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NEW BOOXRS.

Conversion Tables, by Robert H. Tharston, A. M., C. E,
‘ {New York, John Wylic and Sons.)

The main portion of this very convenient voluma is also
; Drinted as an appendix to Part L of the Materials of Engin-
| eering, by the same author, and contains all Measures and
| ‘Weights expressed according tothe British, United States, and
, and Metric systes, as well as the most cumplete and most
’ useful Tables of ¢ conversion factors” yet published.
,  In the present work these Tables ara prefaced by an excel
; lent Essay ou the requisites of a perfect systom, and by a dis-
cussion as to the merits of that known ss the metric for which
Mr. Thurston claims many great advaatages.

The Dlasterer’s Manual, by K. Cameron, {New York, W. T.
Comstock,) The ¢ Plasterers Manual,”is a neat little book
which is designed to be used as a pocket guide. It zon-
tuins a number of useful tables and receipts, terse deseriptions
of the various materials ased in plastoring, instructions for
making mortars and the resalts of practice as to the best me.
thods of performing the varions descriptions of work. While
there is much in tie book of value to the oxperionced, it does
not overlook the wants of the uovice Lo whumn the author gives
the following advico : “ Do not depend upon a book alone in
learning a trade ; example and practice, as well as precept,
are also required to master it thoroughly. 1t is thereforo es-
sential to place yoarself ander the instruction ofan experienced
workman, being careful to form an apprenticeship only with
one whose work and reputation are excellent. Aunappreatice-
skip formed with any other would prove & damage rather than
. ahelp,” Mr, Cameron's Mannal would be a valuable guide
to & young man in the solection of a master, because it points
out very clearly what good work is. Tho remarks on the char.
acter of work and the yalue of workmen have the ring of good
commion sense.

“* COVERED SERVICE-RESERVOIRS.*
By MR. Winiam Morris, Mrce. Ixst.,, C.E.
(4 paper read at the Instilution of Civil Engineers)) '

The Author alluded to the fact that covered ressreoirs were
used by the Romans, and other ancient people, for keeping
wator cool and pure for potable purposes, aud showed that their
use was by no means a recent refinement, although they had
only lately besa i .troduced in modern waterworks. It did not
appear, from official returns, that covered reservoirs were used
in London in 1850, wheh filtration had only been partially
introduced. But it soon became evident that covered reser-
voirs wero necessary for the storage of filtered water, and ace
cordingly it was enacted by the Metropolis Water Act, 1852,
which regnired all water (except water pureped from wells) to
be filtered, that all reservoirs for filtered water within 5 miles
of St. Paul’'s Cathedral should be covered. This enactment
wag more particularly intended to preserve the wator from
contact with the smoke of London ; but the objection to un.
covered reservoirs was by nc means confined to tho neighbour-
hood of lar%e towns, as owing to the rapid growth of vegetable
and animal life in service reservoirs, the improvemont from
the filtration of the water was rapidly lost, especially darin
the summer. As examples, the Author referred to tho uncovurc§
reservoirs coustracted at the cost of the Admiralty in Greon-
wich Park and on Woolwich Common for the protection, in
case of fire, of the Greenwich Hospital, Royal Dockyard, and
other Government establishments, which were partially used #

by the Kent Waterworks for the supply of ther district. The
Author then proceeded to describe the covered reservoirs at
Plumstead amf) at Shooter’s Hill, purchased by the Kent Com-
papy. These were covered by brick arches, springing from Jj
cagt-iron ?rdcrs. Then followed descriptions of different
works, incleding the Chisleburst Reservoir, which was bailt
of brick, covered with arches supported by cast-iron girders,
and rendered internally with cement. The circular reservoir,
purchased from the Dartford Local Board of Health, was
covored with brick arches supported on uine wrought-iron
Juists radiating from the centre, where they were suppurted b

o cast-iron column. The circular reservoir in Greenwich Par]

consisted in brick arches, resting on concentric rings of rolled
wrought-iron, girders supported by piers. The filter-beds at
Deptford were converied iulo covered reserveirs, consequent
on the Kent Company abanduniog the supply from the river
Ravensbourne in favour of spring-water from the chalk, in
which case the old filtering watorial was utilised in the con-
straction of the coucrets vaulting. Tho covening of a small
roservoir at Plumstead with Bunnett's flooring was described,
and the construction of & covered reservoir on Woolwich Com-
mon in liew of tho old ono referred to, when reljnquished by
Government. This was an oblong reservoir 200 feet long by
100 feet wido ; tho walls were of concreto, faced with brick s
the covering arches wero of brick springing frum rulled jowsts

supported on brick piers. The above works were designed ‘
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by the Author's father, the late Mr, W, R. Morris, M. Inst.,

.E.

The Avthor then described the Now Cro«s Reservoir, built
under his direction in 1874, which was similar to that on
Woolwich Common, except that the roof consisted of brick
arches springing from the piers instead of rolled joists. He then
gave & (ull description of a reservoir recently constructed by
bim at Fainborough, Keunt, in which the outer walls wore re-
duced to & minimum, by supporting the covering arches till
their springing was lovel with the contre from which they were
struck. ‘This system was adopted for the end as woll as for
the side walls, An account was given of a shp which oceurred
during the construetion of the reservoir, and of the means taken
for muking the work wecure.

‘I'he East London Waterworks Company had at “lornsey
Wood n fine brick reservoir which was capable of coutrining
5,000,000 gallons of water. The same Company had at Haggar
Laue a teservorr capable of contaiming 1,500,000 gallons. This
also was built of brick , the vaulting was support=d by longi-
tudinal walls, stiffened by transverse walls, so that the reser-
voir was divided into forty-mmne sections, the walls of which
were pierced with civrcular openings. The Kilburn Reservoir,
capable of coataining 6,000,000 gallons, way a fine brick struc-
ture, with vaulted 10of, supported oncrucifonn piers | theouter
walls were supported by buttresses against the pressure of the
external earth. The Hampton Reservoir, capable of coutain.
ing 2,750,000 gallons, was constructed entirely of concrete.
This reservorr was built in clean sharp gravel, and the exca-
vated ballast was admirably adapted for the conerete. The
arches sprung from wronght-iron joists, The Barton-on-Trent
Reservorr, built for tiie Seuth Scaffordshire Wat .rworks, had
a capacity of 4,000,000 gallons ; it was rectangnlar on plan,
and was covered with brick arches springing from cast-iron
girders, supported on cast iron columns ; the walls were of
conerete, fuced with Statfordshire bricks,

‘The Author then referred to geveral service-reservairs, of
which he had the pportynity of learning some particulars
during a recent tour ‘The Charlottenburg Reservoir of the
Berlin Waterworks, with a capacity of 5,000,000 gallons, was
built of brick, with walls satliciontly thick to resist tho in.
ternal pressure of the water ; the soil was fine loose sand, on
which bituwmenised paper wus spread before laving down the
concrete foundations. The Berha filter.beds were covered with
Bohemian vaulting, the foundation of which rested on gravel
puddle. The reservoir at Breslau, ca  ble of containing 900,000
gallons, was supported oa a tower 150 feet high, and the tower
contained the pumping-engines The Author then described
one of the Vienna reservoirs, and turanished somne notes on tho
aqueduet which supplied that ciry, The waterworks of the aity
ot Munich, which were in course of construction at the time of
s visit, comprised & reservoir having a capacity of 8,866,000
gallons , the walls and floor were of conerete, the vanlting was
semicireular, built with one ring of brick. ‘I'he Author gavea
sketch of the Frankfort leservoir and some notes as to the
water supply of the city. The reservoir and wotks of the
Darmstadt Waterworks were noticed ; the reservoir was of
brick, built above ground , it was capable of containing 900,000
gallons ; the water was pumped from six tube-wells, sunk in
the sandy plain between the Odenwald mountains and the
Rhine at Grieshein, about 5 miles from the city, The reservoir
at Colegne, which consisted of a cast-iron tank, with a capacity
of 800,000 zallons, was erected on u tower 100 feet high ; the
water supplied to the ity was pumped trom wells on the banks
of the Rhine ; but the gpring-water wax quite distinet from the
Rhiue water. The Dresden Reservoir was capable of holding
4,600,000 gullons of water. The Hanover Reservoir, with a
capacity ot 2,400,000 gallons, was ol brick. It stood 30 feet
above the ground-line, and the outside walls supported the
full pressure of the water without the assistance of any em-
bankwment.

After some remarks on the marked preference of Germans
for spring-water as compared with lake-water or river-water,
the Author concluded the Paper with a sketch of his idea of a
model service-reservoir. This was so arranged that the earth
dug from the excavation was all utilised in forming the neces-
sary embankment. The floor and the side.walls were of con-
crete, the piers, arches, and vaulting of brick, The vaulting
was similar to that of the Farnborough Reservoir ; but the euds
of the vault were brought down with a curve of 12 feet 6 inches
radius till they rested on correspondingly curved bays in the
concrete and-walls. By this construction the thrust of the roof
would be carried down to an ubutment reaching against undis.
turbed ground, snd the pressure of the water on the reservoir

e

would not only be supported by the abutment, brt be also
counterbalanced by the weight of made-catth facing the em-
bankment, which rested ou the exterior arches of the rescrvoir,
in addition to the pressure of tho oarth which would have to
resist internal pressure if the walls were vortical. The Author
held that the whole of the interior surfaco should be rendered
in ccment mortar.
et . - =

REPORT OF COMMISSION ON WIND PRESSURE ON
RAILWAY STRUCTURES.

MEMEERS. =S8 JOHN HAWKSHAW, SR W, G, ARMSTRONG,
W. I, BARLOW, PROFESSOR GEORGE 6. STOKES,
COL, WM. HOLLAND, '

| The conclusions arnived at by the Comumission were as fol.
OWS [

1.—That for rmlway bridges and viaducts a maximum wind
pressure of 56.1bs, per square foot shoutd be assumed for the
purpose of caleulation.

2,—That where the bridge or viaduct 13 formed of close
wirders, and the tops of such girders are as high as or higher
than the top ot the trun pusing over the bradse, the totul wind
pressure upon such bridge or viaduet should be ascertained by
applving the full pressure of 56-1bs, por square foot to the
entire vertieal surface of one man girder ouly.  But 1f the top
of a teun passing over the bridge ts lmigher than the 1ops of
the mamn girders, the total wind pressure wpon such bridge or
viaduet should be ascertained by applywmy the tull pressare of
36-1bs, per square foot to the entire vertical surfuce from the
botton of the main giiders to the top of the train pagsing
over the brulge.

3.—That where the bridge or viaduet is of the lattice form
or of open construction, the wind pressure upon the outer or
windward girder shiould be ageertamed by applying the full
pressure of 56.1bs. per square foot, as if the girder were a close
girder, from the level of the rails to the top of @ train passing
over such bridge or viaduct, and by applying in addition the
full pressure ot 56-lbs, per square foot to the ascertained verti-
cal area of the smiface of the ironwork of the same girder !
situated below the level of the rails or above the top of a'trawn !
passing over such brdge or viaduct. The wind pressure upon
the muer or leeward girder or girders should be ascertained by
applying a pressure per square foot to the ascertaned vertical
area of surface ot the ironwork of one girder only, situated
below the level of the rails or above the top of & trawn pussing
over the sawd bridge or viaduet, according to the following
scale, viz :—

a. If the surface arca of the open space does not exceed
two thirds of the whole arca wncluded within the outline of
?_hc girder, the pressure should be taken at 28-lbs. per square
oot.

b, If the surface area of the open spaces lic between two-
thitds and three.fourths of the whole area included within the
outling of the girder, the pressure should be taken at 42 1bs.
per square foot.

¢ If the surface area of the open spaces be greater than
three-fourths of the whole area 1claded wathin the outhine of
the girder, the pressurc should be taken at the full pressure of
5G-1bs. per square foot,

4.—Thut the pressure upon arches, and the piers of bridges
and wviaducets should be ascertained as nearly as possible
conformity with the rules above stated.

5.—That in order to ensure a proper margin of safoty for
bridges and viaducts in respect of the strain caused by wiund
pressure, they should be made of suflicient strougth to with-
stand a strain of four times the amount due to the pressure
calculated by the foregoing rules. And that, for cases where
the tendeucy of the wind to overturn structures is counteracted
by gravity alone, a factor of safety of 2 will be sufficient.

