fork so mounted was
°ry strong, At 40 cms, distance it would set the sound-
il in motjon,
co vordk’s second apparatus, a “ rotating resonator,”
0SISts of a short cylindrical box, constructed of stiff
eleyas: PAPET, having four projections, shown in plan and
o ation in Fig, 3, each.of which bears at its side a short
opm.tUbe of paper. It is, in fact, a resonator with four
fiby ngs, arranged so that it can be hung upon a silk
¢ A fine needle projects also below to steady the

Wotion qyps . - .
appa::tud‘{nng 1ts rotation, which occurs whenever the
Note o 0S 1S brought near to the sounding-fork. For the

36 i | € dimensions were : diameter, 7 cms. ; height,
et l,‘.dlameter of openings, 0'6 cm.
Scribe db‘rd apparatus is the ‘‘sound-radiometer’ de-
in 188 YIDvorék before the Imperial Viennese Academy
gh it IS cause of action is less readily explained,
thoyy, ;S CONstruction is even more simple. - Its form is
ood .18 4 D; there being, as before, a light cross
To the '.’OPWOted by a glass cap upon a vertical needle.
Whitur arms of the cross are cemented four pieces of
holeg 1< Card, about 0'08 cm. thick, perforated with
sed ¢ :ﬁ are depressed conically at one side, and
€ other. These holes may be made by punch-

FiG, s.

ing e
Puncy, . Td upon a lead block wi
» Uch of the form Shgwn inoc with

‘vl;::l: z?f:ro;b =038 em. ;
of

] a steel perforating-
Fig. 5, A, the dimensions of

¢d =02 cm. The holes
06 t0 065 cm. a

2 carq gq . art from one another.
Tes Perforated is held in front of the opening
Nler e:gam‘bOX of the tuning-fork it is repelled if the

3.0f the conical holes are toward the box ; or

| s Aty
| Cted .
( betgey b ed if the wider openings are toward the box. A
i of the oo Pl€, way of perforating the cards is by
, Fig ical steel punch shown in Fig, 5, B, and
%:l:n-ow re 5, C.  Thé angle of the cone is 55°, and
be g ) Ctlninose of steelis 02 cm. The card

3mped, laid on the matrix C, and the hole

——

pierced by two or three blows upon the die. Dr. Dvorik
prefers this plan: it throws up a high burr or edge behind
the conical hole, and such perforations are more effective.
The cards may be varnished, and are then mounted upon
the cross. The rotations are more rapid if the cards are
set on obliquely in the fashion shown in Fig. 4, E, the
burred sides being outwards. Cards with twenty-five
perforations so mounted rotate briskly when the “mill”
Is set in front of the resonant-box. _
The fourth apparatus of Dvordk is called by him an
“acoustic anemometer.” It is shown in Fig. 6. This is
merely a little ‘“mill ” of simple construction, the vanes
being small pieces of stiff paper or card slightly curved.
The sounding-box previously described is placed a little
way from it, and between them is held an ordinary Helm-
holtz’s resonator, with its wide mouth, 4, turned toward
the box, and its narrow opening, @, toward the mill. From
what has been previously said it will be understood that
the internal increase of pressure in the resonator at a has
the effect of driving a jet of air gently against the sails of
the mill, which consequently rotates. Dr. Dvordk also
suggests that this two-aperture resonator may be replaced
by one having but one aperture, as shown at R, with its

open side, /, turned towards the mill. This resorator is
formed of a glass ball cut away at one side and cemented
to a glass plate having a small hole at the centre. It may

be remarked that when the air ejected from the mouth of

this resonator is examined by the method of mixing
smoke with it,.and then viewing it through slits cut in a
rotating disk, the currents are seen to consist of a series
of vortex-rings.

A second kind of *‘acoustic anemometer” may be
made by taking a card pierced with 100 conical holes,
as previously described, and placing this between the
resonant-box and the “mill.”’ The latter rotates in the
wind which passes through the conical holes.

Space does not admit of a comparison being drawn
between these instruments and those of Mayer, Mach,
and others, which are very closely akin in their design
and mode of action, interesting though such a comparison
might be. Nor can we here compare the action of these
instruments with the. *phonomotor’’ with which Mr.

Edison literally accomplished the feat of talking a hole'

through a dealboard. But this remarkable machine was
4 purely mechanical toy, which converted the vibrations
of the voice, by means of a very finely-cut ratchet-wheel,
into a motion of rotation round an axis. .

. SILVANUS P. THOMPSON

—— e

LoNpoN SEwxrs,—There are now about 2,300 miles of
underground covered sewers,*more than half of which have been
constructed in the last twenty-severn years. They vary in
diameter from 9 inches to 12 feet 6 inches. All the honaes
are connected with them, and refuse is removed through
them by the water supplied to the houses flowing through tﬁe
sewers after use, in an Enoﬁ‘onaive and economical manner, to
covered reservoirs on the banks of the Thames, 12 miles below
London Bridge. The .main intercepting scheme came into
operation in 1870-71, and has been conducive to the health
and longevity of the population.

.
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GAS AND CALORIC ENGINES.*
BY PROF. FLEEMING JENKIN, LL.D., F.R.SS., L. & E., M. INST.C.E.

The lecturer began by defining what he meant by the effi-
ciency of an engine, and stated that the steam-engine convert-
ed about 10 per cent. of the total heat generated by the coal
into mechanical work, or, in other words, had an absolute
efficiency of 10 per cent. It was his duty to compare hot-air
and gas-engines with the results achieved by steam. The first
important hot-air engine was that devised by Sir George Cay-
ley, in 1807, which was fully described in his patent of 1837.
A diagram of an engine, made by Buckett, was referred to as
closely resembling Cayley’s engine. Details were given of the
theory of the Cayley-Buckett engine, which showed that the
results so far were comparable with thoss obtained by steanm,
but that there was no great promise of improvement for the
future. Gas-engines were next treated of, being also a form
of internal combustion machine. The engine designed by
Otto, and improved by Crossley, was described as one typical
example, and the other chosen was that made by Thomson and
Sterne according to Mr. Dugald Clerk’s plan. The following
points were named as those of chief interest :—the limitation
to the higher and lower limits of temperature; the rate at
which combustion proceeded inside the cylinder ; whether
dissociation was a sure course of the limit to the higher tem-
perature ; the loss of heat by the cooling of the walls of the
cylinder, and the loss of heat in the residual products rejected.
Experiments specially made by Messrs. Crossley were de-
scribed, showing that a change in speed with a constant charge
had caused an alteration in the maximum pressure and maxi-
mum temperature ; but that this change did not extend
“between wide limits. A change in the richness of the mixture,
produced a much greater change in pressure and temperature.
A diagram was shown in which the pressure was almost
uniform throughout the stroke, and another showing the
modification produced in the indicator-diagram when the
charge introduced is not allowed to mix with the residual pro-
ducts. All these diagrams tended to prove that gradual
combustion certainly took place in these engines, and that the
rate of combustion was under control.

A series of very interesting diagrams, illustrating experi-
ments made by Mr. Clerk, was then explained, the rate of
combustion in different mixtures of gas and air, and of
hydrogen and air, being exhibited by a continuous curve.
These experiments established, beyond a doubt, that the rate
of combustion varied in proportion to the richness of the mix-
ture, and that this rate was, in the poorer mixtures, such that
a considerable portion of the stroke would be completed before
the combustion was complete. In fact, Mr. Clerk’s experi-
ments and those of Messrs. Crossley nearly agreed, although
these makers might differ in their explanation of the cause.
The experiments further showed that whether dissociation
acted as a limit to the temperature or not, practically the
mean temperature of the contents of the cylinder in gas-
engines at the beginning of the stroke seldom rose above 150%
Centrigrade. The experiments of the makers further agreed
in this :—that the loss by conduction through the walls of the
cylinder was a little over 50 percent., and that at the moment
when the highest pressure was attained not much more than
one-half of the total heat was developed, the rest being devel-
oped through the stroke. The lecturer pointed out that the

* true condition of the burning gases was one which it was ex.
tremely difficult to analyze or follow ; that within the cylinder
there must be an extremely hot kernel at a temperature greatly
above the mean ; that at the outside there must be a layer
little above 150° Centigrade, and between these limits layers
at all temperatures ; that part of the gases must expand re-
céiving heat, and part give it up. But it was interesting to
find that the practical result of these complicated actions did
not differ widely from the adiabatic curve, although, in point
of fact, one-half’of the heat was being given up by conduction.
Passing from these theoretical considerations to the practical
resuits, the lecturer found a similar agreement. Both makers
produced engines giving 1 indicated H.P. for 20 cubic feet of
gas. This result corresponded to one-third, or one.fourth, of
the consumption rccorded for the early gas-engines made by
Lenoir. Moreover, they showed that from 16 to 24 per cent.
of the whole heat generated was actnally converted into indi-
cated H.P., notwithstanding the enormous waste of one-half
by conduction across the walls. In absolute heat efficiency,
therefore, the gas.engine was already 100 per cent. better than

—

® A lecture delivered before the Institution of Civil Engineers.

the steam-engine. When, however, what might be termed
the relative efliciency, was compared, that was to say :—the
relation between the theoretical achievement which was pos-
sible, and the actual achievement, the steam-engine would be
found nearly to have reached the limit of what was possible or
probable, whereas the gas-engine was very imperfect, and
therefore gave hopes of great improvement.

Taking the range of temperatures as the highest and lowest
used in a gas-engine, the ideal efficiency might be spoken of as
77 per cent., but no real gas-engine could reach this figure he-
cause the heat was not wholly given at the higher nor wholly
rejected at the lower temperature. If the indicator-diagram
were treated as bounded by two adiabatic curves and two ver-
tical lines, the theoretical efficiency of the gas-engine with
the temperature described would be about 48 per cent., and
one-half of this had been attained, the other half being ac-
counted for by the cooling of the walls. The lecturer then
passed on to consider what possible means might be suggested
for improvement, and divided into two classes—those in which
it was intended to lower the practical temperature of rejection,
and those in which it was intended to diminish the loss by
cooling. As regarded the first of these—increasing the pres-
sure of compression produced good results by increasing the
expansion ; but the advance to be made in this direction was
Ilot expected to be great, as the pressures used were already
arge.

The lecturer next proceeded to describe the Stirling engine,
invented in 1827, pointing out that Robert Stirling was the
first inventor of the regenerator—a device which had not been
fertile so far as heat-engines were coneerned, but which, in the
hands of the late Sir William Siemens, had greatly modified
several of the important industries in the kingdom. He
pointed out that it was a natural idea to modify the Stirling
engine, which received its heat from outside into an engine
which, like the Cayley-Buckett or gas-engines, received their
heat inside, and explained in detail the difficulties that had
been met with in several attempts to carry this idea into prac-
tical effect. The late Sir William Siemens had worked at the
conception during the greater part of his life, and had he been
sgare a few years longer, there could be no doubt that com-
plete success would have been attained. Professor Jenkin's
experiments in the same direction had been chiefly directed to
combating the difficulties introduced by the porosity of refrac-
tory materials, which was much greater than was usually
supposed, even in the case of very dense fire-brick. These
experiments had been given up temporarily, under the convie:
tion that the complications involved in introducing internal
combustion, whether by gas or coal, into & Stirling engiue
were such as to render small engines of this type impractical,
but without any loss of faith that, for the larger types, they
would ultimately be successful. Small engines of the Stirling
type were actually in the market, made either by Bailey,
Robinson or Rider. The results from these engines were 88
good as could be expected from their small size and the lo¥W
pressure used. They could be made more efficient by raising
the pressure, but the complication introduced would probably
outweigh the advantage obtained in the saving of coal. The
theoretical results to be obtained by the simple adoption of 8
regenerator, through which the mixture of gas and air passe
on entering the cylinder, and repassed on leaving it, were thet
described, and seemed to show that this devies might be
serviceable in sensibly increasing the efficiency of engines, an
finally some attempts were described by which it was hope
that the great conduction across the walls of the cylindef
might be dimished. For this purpose, however, invention w8
required. In due time it would be forthcoming. In fact the
most interesting point connected with gas-engines was this :/d
that while in the steam-engine, the limit of improvement h#
almost been reached, with the gas-engine, the theoreti
efficiency was already double that of the steam-engine, and tb°
cost of working comparable, especially when Dowson gas ¥
used, and that in the case of the gas-engine it was possible
look forward to double and triple the efficiency which had 8
far been actually obtained.

s
——

Miscellaneous Fotes.

P1rEs MADE OF STEEL PLATES.—Pipes made of steel pla?® ‘

are coming into use in England for the conveyance of wﬁt’;
under high pressure. The plates are coated with lead on bok
sides by immersion or otherwise, then rolled to form, rivet! i
goldered the whole length, and covered with pitch. Of tB
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mi‘;}’zg 1t is said the first cost of the steel is not much greater
vantg at of iron, and the steel pipes possess considerable ad.
ﬂccouges over those of iron ; the lead coating is superior on
of thnt of the fineness of grain in the steel, and the strength
Marey PiPe is much greater.—The American Iron News,

areh, 1834,
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ESSIBILITY OF L1QUuIps.—From a paper recently pre-
0 the Academy of Sciences of Berlin by Mr. Guincke it
that the compressibility of liquids, which is generally
red to be practically #i/, may be shown under pressure
rim lesg than one additional atmosphere. Mr. Guincke
Capillgy ented with liquids contained in glass bulbs, with a
laceq 'Y tube attached to them vertically ; the bulbs were
Vo in tho. chamber of an air pump, and the decrease of
Met oe Tesulting from increased pressure was observed, which
of wage Promised more exact indications than the opposite one
Carefy)) Ing the expansion under diminished pressure. Water
Y freed from air by continuous boiling was compressed
two -, Mllionths of itg original volume under a total pressure of
sioy, omnst)hergs. . The foll'owing ﬁgures express the compres-
Pressnre s0me ~hquxfls resulting from one millimetre additional
Ine, g7 %80 in millionths of the respective volumes ; glycer-
exte e olive oil, .07 ; alcohol, .12. The observations, which
Moty VET & large number of liguids, agreed: well with one
former, but not such extensive researches by M.
.th Ithin the limits of pressure of one additional atmos-
The exper _PTPression remains proportional to the pressure.
latjq, ep“.“mf'ms further confirm the theory that a certain re-
fractio ¥1sts between compression and the co-efficient of re-
OF the O’h ut as yet they are not decisive enough, whether one
theopey; T Of the various ratios, which have been based upon
lea] calculations, is correct.

Lo
the I,irt’og & PrEss ; Sir Joseph Bazalgette in his address before
In ve "Vl] Eagineers (Eng.) then alluded to statistics respect-
‘&bulateg ¥-five foreign cities, which he had epitomized and
be Qrgqy ., 1OF Feference, and which enabled such a comparison to
I g4y, "twe(’r_n.s()me of the conditions existing in London and
don ig witﬁrge Cities, as would justify the assertion that Lon-
Of thege Out a rival ag regards health, extent, and popnlation.
SCeuppin Cities, Paris contained a population of 2,240,000,
Mileg R 77,000 houses, and covering an area of 30 square
Tateal v le Population was twice as dense as in London ; its
ﬂ‘!}t alue wag £24,000,000, not quite one-third less than
dajy or 306ndon. The water-supply was 82,000,000 gallons
Cogy Wwarg gallons per Liead of the population, Its sewers had
3nq Wajy "5 of £4,000.000, and the expense of their cleansing
Bortioy ceclaNce amounted to £50,000 a year. The greater
Tarts, T, t0€ sewerage was removed out of the city in cans by
tamps of 0‘”‘3 Was lighted by gas lamps equivalent to 44,000
1“9t of gas € burner each, which consumed 770,000,000 cubic

»00g cub; aft & cost for gas of £130,000 or about 3s. 4d. per
g"{ﬂt arge‘;_e.et. The rapidity with which the population of
o’feu, of, Mtes had increased within the last forty years, had
P, the Hlob‘{reater than the rate of increase of the population
a:te"’burg ¢ Whilst the population of London, Paris, St.
st d thag 0;. aé’d Vlenpa ‘had increased about 200 per cent.,
inerda ) abo ;Jnstantmople, Naples, Madrid, Rome, and Am-
iRCTeased On“ 100 per cent., the population of the globe had
waAB\erica ay 0 per cent., the greatest increase having been
e 8 d(’“btl’pp nd the least in Asin. The rapid growth of cities
tra%meel’ing s?:' € to the development of civilization and of
ing, " 20d hg ‘euce, which had stimulated manufacture and
cith, tigg turned those who were formerly agriculturists

leg, » Obtaining more lucrative employment in large

The y1..
8 ulgj .
o nve,:?:;'e objcct of all sanitary science was the comfort
Wi rece of the living, and the reduction of the death-
om g4., Pect to the latter, it had been reduced in Lon-
2.9 8t the enﬁer 1,000 in the decade ending 1870 to 214 per
in C[)er 1,000 . of 1882. . In Baltimore the death-rate was
Airg 37, a’d“,‘ New York 806 ; in St. Petersburg 352 ;
wo‘]]wﬂs tais’edr; 8 Pekin about 50. If the London death:
Tagg %Gccur eac}(: that of St Petersburg, 55,000 more deaths
“atia le Value of year in excess of the present deaths. The
ou of the cost the cities per inhabitant afforded some indi-
Uses, ., and therefore of the extent of accomodation,
Petgy oy €able o) €OMPated with the number of their occupants.
Loy r8bur o e of Pekin was £2 8s. per inhabitant ; of St.
Sterdam, a4 Caleutta, £3 ; of Vienna, £6 ; of

of Brmgzﬁé‘ﬁrf?f?; of Berlin, £7 14s. ; of Paris, £10;
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such cases, serves the species in place of quantity.

THE EVOLUTION OF FLOWERS.
By GRANT ALLEN.

11I.—Integration Begins.

Besides the true Alismas with which we have hitherto dealt,
there are a few other Alisma-live plants in Britain, each of
which helps us on a little way toward the development of the
true lilies ; and as it is better, where possible, not to travel
beyond the limits of fairly well-known or easily-obtainable
flowers, we may as well take these English species as the re-
presentatives of the various intermediate stages.

In a very few spots among the South-eastern counties there
grows a rare water-side weed of wet ditches or pools, known
to botanists as Damasonium stellatum or Actinocarpus stellatus.
It is a South-European plant, which only just reaches our
shores where they lie nearest to the Continent, and has never
been able to spread itself further north or west against the
adverse climate and the stout competition of our more nor-
therly waterside weeds, Damasonium at first sight presents
a great many points of resemblance to the water plantain ; it
has three small green sepals, three much larger white petals,
six loose stamens, and a group of carpels in the bossy centre,
Being fertilized by the same sort of flies as water-plantain, it
has even the yellow spot at the base of the petalsas in Alisma,
whlch marks the way to the honey, and points back to the
original yellowness of the whole petal. But when we come
to look more closely into the flower, we see that it possesses
twe distinct symptoms of advance in organization, each of
which is very important in leading onward and npward in the
direction of the true lilies. In the watar plantain we saw that
the carpels were very numerous, sometimes as many as thi:ty
in a single flower ; but in Damasonian thev are always six in
number, that is to say, they are reduced to two whorls of three
carpels each. The significance of this change i8 best seen if
we put together four typical groups in ascending order of
evolution, thus—

Water-plantain. ...3 sepals: 3 petals; 6 stamens ( = twice 3) ; many

carpels. .
Damasonium....... 3 sepals; 3petals; 6 stamens ; 6 carpels ( = twice
Lily (tulip)......... 3 sepals; 4 petals: 6 stamens; 3 carpels ( united).
Iris. ool 3 sepals; 3 petals; 3 stamens: 3 carpels ( united).

Thus it is clear that Damasonium has taken a step forward
towards that reduction of parts which is so conspicuous a
feature in the higher lily-like plants, and which, as we shall
see hereafter, reaches a climax in those marvellous and highly-
developed flowers, the orchids. :

Again, in the water-plantain, we saw that each carpel con-
tained only a single seed; but in Damasonium each carpel
generally contains two. In fact, while in the true Alismas the
carpels are many, small, and one-seeded, in Damasonium they
are few, large, and two-seeded. This variation is a common
mark of advance in the earlier stages of floral evolution ; the
carpels tend to grow fewer, bigger, and many-seeded. For
example, in the buttercups, a8 in Alisma, they are numerous,
small, and one-seeded ; in the marsh-marigold they are re-
duced to five or ten (one or two whorls of five cach), much
larger and longer, and .containing reveral seeds apiece.

Now, what is the reason of this advance? leearly, plants
must derive some advantage from the change, or it would npt
constantly occur as a concomitant of higher development in
various fémilies. A little reflection will serve to show.us what
that advantage really is. In the primitive plants. vath one-
seeded carpels, each seed has to be separfttely ferhhsed_ by a
distinnt act of impregnation ; for every stigma on to which an
insect brushes pollen only one seed in the end gets set. This,
of course, necessitates the production of a large nu;nber of
carpels, and compels the plant to ensure, as far as possible, th.e
separate impregnation of every one among them. Hence it
becomes an advantage for the plant to produce fewer and
larger carpels, each containing two or more ovules; because,
in that case, each single act of impregnation suffices to fer-
tilise two or more seeds. Accordingly, we find that as plants
rise in the scale of evolution. they uslu}lly at' first lessen the
number of their separate carpels, while increasing the number
of seeds in each. Later on, as we shall observe hereafter, the
number of geeds also begins to dgcyeas.e; but that. is only
when, by improved methods of fertilization, protection, and
dispersion, and increased richness of the s_eeds themselv_es, the
plant is able to dispense with the necessity for prodpcmg an
immense number of seeds from each flower. Efficiency, in
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Another interesting peculiarity of Damasonium consists
in the fact that all six of its carpels are not quite free and
separate from one another throughout all its life, as is the
case with those of the Alismas and the buttercups : they are
joined together at the bottom on the inner side to the stem
or axis of the flower. This is the first begianing of that
tendency which finally produces the compact, three-celled
ovary of the lilies, where the three carpels have coalesced
altogether, though their original distinctness is atill marked
by the walls of separation which divide the three cells from
one another. Ameng the buttercup group, the monkshood
is in this respect the exact analogue of Damasonium, for
its three carpels are also usually joined together slightly at
the base. If the lilies, however, had been developed from
an ancestor at precisely the same stage as Damasonium,

they would, of course, have had six cells to the ovary,.

instead. of three, as is actually the case. The carpels of
Damasonium taper to » sharp point, and are arranged
radially like a conventional star, whence it gets its second
name—steilatum, or starlike, and its other title of Actino-

Damasonium stellatum.

carpus, or “ ray-fruit.” I believe this arrangement of the
carpels has reference chiefly to the fertilisation, so as to
allow the insect’s head to touch each stigma in succession
easily and certainly ; but it also doubtless aids in dispersing
the seed equally in all directions.

It is very seldom that we can trace the marks of evolu-
tion continuously along a single line. We must rather
pick out here and there separate indications of its general
tendency, each surviving step or link being oftener a mere
analogy (or independent similar development) than an
actual survival of the various stages in the pedigree of the
higher kinds. This is very strikingly seen.in the Alisma-
like plants, where several species preserve different levels
of development, not in all parts alike, but one part in one
species and one part in another. For example, take our
two British arrowgrasses (Z'riglochin marsitimum aud 7.
palusire). In one respect, both these plants approach
closer to the lily type than even Damasonium, for they
have their carpels united during the flowering stage around

 with it altogether.

the axis, though they separate from it into distinct pieces
when ripe. Yet in another respect they are still as primi-
tive as Alisma, because they contain only one seed in each
carpel. Let us look for a moment at these two curious
and common, but inconspicuous, little plants.