Where trains run between girders they will generally bo
sufliciently protected from the wind, the degree of protection
afforded by the girders depending upon the extent to which
the girders are open or close ; where the girders are 20 open as
to affurd insuflicient protection, or wheve trains yun, as iu
some cases they may do, on the tops of girders, we agsume that !
the engineer will provide a suflicient parapet, but we are indis-
posed to go further into detail on this subject, as it might tend
to s:’clreotype modes of coustruction which we think is unde-
sirable.

In conclusion we beg to point out that the velucity of wind,

like that of every other moving body, is more or less retarded
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,! by friction, and will bo affected theretore by the character of pressures in the calculations :~150 kilogrammes per squa;—ﬂ

| the surfaces over which it has to {m&w, which may be rough, tnotre when a train is suppused to pass over the viaduct with. |

! smooth, or irregular. It will follow, therefore, that other out g risk of being thrown ofl the rails, 270 or 275 kilogrammes |

i things being tho same, greater veloaties will be attained at ber square metre for the bridge or viaduct without any rolling |

. igher altitudes than at low ones, the wind at higher alti- oad, |

1 tudes being further removed from retardation by friction. These figures correspond to about 308 1bs. per square footin |

Though we are of opinion that no bridge or viaduct is likelyr | the first caso, and 56°4 1lbs, per square foot in the second ‘

i to be built in such a situation as to expose it to wind pressures case,

_eq al lolth%s%whic&huvc been oc‘cnsmnnll_vl indicated byb:lhe = e - |

- dise on the Bidston Observatory, yet even if that were possible, '

* n hridge or viaduet constructed aceording to the rules we have CHARCOAL AS A FUEL FOR METALLURGICAL !

< given would not bo subjected to strains nearly cqual to its PROCESSES. ¢t !

1 thenretical strongth, By Jony Brexixpize, Priraperenia, )

On the other hand, there will be mauy structures of smnall m . . . . '

i altitude or in sheltered situations which never can be exposed The great iron industrv of the United States, wid, in fast,

i to the wind pressure we have assumed, and where the applica- of the world, way established with charconl as fuel, Loug :

* tion of tho 1ules we have given would require modification. before tha value of mnneral coal was recogmzed, the earboniz -

' Somon modilication of tho rules may also be required in the tion of waod wag carried on in connection with various motal- |

" ease of suspension or other Lridges of very large span, but lurgical processes, but at the prevent tune we laok upon esta- |

, such cases will be of rare occurrence, and we recommend that blishinents using charcoal as the remnant of & former greatness,

. they should be specially considered when they arise. and are apt to sympathize with the operators because Eh")'

. Additional clause provosed to be added by Sir W. 8. have no other fuel to depend upon. 1n the won industry there

* Armstrong and Prof. 6. G. Stokes. are now & nnmber of works consuming charconl which are be.

The evidence before us dues not euable us to judge as te the hieved to exist only becauso'some of our ancestors erected them !
lateral extent of the extremely high pressures oceasionally in particular locations. With but few exceptions, however, :
recorded by anemometers, and we think it desirable that ex- these locations are fouud to b advantageous, both un azcount !
periments should he mado to determine this guestion, [ the ol'a gaod ““’0‘1 supply and the existenee ot remarkable beds of |
lateral extent of exceptionally heavy gusts shoald prove to be iron ore  Constracted at a time when transportation facilities |
vory small, it would become & question whether some relaxa- were limited, a majonty of such plants have no raitroad con- i
tion mught not Le permitted in the Tequuements of this Re- urctious, but some which hwe heea remodelled awd operated |
\ort. in the light of present knowledge are very suceessful ventures.

Method of deducing the Miximum Pressure of the Wind 1t is proper, in view of the prevalent opinion converning the
during a storm from the maximum thn of wind in auy vne varly abandonment of charcoal as a metallurgeal fuel, that
hour during the same stonm, hefore the processes of munnficture are constdered some idea |

1n order to dednee the maximum pPressuves from the mayi- as to the yuantity consum=d be obtarned, tor, while w many
tm runs of the wind in any one hour it is necessary to have locations tne denudation of fovests fixes a it to the manu.

" tecourse to some good station where both of these sets of facture of charvoal, and 1n other instances a wilful waste des.

. quannities have been measured.  The station selected for the trays whit might be a permanent supoly of wool, the .
formation of such a table is the Bidston Observatory. This z\m:\uutand value of charcoal used tsnot genvrally appreciated.
station is very suitable, both from the wide range of the velo- Charcoal at present produ'c»'s 18 pr cent. of 'f.“‘lh" g ron |
eitees and pressure experienced, and from the cave and order made 1 the countrv. In the yoar 1381, 635 835 net tons of |

" with which the observations have been recorded and pub- pig wron aud $4,606 net tons of Wooms and billets, a total of
lished.  The table has been forned from the pubtished results 723,444 net tous, were made with thes fiwel, consunnng about |
of the Bulston observations from Janunary 1st 1-70, to 1 -cem- 1,000,000 net tons of it. Never in the histary of tue wron tiado
ber 310t 1877, The methol of forming the table was a3 fol- have s gieat yuantities both of pigron and bloows Yeen made |
lows :— with chargoal as fuel, and it is probable that the product of

As the objeet of the table was te deal with the higher velo- 1852 will considerably ex eed that of 1881, The world’s yearly
attes and pressures of the wind, no notice was taken of maxi- production of charcoal pigt iron 15 nearly 2,000,000 gross tous.
mum hourly runsof the wind smaller than 35 nnles in an I to the amnount of this fuel wwed at iron works, we conld
hour. A first subsidiary table was then tormed of all the sdd that con-umed iu the various smelting woiks of the silver
waxiuum bourly runs of the wind lying between 33 and 43 n_nd other metatlurgical n:lllustrw:, the toti]l anuual consump- |
miles1n an hour with the maximum pressures corresponding . tion of chareoal in the Umted States wonld bo found to up-
these were respectively added up and an average result ob- proximate 2,000,000 net tons, This, therefore, establishes
tamed of & maximum pressure of 147 1bs per syuare foot for the impartance of cousidenng this fuel, so far av quantity 1s
2 maximnm hourly run of the wind of 40 nnles. A second concerned, il the quality may now be wvestigated. i
substaniry table was then formed of all the maximum hourly Aualysts tell ns that average wood 18 composed of 10 per

. 1ns of the wind lying between 45 and 53 mules in an hour cent ol earbon, 20, per cent. of water, amd 20 per ceut. o1 hy-
with the mavimum pressure corresponding, aud an average drozen and ox) gen, m proportious ctosely approxumating those
restlt obtained as betore. A third subsidiary table was theaw in winch they torm water. These even percentages are atfected -
lormed of all the maximum hourly runs of the wind being be- by small gnantities of ash, aud by spectal componuds dutfering
tween 55 and 65 miles in an hour with the maXimumnt pressures | M various woods. :
corresponding. And so on to the highest velocinos registered. Lhe following analyses of woud aud charconl will be of m-
The results obtained in this manuer were as follows :-- terest. :

' Maximum Maximum :

Hourly run of the Wind Pressuro in lbe, on the
in Miles. sq. ft.
40 147
50 237
G0 330
70 450
R 63D

Un an examination of the above figures it is seen that the
pressures ure very near proportional to the ngures of the velo-

uities in every case, and that the simple formula V2 - P will

serve with tolerable accuracy as the basis for the computation
of a table conmecting the maximum run of the wind m nnles
in any one hour (V) with the maxmmum pressure 1 1bs, on
the square toot (P) at any time dunng the storm to which (V)
teders.

. Nulk.—Sinee the erection of the first viaducts on Hagh piles
in ¥France it has been customary to adopt the following wind

. [p—— .

Analuses of Deied Woods. By M, Eugene Chvcandier.

4 —

- —— e —— . ———

Conrosttion,
“‘01)[\\- T

Carbou, \ Hydro, | Oxysen. i(mzcu.’ Ash

i

Per Cent. Per Cent. Per Cent.{Per “vm.'l'cr Cont.

Beeeh .. ... cowesd 4036601 KR TR , K
(17 RN R 0 I X 1.16 1.29 ‘97
Bir¢h ... . o0 1' " .2 I‘ 113 st
Poplar .. .. R (U i 6,21 11,60 i 0.9 1.86
Willow ... 1086 | S MG | 3.37
_Avemze R I Y L33 _1_ 1w b e

¢ A papericad before the Aneriean Tust, of Mining Engincers.
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The following table, ﬁmpand by M. Violette, shows the The wood o‘r‘paﬁmented on wus that of black alder or alder -A
o

proportion of water expelled from wood at gradually increasin, buckthorn, which furnishes & charcoal suitable for gunpowder.
temperatures : pe & It was previoualy dried at 150° C.=302° F, grpe '
a In .ur'!;‘o:i‘z%tion, tl;e n:er, g:yge‘:. and hydmgui are,
Water Expelled f: 1 riven o th some loss of carbon, the greater of -
el x?"ﬁrﬂl of i'\"‘n?u'l“ Hundred catbon and the ash remaining ; we therefors have » fusl which
TEMPERATURY, wl‘xlen f;hydm;;; ‘h p;wtioally pnb:;tc%tbon, the pemntai:‘ of
o , ash seldom reachin r cent, the open atructure
Aho | Bime [ Watnut, | absoriia ol eyt the ope pherlc moistare, ,.
. aud much of the charcoal as used in actusl smelting or retining .
}“z %gg.: %;M may be considered as containing
D5 | wur | Ak CArbon. ceveerusreieanansaaass 90 percent,
238 | . 40.56 30.56 Agh, BAY.cosertctariansisscacacs 1 ::
Tho\voodopentedupon had been kept in store two years, - Water, say.ooeceiienionnnniii. 9

When woed, which has been strongly dried by means of ‘ar- . y ‘
tifical~ heat, is left exposed. to. the stuuouphere, it reabrorbe J&Eﬁ"ﬁ:&.'ﬁhm{ﬁ?ﬁmmf’ gt
about a4 much wafer an it containe in-its a ¢ dried state. ! proc the water i9-the.chardoal'is drived off in the- first

[ stages, and therefore it does not ordinarily affect' the valne of
Compusition of the solid [eS the fael exe'e;:ewhere it is bought or charged by ht. No:
__broduet. &5 mmpt wil{l b :;;de tohdincn: th‘e rlol.ﬁu me&ih obd:ll’mqt: ‘

k¢ ture of Carbonization, . s, a8 exhibited in their chemieal ecom on, but some ||
et ofErhoniation Carb.| Hyd, g"i‘t’.‘.' g;s facts will be presented as tu werk done memonttnh the
S| and’ | Ashe |28 character of the fael under consideration, |
. ) In the very eomplete census report on the iron and: stesl |

- industries for 1880, prepared by Mr, James M. Swauk, the fol- :

Contigrade;Fab | P. G| B.C. | p.C. [P.c. [p.c. | lowing statintics are given :
w105 (a8 47,51 | 618 | 465 | 056 | 4181 Pig iron produced in 1880, Net tons. Net tons.