The arrowgrasses are degenerate small Alisma-like weeds,
growing among tall marsh plants and grasses, and compelled
by their habitat to decline into the practice of wind-fertili-
sacion. Hence, like all other wind-fertilised plants, .they
bave no brightcoloured petals. All six perianth pieces
(that is to say, sepals and petals alike) are simply green,
and they are very small or almost scale-like, Colour is not
Lere needed to attract insects, and so the plant dispenses
There are six stamens, hanging rather
looser than in Alisma, so as to shed the pollen to the wind,
though much confined by the scales of the perianth ; aud
the carpels have each a feathery stigma, protruding from

-the flower, 8o as easily to catch the pollen dropped by the

stamens. This feathery state of the stigma is very common
among wind-fortilised plants, as it exactly suits their habit

Triglochin palustre.

of life. In fact, the arrowgrasses are Alismas which by
degeneration have very nearly reached the same state 8
the true grasses; only, these latter are degenerate lilies, statt
ing from a higher level in the evolutionary order. The

head or spike of flowers in arrowgrass reminds one vers |

closely of the common plantains (Plantago), which are d¢

graded relatives of the veronicas, with closely similar babit® §

Our two kinds of arrowgrass differ between themselve#

in the matter of carpels. The marine kind (Z'rigloch* §
maritimum), which grows in salt marshes, is clearly th° § §

more primitive in type of the pair, for it has six c_arpels’
like Damasonium, reduction having gone here ouly so f

as to leave two whorls. In the flower there iz thus s 8%

celled ovary, in the ripe fruit the cells divide as six di¥
tinct carpels. The fresh-water species (7. palustre), commo®
everywhere on the border of streams, has only three, t! 26
reduction here having left but a single whorl. Thus tb¥

species, when in flower, closely resembles the true lili¢" §
and is only distinguished from them when in fruit by t9 |




|
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Sagittaria sagittifolia.

fact g, -
bmﬁt:;t 1t8 carpels separate from one another as they ripen, go
'*ncestmw““‘?“" to their primitive distinctness in_the original
is Trig, St{li, a great many things conspire to show us that
but o.8:0chin js not really a predecessor of the true lilies,
pendenty] an analogue, that is to say, & plant which has inde-
The Flo. developed to some extent in the same direction,
herea&e°wel'lng Rush (Butomus), which we shall examine
earer t;rtthoug'h less like tho lilies in its ovary, stands really
; but hem in genealogical order, as we shall see by-and-
of the I must defer the consideration of that plant, as well
h&ve fing Pl‘etty.am)whead, to our next paper. We shall then
iam, Jehed with the British representatives of these earliest
ofore € monocotyledons.
the Aliamwe finish with the simplest group of monocotyledons,
lilige ™ #0d proceed to their more developed relations, the
#pecs We must stop awhile to examine a couple of diver-
'h"'lin tl‘:,: Wwhich present some singular features of their own,
ﬁl (Lt0 be distinct lateral offsets from the primitive
o conl:hm ancestor,
Slaiy for CR arrowhead (Sagittaria sagittifolia) might fairly
l‘dnn eve 8everal reagons, to refreseut the original monocoty-
tiuq]" 2 more clogely than A isma, were it not for one par-
:)erens 1 ll mﬂllxﬁoln in due course. It is a pretty
A nial, wit, 088y green, arrow-sha leaves,
Anq 't:iligixl: out of the water,gand bearing a tall bungzdof large
:“ter meng Snow.white flowers. Asin Alisma, there are three
otlmg,,,' in:ep&ls Mld_ three inner and larger white petals. The
8 ang 2 aﬂd of being only six in number, are very numer-
g ot ,;ni3.18 also the case in the butteroups, the simples.
Sommon a? Witive dicotyledons, we may fairly accept it as a
ﬁ::rdumm a ?i Breat antiquity. The carpels are also numer-
i to bﬁ’atnl one-seedéd, All these points show the arrow-
llnt..i whil €ast as primitive in %eneral type as the water-
o

Seemm, t!;’ Py the large number of the stamens and carpels
why, theq 1 a still earlier and simpler organization.
th“lit;(m » 8hould we not take the rare arrowhead rather

MMoner ally, the Alismas, as the best living repre-
N

Butomus umbellatus.

sentative of the general ancestor from whom the whole existing
lily stock is ultimately descended ! Simply for this reason :
the Sagittarias have all distinct male and female flowers,
while in the Alismas, as in the lilies and most other
advanced monogotyledons, the stamens and pistils are both
found together in the same blossoms. In the arrowhead,
the upper flowers are usually males, that is to sa , possess
stamens alone, while the lower omes are fo o8, with
nothing in their middle but a group of very numerous
carpels, The flowers, originally hermaphrodite (that is to
8ay, with both stamens and carpels), have become differen-

tisted into two distinct sexes, males above and females
below, by the abortion or gradual disappearance -of the

carpels in one case and the stamens in the other.

Why is this? Well, the ehange is only one out of the
Iany means commonly adopted by flowers to ensure cross-
fertilisation. We may conclude that at some edrly time
some very primitive Alisma-like plant showed some ten-
dency to, produce more stamens on some of its blossoms,
and more carpels on others. This is & tendency which
often occurs in many plants, and as & familiar case’ we may

take the strawberry, which everywhere, but especially in-

America, has a constant leaning towards the separation of
its sexes not only on different flowers, but even on different
Plants. Now, whenever this tendency is set up, it is
pretty sure to prove advantageous to the species (unless,
indeed, it interferes with some other and better device for
cross-fertilisation) because it renders it absolutely impos-
sible that any blossom can be impregnated in the undeair-
able fashion with pollen from its own stamens, Accordingly,
the arrowheads have kept this useful feature ever since, and
80 have successfully avoided self-fertilisation with its vsual
concomitant of degeneracy and final extinction. Theijr
chief ingect allies are. flies of the same sort as those which
vigit the true Alismas.

|
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‘Why, again, are the male flowers at the top, while the
females .are below ¥ For this reason. The flies, like most
other insects, always begin their visits to a siaike of blossoms
at the bottom and proceed slowly upward. In this way they
arrive at the femafe flowers first, and dust them over with
pollen from the plant they last visited. Then, as they rise
towards the top, they reach the male flowers, and gather from
them a fresh store of pollen, which they carry away to the next
bunch. Bysuch a simple device nature ensures the fertiliza-
tion of each blossom, not merely from another flower, but alse
from another plant. That is cross-fertilization in its truest and
purest form, and it produces the stoutest and healthiest seed-
lings of all.

Once more, why doesn’t the pollen from the male flowers fall
down and fertilize the females below ? Would it not have been
better to put the females on top, so as to avoid this chance ¢
No, because the flowers open from below upward, and so the
females ripen first. They will, theretore, in all probability,
get impregnated before the stamens begin to shed their golden
dust. But if they don’t, then the pollen will fall upon them
in due course ; and this modified form of cross-fertilization
from the flowersof the same stem is better far than no fertili-
zotian at all, and consequent absolute sterility.

Arrowhead, then, is clearly a close representative of a very
primitive form ; but it fails to be the closest represeuntative,
because in it the pistils of some flowers and the stamens of
others have become abortive, and this could not have been the
case in the ancestor of the fully hermaphrodite lilies and
amaryllids. Iu short, arrowhead is a very slow but still spe-
cialized form.

Our last British Alismaceous plant is the beautiful rose-colored
flowering rush (Butomus umbellatus), whose tall, straight stem
and handsome umbel of large bright flowers rise so proudly
above the ponds and backwaters of our southern counties. The
flowering rush shows some distinct signs of advance in the
same general direction as that taken independently by the
lilies. The distinction between sepals and petals has here
nearly died away, fer all sixth perianth pieces are nearly
equally large and brightly coloured, and all equally take part
in the attractive display. Nevertheless, if you look carefully
you will see that the three outer ones still retain marks of their
original character as sepals, for they are uot quite so large or
so petal-like in structure as the three inner, and they have
acted as a coveriug to the true petals while in the bud. This
similarity between petals and sepals is even more marked in the
lilies, where the distinction of the two can scarcely ever be
perceived in anything else save arrangement on the stem. The
stamens are nine in number—three whorls of three each, and
the carpels are six, as in the damasonium and the sea arrow
grass. Butin each carpel—and this is an important point—
there are many seeds, instead of one or two only ; and we shall
find that a similar advance in such respect is almost universal
in the lower lilies.

The large rose-coloured flowers of the Butomus attract
bees and other higher insects, by whose aid they have no
doubt been developed. These trustworthy allies enable it
to get fertilized very securely, and so to lessen the number of
“its carpels to six. But each carEel contains many seeds, and
so the plant can afford to do with comparatively few flowers,
far fewer than the Alisma or the Triglochins. It has learnt to
substitute efficiency for large numbers. This, also, is a step in
advance in the direction of the true lilies.

Finally, observe the bracts or small leaves at the base of the
bunch of flowers, put there to sheathe them from harm while
they are young buds, and to protect them both from celd and
from injurious insects. These bracts are the first indication of
what is called a spathe, which becomes so important and con-
spicuous in several of the higher lily-like plants. Among the
true lilies, we get it very marked in the garlics and onions.
Among the Amaryllids it is almost equally noticeable in the
narcissus and daffodil. Among the palms it assumes the form
of a large sheet, completely enclosing the whole mass of blos-
soms. Anllast of all, in the very degraded arums, it forms the
hood or sheath, which is all that can be seen externally of the
flower, and within which the real blossoms cluster closely on a
long spike or spadiz, almost entirely hidden within the large
coloured apathe. It is interesting thus to note the first faint
beginnings of what rises at last to be so very conspicuous and
remarkablc an organ. As it occurs in the flowering rush, the
spathe is nothinLgi more than three small thin bracts, that is to
say, very reduced and simple stem-leaves.

(To bz continued.)

COMPRESSED-AIR AND OTHER REFRIGERATING
MACHINERY.

A pricTuRrE BY MR. A. C. Kirk, M. Ixsr. C.E.

Glancing at the importance of refrigerating-machines, the
Lecturer briefly traced their history from the tirst great step in
1845, by Dr. Gorrie, of New Orleans, who caused compressed
and cooled air to expand in working a piston in a cylinder.
He then showed that no really intelligent progress had taken
place until the mechanical theory of heat had been fully deve-
loped, and proceeded to illustrate a very simple proposition,
namely, that every refrigerating machine was only a thermo-
dynamic engine in which the power was negative. The machine,
instead of giving out power, must be supplied with power from
an exterior source to work it. An engine which gave out
power received heat at a higher' and rejected a portion of it
ata lower, temperature. When an engine absorbed heat at 8
low temperature and gave it out at a hicher temperature, power
must be applied to move it. In thiscase the engine became 8
refrigerating-machine. This wasillustrated by taking the case
of air-engines and steam-engines and showing how, under the
above conditions, each of them passed into a refrigerating-
mackine.

The refrigerating-machine represented by the steam-engine,
belonged to the type of which the other machine was a common
example. Although the ammonia-machine belonged really to
the same type, the absence of all apparatus to communicate
motive power to it, as in the case of the ether machine, an1i the
fact of its receiving energy directly as heat, rendered special
notice of its indispensable. The Lecturer then proceeded to
observe that the ammonia-machines resulted from the. well:
known experiments of Faraday, aud he gave an account of the
apparatus as constructed by Messrs. Mignon and Rouart. In
this class of machines cold was produced by the evaporatiod
of the volatile liquid employed in it—ether, ammonia, or other
substance. In all these machines it was necessary to remové
the vapour as fast as it was produced by the volatilisatian, of
boiling, of the ether, ammonia or other liquid; and in ordef
that the liquid might be condensed at the ordinary temperatures
it was necessary to compress it to a higher pressure in a con-
denser. In the ether machine this was done by a pistod
working in a cylinder. In the ammonia-machine the same pro-
cess was effscted by the peculiar affinity ammonia had fof
water. When a solution of ammoniacal gas and water w8®
heated, the ammonia was forcibly expelled into the condensef
where it was liquefied, thence passing to the evaporator it hoile®s
and cooled whatever substance were exposed to it; and thi®
vapour was intantly again compressed by bringing it into col”
tact with cold water. The same change of temperature of th®
water from hot to cold performed a similar function to the pistops
when it moved backwards and forwards in the cylinder of the
ether-machine. Inair-machineson the other hand, the air w8®
comFressed and cooled as far as the cooling water availabl®
would allow, after which it was permitted to do work on a pisto?
in a cylinder, and in proportion to the amount of work it did-
the greater cold it produced. X