Lo

 § COSPRTOR 200039224 51,82 399 [43.98 | 0.23|a0.88 With anthracite coal...... ...... 1,112,755
} 1 § SOOI < 250°] 4822(65.50 | 4.81 | 28.97 | 0.63]32.98 :: bituminous coal ........... 1,515,107
) TR e sr2ef 1324 | 425 (2196 057 | 2061 mixed anthracite and coke.. 713,912 3,341,774
Veessvonioniniiniii. 350°] 662°[76.6¢ | 4.4 [18.44 | 061 | 242 “ chn‘l:coul&ug;ig}:g sgg’,:‘}ss o
VI.. wo 43201 8100/ 8064 | 4.96 [15.24] 1.61]15.40 ¢ At 435,018
VIIL.. -..1023°11873°) 81.97| 2.30 11415 1.60 | 15.90 Furnace castings ....cciviinniinnenennnss 4,229
viu. «1100¢ 2012|8320 | 170 {1370 | 1.22{ 1532 Totaluverevens vveverenenrs 3,781,081
h & SO 1250°[2282°1 88.14 | 142 | 926 1.90] 1580

Allowing a proportionate amount of castings to esch kind
b, S 130021237221 9081 | 153 | 649 115{1585 . | of {uel, we can safely estimate the quantity of iron produced -

¢ 5 . in blast-farnaces with mineral fuel ut 3,345,450 net tons, and.
XLoiiiiniiinandso0o(2az ol oa57] 054 | 384 0.66 16,38 with charcosl at 435,571 net tona, Th; fue'l consumpti il:

Melting point of platinum........1 96,521 0.62 | 0.9¢| 1.05] 10.47 producing this metal, is stated as
A Table shotwing the composition of charcoal prodduced at - 2,815,182.......... net tons anthracite coal,
various lemperaiures. By M. Violette, 1,051,783.......... * “ ‘bituminous coal,
2,128,256 ..0 ceuees ‘¢ ¢ coke,
l‘m‘«'i‘gfts of thebdeeol.mon —
" 'y
wood by ’c‘“‘“w“g’&'ion L it 5,795,190, ... .00000 total mineral fuel, and

ferent temperatures, 53,909,828.......... bustiels ¢ 1, i
Estitating the charcoal at twenty pouunds a bushel (a fair

Temperature <o | A 1
Degrees at which Carbonization [Composition of the Comp. of the | average), its weight would be 539 098 net tons, .
wasefiected, ”"ﬁﬁ‘:@&i"" vaaer 4. ’l’x‘l:i%,e therefore, gives as the average consumptien per net .
- st ton of pig iron : 1.732 net tons of mineral fael, 1,233 net tons '
Gas Gas gﬁmu.. ]f' ‘When it 1:( umelﬁhtmdm' ih:t most 25 :ll:e char,
|Elem | Ash. n last furnaces are of sma that many em  are:
| A e e | 1y equipped, and that ot ot e 0 produoed with .

this fuer was made with celd blast, thus sugmenting the:
quantity of fael.consumed, the.value of charcoal as a fuel for
Fah, _produging iron is manifest: i "1
0°! 32 47.51| 52.41) 0.08 In the same report the records of six consecutive weeks':
2025 20.95|36.97] 018 7.56 | 15.3¢ work of eleven mineral coal and coke farnaces, and. eleven.;

charcoal farnaces show the following averages :
5182 26.17 | 10.65 | 0.32 | 21.3¢ | 41.52 e
6620]22.73| 6.75| 0.18 ) 24.78 | 45.56

Mineral fuel. Charcoal.
Diameter of bosh, feet........cco00ee 17 10.5 |

810°115.40| 3.25] 0.22]32.11|4902 Height, fect.............,.......... 70 47

1873(15.37| 3.12| 098] s22¢ ] 40m Temperature ot blast, degrees F,...... 1035 770

Fuel per ton, pounds....o.iceeoce ... 2569 2208 |

...1100°{2012°) 15.32| 2.86] 0.22]32.19| 49.41 Gross tons made per week............ 557 218 ‘
..22500j2mge1 1581 191| 0.22|s170] 5006 :h‘“‘“:ol’“ poun “f“’l;"&.'ir“"*' “:” 2.806 - .
& : e above were selested for exceptio good recerds. .
~1MOEMLEH15.86| 140} 0.0/ 3165 [ 50.89 While its value as a fuel, v fre from deletetions

1500227321 16.37| 0.88 0.11|31.14|51.55 substances, is_jmportant, the physical structare of charcoal"
XTI, Beyond 1500°, melti . is pmhbl&cof greater advantage. This will 390« evident
0 B platinns,” Telting point ;1448 0.23] 0.29{33.03{51.97 | when the fact above mentioned is considered, viz., that char-
{ ¥ide Combution of Coal, Barr., p. 3. . oul as ordinarily charged does not contain over 90 per ommt.,
termed charcoal, st these ¥ (To be continued. ) ‘
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WATER WORKS PUMPING MACHINERY.
By Jons Kesxgepy M. Insr. CE.

‘The ahove is the title of a very able lecture recently deliv-
ered by John Kennedy, M. Inst. C. E., Chief Engineor of the
- Montreal Harbour Works, to the engineering classes of McGill
l University, Several of our leading engineers, Messrs, F.

Shanly, W. B. Smellie, . A. Peterson, L. Lesage, G, D.
! Ansley, showed the great interest they feel in the training of
’ the younger members of the profession by being present, and

kindly promised to give their help in continuing tlhe lecturing

I system imaugurated dnring the Jast season.  The lecturer com-
| menced by stating that
{ Waterworks pumping machinery may he convenient-
* ]y considered under these heads . 1. Pumps ; 2. Motive
[ Power; 3. The Arrangement of these, with reference
| to oach other and to their foundations.
)| Pumps for water works are almost exclusively re-
. ciprocating, Rotary pumps of various kinds have
| often been tried, but from their great tear and wear,
| leakage, wasto of power, and cost of maintenance,
! they are unfit for constant use. An example wor-
“ thy of notice as being near at hand, and as afford-
ting a full trial uuder favourable circumstances to
one of the best forms of rotary pumps, was that at
Ogdensburgh, N.Y, A set of three Holly rotaries was
litted up by the Holly Co. of Lockport about 13 years
ago for the supply of the City at about 30 Ibs. per
inch for ordinary domestic use and about 80 to 100
Ibs. for fires, but after a short time they were aban.
doned for the rcasons stated, and reciprocating pumps
substituted. The low first cost of rotary pumps has
occasionally led to their use in water-works as re-
serves or fire auxiliaries, and they are well adapted to
such use, but the desirability of having the reserve
| pumps of such kind as to be suited for regular use has
: almost universally led to the duplication of reciproca-
ting pumps in preference to using rotary reserves.

Reciprocating pumps are conveniently classified as
1. piston, 2. plunger, 3. bucket-plunger. The piston,
: and the plunger are either single or double acting,
i and the bucket-plunger is single acting in feed, but
i double in delivery These types are sufficiently dis-
. tinet in their ordinary forms and too well-known to
. noed deseription, but they are sometimes so far varied
! in design as to be somewhat difficult to classify.

I In dealing practically with pumps and especially with
| those of considerable size, and lifting 100 to 300 ft., as
|
I
|

i common in water-works, we soon find that the valves
and the packing are the parts of chief importance and
i if these bo right thee is little else to give trouble.
i Packing, strictly speaking, is some substance placed
i between the pump barrel and plunger, or between
! other stationary and moving parts to make a water-
| tight joint between them. Hemp and other soft sub-
| stances compressed in a stuffing box, and metallic rings
! or sections, made elastic by springs. are most generally
! used. Instead of packing proper, bushings or similar
i devices, depending on the accuracy of their mechanical
i fit, are frequently used, and it will be convenient to
t consider both together., Tor singlo acting plungers
* and piston rods in which the packing is open to the
air at one end, the old-fashioned hemp or flax, and
common stuffing box is undoubtedly the best. The box
should be capable of taking in Sin. to 12in. depth of
yarn. and the packing should be loose enough to sup-
ply lubrication by a slight leakage of water.
| For double acting plunger pumps,when the packing is

e e et et —=

more or lessdifficult of access and where leakage is of no
importance, oxcopt as in Fig, 11, tho loss of so much
pumped water, the metallic bushing is frequently used,
and is on the whole, to be preferred to packing. Clean
water is a fair lubricator for two brass surfaces and for
pumps of moderate size, brass plungers and brass
bushings ave therefore satisfactory. Yor laige pumps
whero iron plungors are usedifor economy, brass or white
melal bushings are used with good results, In all cases
the bushings are made to be casily renewabls; they
aro grooved with circumferontial grooves to check the
flow of water between them and the plunger, Thedepth
of the bushing should manifestly bear some relation
to the pressure of water and to the weight of plunger,
in case it is a horizontal one and supported by the
bushing—probablv half to one diameter of the plunger
is within the limits of ordinary practice for large
pumps. Yor pistons, cupped leather, guttz percha,
and various wetallic and lignum-vitee packings, made
in sections and kept expanded by springs, in imitation
of steam cylinder packings, nave heen often tried bu
without much success, and on the whole hemp or other
fibrous packings is yet the most satisfactory for pump
pistons. For the gland on the stuffing box there is in
the piston a follower to press ouwt the yarn and with
this difference the packing of a piston and a plunger
are alike. .

The difficulty of access to pistons to tighten up or
renew the packing has, in instances of good modern
practice, led to the abandonment of packing and the sub-
stitution of deep pistons fitting accurately in the pump
barrel and depending merely on their mechanical fit and
on grooves cut round their circumference to prevent
leakage, as in the case of bushings on plungers. The
great 54 in, by 10 {t. pumps of the Chicago water-works
and the new 30 in. by 4 ft. pumps of Hamilton, Ont.,
Fig. 9, are examples ot vertical pistous or buckets, and the
new Fairmount water-power pumps of Philadelphia are
instances of horizontal pistons so treated. A depth of
piston of half to three-quarters the diameter for verti-
cal pumpsand up to a full diameter for horizontal pumpa
is usual, and it is customary to make the periphery
of the piston as a movable band or slesve which can
be easily changed when worn.

Punp valves.—The requisites in & valve are simply '

that it should lot the water pass freely through it in
one direction and entirely prevent it passing in the
other. TPerfection in action in these points together
with durability constitute the excellence of a valve. i
Water may be retarded and the pump burdened by the

valve being toosmall in area, thus increasing inertia and
friction. Or the valve may be unduly heavy in propor-
tion to itslifting avea causing a material increaso in pres-
sure of water required fo lift it; or the water-passages
may be crooked and badly shaped. Tu all these cases ﬁ

the valve is faulty from not allowing the water to pass
frecly.

Tt may also be faulty from not closing quickly enough
and thus allowing some water toreturn. This is a very
serious evil not merely from the water wasted, but be-
causs of the shock producad by the sudden closing of
the valva after the water above it has begun to move
backward.

To obviate this shock is the great problem in valve
degigning and has led to almost infinite variety of
forms, Time will not permit a description, however

—— e e}
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DIAGRAMS ILLUSTRATING MR. KENNEDY’S LECTURE.
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interosting it might be, but we may lock at the types
and trace the line of thought of the desigaers, and seo
what success has been attained.

Looking first at the old and still-usod vertical hinged
valve, wo 808 at once that its weight hangs ou the pivot,
and has litile offect in completing its closing. Obvious.
ly the way to improve it was to place the seat on a
slope or make it entirely lovel, and this was done. But
at best, a hinged valve can opon at only one side and
half open at its two onds. TFor instance a 4-in. square
hinged valve would require a 2-in. lift to be fully
open, but if (Fig. 1) opened oqually all round (Fig. 2)
only l-in. would be required. If therefore a larger
valve ares be required without increase of lift, the
only course is to increase the number of valves.

Circular and other valves having a parallel lift,
obviously have four times the area of hinged valves of
equal lifts, but in simple or single bout valves, the limit
of area is also very soon reached.

‘L'o increase the effective, or discharging capacity of
the parallel lift valve, without increasing its lift, an
opening was made in its centre (Iig. 4), and it then
became the annular valve with two beats on the same
plane. A greatimprovement on this was the raising of
the inner beat to a higher level, making the well-known
Harvey & West's double beat valve, which not only
sueured, Jarger area, without increase of lift, but allowed
of the reducing of the differexce in the relative areas of
the beate, and thus also of-the weight or pressure of the
valve on its beats. Carryiog on the same principle, a
step further produced the beat valve three and four,
(¥igs. 6 and 7). An example of the latter may be
found at the Montreal Water-Works.

Pursuing in the same manner the line of thought
which produced the simple annular valve and the
grated flip-valve, brizgs us to a multiplicity of rings
connected logether and acting as one valve—an ar-
~angement which obviously allows of the choosing of
such size of opening and lift as the case requires, and
then attaining the requisite area by merely multiplying
the rings. Figs. 8 and 9 show examples in use at the
Hamilton Water-Works designed by the auther.

In all these examples the increase of valve area has
been obtained by increasing the dimensions of the
valve, but another method is to merely multiply the
number of separate valves (Figs 10 and 12.) In order
to pack the numerous valvesinto as small & space as
possible—or rather into as small & diameter of purnp
barrel or chamber as possible—thoy have been arranged
in superimposed rings and groups of many shapea.

(To be continucd.)

——t et ot

THE ELECTRICAL TRANSMISSION AND STORAGE
OF POWER.

BY DR, C. W. SIEMENS, F.R.8.,, M. INST. C.E.

The following is an abstract of & lecture delivercd under the
auspices of the Institution of Civil Eugineers (London) on
March the 15th: .

Dr. Siemens, in opening the discourse, adverted to the object

* the Council had in view in orgavizing theso occasional fec

tures, which were not to be lectures on gencral topics, bont
the ontcoms of such special study and practical expericnee ag

" Mombers of the Institation had “oxceptional opportunities of

acquiring in the course of their professianal occupation. The
sabject to bo dealt with daring the present session was thst
of Electricity. _Already Telegraphy had been brought forward

. by Mr. W, R, Preece, and Telephonic communication by Si
. Frederick Bramwell, P fon by Sir

Thus far RBlectricity had been introduced aa the swift and
subtle agency by which signals were produced either by
mechanpical means or by the human voice, and flaghed almost
instantanoously to distances which are limited, with regard to
the former, by rostrictions imposed * the Globe. To Dr.
Siemene has been assigned the task of introducing to their
notice electric energy in a dilferent aspect. Although still
giviug cvidence of swiftness and precision, the effects he
should dwell u{mn were no longer such as could be perceived
only through the most delicate instruments human ingenuity
could contrive, but were capablo of rivalling the Steam Engine,
compressed air, and the hydraulic accumulatos, in the accom.
plishment of actual work.