The Lecturer then proceeded to describe a machine of hi®
own invention, which had been laid before the Institution i®
1874. In this machine the theoretical conditions of a perfec
air-engine were very nearly fultilled. The regenerator—88
invention of Dr. Stirling’s—performed the same function th8
adiabatic expansion and compression preformed in Carnot?®
perfect air-engine. Indeed, Stirling’s regenerator might, 1*
theory, be held to furnish as perfect a cycle as Carnot’s. 4
next showed that the application of the regenerator was limit®
to the case of dry air; otherwise temperatures below freezit8
it would get closed up by snow. He briefly alluded to a vari®
tion of the above machine, in which the cooling-water and ¥
brine which had to be cooled were both injected directiy in®’
the compressed and expanding air. The brine in this ¢
washed the regenerator, and prevented the formation of sno¥:
The last type of refrigerating-machine alluded to was also ®
air-machine, but in this machine the air which acted 88 ;
cooling mediiim inside the machine was discharged directly int
the chambers to be cooled. Tracing the history of these fro®
the earlier attempts of Professor Piazzi Smyth, Profess®
Rankine, and Sir William Thompson, he observed that its firs
introduction on a practical and efficient scale was due to ¥"
Coleman, who applied it to the cooling of chambers for the P"I‘
servation of meat. The only question of practical difficult
attending this machine was the production of snow—a diffic®
which had not been entirely overcome. The machines in
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Tere of two kinds : one, in which the compressed air was cooled
Y the injection of water ; the other in which it was cooled by
COming into contact with cold surfaces, like the surface of the
condenser of steam-engine, He showed that.in the latter case,
when the machine had for a little time drawn air out of the
thamber and cooled and returned it to the chamber, the store of
foisture in the air would be exhausted and snow cease to be
0‘:;;11(?‘{1.1\[3& (;;hlen des'crbed, Ll} some deltin‘il, t}l’le 9n.'antgement :‘{
. Coleman’s machines, working by injections, a
Observed that where injection was used the power requir'ed to
:‘""Press the air was reduced. On the other hand, when it was
Ot used less snow was produced ; and in docks and rivers the
wﬁ?{ﬁ:ﬂhg gf fogxl and taintedhwater into confia(;,lt with th; air
ad to be passed over the meat was avoided. But where
u:g Cfllmpression E;sdecogring were adopted, it was necessary to
ino 2l in the compressing cylinder. Noticing Mr. Lightfoot’s
":v:l:m"“, where moisture was deposited by a partial expansion,
all thowed the important part which the interchanger played in
n cesi machines. By that means, instead of the gompresse‘:i
eing°:0§lde gxrfenter;?]gtthte exi)ggldmgéchaxz)bel: p;):;lblyhat 9;) »
X d from that to— and sent eut of the chamber
g:lilzle at 39% cooling might be made to commence almost from
m : et
socling he air provious to xpansion. - The aesh o chismmm
put“f’:i;he sli.lmount of compression or expangifon necessallry, or, tg
oty v, 10 roduc the e o the machin, Lnd
warther played the important part of sondensing » portion of che
Moistype ) d the important part of con ensmbg‘appr 101}]1
formeq w(;(t)lr;it:u’;f;inlneilﬁ colr'nnrtzssed air and bringing the snow
. ageable limits.
ma, h‘? Lecturer than noticed some of the applications of these
p rf 10es, and first, ice-making. Detailing the result of his ex-
harq CRts, he showed that the essential condition of making
Bhoul:imd clean ice was that the surfaces of ice while freezing
When ﬂ?ot get nearer than within a few inches of.eac.h other, as,
a € reverse happened, amorphous crystallization ceased,
thmuy mll])tual attraction the crystals of ice shot like long spikes
:3Cing wtere Wﬁiter to meet each other, and these spikes 1nter;
ReSIrted T rocon of conping paeain piseh s o o a
£
e&nu’;ew’ the first application of a ret"rigeratin -machine to
" 000?:(§uilssih' Parlaﬁirf being a bad conductor of heat, had to
dry ravel in films; this difficulty he overcame by makinga
Undey Surfi:eeh'w}!mh 1vyas kept cold by t.he u;”ac.lime(,i with ﬁlits
intengq, 1pping slightly into the solution of oil and paraffin
the to be cooled. A thin coating adhering to the drum,
cool, am;ne it had made nearly a revolution, became sufficiently
to be tak Was then removed continuously by a scraper and ready
the solj den to the press, so that the oil might be extracted, and
Made !¢ paraffin obtained from which the finest candles were
lagt gy ¢ 'ancing at its important application to breweries, the
eg ):]?’Ct the Lecturer elucidated was the process of preserving
attey ion TtBeZlqg it. The late Mr .Mort, of Sydney, gave much
Came of ;o 0 this subject many years ago, but nothing practical
untj) Mr ,C at least so fgr a8 the importation on boarfl shlp went,
long o oleman applied the direct method of cooling air. On
fact, muy oges from Australia, meat was frozen quite hard ; in
ea rch of it was at a temperature many degrees below zero.
etna)y ought from America, however, did not require to be
g rozen, He showed that it was in every way preferable
thay 5 vzlrnall quantity of air, cooled to a very low temperature,
the Tedy, Y large quantity cocled to a less temperature, it led to
friction c:“m of the space occupied on board ship, the size and
air, by i: the machinery were diminished, and the very cold
Ciren)y,; S greater density, assisted to maintain the requisite
the ship *:')Ylll;ngst ftill]]e closely-packed cargo of meat with which
In 1d was filled.
to wh‘;:gc:;] Slon, the Lecturer gave some statistics of the extent
By the Use o Reat-trade had grown during the last five years.
able 14 ﬁn:i of Mr. Colema’s machine alone (he had not been
563,56 0ut how much had been imported by other machines),
boep im;()l: arters of beef and 113,633 carcases of mutton, had
lagt four rted from America. B varions machines during the
our yg y
e)?'c‘*!es of l?;sf there had been imported from Australia 3,159
ew ealag de' and 138,664 carcases of mutton ; while from
129,732 carnne B the last two years, 728 quarters of beef and
Of Janygpe c28¢8 of mutton, had been imported. In the months
anq Newy 2nd February thig year, there came from Australia
’:! ht b, ‘ealﬂm‘: 60,663 carcases of mutton. These ﬁgll:res
Ulioy, n to represent a gross value of nearly three
f megy l:;“ii '{) halfsterling, besides which a considerable quantity
¢en imported from the River Plate. He pointed

on
’s

out that each machine had its own proper use in this country.
For such purposes as making ice the ammonia-machines woxgd
perhaps be most largely used ; while abroad, where supplies of
chemical substances were apt to fail, and were at all times very
expensive, machines producing cold by the expansion of air
would be found preferable. On the other hand, where water-
power could be ﬁad, the air-machine and apparatus after the
type of the ether-machines, were the only ones applicable. On
board ship, the air-machine was the only auitablg one.

A CORRESPONDENT sends the emclosed from the Derry
Standard for explanation: A singular accident is reported
to have heppened in connection with the insulited electric
rail on the Portrush Electric Tramway. A plough manret.
urning from work on Thursday stood upon the rail to mount
his horse, and, on applying his hands to the back of the,
animal, the brute fell dead, while the man was uninjured
8 though the current of electricity must have passed throagh
his bogy to the horse.

e R

CHIMNEY, &c.
PROCEEDINGS OF AM. SOC. 8.E.

A paper by Hiram F. Mills, C. E. describing the construe-
tion of the Pacific Mills Chimney at Lawrence, Mass., was read
by the Secretary at a meeting of the American Society of Civil
Engineers. This chimney was built by Mr. Mills in 1878, and
consists of an outside octagonal shell 222 feet high above the
ground with a distinct interior core 8 feet 6 inchesin diameter
inside, extending one foot above the top of the outer shell and
eleven feet below the ground. The chimney is founded 19
feet below the ground, upon coarse sand, the foundation being
35 feet square enclosed by pine sheet piling. The base is con-
crete, one foot thick, then rubble masonry of large pieces of
granite in cement, this stone work being 7 feet high. Upon
the stone work is placed the brick chimney, the outer shaft
being at the base 20 feet wide, and at the top, under the pro-
jecting cornice of 11 feet 6 inches wide. This brick-work is 28 ft
ins. in thickness at the base ; at 12 feet in height it becomes 24
inches, which continues 18 feet ; then 20 inches for 20 feet ;
then 16 inches for 40 feet ; then 12 inches for 60 feet ; then 8
inches to the top. The inside core is 2 feet thick to a height
of 27 feet and one foot thick for the remaining height of 154
feet. The, top of the chimney is of cast iron plates § inch
thick. The horizontal flue entering the chimney is 7 feet 6
inches square. The vertical flue of the chimney is a cylinder
8 feet 6 inches in inside diameter, and 234 feet high with walls
20 inches thick for 20 feet, 16 inches thick for 17 feet, 12
inches thick for 52 feet and 8 inches thick for 145 feet. The
foundations were laid in mortar, of Rosendale cement and
sand ; the outer shell in 'mortar of Rasendole cement, lime and
sand ; and the flue walls in mortar of lime and sand.

During the winter of 1873, the flue being 90 feet above the
ground, boilers having 452 square feet of grate surface were
connected with the chimney with satisfactory results. Be-
tween June and September, 1874, the chimney was finished.

The approximate weight of the chimney is 2,250 long tons,
the number of bricks being about 550,000. The chunl;ey is
opposite the middle of a line of 28 boilers and 210 feet distant
from them. It was designed to serve for boilers having 700
sqrare feet of grate surface, burning about 13 tons of Anthra.
eite coal per square foot of grate surface per hour.

The chimney was struck by lightning in June, 1880, after
which date a lightning rod was put up which consists of a seam-
less copper tube, 5-16th inch thick, one inch inside diameter,
at the top of which are 7 points radiating from a ball 4 inches
in diameter, the top of the centrasl point bexqg 8% feet above
the iron cap.” The rod is attached to the chimney by brass
castings, and is connected at the bottom to a 4-inch iron pipe
extengisng 60 feet to a canal. .

A description was then read of the chimney (_)f the Merri-
mack Manufacturing Co. of Lowell, Mass., built under the
direction of J. T. Baker, C.E., in 1882, This chimney is
founded on a ledge of sand stone. The foundation, 30 feet in
diameter, is built of granite blocks laid as they come trom the
quarry, At the surface of the ground there is a dressed granite
base 2 feet 6 inehes in height, laid in clear Portland cement,
the remainder of the foundation being in Rosendale cement
and sand. Upon this base is placed the brick-work' consisting
of three cylinders, the outside one 28 feet in diameter, 24
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inches thick, the middle one 18 feet in diameter, 8 inches
thick, the core 12 feet inside diameter and 16 inchus thick.
The middle cylinder is carried up vertically 75 feet 6 inches ;
the outside ring has a batter 42.100th of an inch per foot to a
height of 100 feet. At the height 76} feet the middle ring
connects with the-exterior ring making the masonry at that
point 863 inches thick ; it is then 20 inches thick for an addi-
tional height of 60 feet ; 16 inches thick for 70 feet, and 12
inches thick thence to the enlargement for the chimney head.
The core is uniformly 12 feet inside diameter to the top,
the first 100 feet being 16 inches thick ; then 12 inches thick
for 60 feet ; then 8 inches thick for 90 feet ; and then 4 inches
thick for 294 feet.to the top. It is entirely separate from the
outside masonry except about the door-ways and openings for
the flues. The core was laid in mortar of lime and sand ; the
outside shell in lime, cement and sand. On one side of the
chimney is a ladder of wire extending from the ground to the
top, and on the opposite side is a ‘-inch galvanized iron wire
rope, both lauder and rope being connected with a copper ring
having four spurs the central of which extends 8 feét above

the top of the chimney. The bottom of. both ladder and rope

is connected with a 18 inch water gxpe. Two wrought iron
flues enter the chimney, one 5 feet by 6 feet, the other 5 feet
by 11 feet. * The chimney is constructed to provide for 15 sets
of boilers only 12 now being inuse. Each set has 103} square
feet of grate surface, and is rated at 300 horse power. The
weight of the chininey is 3392 tons. 1,101,000 bricks were
useg, 6875 cubic feet of stone masonry. The cap weighs 18,600
pounds. The cost of the chimney was $18,500.

A description was then given by Dr. Charles E. Emery, M.
Am, Soc. C.E. of the construction of the chimney built under
his direction, of the Greenwich Street boiler house of the New
York Steam Heating Company. This chimney was a creature
of circumstances, it being necessary to place within a ve
limited area, s very large boiler capacity, viz., 16,000 horse
power. This was done by making four stories of boilers—the
chimney was-therefore necessarily located with reference to
these boilers, and the plan of the chimney was determined by
the shape of the lot. The beach of the Hudsen river was at
some time at this locality, and the foundation of the chimney
was placed in fine clear beach sand with some packets of coarser
sand and a little stone. The foundation is one foot below high
water. The chimney is 27 feet 10 incnes in the clear inside,
&nd 8 feet 4 inches wide. The height is 220 feet above high
water—221 feet above the foundation—217 feet above the base-
ment floor—201 feet above the grates of the lower tier of
boilers, and 141 feet above the grates of the upper tier of
boilers. The thickness of the walls on the interior of the
building ruuns from 5 feet to 20 inches, and on the other side
from 3 feet to 20 inches. The gases for each chimney are taken
from 32 boilers of 250 horse power each. About 1,000 tons of
coal will be barned daily. It is expected that elevator ar-

| rangements will be perfeoted to receive this amount of coal

each night. More trouble is experienced with the ashes than
with the coal. Ordinary grate bars have been used. Clearing
is done once every six hours. We have used s new bar that
turns on hinges and gives good results. We have not made
many experiments with coal dust. We have to use a fuel
which has some reserve power to provide for ﬁss)ble contin.
goncies, We find coal is worth about what is charged for it.