In the carly attempts at magueto-electric machines, it was
shown that, so long a3 their eifert depended upon the oxidation
of zinc in a battery, no commercially useful results could havs
been anticipated. Tho thermo-battery, the discovery of Seebeck
in 1822, was alluded to &3 a means of converting heat into
electric onergy in the most direct manner; but this conversion
could not be an entire one, because the second law of thermo.
dynawmics, which pruvented the realization as mechanical forve
of more thau Jth part of the heat onergy produced in combus-
tion under the boiler, applied equally to the thermo-electric
battery, in which the heat, conducted from the hot points of
Jjancture to the cold, constituted a formidable loss. The electro.
motive force of each thermo-electric element did not exceed
0.036 of a Volt, and 1,800 elements wore therefore necessary to
work an incandescent-lamp.

A most useful application of the thermo-electric battory for
measuring radiant heat, the thermo-pile, was exhibited. By
means of an ingenious miodification of the Electrical Pyrome.
ter, named the Bolometer, valuable researches in messuring
solar radiations had beon made by Professor Langloy.

Faraday's great discovery of magneto-induction was next
noticed, and the original instrument by wihich he had elicited
the first electric spark before the members of the Royal Insti-
tution in 1881, was shown in operation. It was proved that
although the individual current producet by magueto-indaction
was exceedingly small and momentary in action, it was capa-
ble of unlimited multiplication by meckanical arrangements
of 2 simple kind, avd that by such multipliestion the
powerful effects of the dynamo-machine of the prosent day
wore built up. One of the means for accomplishing such
wultiplication was the Siomens armature of 1856, Another
step of importance was that involved in the Pacinotti ring,
known in its practical application as the machine of Gramme.
A third step, that of the self-exciting principle, was first
communicated by Dr. Werner Siemens to tﬂo Berlin A cademy,
on the 17th January, 1867, and by the lecturer to the Royal
Society on the 4th of the following month. This was rezd on
the 14th of February, when the late Sir Charles Wheatstone
also brought forward a Paper embodying the same principle.
The lecturer’s machino which was then exhibitod, and which
might be looked upon as the first of its kind, was shown in
oFeration 5 it had done useful work for many years as a moans
of exciting slecl magnets. A suggestion, contained in Sir
Charles Wheatstone’s Paper, that “a very remarkable in.
crease of all the effects, accompanied by a diminaticn in the
resistance of the machine, is observed when s cross wire is
placed so ae to divert a great portion of the current from ths
electro-magnet,” and ied the lecturer * an investigation read
before the Royal Society on the 4th of March, 1880, in which
it was shown that by augmenting the resistanco upon the
electro-magnets 100.fold, valnsble effects could bs realized,
as illustrated graphically by means of a diagram. The most
important of these resuits consisted iv this, that the electro-
motive forco produced in a *“ shuat-wound machine,” as it was
called, increased with the external resistance whereby the

at fluctustions formerly inseparable from electric-are light.
1ng could be obriated, and that, by tho donble means of exci-
ting the clectro-magnets, still greater uniformity of current
was stiainable.

The conditions apen which the working of & well conceived
dynarno-machine wust depend were nextalluded to, and it was
demonstrated that when losses by unnecessary wire-resistance,
by Feucault-currents and by induced currentsin the rotating
armatare were avoided, as much as 90 per cent, or even more,
of the power commanicated to tho machine were reslized in
the form of clectric cnergy, and that tvice versd the reconver-
sion of clectric into mechanical energy conld be accomplished
with similarly small loss. Thus, by mesns of two machines at
amoderate distance spart, nearly 80 per cent. of the power
imparted to the one machine could bs again yielded in the

—
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mechanical form by the secondl, leaving ont of consideration
frictional losses, which latter need uot be great considering
that a dynamo.machive had only one moving puwt well
balanced, and acted upon along its entire circumterence by
propelling force.  Jacobt had proved, many years ago, that the

maximum efliciency ot a magnetoceleetriv engine was obtainei
when

© W 1

EOWwW 2

which law had been geuerally constiued, by Verdet | Pheorie
Mechanique de Ia Chaleur) and athers, t5 mean that onehalf
was the maximuin theoretical efliciency obtainable in electric
trapsmission of power, and that one-half of the current must
be necessarily wasted or turnced tuto heat. The lecturer could
aever be reconciled to a law necessitating stueh a waste ol
energy, and had maintained, without disputing the ac nriey
of Jacobi’s law, that it had reference really to the condition
of maximum work accomplishi ! with a given imaclune whereas
itg eflicieney must be governed by the cpnation

nearly 1

w
W

From thix it folloved that the maximam viehl'was ob qjned
when two dynamo.machiues (of sinnlar construction) rotat=d
nearly at the same speed, but that under these conditions the
amounit of force transmitted was a mnuwnum  Practically the
best condition of working conwisted in giving to the primary
machine such proportions as to produce & current of the same
magnitude, but of 50 por cent. greater electro-motive force
than the secondary; by adopting such an arrangement, as
mwuch as 50 per cent. of the power imparted to the prumary
could be practically received from the secoudary wachine at a
distance of sereral mles. Professor Silvanus Thompson, in
his recent Cantor Loctures, had shown an ingenious graphical
method of proving these important funmlamental laws.

The possibility ot transmitting power electrically was so
obvious that suggestions to that effect had been frequently
made since the days of Volta, by Ritchie, Jacobi, Henrv, Page,
Hijorth and others ; but it was only in recent vears that such
transmission had heen rendered prictically feasible.

Just six years ago, when delivering his presid-ntial address
to the Iron and Steel lnstitute, the lecturer had Loldly sug.
grsted that ““time will probably reveal to» us effectual weans of
carrying power to grest mistances, but 1 cannot refrain from
alluding to one winch is, 1 my opinion, worthy of considera-
t on, namely, the electrical conductor. Suppose water-power
10 e employed to give motion to a dvnamo-electrieal machane,
a very powerful electnical cuntent will be the reenle, which
may Le carried to a great distance, theough a large metallic
conductar, and then be made to impart wotion to electro.
maguetic engnes, to iguore the carbom points of electric lamps,
or to effect the separation of metals from their combinations.
A copper rod 3 fuches in dianietor would be capable of trans.
mitting 1,600 horse-power a distance of say 30 miles, an
amount suflicient to supply one quarter of a million candle.
yower, which would sullice t» illuminate a moderately sized
town. This suegestion had heen much criticised at the time,
when it was st I thoughs that clectncity was incarable of being
massed s0 as to deal with mauy horse-power of ol ct, and the
sisc of conductor he _had proposed was also cousidered wholly
inadequate. It would be interesting to test this early calcu-
lation by recent expenience. Mr. Mareel Doprez had, it is
well known, lately succeeded in transmtting as muchas3 u 1.
to a distance of 40 kilometres «23 niles) through a pair of
ordinar~ telegraph wires at 4™ diameter The results so
obtained hiad been carefully noted by Mr. Tresca, and had been
communicated 2 fuituight ago to the French Academy ot
Science. Taking the nlative conductivity of iron wire em.
ploycd by Deprez, and the 3anch rod proposed by the lecturer,
the amount ot power that could be transmitted through the
latter would be about 4,utv 1.1, But Deprez had cmployed
a motor-dynamo of 2,0u8 Volts, and was contented with =
yield of 32 per cent. only of the power smparted to the primary
machine, whereas hie had saleulated at the time upon an electro-
motive force of Huu Volts, and upon a veturn of at least
40 per cent, of the energy 1mparted.  le had been anvious,
indeed, not to overstate the ease, and if lie were now asked
what size of conductar he would recommend, he should say
S.inch copprr rad.  In March, 1878, when delivering oue of
the Science Lectures at Glasgow, he said that a 2.inch rad
could be iz le to accomplish the object proposed, becsuse he

¥
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had by that time concaived the possibility of employing a
ncurrent of at least 1,000 Volts. Sir Williat Thomson had
at ance accepted these views, and with the conceptive ingen-
uity peculiarto himself, had gone far beyond him, in showing
before the Darliamentary Electric Light Com mittee of 1879,
that througha copper wire of only 3-inch diameter, 21,000 i.r.
might be conveyed to a distauce of 300 miles with a enrrent of
an wtensity of 80,000 Volts, T'he time migut come when such
a envrent conld be dealt with, having a striking distauce of
abont 2 feet in air, but then, probably, a very practical law
entunctated by Sir Wilham Thomson wounld be infringed. This
was ta the effect that electricity was conveyed at the cheapest
rate thronzh a conductor, the cost of which was such that the
annual mterest upon the money expeuded equalled the annual
eapenditure in producing the power to be conveyed. 1t
appeared that Mr. Deprez nad not followed this lawin making
his recent installations,

Sir William Avms roug was probably first to take practical
advautag  of these suggestions in hghting his house at Crag.
i duting night time, and working Jus lathe and saw beuch
during the day, by poner transmitted through » wire from a
waterlull nearly a mile distant from his mansion.  The leetu.
rer had also accomplisheu the several objectz of pumping
water, entting wood, hay, and swedes, of lighting his louse,
and of carrying on ¢ xperiments i electro-horticulture from a
cotupon sentre of steam power. The results had been most
satisfactory . the whole of the manageaent had been 1n the
hands of a gardener and of labourers who were without pre-
vious knowledge of dlectricity, and the only repairs that had
bicen found necessary wete one renewal of the commutators,
and an occasional change of metallic contact brushes.

An interesting application of eleetric transmission to cranes,
by Dr. Hopkinson, was shown in operation.

Amongst the minmerous other applications of the electrical
transmission of power, that to electrical railways, first exhi-
t-d by Dr Werner Siemens, 'at the Berlin Exhilntion of
1579, had created more than ordinary public attention.  Jn it
the enrrent praduced hy a dyaamo-machine, fixed a2t a con-
venient station and Jdriven by . steam engine or other motor,
was conveved to a dynamo placed npon the moving car,
through a central il supvorted upon insnlating-blocks of
wood, the two working-mils serving to convey the return cur.
vt The line was 90¢ yands long, of 2-feet guage, and the
moving car served its purpose of camning twenty per-ony
through the exhibition each tnip.  The success of this expen.
ment soun led to the layiug of the Lichterfelde line, in which
both muls were placed npon insulating slespers, so that the
one «erved its the conveyauce of the current from the power
<tation to the moving car, and the other for ¢ wnpleting the
return cicemit. ThisTine had o gnage of 3 oot 3 imches, was
was 2,500 vards in length, and was worked by two dyname-
machines. developing an aggregate eurrent of 9,000 Watts,
equal to 1211.r It had now been i constant operaton since
the 16th of May, 1881, and had never fuled in accomphshing
i< daily trffic. A line 3 a kitoweter iu length, but of 4 feet
$3inch gnage, was established by a lecturer at Pans an eon.
neciion with the Electric Exhittion of 1881 In this case
two suspended conductors i the torm of hotlow tub 3 with a
longitndmnal slit were adopted, the contart beang made by
metallic bolts dmwn through these shit tub s, and  connected
with the dynamo-machine on the moving eav by copper ropes
paseng thrangh the rool.  Ou (s hne 45,000 p ssengers were
conveved within the short peniod of three weeks.

An eleetrie tramway, 6 miles in length, had just been com-
eted, connecting Portrush with Bush Mills, i the north of

relandd. in the wstallation of which the lecturer was aided by
Mr. Teaill. as Eugineer of the Company, by Mr. Alexander
Siemens, and by Dr. E. Hopkinson. vepresenting his firm.  In
thic instance the two rails, 3 feet apart, were not insulated
fromw the ground, but were joined elestncally by means of
opper stanles aud formed the return eivemt, the eurrent beng
canveyed 1o the car through a T iron placed upon short stan-
darde, and insulated by means of insulite cops. For the
present the power was produced by a steam engwne at Port-
Tush, giving motion t» a shunt-wound dynamo of 15,000
Warts 20 1.r., bud armangements were i progress to utihze
i waterfall of ample power near Binh Mills, by means of three
turhines of 30 1.1, each. now in course of errction. The
warking-speed of this line was restricted by the Board of
Trade 10 10 miles an hour, which was readily obtawned,
altheugh the gradients of the lina were decidedly un favourable,
including an incline of 2 mles in length at a gradient of 1
i 35, It was intended to extend the line 6 miles beyond

e e
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Bush Mills, in order to join it at Dervock station with the
north of freland narrow-gunge railway system.

The electric system of propulsion was, in the lecturer's
opinion, suflicieutly advanced to assure practical suceess under
suitable circumstances —such as for suburban twramays, ele.
vated lines, and above all lines through tunnels, such as the
Metropolitun and District Railways. The advantages were
that the weight of the engine so destructive of power and of
the plant itself in starting and stoppin§, would be saved, and
that perfect immunity from products of combustion wonld be
insured. The limited experience at Lichterfelde, at Paris, and
with another electric line of 765 yards in length, and 2 fect
2 inches guage, worked in conncection with the Zaukerode

- Colliery since Uctober, 1882, were extremely favourable to

this mode of propulsion. 'The lecturer however did not advo-
cate its prospective application in_rompetition with the loco-
wmotive engine for tatn lines of reilway. For tramwavs within
populous Sislricts. the insulated conductor involved a serious
difliculty. It would be more advantageous under these cir-
cumstances to resort t secondary batteries, forming a store of
electrical energy carricd under the seats of the car itself, and
working a dynawo-machine connected with the moving wheels
by means of beits and chains.

‘The secoudary battery was the only available means of pro-
that these
batteries might be made to serve the purpose of keel ballast,
their weight, which was still considerable, would not be objec-
tionable.  ‘I'he accondary buttery was not an entirely new
conception. The hydrogen gas battery suggested by Sir Win.
Grove in 1841, and which was shown in opemtion, realized in
the most perfect mauner the conreption of storage, only that
the power obtained from it was exceedingly slight. The lec-
turer, in working upon Sir William Grove's canception, had
twenty-five years ago constructed & battery of considerable
power in substituting porous carbon for ‘f)laminum, nprey
nating the same with a precipitate of lead peroxidized by a
charging current. At that time little practical importance
attached however to the subject, and cven when Planté, in

. 1860, produced his secondary battery, composed of lead plates

peroxidized by a charging current, httle more than scientific
curiosity was excited. It was anly since the dynamo-machine
had become an accomplished fact, that the importance of this

. muode of storing energy had become of }mchcal im,portance.
¢ aud great credit was dus 1o Fawe, 1o Sello

u, and to Volckmar,
for putting this valuable addition to practical science mto
available forms A question of wpeat interest in connection
with the sccondary ba tety had te.erence to ifs penmavence,
A fear had been expressed by many that loca) action would

i soon destroy the fatric of which it was composed, and that the

active surfaces would become coated - ath sulphate of lead

! p eventing turther action. It had, however, lately been proved

m a paper read by Dr. Frankland hefore the Royal Society,
rorroborated by simultaneous investigations by Dr. Gladstone
and Mr. Tribe, that the action of the secondary battery de-
pended essentially upon the alternative composition and de-
composition of sulphate of lead, which was therefore not an
encruy, but the best friend to its continued action.

In conclusion, the lecturer referred to electric nomenclature,
and to the means for measunug and recording the passage of
clectric energy.  When he addressed the Brntish Association

- at Southampton, he had ventured to suggest two electrnics}

units additional to these addressed at the Electrical Congress
m 1321, viz., the Watt and the Joule, in order to complute
the chain of units connecting the electrical with mechanical
caergy and with the unit-quantity of heat. He was glad to
find that this suggestion had et with favorable reccption,
esprcially that of the Watt, which was convenient for expres.
siug in an intelligible manner the effective powerof a dynaumo-
recise 1dea of the number of hights
or effective power to be realized by its current, aswell as of the
tinginc power necessary to drive it. 746 Watts represented

n.r.

Fiunally, the Watt-mueter, an instrument recently developed

* by this tirm, was shown in operstion. This consisted simply

of x coil of thick conductor suspended by a torsion wire, aud
opposed laterally to & thick coil of wire of high resistance.
The current to be measured flowed through both coils in
parallel circuit, the one representing its quantity expressible
in Anpires, aud the other its potential expressible in Volts.
Their joiut attractive action expressed therefore Volt-Ampires
or Watts, which were read off upon a scale of equal divi-
K10NS8,

The lecture was illustrated by experiments, and by anure-

rous diagrams and tables of results. Measuring iustruments
by Professors Ayrton and Perry, by Mr. Edison and hy Mr.
Boys were also exhibited.

- O e o

ABSTRACT OF MR. KENNEDY'S REPORT

ON THE DERFPENING OF THE SHIP CHANNEL BETWEFN MONT-
REAL AND QUEBEC AND THE DREDGING IN THE HARBOUR
OF MONTREAL. (FIG. PAGE 108).

The places at which the largest quaatities of work have
been done during the year are: Cape la Roche, Lake St.
Peter, Contrecceur Channel, and Pointe aux Trembles en
hant.

The following are the chief details :

Cup la Racke,—At the close of 1851 a cousiderable part of
the channel had been dredged to 20 feet, a small part to 23
feet 3 iuches, and the remainder to an average of 22 feet at
ordinary low water. During the past year the whole was
deeponed to an average of 22 feet and then passed over again
to clear off loose shale and boulders, after which about three-
fourths of tho chaanel was tested to a clear depth of 213 feet,
and the remainder tna depth of 20 feet 9 inches at lowest water.
The breadth of channel cut through the rock is 300 feet. At
the lower end the houlders are cleared away ou the south
side 50 as to give » much wider entrance. Total shale rock
and boulders lifted, 33,567 cubic yards, costing $32,314, or 96}
cents per yard.

Lake St, Peter.—At the cloge of 1881, there remained to be
dredged in the Lake about 1} miles of the full breadth of the
channel above No. 1 Light Ship, 1 8.10th miles of haif the
breadth just below No, 1 Light Ship, and 2 miles of of irregu.
lar cutting at No. 3 Light Ship and the Nicolet Traverse. The
material in the shoals of the Traverse consisted almost entirely
of sand and very tough clay, with many boulders, and the
rock-working dredges were employed in its removal.

Dredging was commenced in the Lake at the opening of
navigution with four dredges, and in order to push on ss rapid-
1y as possible, two of them were worked night and day up to
the completion of the work in Angust. The extra expenses in
preparation and in boarding the crews were very considerable,
and on the other hand the weather proved so exceptionally
storiny that the dredgers lost much time, and the work they ac-
complished was not greatly iun excess of the rate of day work
alone of ordinary years, so that the cost of that which was done
was of course incresased in inverse ratio.

The line of the finished channel 1s the same as that of the
20 ft. channel, with the exception of thevend at No. 3 Light
Vessel and the line of the Nicolet Traverse, both of which
were moved considerably to the north in order to economize
work, aud to secure more room for vessels which might be car-
ried out of their course by cross currenta. In the straight line
above No. 1 Light-Ship and below the Wkite Buoy, the
breadth is 300 feet, in other straight parts above No.3 Light-
Ship it is 325 feet ; in the Nicolet Traverse it is 450 feet, and
at the bends connecting the straight lines it is generally 450
feet. In making the last cut for the 28 feet depth, the battom
of the long poois opposite Yamachiche and at No. 1 Light
Ship was reached aud their great value in reducing the quan.
tity of dredging, and in furnishing safe anchoraye and turning
places for the largest vessels, will therefore nct be availalle in
fature deepening.

The quantity dredged in the past year was 557,625 cubic
yarrgs, ut & co t of $41,496, or an average of 7.44 cents per
yard.

Contrecaur Channel.~The dredging has cousisted largely of
the removal of the tops of small isolated shoala snd lumps found
in testing and in cleaning up some plsces previously dredged.
The breadth of the finished channel as it atands is 300 feel in
the straight parte, and 450 fest at the bend in the middle of
the main cut. The beud at the junction of the main cut with
the wide water at the south side of the siver is made by a curve
of half a inile radius, but the currents aresuch thatit is felt to
be too quick a turn for large vessels, and it (s therefore much
in need of being eased off to about one or 13 miles radius.
Quantity dredged last year, 67,871 cubic yards, costing $11,886
or 17} eents peryard.

Pointe aux-Trembles to Longuc Pointe.—The dredged chan-

nel was extended up to decp water near Longue Peints ; the
bend at the head of Ile Ste. Therere and the line of the Pointe-
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aux-Trembles lights were finished, snd the picce of rock
dredging opposite the village was taken out snd the channel

enerally was tested and completed. The minimumn breadth
in the straight dredging is 800 feet with an enlargement at
T the bond to 450 feet.

. Quantity dredged, 102,074 cubic yards, clay and small
boulders, costing $20,869, or 20.44 cents per yard, and 2,820
cubic yards rock and overhanging gravel and boulders costing
$2,166, or 75.8 cents per yard.

Hochelaga.—Opposite the lower part of Hochelaga, or about
a mile bolow the Hudon Cotton Mil, & neck of shoal, consiat.
ing ontirely of large and small boulders, connects the shallow
water of the north and sounth shores of the rivers,and through
this & channel of 4560 feet wide was made with dredges and
stone lifters, Quantity of stones drodged and grappled 5,026
cubic yards, costing 8,620, or $1.31} per yard.

Montreal.—The greater sart of the main channel through
the Harbour was tested and run over by dredges, and cleaned
of boulders and small lumps. Quantity dredﬁcd, 80,912 cubio
yards, costing $32,069, or 38,95 cents per yard.

Abstracts of the quantity dredged at each place and by each
dredge, together with other information as to the work, will be
found in the annexed tables.

CosT of Duepoinc.—The cost of working the dredging
plant for tho past year has been increased over that of other
recont years by further advances in tho cost of labour, fuel
and stores,and by night work on two of the dredges and their
tugs. Tho quantity of work done in cubic yards is on the
other hand much reduced from the fact that the dredging was
for the most part merely cutting off tops of small’ isolated
shoals, spreed over great lengths at the margin of the larger
shoals, which required that the dredge should pass over a large
area a‘;{h ground for sometimes ouly a few stones and scow loa
of earth,
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The total amount expended for the past year including

oedsneey repairs, outfit, fuel, wages, salaries, insurance, and every ex.

=
§
£
;{.
p
S i 3 H pensge except interest and depreciation of plant, was, for the
% L s 3 Ship Channel fleet pmser, $151,223, and for the Montreal
= ;o T u| &3 Harbour plaut cmployed in the channel, $20,981, or in all
P4 z 2|3 i $172,204. The quantities dredged :zo 861,837 cubic yards
< 2 3 PN earth, etc., and 47,398 cubic yards rock and boulders, making
7 E oy 3 an aggregate of 899,285 cubic yards.
.;{_: x rraey % 3 The measurenuent of the guantity dredged is by taliy of the
zZ g ~urecdpnia R -zows;d:vhich, w(iulm filled level, hold 810 t% 150 cubic {ards, for
z 1 the ordinary and large sizes respectively, but are reckoned as
5 ! 60 and 120 cubic yards each, to allow for imperfect filling.
x fDl:mlthﬁuo Pumrl.—'rhe working plant employed consisted
H . of the following essels :
g wv.«“wv‘c: Three Elevator Dredges for working rook..Nos, 10, 11 £13.
5 wniriax brnks | Tw o 7 for earth, &c..Nos. 3 & 9, small buckets.

Tw * @ e .Nos. 8 & 12, large buckets.
= Thres to fonr Spoon Dredges, dusing part of season.

W orbeg povts One side-wheel Tug.
] Eight to ten Screw Tugs.
Two stone-lifting Barges....oe-vecaaeces cesessacsatss Nos.1and 2.

Five Barges (coal tende iths’

One bo:{‘!?or(ggud?:lr n?xl:? gr:?xfh. shops.)

Eightoeen hopper bottom scows,

Threo to eight flat scows.

Tho' elevator dredges, which constitute the Ship Channel
fleet proper, commenced work at dates between April 19th
and 24th, and continued work until dates between November (I
18th and 30th. Dredges 8 and 12, and stone-lifter No. 2, to
expedite the work, were worked night and day froth 29th April
to 10th August, and from 15th Maivmto 28rd September respec-
tively, and the remainder of the plant was, as usual, worked
during day only.

The number of days on duty, reckoning all except Sundays,
from the date of leaving winter quarters to that of retumning,
and sounting s night and & day on the night and dsy dredges
ag two days, was 180 to 191 days for the dredges Which worked
in day-time only, and 280 and 288 days for the two which
worked for day and night ; and the 1%§mgate for the whole
seven during the acason was 1,504 days, or an average of
214 6-7th deys each.