—— e Pt

ABSTRACT FROM SIR Jos. BAZALGETTE'S ADDRESS BEFORE
THE INst. oF C. E. (Eng.)—In London, 5,800,000 tons of
coal were consumed per annum, in addition to 2,000,000
tons used in the manufacture of gas. Bearing in mind that
cubic feet of
carbonic acid ges, and that in a pure atmosphere there
were not more than 38} of carbonic acid in 10,000
parts of air, the mode of dealing with this product became
a subject of grave importance. But it was the imperfect
combustion of coal which caused the more apparent an.
noyance of smoke and soot. The appliances and regulations
to secure the effectual combustion of fuel, so as to prevent its
waste and unnecessary contamination of the atmosphere, mighty
be carried out in new cities 4t no great cost, although there
must always be objection to the introduction in an old city of
any improvement which rendered nccessary some structural
alreration in every house. Sir Joseph Bazalgette then referred
at considerable length to the housing of the poor. Prior to
introduction of the Artizans’ and Labourers’ Dwelling Act of
1875, twenty-eight associations had provided improved homes

for 82,435 persons, at a cost of about £1,200,000, at an average
rental of from 2s. to 2s. 9d. for one room to 4s. 6d. to 63, 6d.
for three rooms per week. The return realized upon the out-
lay varied from 23 to 6} per cent. But these associations had
the advantage of selecting vacant sites on favorable terms,
whilst under the operation of the Artizans’ Dwellings Act the
houses on any unhealthy district for which the new buildings
were substituted had to be purchased compulsorily, as well as
the public-houses and shops mixed up with them, at a heavy
cost, and then cleared, and new thoroughfares and sewers con-
structed. Twelve areas in different parts of London, embracing
an aggregate area of 40 acres, in which the houses were over-
crowded and unfit for human habitation, had been dealt with
by the Metropolitan Board of Works, at a cost of £1,500,000,
and some further areas by the Corporation. The cost of the
new building had varied from 6d. to 84. per cubic foot. The
sites which gad been cleared for their erection had been sold at
from 2s. to Bs. per superficial foot. In the dormitories of poor-
houses and prisons a breathing space of from 450 to 500 cubio
feet, with proper ventilation, had been deemed requisite for &
healthy man. The police requirement for common lodging-
houses was 240 ombic feet per head, and 450 cubio feet were
allowed to each policeman lodged at a station. The Poor-Law
Board allowed 500 cubic feet per head in sick wards, and 300
cubic feet per head in dormitories. 500 cubic feet per head
meant a room 8 feet high and 15§ feet square for four adults,
and this allowance per inhabitant had been generally made in
carrying out the provisions of the Artizans’ Dwellings Act;
the doors and windows of the new buildings were also larger,
the surrounding streets and open spaces wider than previously,
and the ventilation was superior.

STEEL RAILROAD Tiks.—Experiments are about to be made
with steel ties by the Chief Engineer of the Reading Railroad.
The only noticeable difference in shape between the wooden
and steel, is that the steel would be made hollow. They would
be of great duration, lasting until rusted away, while the best
oak ties lasts only some eight years. Among the advantages,
it is claimed, they would lessen the wear and tear of the track.
The road bed being of a more solid basis the train could attain
a higher speed, running firmer and smocther. The expendi-
tures will also be greatly lessened. Before long there must be
some substitute for wooden ties as they are becoming more and
more expensive every year.—Sc. Am.

et O s
WILD BERS.—Knowledyge.)
By 8. A, BurLer, B.A, B.Sc.

(Continued from page 89.)

Sometimes there may be found on the bodies of bees a curious
little orange-colored six-footed creature about one-tenth of an
inch long. This is the young larva of a great, fat, lazy beetle,
the Oil Beetle, so called from a nasty habit ‘it has of causing
drops of an oily fluid to exude from its joints whenever it is
handled. The perfect beetle may frequently be seen lazily
scrambling over the grass in our fields. It is a bluish-black,
flabby creature, with an abdomen. of proportiens quite alder-
manic. It is not easy to understand what the larve of these
beetles can want on a bee’s back ; but in some instances, at
any rate,on being carried to the nest, they fall to on the larva of
their host, and enrich themselves at its expense.

The humble-bees, or dumbledors, which constitute the
gonus Bombus are subject to the parisitism of certain
two-winged flies. The %x)':;s of one of these live actually
ingide the bodies of the X

ficial resemblance to the bees in w
varies with the species on which it is parasitic. —'When

it lives with a yellow-banded white-tailed bee, it is itself
yellow-banded and white-tailed ; but when the host has 8

red tail and no yellow band the fly also is furnished |
with a like colouration. The fly-grubs devour the bee- |

grubs, and sometimes almost clear out the nest.’ But the
Bombs are subject to more insidious parasitism than even

that of Volucella ; certain bees, almost the exact counter [ -

ﬁ.m of the Bombi, but differing in having no brush of
airs on their legs for the collection of pollen, live with
them like the wasp-like cuckoo bees before-mentioned,
and their grubs feed upon the store of nutriment laid

Another is called Volucells |
bombylans; it is a beautiful creature, presenting a super- |

hose nests it lives; |
but the most ocurious fact about it is that its colour |
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Up by the industrious hosts for their own progeny. Not-

vithstanding their “sponging ” habits, these parasites live
duite amicably with their hosts; who may, indeed, be
n":ble :: distinguish them from the legitimate owners of
nes
Wild bees are either solitary or social. The solitary
gecle. live each in its own nest, while those that are social
Sc:.l:n larger or smaller oommunities, living in a single nest.
n tary bees may be, and often aro, gregarious—that is,
A0y burrows are found very near together, in the same
th , for example, but these are all separate abodes, and
© inhabitants are all independent of one another.
im ;’ingﬂt the solitary species there is, as I have already
Pl:;t:d’ a great diversity of habits The burrows of the

TIng hees are adorned with layer upon layer of a

N7
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Fig. 2 bis.—Tongue of Plastcring Bee.

::t'"' dehcat.o membrane, something like gold-beater'’s skin,
%’Puch thinner ; this is secreted by the insect itself, which
to o8 curiously.shaped tongue (Fig. 2) as a kind of trowel
n:l“h“’ secretion over the sides and end of its burrow.
leay, f-m.ltﬁen (Fig. 7) line their nests with fragments of
Thau' Which they cut from various shrubs and trees.

Ylindrical burrow having been prepared in sand,

:::::’t:'. ¥01d, as the case may be, the little labourer fiies
ita chosen shrub—say a rosebush. It alights upon
tad, fixing iteelf upon the edge, holds it with three
oy side, and then with its mandibles begins to snip
ang hom,l or semicircular cutting, biting its way backwards
nally 5, °0 8ll the time to the piece, which is thus
ingggy ;) Sotached. When the last bite is given, and the
ag g ;: sbout to fall with ita prize, it spreads its wings
lﬁtt‘.cu . BWay in g ¢ heeline” to its home, where the
st'“ight bg 18 duly deposited in & suitable position.
Creatirg ﬂ._&ck again to the same plant the industrious
'lig}my 1%, and in the same way makes another outting,
the by g the shape according to the requirements of
Plecg s v: This is placed 8o as to lap slightly over the
15 addeq, Placed in pogition, and then another and another
for tpe ntil the whole cell is made snug and comfortable
W 1 eqt. cPHON of the egg and the food the young grub
Slroy)g, le then the cell is closed up with a number of
b‘%re, ®afcuttings, all obtained in the same way as
. Like ¢, :
lngecty . 2 Leaf cutte
"ll:?t;h’ their habitg g:;
S ®Y have been

the Mason Bees are stoutly-built
very various, so much so, indeed,
said to manifest greater diversity of

e

instinct than any other group of bees.  There is not that
constancy in the choice of a situation for the construction
of the nest that we find in most of the other groups. For
example, the commonest species, Osmia rufa, exhibita a
wonderful power of adapting itself to circumstances; in
hilly country, or at the seaside, it often burrows in the
sunny side of cliffs and in sandy bauks, but in a cultivated

district, especially when the soil is clayey, it will seek out

some old willow tree and make its hurrow in the decaying
stump, Much more difficult situations are, however, not
unfrequently chosen, e.g. the mortar of old walls, Ncr
does the insect always excavate its own burrow ; it some-
times avails iteelf of some cleft or crevice already made ;
thus, its nests have been found in the lock of an out-house
door and in & cavity in a flint used in the rockwork
of a garden; but, most extraordirary of all, a nest
was once formed in the tube of a fife that had been
left in a garden arbour. When the fife was found, no
less than fourteen cells had been made by the indus-
trious little creature, and the fifteenth had been com-
menced ; the bee had entered the fife at the lower
end, and commenced its cells a little below the blow-hole.
Some species form their nests in old snail shells, arranging
the cells in different ways, as necessitated by the varying
diameter of theé whorls of the shell. Others, again, chooee
as a nidus the hollow straw-tubes in thatch, or a bramble
stick from which the pith has been extracted. The cells
are made of little particles of earth, stone, or other mate-
rials, agglutinated together by a gummy substance secreted
by the insect itself. Both Leaf-cutters and Masons have
the under surface of the abdomen densely clothed with
pubescense, and with this brush of hairs they collect the
pollen required for the mpYort of their young. .
The economy of the social bees is exceedingly interesting ;
the great buzzing, humble bees that are seen in the warm
days of spring rifling the sallow blossoms, or calmly cutting
their way through the sir with self-satisfied hum, are the
females, which have remained in a torpid state through
the winter months, but have been revgvxﬁed and brought
forth from their retreats by the enlivgnms rays of the sun,
a8 it daily mounts higher and higher in the heavens. The
troubles of maternity are before th?m ; and after they have
made selection of a convenient cavity for the nest, a store
of pollen has to be provided to meet the wants of the ex-
pected offspring. In addition to this, the parent bee con-
structs a number of receptacles called honey-pots, which
she fills with a coarse kind of honey, the use of which is.
not certainly known. Then & few eggs are laid, which
s00n batch, and the little creatures speedily pass through
their metamorphoses ; these are the neuters, or workers,
and upon them now devolyes the labour of enlarging the
nest according to the needs of the community, as well ss of
providing for the wants of their fature companions, It is
not till tﬁe season i8 considerably advanced that young females
appear, and these are followed after a time by the males. .The
females are often very much larger than either the males or the
workers, and sometimes the latter are exceedingly diminutive,
when compared with the mother of them all. Some of the
Bombi construct their nests on the surface of the ground, and
others at some depth underneath, and it_is a remarkable faet,
that this difference of habit is aocomrmed l:iy a difference of
ergroun.

temperament in the insects, the un builders being
acions and vindictive than those that build at
the surface. nests of the latter censist of piles of little bits
of grass, moss, &c., collected with great assiduity, and ar-
ranged with considerable care and skill by the little artificers.
Occasionally they will adapt birds’ nests to their requirements,
apparently turning out the real owner, sometimes even after
its oggs have been laid. The number of bees constituting one
community of course varies with the season, being greatest in
the autumn, when all the sexes are found. At this time the
nest of one of the carder bees has been found to contain about
120 specimens, of which about half were workers. In no case
is the population anything like so dense ag with the hive-bee.
It may be as well to meation that honey-comb is not maunu.
factured by any of our wild bees.

much more p

~
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HYDRAULIC PROPULSION.
BY MR. SYDNEY WALKER BARNSBY, ASSOC. M, INST., C.E,*

The idea of propelling ships, by forcing water through the
bottom or sides by means of pumps, was suggested in 1661,
which was the date of the first patent upon the subject. The
¢ Nautilus ”” and the ** Waterwitch,” built in 1866, attracted a
good deal of public aitention. The latter was an armoured gun-
boat built for the Admiralty at the Thames Ironworks, the
machinery having been designed by Mr, Ruthven, This gun-
boat was driven by two water-jets discharged from nozzles at
the sides level with the water, the diameter of each of which
was 24 inches. The jets were supplied by a centrifugal pump,
14 feet in diameter. The quantity of water discharged per
second was 5.2 tons at a velocity of 29 feet per second. When
the engines were developing 760 indicated H. P, the vessel,
which was of 1,161 tons displacement, attained a speed of 93
knots. The ‘* Viper,” a similar vessel, but driven by a screw-
propeller, with a displacement of 1,180 tons, attained a speed
of 9°58 knots, with 696 indicated H. P. Although this pointed
to a considerable waste of power by the Hydraulic system,
many people thought it had not received a fair trial ; and Lord
Dufferin’s Committee on desigus of ships of war in 1871, re-
commended that in view of its suitability for drafts of water
so small as to preclude the use of acrews, it should receive a
more thorough trial. In 1878 an hydraulic torpedo vessel was
built in Sweden for competition with a similar vessel propelled
by twin screws. The vessels were 58 feet in length with 10
feet 9 inches beam, and of 20 to 21 tons displacement. The
screws with 90 indicated H.P. drove the boat at a speed of 10
knots, while the turbine, with 78 indicated H.P., gave a speed
of 8:12 knots per hour. The displacement co-efficients were
82 with the screw, 52'5 with the turbine. The Fleischer
Hydromoter, built in Germany in 1879, also failed to compete
with the screw in point of economy. In this vessel there was
no centrifugal pump. The steam acted directly upon the
water, forcing it out of vertical cylinders through nozzles in the
bottom of the vessel, which could be turned in any direction.
The motion. was unpleasant owing to the intermittent action of
the jets, and the speed obtained was small.