The nominal working hours during the long days of summer
are 12 hours for the day dredges, and 11 hours per shift for the
night and day dredges; but the actual dredging time is re.
duced by short days in autump, early stoppages on Saturdays,
time lost in atorms, changing positions, accidents, repairs and
delays of all kinds, 30 that the time during which the dredyes
wereo actually dredgiog was 10,339 hours, or an aversge of 63
hours per dsy for the whole season.
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SKETCH SHOWING LONGITUDINAL INTERNAL

Pipe CONNECTED TO BLow-0OFF TAP.

_______

(3

SKETCH SHOWING ScuUM APPARATUS.

RECOMMENDATIONS WITH REGARD TO TREATMENT
OF SCALE AND DEPOSITS IN BOILERS.

By Jouxy Wauexn.

A pure feed supply.(not distilled) would per se insure clean
internal surfaces, with, of cours?, a corresponding economy in
the amount of fuel consumed, sud the saving of Boiler clean-
ing, the cost of which is a secondary consideration. .

This desideratum is, in some cases, not to be had ; in others
it isdeomed too costly when a plentifal supply of an inferior
kind is to be had for the raising, or {rom the adjacent streams,

In nincteen bud feed waters out of twenty, soda is the best
neutralizing afent, and if properly applied, will not only assist
in the removal of the scale already formed but will prevent its
accumulating to any very injarious extent. It is in this lutter
capacity that common soda is the most efficacious,

The desoription of soda used is generally the washing crys.
tal, and soda ash. Caustic soda should not be introduced into
any boiler whilst at work and under the working pressure, but
its application is invaloable where the water can be allowed
to ovaporate from the manhole for 2 week or longer before
letting off for cleaning purposes ; it is much more costly than
comltgon sods, but may be parchased wholesals for about 2d.

er 1b.

P ‘Where simple soda is used, it frequently happens that the
soda is put in injudiciously, little or no benefit boing derived
from its uso ; in this way—After * boiler cleaning,”” a bucket-

. ful ortwo is thrown in before screwing down the manhole

|
|

| the soda solution is too strong. R

cover. After one day's working, the whole, ur most of the
soda put in, has p away with the steam, or evaporated,
having bad verﬂ little time to do its work of dissolving the
iucrustation ; this method has also an injurious effect on the
cylinder and valve faces—the soda ““eating up *’ the tallow
and other labricants, leaving the surfaces dry. In such cases

A method which hasbeert adopted by many firms, for the
prevention aud removal of jncrustation and which has been
attended with very beneficial and satisfactory results, is as
follows :—An injector, or, better still, a donkey pamp, attach.
ed to a small tauk or vessel, containing some 50 or 80 gallons
of water (in which to mix and dissolve the soda) is 1aid down ;
when the soda is thoroughly dissolved in the tank it is inject-
ed into the boiler, atter the engine has been stopped for the
dsy, and when evaporation has ceased. During the night the
goda is surely and slowly doing its bencficial work, In the
morning, beforo auything is disturbed, (rousing the fires up,
starting theengine, &c.) and before circulation has commenced,
the blow out tup should be opened, and the water level in the
?oi(lizr.llowered 3 to 3. This should be perseveringly attended

o daily.

In Lancashire two flued, or other double furnsced boilers,
an internal blow-off pipe 2 to 2% inches diameter of tcrought
iron, is fitted, with manifest advantags, the whole length of
the boiler. ‘There should be perforations or slots on the under
side, next the shell bottom % to § broad; in the blow-out
orifice a wrought iron bend or elbow pipe is insarted coupled
or jointed to the longitudinal internal pipe. Wken mads u
with acale or deposit, the whole pipe can be drawn out t'-rongg
the mud-hole door,.and thoroughly cleaned, which may be done
by placing over a fite. For this reason wrought.iron is supe-
rior to cast-iron for an internal rpipe, as with the latter metal,
t{:e scale can only be removed from the inside by boring. (Sec
sketck.

The quaantity of sods to be put in varies with the size of
boiler; 6 1bs. daily being sufficient fora boiler 2870 by 770,
This may be increased with boilers fed with corrosive water,
the sods neutralizing the acids contained in the sapmly.
‘Where Economisers are fitted the solution of sods should be
passed througk, and the blow-off tap, usually fitted, recularly
used once or twice daily. The use of Scummer and the boiler
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blow-ofl' taps should be left to the engiueer in charge, being
operations requiring greater care and caution thau is usually
supposed.

goda 18 found after years of practical experience and ob-
servation to quite snpersede any * celobrated anti-incrustator’
and ** Boiler Comyiosition,’* and is more offzctive and reliuble,
mach cheaper, and quite harmless to any boiler plate. ¢ Boiler
Composition,” which answers well with some water, would dg-
gravate an existing evil in others,

Blow-out taps are frequently met with which are from a
variety of ¢auses, inoperative and unsafe to use wheun steam is
up, Amongst other defects is the abeence of waste pipes and
taps, connections to drainy, in many cases made of two diffe-
rent metals, ‘vhich after being opened, are linble to stick fast,
from unequal expansion. Such taps should be replaced by
modern brass plug taps—and regularly used.

A good Scummer is a valuable appendage to all Boilers fed
with greasy or muddy water, from which depnsits form rapidly
on the plates to the serious detriment aud efliciency of the
Boiler. A sketch of this apparatus is shewn ou page 109 and
the following is an explanation of its action.

(A) is atrough passing alouy the eutira lougth of Boiler on
one side at the water level, Waenthe wateris at the level in-
drcated by the fixed pointer (P) i front of the Boiler, the wa-
ter iy just over the trough , thas, by opentng cock (C) the
entire surfa e of the water s scumuied, and 15 passed through
dowg-pipe (D) to drain, ridding the Boiler of much that other-
wise would settle and form adeposit upou the crowa of furnaces
and bottow of shell, impeding the free passage of heat and
involving ipuch labour in removal,

BT L -~

BASIC FURNACE LININGS.

I+ appears, from a recant paper issnad by Juaghaug and
Uelsmaun, in Dingler's Polytrchnisches Journal, that soda and
potash carbonates are used instend of the corresponding chlo.
rides of those metals, and that the durabulity of the lining is
<aid to be increased by the addition of cryolite.  The follow.
ing wodification of the usval method of preparing the linin
has been found to answer aduurably . The raw or calcined
maszes of lime, dolomite, or mastuesite are ground and mixed
with the flux ; the muxture is then burnt ty» dnst and worked
up into bricks, the dust being rendered plictic with tar treated
with 3 per cent of flux.  When the flux is nde up of alkaline
carhonates, ground calcined phasphute or buue.black, with the
addition of a few per cent of the alkuline carbonates, are used
in the preparation of bastc bricks, muflles, &e¢.  André states
that the basic masses are to he burnt at a lngh temperature,
then pounded and ground, and the powder thus obtamed s
formed into bricks by the addition of freshly vwrepared lime
sulphate. Two per cent of the lime sulphate sutli-es to forin a
plastic material.  Borsig proposes to mix Jdolomtic lim»stoue,
either in a crude, calaned, or tinely divided form, with from 2
to 2 5 per cent of crude boracie acid, or & per ceut of fused and
wunded borax. The wixture is used in a dry or wet condition
or lining turnaces or for the preparation of bricks,

According to the Society of Minesof Hirde, and the Rhenish
sSteel Works at Ruahrort, lunestone, free from maguesia, con-
taning not more than from 15 to 20 per cent of silicie acid,
aluming, iton oaide, and mavganese oxide may he used for
the preparation of basic linings. “The guantity of iron axide
present should not exceed 6 per cent. 1t was, further, found
that phosphorus can be got away m the slag without the after
blow, Ly the use of fluor-spar equivalent to one-tenth part of
the tribasic lime phosphate formed. lustead of fluor spar,
alkalies, alkaline carthe, or eryolite may be used. The dephos.
phorization is also etfvcted by blowing air into a reverheratory
turnace having a basic hearth. Immediatelv before the intro-
duction of the etal into the converter lined with basic bricks,
it is recammended to add lime or a mixture of eight parts of
lime and one of ferric oxide. The mass is heated and air blown
in for from six to ten minutes, when the converter is emptied,
and the metal treated with a mixture of from twa to three parts
of lime aud once part of fernic oxide free from silicic aed. The
quauntity of flux in the tist blowing amounts to twice the
weight of siliciuin and pho-phorus contammed iu the original
charge while the quantity used in the secoud op-ration depends
on the durability ot the converter. The ohject of the addition
of the second flux s to obtuin a slag containing more than 36
pet cent of lime and wagnesia. The basic flux may be replaced
partially or wholly by manganese ores, cryalite, fiuor spar, and
castic or carbonated alkahies, while phosphorite or bone.black,
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mixed with clay or asphalt, is used as a lining. After the de-
carburation of the iron bath the exoxidation of the remaining
phosphorus is effected by the introduction of oxidizing agents,
as ferric aud manganic oxcides, into the iron. This operation
takes the place of the after-blow.

e o o SUEER
PILE DRIVING BY DYNAMITE.

Iu the course of executing some municipal works at Buda-
Pestly, the piles already driven were required to stand a greater
load than had been originally contemnlated. It was, therefore,
necessary to test them, and drive still deeper those that yielded.
Qa aceount of the ex‘nuse of bringmg a pile-driving machine
successively over each pile for so little work, it was determined
to try the effect of dyna mite; and the city engineers applied
to Colonel Prodanovic, of the Second Regiment of Austrian
Engineers, to carry out the exporiments.

According to the IWuchenschrift des Ocsterreichischen Inge-
nieur und Architekten Vereins, the piles were cut square, aud
a wrought-iron plate, 15 inches in diamoter and 43 inches
thick, was placed on the top of each. On its centre, and imme-
diatelv over that of the pile, was placed a charge of No, 2dy-.
namite, in the form of a cake, 6 inches in diameter and three-
fourths inch thick, and weigiug 174 ounces avoirdupois. This
was wrapped in parchinent paper, covered with clay, and fited.
‘I'he etfect produced was found on an average to be equal to
five blowe from a 14-cwt. monkey falling from a height of 9
feet 10 inches. Theron plates stood from twenty to twenty-
four explosions. The system is not considered applicable tv a
pile standing considerably out of the ground, but saves a great
expense when piles already driven have to be sunk deeper. In
this country guapowder has been used for many years, particu.
larly in Philadelphia, for pile driving, though employed gene-
raliy to drive the monkey upward. —Ex.

@

Tug, Best Mareniat, ror Joists.—It is claimed by meny
builders that wood joists, eacased in plaster, are proof against
any ordinary lice, aud for many reasons are much preferred by
thew to the ordinary regulation fire proof iron joists. Strips
are attached to the joists, over these strips iron are run, and on
these the plaster is spread. The theory is that in any ordinary
fire these joists thus treatsd will be fire proof, aud only when
the fire has reached such a fury that the building must go auny-
way will they be affected. Here comes in one of the advantages
clauned for them. When a building is beiug burned by a fu.
rious fire the iron joists expand and crush out the walls, and
do other damage. I'he woud joists would simply be burned up
withou. injuring the watls at all.—Lumberanan.

Preservation of Rainway Tizs.—A few interesting faots
are published in the Foghsh journals, shewing the relative
value of different methods of injecting railway ties. Upon
the road from Hanover and Cologue to Minden, fir ties inject-
ed with chloridw of zinc required & renewal of 21 per cent.
in eleven years; birel ties injocted with creosote required a
renewal of 46 per cent. at the end of lwenty-tico years; oak
ties injected with chloride of zinc required a renewal of about
21 per cent at the end of scventecn years; while the same
kind of ties iu their natural state required & renewal of at least
40 per cent. at the end of a like period. The conditions in
euc%x of these cases were very favourable for vbtaining reliablo
proofs ; the sub-goil of the road was good ; the non-renewed
ties shewed, when cut, that they wero in a sufficiently goed
state of preservation. .

Upon another line where the oak ties were not injected, it
was Decessary to renew the ties i the proportion of 74 per
cent. at the end of Lwelce years ; these same ties ipjected with
chloride of zinc required a renewul of only 329 por vent. at
the end of scren years, while such ties injected with crecsote
tequired a renewal of only 0°09 per cent. at the end of six
Years.

B
A TONNEL WHICH IS NOT A TUNNEL.