The advantages which the hydraulic system of propulsion
presented might be enumerated as follows :-~No impediment
to speed under sail ; no racing of the engines; power of re.
versing-motion in the hands of the officer on deck ; full engine
power for manceuvering ; vessel capable of being made double-
ended, and power of ramming much increased. The propeller
was uot liable to receive damage from running aground,
and could not be fouled by floating obstructions ; it was favour-
able for light draught, and the large pumping.power was avail-
able for keeping down leaks. The disadvantages were mainly
these :—The difficulty of utilizing the full energy of the water
entering the propeller ; every particle of water acted upon
wust be carried in the ship ; loss by friction of the water in the
passages and by bends in the pipe.

In 1882, Messrs. Thornycroft was building at Chiswick
twenty second-class torpedo boats for the Admiralty, and the:
were commissioned by their Lordships to fit one of them wit
a Ruthven propeller in competition with the screw. As the
machinery was necessarily heavier, the hydraulic boat was
given a little extra length. The dimensions of the screw-boats
were : length 63 feet, beam 7 feet 6 inches, draught 3 feet 8%
inches, displacement 12-89 tons. In the hydraulic boat the
length was increased to 66 feet 4 inches, the beam was 7 feet
6 inches, draught 2 feet 6 inches, and displacement 14,4 tons.
The engines, which were compound and surface-condensing,
had cylinders 8% and 14} inches in diameter, with 12 inches
length of stroke. They drove a turbine 2 feet 6 inches in
diameter at 428 revolutions per minute. The inlet to the pump
was at the bottom of the vessel about amidships, and the dis-
charges, 9 inches in diameter, were at the sides just above the
water. In all previous bydraulic boats the water had been
taken in throu;zg a hole in the bottom, in such a way that all
its velocity relative to the ship was destroyed before it entered
the pump. This velocity had to be restored by the pump,
which involved a large waste of power. In the Thornycroft
boat the bottom had been formed in such a manner that a large
hole was presented to the water at right angles to the kee%(,
The water flowed with unchecked velocity through the pump,
and if the vessel was towed along. the water was scooped up,
flowed of its own accord through the pump, and fell out at the
nozzles. The nozzles could be worked from the conning-tower,

¢ A Lecture delivered before the Institution of Civil Engineers.

and made to discharge the water ahead, astern, or athwartships,
thus driving the boat in either direction or stopping her. On
trial the pump discharged one ton of water per second, ata
velocity of 37} feet per second. The H.P. developed by the
engines was 167. The speed obtained by the boat was 126
knots per hour. The engines in the screw-boat were con-
siderably lighter. The cylinders were 84 and 13} inches in
drameter, with 8 inches length of stroke. They developed 170
indicated H.P. with 636 revolutions. The speed obtained
was 17°3 knots perhour. The measure adopted for measuring
the quantity of water discharged from the nozzles in the hy-
draulic boat was considerably more accurate than any hitherto
employed. On the ““ Waterwitch,” very imperfect” measure-
ments of the velocity of discharge were taken with a patent
log placed in the jet. Measurements were made by the Author
on the new boat by a thin plate 1-03125 inch square, attached
to the end of a lever, and placed in the jet just where it left
the nozzle. The pressure on the plate was recorded by a
dynamometer. The apparatus was so arranged that the pres-
sure could be measured at every part of the jet, and not in the
centre only. The pressure varied greatly in different parts of
the jet, the mean being nine-tenths of the pressure in the
cenire. From this the velocity of the water was estimated, and
aleo the quantity discharged.

The efficiency of the jet was found to be 0'71 and of the
pump 0°46. In the * Waterwitch” the efficiency of the jet
was 0'5, and of the pump 0'47. In the Swedish hydraulic
boat the efficiency of the jet was 0'5, and of the pump 0°55.
The total efficiency or ratio of useful work in the jet to the ac-
tual work expended in producing it was—in the ‘“Waterwitch,"”
018 ; in the Swedish boat 0°214 ; and in the Thornycroft boat
0-254. The displacements co-efficients at the maximum speeds
were, in the Thornycroft screw-boat, 169 ; in the Thornycroft
hydraulic boat, 72. The only fair comparison, however, be-
tween these two boats was at the same speed of 126 knots ;
the co-efficient of the screw was then 140—still nearly double
that of the other boat. Jt must also be remembered that no
comparison could fairly be drawn between the co-efficients of
the Thornycroft hydraulic boat at 12:6 knots and the co-effi-
cient of the ‘* Waterwitch '’ at 9'3 knots which was 116. The
speed of 9'3 knots was an easy one for a vessel 162 feet long,
while 12'6 knots was a speed difficult of attainment by a boat
only 66 feet long. If the latter had been designed to run at
8% knots, its most economical speed, the co-efficient would
have been 140 against the 116 of the * Waterwitch.”’

In conclusion, it was worthy of note that one of the greatest
obstacles to the success of the jet-propeller, namely, the loss of
energy of the water entering the propeller, had been overcome-
It had been clearly foreseen by Mr. Thornycroft ; and by
adapting the bottom of the boat to meet it in the manner de-
scribed, the efficiency of the jet had been raised from 03 to
0:71. Unfortunately this obstacle did not stand alone. What
efficiency it was possible {0 get with a centrifugal pump de-
livering one ton of water per second, with a lift of 21% feet and
of limited weight and dimensions, the Author could not say;
46 per cent. seemed very low ; had it reached 70 per cent. the
total efficiency would have been 0°38 and the speed upwards of
15 knots. Perhaps this amount of success might yet be
achieved for the hydraulic propeller, but it was not likely to
be exceeded. The case at present stood somewhat thus :—In
the screw-boat the efficiencies were—engine, 077 ; screw pro-
peller, 0°65 ; total, 0'5. In the hydraulic boat—engine, 0°77;
Jet-propeller, 0:71; pump, 046 ; total 8:254. The jet, as 8
propeller, might be taken as a little better than a screw, bu
the loss in the pump was a dead loss, and represented aboul
half the power. In other words, before a hydraulic-propelled
boat could be made to compare favourably with one driven by
a screw, the pump producing the jet must work without loss-
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Miscellancons I otes.

g

SUNSHINE RECORDERS.—It is singular that an important d¢
fect in a sunshine recorder now being brought prominently be”
fore the public appears to have escaped the attention of itf
makers. The card-holder has adjustment for any latitude, but
it does not allow the sunshine to focus through the glass spher®
for more than six hours on each side of the meridian. NoWs
in the latitude of London, in the middle of June, the sun rises
about 8 hours 15 minutes a.m., and seis about 8 hours 156 min*
utes p.m. This sunshine recorder will not act before 6 a.ﬂl'ﬁ.
| nor after 6 p.m. Consequently no less than four and a h#
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Phur is‘about 280,000 tons, of an average value of 109,20
Ire per ton — 30,793,000 lire, or over £1,200,000 sterling. Of
18 total, Sicily produces 242,000 tons. There is an export
zllty of 11 lire per ton on sulphur, and the average export is
1(?:000 tons. The Sicilian sulphur is mostly exported raw,
:s ‘t‘COmes from the kilns. It is of seven qualities, the values
w&"ymg from 101 to 115 lire per ton. Except in the better-
inor ed “solfare,” the separation of the sulphur from the earths
of which it is contained is still conducted in Sicily by means
k11n§ (calcuroni). which do not require any additional fuel,
0;_“3 Which entail the consumption and loss of about one-third
thﬁ Sulphur itself. About 18,000 hands are employed in
€ Sicilian “golfare,” of whom about 14,000 work in the in-
ofréﬁr of the mines, including those employed in the transport
car 1€ ore to the surface. The sulphur in many mines is still
whned to the surface on the backs of boys called ¢ carusi,” of
om there are about 3,500.

ThR“L ¥AY BuILDING Across Britisu NOKTH AMERICA.—
pr. ¢ auaual report of the Cauadian Minister of Railways, as
re:;‘ented to the Dominion Parliament, contains an interesting
of tll‘:w of the progress made in the past year in the completion
th e thrqug connection over Canadian territory between
® Atlantic and Pacific sea-boards. Of the 2,889 miles of
pl:liadmn Pacific main line or railway, 2,023 have been com-
wi tlfd’ and are now in operation. It appears that as compared
ast, the estimate of distance of the through line made in the
off, report of the Minister, a saving of 100 miles has been
f ected
8?:: the Yellow Head Pass to the Kicking Horse Pass, to the
ovmt of which the track of the railway is now laid. The
Y ernment Chief Engineer of Canada, in his statement to the
thenlster of railways, reports that on & personal inspection of
°0mw1 ole line of the Canadian Pacific Railway, so far as it is
lar, Pleted, he found it to be ““ well and substantially built, the
&er streams being spanned by strong iron bridges, resting
is b:‘ ab‘ltmqnts and piers of massive masonry, and the whele
1ug carried out in a manner fully up to the requirements.”
Palle}ephony.—The figures which we subjoin, says the
o Hall Qazette of the 22nd inst., showing the number of
doy 1% sent through the United Telephone Company’s Lon-
machAXChange during the past week, are simply astounding,
of ne"‘g a3 they do now to nearly 300,000 a week, or an increase
thig r'"ly 50,000 messages & week over the past month. Should
1 Shonapiq rate of increase continue, this company will in the
cat Period of four years from its formation be transmitting a
not 8T number of messagas than the whole Postal Telegraphs,
nly in London, but in the United Kingdom.

Calls. Messages.
%fe';dday, March 10, 25,497 50,99%1
1 ednay’ ““ 11, 25,658 51,316 | Number of subscribers,
Thurs:isa"” “ 12, 25335 50,670 | 3,293 at £20 a year,
riday Y’ .. 18, 26,011 52,022{ = .£1,267 for one
Saturﬂ’ “ 14, 36,234 52,568J week.
8y, 15, 17,074 84,148

291,718 for £1,267 or one penny
———— per message.

Correapong; |
"esponding week in Feb. 249,202

Inc ———
L':";“ 42,526 a week.
indep!:n?in Was at present supplied with water by eight
0 gall et companies. The aggregate supply was 140,000,-
°°“8ume°ns daily, of which from 15,000,000 to 18,000,000 were
tion y; h‘olltsuie the Metropolitan boundaries. The consump-
Per heg 10 the Metropolis was at the rate of about 31 gallons
frop the T aily, Nearly one-half of the water was obtained
New iv hames, and the remainder from the River Lee, the
Ompgpics’c 200 other sources. The charges of the Water
of the €8 for water were mostly based on the rateable value
%naumeé’“es supplied, and not according to the quantity
L0nd0n h‘d DUt inasmuch as the rateable value of' houses in
" poa Ly oen since 1855 from £4 per head to £7 per head
epu ation, and the consumption of water had remained
w g € Price of water, as based upon the rateable value,
Wag ng Yo Per cent. dearer than it was in 1855 : and there
fizeq cha 3801 to doubt that so long as the price remained a
Tge u

by the change of route through the Rocky Mountains -

for water amounted to 7-3d. per 1,000 gallons, on which there
was a net profit of 4'1d. When in 1880 it was proposed to
purchase the London Water Companies, the arbitrator valued
their interest at £33,000,000.