‘The curinus phenomena of 2 tunael so filling itself unas to
resist all effirts to open it is reported from Virginiz, Nevada.
In Castle District, at a point ahout five wiles north of that
city, is & tunnel that may be called an ex-tunpel. It is
tunnel that remonstrates agsinst being & tunnel. It was run
about four years ago into the sirle of a steep hill, and was orig-
inally about forty feet 1n length. When in about fifteen feet,
the tuunel cut into a soft, swelling clay, very difticult to man-
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age. After timberin&; and striving against the queer, spongy
material until it had been penetrated some twenty-five feet,
the miners gave up the fight, as they found it a losing game.
Being left to its own devices, the tunnel proceeded to repair
damages. It very plainly showed that it resonted the whole
business, as its first move was to push out all the timbers and
dump them down the hill. It did not stop at that, but pro-
jected from the mouth of the tunnel a pith or stopper of clay
the full size of tho excavation. ‘L'his came out harizontally
some ecight feet, as though to look about and sese what had
become of the miners, when it broke off and rolled down the
slope. In this way it hag been going on until there are hun-
dreds of tons of clay at the foot of the hill. At first it required
only about a week for » pluyg to come out and break off, then a
month, aud sv oty till now the masses are ejected but three or
four times a year, yet the motion continttes, and to-day the
tunnel has the better of the fight by about four feet.— Eu,

PP

New Mernop o¥ Couruine Caks.—An wmvention for
coupling and uncou}xling railroad cars which seems likely to
prevent the waste of life and limb now involved in carrying
ou railway work, was recently on exhibition in New York City.
By the new method the couphng of cars 1s entirelv wutomatic
—they meet and are locked by tieir own totion.  Uncouphng
15 done by a lever worked from the top of a freight car or from
the side of a’passenger car, and is ellected in a mowent.
/There is no need for any person to pass or stund between the
cars, where so many have been crushed to death, Justead of
the loose linky, bolts and chains so generally used, there is a
stout kook sliding into a socket, where it is caught by a cross.
piece. This crosspiece is raised or lowered by a simple move-
ment of the lever, and the cars thus coupled or separated at
will. One or more cars may be dropped at any station, or lef
at a flyiug switch, without stopping or even slowing the train,

—

IMEROVEMENT IN CHIMNEYS.—An American coutemporary
remarks - The best chimneyg are made by inclosing hard baked
glazed pipe in a thin wall 01‘ bricks. Such chimneys will not
only draw better than those made in the usual way, but there
will be less dauger from ¢¢defective flues.” A four inch wall
of bricks between us and destruction by fire is a frail buerter,
especially if the wirtk is cavelessly doae or the mortar has
crambled from the joints. ‘To build the chimueys with double
| or eight inch walls makes them very large, mire expenaive,
and still not as good as when they contain the smooth round
flues. To leave an air chamber botween them for ventilutiag,
is better than to open directly into the smoke flue, beciuse 1t
will not impair the draught for the fire, and there wall be no
! danger of a sooty odour in the room when the circulation hap.

pens to be dowoward, as it will be occasionally. T'ne outside
; chimney, if there is one, should have an extra air chamber be-

tween the very outer wall and the back of the fieeplace to save

heat, a precaution that reinoves to a great exteut the common
' objection to such chbimneys. A very large per cent. of fires
comes from defective chimneys.

t
|

WiNp Prissvres.—It may interest some of our readew to
know that the maximum force recorded during recent storins by
our wind pressure platesat the Forth has been 20 Ihs. persy. ft.,

upon the small ana light plate haviog an area of 2 sq. ft., aud
! 124 1bs, upon the large and heavy one, with un area ot 30V 3.
' feet, The same ratio holds good down to pressuresof 2 bx,
© per square foot, and it appears protty certain that the higher

blasts are of such momentary duration and of such uaequal
| distribution, that even a small sized railway bridge could never

experience ordinary anemometer pressures. Ocher veasons fnr
! areduced pressure on a large surface have been advanced by
! Dr. Sictnens in a recent number of the Comptes Rendus. Never-
t theless, 12 this instance of the Forth bridge we have agsumed
! that a 56 lbs. harricane wil] act simultancously over the whole

width of the Forth, with a resultant lateral pressure of no lese
¢ than 8,000 tons upon the main svms. We have further as.
{ sumed that the said hurricane might blow down one xide of the

Forth, while a dead calm prevailed on the other side, aud have
, even provided for the twistingaction upoun the picrsand super-
| structure due to a 56 lbs. hurricans blowing up the Forth one

side, and down it on the other. To ascertain what lateral
! pressure a 56 1bs, hurricane would cause, wo tested, both in
. sirand in water currents, a large model of the bridge, with
cross-bracing complete, and ascertained its equivalent tnsquaire
feet of flat surface. Under any ot the conditions of wind pres.
sure enumerated above, combined with any distnbution of the
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down bolts aud piers will be far within the safe working limits
as determined by our experiments upon the respective ma-
terials.—B. Baker in Nature.

THE HEAT OF THE SUN.
BY ERNEST 1. JOUK, BSC. (LOND.), v.CS,

When wa consider tho magnificenco and beauty
which under favourable conditions of the atmosphere
tho heavenly bodies exhibit, it is 2 matter of no sur-
prise that the most brilliant aud grandest of them all
slhald have attractud and rivetted the attention of the
eatliest philosophers.  Accordingly we find in the very
first pages of the world’s written history under the
influence of an eastern sun, that those Chaldean Shep-
herd Astronomers speculated as to the constitution and
position of the contral luminary. As soon as the enor-
mous distance of the sun was established and approxi-
matoly fixed, specalations began to be made to attempt
to account for the source of the enormous amount of
heat which is given out by the sun. The first and
most unscientific of these theories of the sun’s heat,
that of combustion, was propounded before any actual
exporiments had been made as to the exact amount of
heat which is constantly given out. Thus attempting
to explain and account for something which was not
known, it is not to be wondered at that subsequent
discovery and investigation have shown the utter
inadequatness of this first assigned cause of the sun’s
heat.

Before wo state and ex.mina the various theories it
is necessary for us to thoroughly understand and ap-
preciate the vastness of the action we have to account
for.

The distwce which separates us from the sun has
been determinel with very great accaracy because of
its importance to astrowimers, this distance forming
their unit of langth. With tolsrable accaracy we may
take thisas equal to 92,000,000 of miles. Although
this distance 13 infinitely small when compared with
the distance of many of the stars which are familiar
to astronomers, it is yet su yreat compared with our
ideas of distance that we ¢in form no counception, of it
however remote. Fortunately, however, we are now
dealing, not with conceptions and imaginings, but with
bare and unvarnished fact«. Koowing the distance,
koowing also the apparent magmtude, 7., the observed
diameter of the sun, it is easy to calculate his real
diameter. This has been found to be approximately
given by 880,000 miles. These distances bemng deter-
mined and the fact established that the planets revolve
round the sun, it follows that there must be some force
pulling these planets, emanating from the sun, which
causes them to revolve around it. This force we know
to be that of gravitation. Amain the period which it
takes the earth to revolve around the sum is given by
the length of what is called 3 mean solar year. Itis
also known that the length of this mean solar year has
not altered during the period of vecorded astronowical
observations.

It thevefore follows that the force pulling the earth
and keeping it in its orbit is just suflicient to do so
and no more. For if the sun’s forco acting upon the
earth were more than just suflicicut to do this, the year
would be gralually diminishing in length by an

|
|
|
|

 rolling load, the resultant stresses up superstructure, holding | amount which would be proportionate to this excess of
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force. In short the earth would bo gradually ap-
proaching the sun. If, vn the contrary the force wero
less than just sufficiont to do this, the year would be
gradually incroasing in length, in short we should be
rccoding from the sun.  Observativas extending over
a groat number of years prove that neither of theso
things is occaming.  Now if we hnow the mass of a
body which is moving in a certain orbit, if we know
tho radius of that orbit and al-w the velocity with
which the body is moving, we can find by employing
a formula well known toscientilic men the force which
is omanating from the centre,ai. ' which is just able to
keep the body fiom moving out of that orbit. Caleu-
lating in this manner it has been deduced that the
attraction which the sun exerts upon orr globe is
equal to that which would be oxorted supposing it to
consist of 360,000 carths rolled into vne. Now we
have just seen that the diameter ul' the sun is 880,000
miles, that of the earth is 8 000, thus the sun’s dia-
meter is about 110 times greater.  The bulk or cabic
capacity of the sun is therafore the cube of 110, or
1,331,000 times that of the earth. But the ma-s, cal-
culated from the attraction which it exorts is only
360,000 times greater, consequently the materials of
which the sun is composed must be juuch lighter than
those which compose our earth. Speaking accarately
and sciontifically we should say that if the density of
the earth be taken as unity that of the sus is only. 250,
or if. as experiment shows the specific gravity of the
earth is equal to 52, then that of the sun is equal
to 1*3. Having now fixed some of the physical con-
stants of the centre of our planetary system, we lave
now to determine the amount of heat which is given
out. In the first place, it is evident that we who live
upon the earth must necessarily make our observations
upon the earth, it is thus important that we should
know what fraction of the total amount of heat emit.
ted by the sun is absortbed by the earth, The radius
of the carth’s orbit, we have already seen, may be taken
at 92,000,000 miles, the circumference of the approxi-
mate circle which is described around the sun is thus
equal to 314,157 ¥ 92,000,000 ~ 2 or about 578,000,000
miles. The diameter of thoe earth is about 3,000 miles
consequently the ecarth occupies about the 73,000th
part of the circumference of the approximate circle
which it describes around the sun. But this vefers
only to one plane. Taking the area of the holluw
shell surrounding the sun, at a distance of 92,000,000
miles as equal to 115,000,000,000,000,000 square miles
and taking the earth as a flat plane 8,000 miles in
diameter or 50,000,000 square miles in area, we tind
that the earth intercepts the 2,300,000,000th part of
the total heat emitted by the sun. If then wo find the
quantity of heat received by the earth and multiply it
by this last number, we shall obtain the actus. amount
of beat given out by the sun. DBy allowing the rays
from the sun to fall perpendicularly upon a surtace
which is capable of warming a known quantity of mer-
cury the heating power of the sun has been deter-
mined. Two series of observations on this point have
been made, one at Paris by M. Pouillot with his
pyrheliometer, and the other at the Cape of Good
Hope by Sir Johu Herschell with his actinometer.
Tho results are concordant and they give that the
amount of heat received by the earth in one year would
be capable of liquefying a layer of ice entirely sur-

rounding the earth to & depth of a 100 feet, ‘I'his

then is the amount of heat which falls upon an area of ;

50,000,000 square miles . muitiplying this by 2,300-
000,000 we obtain the total amount of heat emitted
Ly the sun. In speakioy of the distanco ot tho sun 1t
was stated that we could form no idea of the vastnoss
of the distance which separated us from him. And if
it is impossible to form an idea of the distance it is
alsv equally impossiblo to form an idea of the immonso
heat which ho pussesses,  The highest temperatures
which we can obtain aro so cold compated to his tem-
perature, that the comparison betweon an Arctic wintor
and an Equatorial summer is quite inadequate to reprs.
sont the difforence. Thus Prof, Tyndall says: —The

lieat emitied by the sun, if used to melt a stratum of |

ico applied to tho sun’s surface, would hyuetly it at the
rate of 2,400 feet an hour. It avould beil per hour
700,000 millions of cubic miles of ico.cold water.”
Another eminent writer upon this subject Sir John
Horschell, says, ‘“that the heat thrown out from
cory square gard of the suw's surface is equsl to
that which would be produced by burning on that

square yard six tons of coal per hour. and keeping up
And this, |

constantly to that rate of consumvtion.
mind oa vach individual syuate yard of that enormous
surface, which is 12,000 times that of the whsle
earth.” In attempting to bring the imagination to
to grasp such enormous numbers and statements, we
are attompting a hopeless task, it recoils from such
immensity much as a billiard ball recoils from the
cushion upon which it strikes. Bat although thus
unaole to appreciate such facts the reasoning powers
of many (L miy perhaps say most) scientific men have
from time to time employed themselves for the por.
pose of seeking a cruse, which shall by a sufficient and
a possible one, to account for the enormous expendi-
ture of puwer an expenditure be it remembered which
has been going vn at least duriny historic times without
the slightest diminution.

The theories which have been proposed from time
to time, we will now exunine taking them in order of
their age, and impartially examine each.