THe vicHTING is after supply of Lonnon The lighting
of the Metropolis was effected mainly by three Gas
Companies, at a cost varying from 2s 10d. to 3s. 2d. per
1,000 cubic fect. More than 20,000,000,000 cubic feet of gas
per annum were manufactured out of 2,000,000 tons of coal.
It was distributed throuzh 2,500 miles of pipes, varying from
3 inches to 4 feet in diameter, at a cost of about £3,000,000,
or more than double the cost of the water-supply. The gas
wax required to have an illaminating power of 16 candles when
consumed at the rate of 5 cubic feet per hour, to be entirely
free from sulphuretted hydrogen, with a maximum of 4 grains
of ammonia, and from 17 to 22 grains of sulphur, in 100 cubic
feet of gas.

Electric lighting was rapidly advancing. When, in 1878,
the Jablochkoff Company commenced lighting a portion of
the Victoria Embankwment, the charge for each lamp was 5d.
per hour.  This had been reduced by stages, and since June,
1881, forty lights on the Embankment, and ten on Waterloo
Bridge had ccntinued to be lighted at the rate of 1}d. per
light per hour. In fact, twice %he illuminating power was at
present obtained on the Embankment by electric lighting for
the same money if expended on gas. But it had been stated
that the contract had not been profitable at the latter price.
Incandescence lighting,though much more costly in production,
;vas more economical in the regulation and distribution of the

ight.

Sir Joseph Bazalgette in his inaugural address before the
Institution of Civil Engineers stated that in the United King-
dom alone there then existed 8,000 miles of railway, on which
£286,000,000 had been expended. There were now upwards
of 18,000 miles of railway, having an authorised capita
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hours of possible sunshine cannot be recorded by this instra- water and the value of the property of the Water Companies
Ment.  The defect will apply more or less to all the records of would increase in a like ratio. ~ The total capital employed by
Sunshine during the six months March 21st to September 22nd. the Water Companies was about £13,200,000, or at the rate
suil‘m} Engineer states that the world's average product of of 61-7d. per 1,000 gallons of water supplied. ~ The net charge

exceeding £800,000,000, on which the gross annual receipts |

were £67,008,000, and the annual working expenditure £35,
000,000. These railways carried 623,000,000 passengers annu-
ally, besides 500,000 season ticket holders, and 246,000,000
tons of minerals and general merchandise. Contrary to the
auticipations of Telford and of Walker, the demand for engin-
eers of a more highly educated and trained class, and the
number of these, had continued rapidly to increase, notwith-
stauding competition was keen as in all other occupations in
this country. 1
nature, and their application for the use of man, was tending
still further to the development of engineering.

London is now without a rival as regards size and population,
Dot only in the present. but as far as is known in the past
history of the world. London, or the Metropolis, as defined by
the Metropolis Management Act of 1855, contains at present
nearly 4,000,000 people, covering an area of 117 square miles,
upon which are built 500,000 houses. Its populat.on is equal
to that of the whole State of Holland, is greater than that of
Scotland, and double that of Denmark. At the same rate of
increase, by the end of the century, it would equal that of
Ireland, as indeed Outer London now does. Its population
has quadrupled since 1861, when it numbered 959,000 ;.and it
is now increasing at the rate of 70,000 per annum, equivalent
to the addition to London every yearof a city as large‘as Geneva
or of Plymouth. The rateable value of property in London
has grown from £6,000,000 in 1841 to £28,000,000 at presen,
or nearly five-fold in forty-three years. But the traffic through
London has risen even more rapidly. The arterial lines of
thoroughfare, wide enough half a century ago, are now al.to-
gether insufficient. Thus, although the Strand and Cheapside
have been relieved by the formation of a new route between
Charing Cross aud the Bank, along the Victoria Embankment
and Queen Victoria Street, and Holborn has been relieved bya
new route from Oxford Street to Shoreditch, and new and
widened streets continue to be made through the City and
other crowded localities, the old lines of thoroughfare still
remain congested by the traffic. ~There now pass over the
Metropolitan bridges daily 384,000 pedestrians and 75,000 ve-
hicles, the annual increase being at the rate of 4} per cent. and
13 per cent. respectively. The traffic on three sfetropolitan
railways has risen from 79,000,000 passengers in 1871 tv 186,.

The discovery of some of the latent energies in -

—~ Pon the rateable value of the houses, the cost of 000,000 in 1881, or to 373,000 daily.
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Fi16. r.~Macrurus glodiceps, Vaill.

THE DEEP-SEA FISHES OF THE ' TALISMAN.”

Among the many wonderfal animal forms collected during
the voyage of the ;’ah':man none surpass the fishes in interest.
In the exhibition, now open at the Jardin des Plantes, Paris,
of the various specimens collected during this voyage, the col.
lection of ﬁshea]l)leolds a chief place. During the craises of the
Travailleur, owing to the apparatus em;iloyed, the capture of
a fish was a rare event, but by the employment of & kind of
drag-net on board the Z'alizman the number both of species and
individuals taken was quite surprising. Once, on July 29, in
‘16° 52' F. lat. and 272 50' W. long., in one haul of the drag-
net no less than 1081 fishes were taken from a depth of 450
metres. The chief surface fish noted in M. Filhol’s very inter.
esting papers, which are in course of publication in our
French contemporary La Nature (to which journal we are
indebted for the illustrations accompanying this notice), were
the well-known shark (Charcharias glaucus) very common be-
tween the Senegal coast and the Cape de Verde Islands; its
strange attendant fish, the so-colled pilot fish (Nauerates
ductor), and the very curious and odd-looking fish of the Sar-
gassum Sea, Antennartus marmoratus. It is noted that not
only were the pilot fishes never molested by the sharks but
that they constantly swam round them, sometimes even they
were seen placing themselves against the shark’s sides between
their pectoral fns. Many observations were made on the
strange Antennarius, the colour of whose body so closely ap-
proaches to that of the alga amidst which it lives that it em.
ablea these fish to approach almost unseen, and so quite easily
take their prey. It is not, however, altogether unworthy of
remark that this Brey, consisting for the most part of small
crustacea and mollusks, is also of the sume general shade of
colour as the mass of the weed, so that the assuming of this
uniform dull tinge of colour must mean a heightened danger to
some of these forms of life. ’

The great interest, however, of the fish captures of ‘the
Talisman centres in the remarkable forms taken from the
depths of the sea, which were both considerable in the number
of individuals and in the newness of the forms. The question
of whether certain fish inhabit certain zones of depths was

closely considered, and is answered in the affirmative. These .

zones are of very considerable depth, varying from 600 to over
3650 metres, and in bringing up specimens from such areas of
great pressure these suffer immensely through the phenomens
cansed by the rapid decompression of the air, the more remark-
able offects being dilatation of the swim bladder, the eyes being
squeezed out of their orbits, and the scales clothing the body
are shed. In some cases even the fish’s body has become
smashed into pieces. Notwithstanding all these phenomens,
the area in depth of the distribution og many of the deep-ses
fish is very considerable. Thus 4lspocephalus rostratus is met
with between a depth of 868 and that of 3650 metres ; Scopelus
maderensis between depths of 1090 and 3655 metres; Lepio-
derma macrops, between 1153 and 36556 metres ; and Macrurus
affinis, between 590 and 2220 metres. The explanation would
seem to be not only that the organization of these fishes issuch
as enables them to support the enormous pressures at the
greater depths of the ocean, but that in the course of their
movements of ascent and descent they proceed very slowly 80
as gradually to get acoustomed to the alterations in pressure.
These fishes are all flesh ‘eaters, with well develo
g{stems ; the absence of light prevents the growth of marineé

a %aa in these depths, and as a general rule all the fish found |
o

below 150 metres are of necessity,predatory. These deep-ses
fishes, as Dr. Gunther reminds us, do not belong to any pe-
culiar order, but are chiefly modified forms of surface types ;
some of these modifications being no doubt very extreme, but
serving as indications not only of the struggle for existence, bat

also of the plasticness of the forms to adapt themselves to the ||

extreme conditions under which they live. The most remark-
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Fi16. 2.—Eustomias obscurus, Vaill,

b
.1e.1: &l;enomena in connection with their deep-sea life is doubt-
uis § tremendous pressure which has to be borne. No one
life g4 80 doubt but that these deep-sea forms live as active a
dicate urface forms, indeed their very appearance seems to in-
by mraﬁmftpem and energy of movement not to be surpassed
P'murew Swimmers, and we may believe that then:%yssal
Careong 1, 88 3 great deal to do with keeping their feebly cal-
Sondigi,, 0nes and delicate muscular system compact and in &
these emtt’m effective use. The placid state of the water at
ang eP must also be borne in mind—no storms affect them,
Tect]y Xtraordinary attenunation of some organs may be di-
(Fiﬁ' ) Tibed to this phenomenon. This Macrurus globiceps
a [y, Wwhich forms one of a family of deep-sea Ganoids, known
in °°nai$1 at depths of from 600 to 2200 metres, and occurring
182 oy erable variety and great numbers over all our oceans,
depty, of ile’%les. described by M. L. Vaillant as found at a
‘?ﬂnt, will tween 1500 and 8000 metres. Its body, globular in
In'some . Seen to be very greatly attenuated behind.
the 1y g, Of the deep.sea fishes peculiar organs, unknown for
lomeﬁmesp‘}ft 8mong surface fishes, are to be found ; these are
°r‘Pelr1 ool more or less numerous, round, showing mother-
thege are oured bodigs embedded in the skin;” in some fish
the tideg &nde met with on the head, or near the eyes, or along
*trange bods back. Dr. Gunther informs us that of these
thege dl'ﬁ‘eree. the following hypotheses are possible: (1) all
fug o lense-lgt Organs are accessory eyes ; (2) only those hav-
8langy; . ike body in their interior are sensory, those with
ang 3) mm'llcture are not sensory but are phesphorescent ;
be Wged o C Producers of light. Kiany serious objections can
yes h.“‘&l‘mﬂt the first view. Some of the fish with immense
Wty glay dnf:: g:g_les, others without eyesewant them, while

ies being sense organs this is not yet scien-

tifically realizable. One seems therefore justified in adopting
the middle hypothesis, and though on first thonght it seems
strange that fish with large eyes should have accessory eyes,
yet Dr. Gunther’s supposition may be the true one—that there
are light producers begind the lenses, and that these latter may
act the part of *bull's-eyes” in & lantern. This form of
* light organ ” might constitute a very deadly trap for prey,
one moment shining it might attract the curiosity of some
simple fish, then extinguished the simple fish would fall an
easy prey.

Long filamentous organs are to be met with showing appar.
ently a brilliant type of phosphorescence. Among the many
curious forms of development of these tactile organs to be met
with, one of the most singular is that to be seen on a fish re-
feared by M. L. Vaillant to a new genus and species found at a
depth oi 2700 metres, and represented in Dreysan. In this
form (Eustomias obscurus) the tactile organ takes the aplpeu-
ance ofa long filament, which is placed underneath the lower
Jjaw, and which ends in an inflated and rayed knob.like phosp.
horescent mass. .

Another peculiarity now well known in deep-sea fishes is the
enormous development of the mouth and stomach of these fish,
In the gerus Melanocetus and in Chiasfmodus the capacity of
the stomach is such that it can contain prey twice the size of
the fish which swallowed it, and perhaps the hr!‘o]:t gape of
jaws known is that of Burypharynx pelecanoides. e greatest
depth at which a fish was taken during the cruise of the Talis-
man was 4255 metres ; the fish was Bylkytes cragsus ; but it
will be remembered that during the Challenger expedition a spe-

cimen of Bathyopts forax was taken at a depth of 5000 metres,
‘We hope again to have the o%portnn‘lty of referring to other
of the deep-sea forms taken by the Zalisman.
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NOTES ON ELECTRICITY AND MAGNETISM,
BY PROF. W. GARNETT.

(Continued from page 87.)

If the air be at a positive potential and a conductor
be surrounded by the air but placed in connection
with the earth, the conductor will be at potential zero,
and will be negatively electrified. In order to bring
the conductor to the potential of the air, it must be
placed on an insulating support and then deprived of
its electrification,

If it were possible to remove the whole of the outer
surface of the conductor, the induced electrification
might be carried off with it and the conductor left un-
electrified, and therefore at the potential of the air
around it. On connecting the conductor with an elec-
trometer the latter would not, however, attain the
potential of the air unless the capacity of the conductor
were very great compared with that of the electrometer.

If the conductor be insulated and connected with
the electrometer, and if a very sharp point be attached
to the conductor, electricity will pass off the point so
long as there is any considerable charge induced upon
the conductor that is, so long as the potential of the
conductor differs considerably from that of the sur-
rounding air; but unless it is extremely sharp the
point will become inefficient before the potential of the
conductor approaches very closely to that of the air.

If a burning watch or gas flame he in communication
with the conductor, the flame will form part of the
conductor itself, and will be negatively electrified so
long a8 the potential of the conductor is less then that
of the air immediately surrounding the flame. But
the negatively electrified flame is continually being
dissipated into the air, carrying its negative eleectrifica-
tion with it, and being replaced by another flame, as
it were, which in turn becomes electrified at the expense
of the conductor, and this process goes on until the
corductor, and the quadrants of the electrometer con-
nected with it, are raised to the same potential as the
air which immediately swrrounds the flame. In con-
necticn with his portable electrometer, Sir William
Thompson employs a burning slow match, to raise the
potential of the plate of the instrument to that of the
air in the neighbourhood.

Sir Wm. Thomson’s water dropping collector, as
employed for the determination of the potential of the
air at fixed observatories, consists of a metal tank of
water supported on an irsulating stand and connected
with one electrode of a quadrant electrometer, the other
electrode of which is put to earth. A long tube, sus-
pended by insulating strings, conveys the water from
the tank to the point at which the potential of the air
is to be weasured. At this point the water is allowed
to escape from a jet and break up into drops. If the
potential of the tank is lower than that of the air at
the point where the drops fall, each drop, being in
connection with the conductor, will be negatively elec-
trified, and in falling will carry off its negative elec-
trification with it. This action will continue until the
potential of the tank is equal to that of the air imme-
diately surrounding the drops at the point where they
break away, and when this is the case the drops wiil
fall away unelectrified, and the potential of the tank
will undergo no further change. The ele trometer,
therefore, will register the potential of the air at the
point where the drops fall away from the jet; or if a

T ——

continuous stream of water fall for some distance, the
potential registered would be that of the air where the
stream breaks up into drops. If the tank be originally
at a higher potential than the air at the point where
the drops fall, the drops will be positively electrified
until the potential of the tank has been sufficiently
reduced.

If a Leyden jar is so constructed that its inner or
outer armatures (or coatings) can be removed by means
of insulating handles, and if the jar be charged and
then stripped of its armatures, the .latter will be found
to be almost unelectrified, but upon replacing them in
their proper positions the jar can be discharged. 1If,
instead of replacing the same armatures, a new pair of
armatures were fitted to the jar, the discharge could be
obtained with equal facility. This experiment indi-
cates that the energy of the charged Leyden jar does
not reside upon its armatures but upon or within the
glass itself.

When a Leyden jar is charged to a very high poten-
tial, a spark will sometimes pass through the substance
of the glass, destroying the jar and frequently pul-
verising the glass in the neighbourhood of the
perforation.  Before the glass can yield to the electric
forces it is clear that it must be strained beyond its
elastic limits and up to its ultimate strength.  Hence
we may conclude that before the jar is charged suffici-
ently for a spark to pass the glass must be in a state of
strain.  To produce this strain work must have been
done, and the glass, like a bent spring, in relieving
itself from this state of strain, is able to do an amount
.of work equivalent to that which has been done upon
it (if its elasticity be perfect). We are thus led to
regard the strained condition of the glass as the form
which the energy of the charged Leyden jar assumes,
and as all the electrified systems with which we are
concerned in the study of electrostatics differ from a
charged Leyden jar only in the nature of the dielectric
and the forms and relative positions of the electrified
surfaces, we naturally iafer that the emergy of all elec-
trified systems is due to a state of strain of the dielectric
or insulator, which separates the oppositely electrified
surfaces. According to this view the conductors in an
electrostatic system simply serve to bring the electric
charges to their surfaces.  The dielectric is the arena
of all electrostatic phenomena.

Faraday supposed that the particles of a dielectric in
an electric field are thrown into a state of polarization,
each particle being electrified positively on one side and
negatively on the other, and that in this way the elec-
tric force is communicated from point to point in the
field. Maxwell showed that electric phenomena can
be accounted for by supposing that there is a tension in
the dielectric in the direction in which the electric force
acts, accompanied by an equal pressure in every direc:
tion at right angles to the force, and that such a system
of stresses is compatible with the equilibrium of the
dielectric.  The energy of the dielectric due to the
state of strain into which it is thrown is the energy of
the electrified system. The mechanism by which Max-
well supposed this state of strain to be brought about
is consistent with Faraday’s theory of polarization.

When a Leyden jar is charged we must regard the
glass as thrown into a state of strain, being exposed to
a tension in the direction of its thickness,and an equal
and opposite pressure at right angles to this direction.
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When the Jar is discharged this state of strain is sud-
only relieved, and the pent up energy appears in the
lscharge,

i }Vhen a glass fibre is twisted and then released it
ori ound that it does not immediately return to its
. '81nal state, but having nearly regained its original
oondltlon in the first rebound it afterwards returns
f;l Y very slowly, so that a very long time elapses be-
belt.‘e the glass is in exactly the same condition as-it was
o }f,rq th9 strain. Other (imperfectly elastic) substances
Xlibit similar phenomena in & more or less marked
0?%"90- The same behaviour appears in the discharge
to the Lgyden jar. The glass does not at once return
th 1s origina] condition, and restore in the first discharge
® Whole of the energy employed in charging the jar.
i“t If, after the first discharge, the jar be left for a
29, i will be found possible to obtain a second dis-
ana:f’ (much smaller than the first) from it, and after
i: Or interval a third discharge, and so on, the
Charges becoming successively feebler.  This phen-
Wenon is known as the ©residual charge” of the
Yden jar.
eAu' dielectrics do not allow of the transmission of
cirie force with equal facility. Thus, if two balls
ofg arged so that they repel one another with a force
andrfe dyne when separated by one centimetre in air,
1f the balls be then placed in paraffin oil, the force
wh:%n them will be considerably less than one dyne
8 ror JD€Y are at the same distance apart, and to obtain
i "-Pulsion of ope dyne at a distance of one centimetre
Paraffin oi] the charges must be considerably increas-
e]e‘c& .oence, if we were to determine the unit of
ity by finding the amount which would repel
aforqual amount at a distance of one centimetre with
in dicﬁ? of one dyne, and were to repeat our experiments
Righ . rent media, each different dielectric would fur-
beig,, Hferent unit, that obtained in air (or vacuum)
78 the least,
1 on tlﬁl:e 17ht3.f'0rces between charges of electricity depend
8 qu Dedium through which they act, it follows that
to “?li:ntlty of elect.ricity required to raise a conductor
diclgey; Potential will depend on the nature of the
the .. ¢ Which separates it from other conductors in
Dnelgh}gourhood. '
ing :f The ratio of the capacity of a condenser hav-
°therw}i' 8lven substance for its dielectric to that of an
dielegy r;: iI;recxlslely equal condenser having air for its
the sub@tanc;a ed the specific inductive capacity of
abbre%i;:&em 8. L C. are sometimes employed as an
The mlon for specific inductiw{e capacity. )
2 dio) S8surement of the specific inductive capacity
of the . ecmg 18 a very difficult operation on account
“ tiayg) gmpllc&:txons introduced by the phenomenon of
ich likarge‘ The difficulty is greatest in substances
tution’ © glass, are of very complex chemical consti-
from ;. - Teduce as far as possible the errors arising
the ¢ > Cause attempts have been made to measure
digchalr’a:ltles of condensers when they are charged and
Begop d.g 8uccessively many thousands of times in a

—————————

AN '
Ew
qrmy " .ILLUMINANT —Lieutenant Dick, of the Russian
Whicp <8 said 1o have ;

ich jq @ discovered a new illuminating substance
;:’l;lch it ?:‘;uble- of imparting luminous properties to objects to
oupg_. gregphed. It is in the form of a powder, and of three
% yellow, and violet, the latter being the most
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powerfal. Water in a glass vessel is by this means converted
1nto an illuminating fluid. In alecture recently delivered by
the inventor at the Nicolai Engineering Academy, at St. Pet-
ersburg, he explained the application of the substance to
military and industrial mining operations, The illaminating
power lasts for eight hours, and the powder must then be re.
newed. The German Government is said to have been lately
making experiments with Lieutenant Dick’s invention.

———————————

PANCLASTITE.—(Sc. Am.)

The new explosives known as panclastite, which have attrae-
ted so much attention from engineers and chemists, from a
group which has no connection with any other known explosi.
ves. They are possessd of peculiar properties and power, and
merit a description. The combustive element of this new
section of explosive bodies, which is the discovery of Mr. Eugene
Turpin, is peroxide of nitrogen. The combustible body may
be formed of different substances, such as sulphide of carbon,
petroleum touene and xylene, benzoles, and vegetable and
animal oils. Each of these substances gives a different explo-
sive endowed with special properties. Another group is formed
of a mixture of peroxide of nitrogen with nitrobenzine. This
latter groupe gives products great stability. In fact, the com-
bustible being already nitrated to saturation by nitric acid,
the peroxide of nitrogen has no action upon it, and intervenes,
merely as a combustive, by its simple admixture, to render it
explosive. These compounds are specially adapted for military
purposes.

In principle, panclastite for indnstrial purposes consists of
two liquids, one soluble in the other, which are inert taken
separately, but which it is only necessary to mix together to
at once obtain, without any other operation, an explosive that
is more pawerful and more instantaneous than nitroglycerine.

Certain mixtures thus obtained resist shocks better in the
liquid state than any other known explosives, even ordinary
mining powder. Ordinary power explodes under the shock of
an iron weight of six kilogrammes falling from a height of
half a meter. Gun cotton and other products of the same
section explode under the fall of the same weight from a height
of a quarter of a meter. Seventy-five pet cent dynamite explo-
des under the same waight falling 0.15 meter, and dynamite
gum explodes under a tgall of from 0.20 to 0.25 meter Pur
nitroglycerine explodes under a fall of 9.10 to 0.15 meter.
Panclastite in a liquid state does not explode under the shock
of the same weight falling four meters. .All thess experiments
were made under exactly the same conditions by meaus of ap-
paratus constructed by Mr. Turpin, and one of which is shown
in Kig. 1..

Celﬁ;ain compounds of panclastite are non.inflammable,
while others are more or less inflammable, but never detonate
throught fire alone, in an open vessel. All the inflammable
compounds burn quietly in the open air. It requires a pre-
liminary explosion to bring about one of panclagtxte, such, for
instance, as that of a primer charged with fulmite of mercury.
Certain of the compounds burn so quickly and with so brilliant
a flame that Mr. Turpin has been led'to devise a portable ap-
paratus for optical telegraphy at night, in which the material
1 ysed as an illuminating agent. Panclastite, considered as an

" explosive, enjoys the peculiar and valuable property that its

sensitiveness and power may be varied at will.  All the experi-
ments with it have been made with the mixture that is least
sensitivein a liquid state. . .

But its sensitiveness may be made such thata hermetically
closed vessel filled with the mixture will explode under its own
weight in falling from a height of from one to two meters upon
hard ground. One the contrary, the sensitiveness may be
made go slight as to make it impossible to explode it under the
influence ots a primer charged with 3 grammes of fulminate of
mercury. Finally, as with nitroglycerine, panclastite may be
united with an active porous substance, such as povy@er, vand-
anite, etc. In such a case, it again loses its sensitiveness to
shock,

When dynamite and panclastite are caused to explode in the
open air npon leaden cylinders, it is found that the effects
produced by panclastite are in!imtely superior to those obtained
with a larger quantity dynamite. ] )

Fig. 2 shows the arrangement befoe the explosion. A is the
leaden cylinder, B isa bottle plaeced upon it and containing
the explosive, and C is the priming and fuse. Here the bottle
represented as containing 10 grammesof panclastite.
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Fig. 8 shows the leaden cylinders before and after the ex%%o-
sion. No. 1'represents the cylinders before the explosion, No.
2 the same cylinder crushed by the explosion of 20 grammes of
dynamite gum, and No. 3 a cylinder crushed by the explosion
of 10 grammes of panclastite. As may be seen, the effect pro-

duced by the new explosive is greatly superior to that given by
dynamite, notwithstandiug that the former be used in much
less quantity.

Among other open air experiments that have been tried
with it we may cite the following. An iron rail was placed

upon an oak tie, and in the channel between the flange and
lighted head, there was laid a cartridge containing 60 grammes of
panclastite primed in the ordinary way. When the fuse was
a violent explosion ensued and the rail was literally crushed
into fine bits, the majority of which were driven deeply into
the tie, tha latter itself having been broken.

Some of the fragments of the rail weighed but a few grammes.
Fo. these details and the engraving we are indebted to
La Nature.

¥ig. 1~TURPIN'S PERCUSSION APPARATUS FOR EXPERIMENTING Fig. 2~ARRANGEMENT FOR TESTING POWER 0F

UPON EXPLOSIVES.
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