Tue Cospusrion YTHEORY. °

This is the oldest, simplest, and most unscientific of
the whole. It cannot be ascribed to any author, and
in fact it is probable that most thinkers upon the sub-
ject upon a first and superficial examination would
propound such an explanation. Shortly expressed it
says, that the sun is a fire, differing only from our
terrestrial fires in magnitude and in the intensity of
its combustion, Now as the substance which we use
most entensively and which gives us more heat than
any other common substance is carbon, it has been
suggested that the sun consists of a mass of carbon in
an active stato of comnbustion. This then, is the first
crude idea which was hell respecting the cimbustion
of the sun.

Before we allow ourselves to wonder at the authors
for proposing so unsatisfactory an explanation, we
must bear in mind the * nature of the environment”
if I may so call it, in which they were placed. Inthe
first place the distance of the sun was not thought so
immense as it is now proved to be ; secondly, the age
of the earth was not considered so great as at present,
consequently a less powerful cause had ‘o be found ;

e
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and thirdly those wonderful discoveries of the spectro-
scope which have revealed to us the physical construc-
tion of the sun had not been made.

Now in order that combustion as we term it should
go on thoro must be some substance with which the
combustible body can combine. 1llere on our cirth
this body is known te be oxygon, and it is supposed
that the samo body exists in the sun, and by its com-
hination with the carbon produces the heat which wo
find given out,

Again we know that one pound of pure carbon in
burning so as to produce the greatest amount of heat
combines with 22 Ibs. of oxygen. Also one cubic
mile of pure oxygon will weigh ubout 13,18Y,120,000
Ihs.  Also on every square yard of the sun’s surface
thero is given out as much heat as would be produced
by the burning of 6 tons of carbon por hour.  (1Iersh-
chell) Six tons of carbon will require 35,840 1bs, of
oxygen, and such an amount of oxygen would be con-
tained in a column one square yard base and 14,336
yards high, Thus in every hour the sun uses up a
- enlumn of pure oxygen 8.3 miles high and of the den-
sity of the gas at the average atmospheric pressure here
on the earth. But the atiraction of the sun upon any
body placed near it, is, in consequence of its inass
very pearly thirty times as great as the attraction of
the earth upon the same body.

We will thus reduce the height of this column this
number of times and thus obtain that every hour there
is used up a shell of about % of a mile thick around
the sun of pure oxygen. (This difference in attractive
power is only mentioned to guard against misrepre-
sentation and for the purpuse of making tho latter part
of the argument more conclusive. The immense heat
of the sun would probably expand gaseous bodies so
much as to counterbalance the effect of the 1ncroease of
gravitation.  Moreover as we recede from the sun, the
attractive force diminishes according to the well known
law of the square of the distance). But if this is the
amount used up in one hour it is easy to calculate the
amount used up in any number of hours or years. We
thus find that fu 5,000 years the height of the atmeo-
sphere of pure oxygen consumed would be 13,240,000
miles high wssuming the density, the same as that which
it would have «f the surface of the sun. If however wo
consider that, »s pure oaygen is a most unlikely sub-
* stane s to exist in such quantity ; that the solar atmo-
sphere eonsists of the same materials as the terrestrial
oue, in fact that it is only part of the universal atimo-
sphere :—an assumption which has been made and
whirh is highly probable——then the height of the at-
mosphere reguived for a period of 5,000 years becomes
66,200,000 wiles. This distance is much greator than
the distance of the planct Mercury, and 1s about equal
to that of Venus, from the Sun.

We therefore seo that examining the theory in this
way (which the author believes to be a novel one) we
are called upon to assume the existence of a solar at-
mosphere extending up to the planet Venus and pos-
sessing a density thirty times as great as that of the
carth at the sea level. And this immonse volume is
required for the cumparatively short period of 5,000
years. Taking Croll's estimate of the age of the earth
as 20,000,000 of years we must extend the atmosphere
¢ about 100 times as far as the orlnt in which the most
remote member of the planetary system revolves, It

is needless to say that such « state of things is unpos-
sible, for the retardation which the planets would
sufler would most assuredly have been discovered long
beforo this ; and it is probable that owing to such re.
tardation one or more of them would erc now have
fallen into the sun.

I havs selected this method of viswing the combus-
tion theory because the conclusions drawn from it are
so obviously impossible. It can however casily be
shown that at the rate of burning necessary, a block of
carbon of the size of tho sun would be burnt out in
about 5,000 years. Wo can also ask what becotwes of
the products of combustion ! Where 18 the carbonic
anhydride stored away? Theso and other questions,
impaossible to answer compol us to at once put aside
the combustion theory as not euly untenable, but im-
possible,

Many modifications (if we may so call them) of this
theory have heen proposed but they all fail to afford
an adequate cause. Thus the suggestion has been
made that the oxygen needed for combustion may be
supplied from the material of the sun itself ; just as
gun powder is supplied with oxygen from the nitre it
contains. But even supposing him to consist of gun
cotton, the substance which is better supplied with
oxygen than any other, it is easily calculated that he
would be burnt out and :—

‘... Wander darkling in th’ eternal space
tayless aud pathless,”
in less than eight thousand years.

These various suggestions, for we cannot call them
theories we will not stop to consider. Ingenious and
yet simple as many of them are, they one and all fail
to rise to the magnitudes with which they have to deal.
We pass on to the consideration of the next, and cer-
tainly the one held by many physicists.

(7o be continued. )

ot Pv-e
THE SHAPES OF LEAVES.—(Nature)
BY GRANT ALLEN.
1.—GENERAL PRIxCIPLES,

"T'he leaf is the essential and really aetive part of the ordi-
nary vegetal organism ; it1s at once the mouth, the stomach,
the heart, the lungs, and the whole vital mechanism of the
entire plant. Indeed, from the strictest biological point of
view every leaf must be regarded as to some extent an indivi-
dual orgamsm by itself, and the tree or the herb must be look-
ed upon as an aggregate or colony of such separate units hound
together much in the same way as a group ot coral polypes or
the separate parts of a sponge in the animal woud. It s cu-
rious, therefore, that so little atténtion, comparatively speak-
g, should havo been given to the shapes of the folinge in
various plants. ¢ The cauges which have led to the different
fortus of leaves,” says Sir Johin Lubbock, ‘‘ have been, so far
as I know, explained in very few cases,” Yet the origin of so
many beautiful and varied natural shapes is surely worth a
httle consderation from the evolutionary botanist of the pre-
sent day, the more 50 as the main principles which must guide
him in his search after their causes are simple Jand patent to
every inquirer. .

The great function of a leaf is the absoption of carbonic
acid from the air, and its deoxidation under the influence of
swunght. From the free carbon thus obtained, together with
the hydrogen liberated from the water in the sap, the plant
manufactures the hydro-carbons which form the mass of its va.
Tious tissues. Vegetal life in the true or green plant consists
merely in such deoxidation of carbonic acid and water, and re.
arrangement of their atoms in new forms, implying the recop-
tion of external energy ; and this external encrgy is supplied
by sunlight. Wo have thus two main conditions affecting

ar——
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the shape and size of leaves : first, the nature and amount
of the supply of carbonic acid; and second, the nature
and amount of the supply of sunshine. But as leaves
also aud and supplement the roots as absorbers of water,
or_even under certain circumstances perforin that func-
tion almost entrely alone, a th'rd and subordinate eleinent
also comes into play in many cases, namely, the nature
and amount of the supply of watery vapour in the air,

Fic. 1.

This last element, however, we may leave out of con-
sideration for the present, confining our attention at the
outset to the first two,

Carbonic acid is the true food of plants : water, one
may say, is only their drink. The roots can almost
always obtain a sufficient amount of moisture; and
though no doubt there is sometimes a fierce -.ruggle for

Fi1G. 2.

this material between young plants, yet its effects are not
usually so obvious or so lasting on tfe shape of the parts
concerned. But for the carbon of which their tissues
rwst be built up there exists a competition between plangs
as great and as evident as the competition between car-
nivores for the prey they pursue, or between herbivores
for the grasses and fruits on which they subsist. The
plant endeavours to get for itself as much as it can of

this fundamental food stuff; and all its neighbours en-
deavour to frustrate and to forestall it in the struggle for
aenal nutiment, Again, the carbon 15 of no use without
a supply of sunlight in the right place to deoxidise it and
render it available for the use of the plant. Hence these
two points between them mainly govern the shapes of
leaves. Natural selection insures in the long run the
survival of those,types of foliage which are best fitted

FiG 3.

for the performance of their functions as mouths and
stomachs in the particular environments that each species
affects. Accordingiy, in the final result each plant tends
to bave its chlorophyll disposed in the most economical
position for catching such sunlight as it can secure ; and
1t tends to have its whole absorbent surface disposed in
the most advantageous position for drinking in such par-
ticles of carbonic acid as may pass its way. The import-

FiG. ¢

ance of the first element bas always been fully recog-
nised by botanists; but the importance of the second
appears hitherto to have been too frequently overlooked.

At the same time, the shape of the leaf in each species
is not entirely determined by abstract considerations of
fitness to the function to be performed : as elsewhere
in the organic world, evolution 1s Jargely bound by heradi-
tary forms and ancestral tendencies. Each plant inherits
a certain general type of foliage from its ancestors ; and
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it modifies that type so far as possible to suit the exigen-
cies of its altered conditions, It cannot remake the leaf
de novo at each change of habit or habutat : 1t can only
remodel it in accordance with certain relauvely fixed
ancestral patterns, Hence, as a rule, each great group
of plants—family, tribe, or genus—has a common t{pe of
leaf to which all its members more or less closely ap-
proximate. Occasionally, as among the composites, the
diversity of types in a single family is very great; at
other times, as among the peas and still more among the
pinks, the type is fairly well preserved throughout. But,

Fic. s,

in spite of all apparent exceptions, and of numerous very
divergent cases, there is a general tendency in most
allied plants to conform more or less markedly to a cer-
tain general central and ideal form of leaf—the form from
which all alike are hereditarily descended with various
modifications. The actual shape in each case is not the
deally-best shape for the particular conditions ; it is only
the best possible adaptive niodification of a pre-existing

hereditary type.
Tae point that is most common to leaves of different

Fi6. 6.

sorts in the same group is their vascular framework or
ground-plan ; in other words, their venation. This is the
typical thing which tends most of 2ll to reproduce itself,
under all varieties of external configuration. The plant
seems to build up first, as it were, its ancestral skeleton,
and then, if it can afford material, to flesh it out with the
intervening cellular tissue (not, of course, literally, for all
the leaf buds out at once from a single knob). A glance
at the accompanying diagrams will show how easily, by
failure of growth in the intervals between the principal
ribs, a simple primitive rounded leaf may be converted

during the course of evolution into a lobed or compound
one, In Fig. 1 we have such an ovate ‘eaf, with digitate
venation : the dotted lir> marks the chief intervals
between the ribs, mainly filled by cellular tissue. In
Fig. 2 we have the leaf of a sycamore, with the same
venation, but with the intervals between the ribs unfilled.
Here 1t will be noticed that the apex of the five main
lobes corresponds in each case with the termination of a
main rib; and the largest lobe answers to the midrib. Simi-
larly, the apex of each minor serration answers to the
termination of a secondary riblet. The type remains the

Fi16. 7.

same throughout; only in Fig. 1, material has been sup-
plied to fllit all in, and in Fig, 2, only enough has been
supplied to cover the immediate neighbourhood .of the
main veins.

In Figs. 3 and 4 we get a further modification of a
similar type, Here the cutting of the lobes goes so dee
ds to divide the entire blade into separate leaflets ; an
the result is the compound leaf of the horse-chestnut,

The same thing may also occur with pinnately-veined
leaves. In Fig. 5 we get a typical leaf of this character,
where the supply of carbonic acid and sunshine under the

FiG. 8.

average circumstances of the plant is sufficient to allow
of its having assumed afull and rounded specific form.
Fig. 6 shows the less fully-veined tracts in such a type of
foliage ; and in Fig, 7, where the ordinary conditions do
not favour full development, we get the familiar irregu-
larly-lobed blade of the English oak. The diagrammatic
representation in Fig. 8 suggests the steps by which a2
regularly pinnately-veintd leaf, such as that of the common
olive. may pass into a pinnatified and pinnatisect form
by non-development of the mainly cellular tracts. We
may thus get either a lobed leaf like the hawthorn, as

[ ye——
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adumbrated at the summit of the diagram, or a compound leaf
with piunate leatlets like the commonest papilionnceous type,
as shown in the lower portion  These examples will at once
make clear the prineiplo that with yery slight changes in the
real structural composition of a leaf wo may have very great
differences in the resulting outline.  How the various under-
lying tyyes of venation thomselvesare acquired or madified we
must consider at a later stage : for the present we must take
them for granted as relatively fixed genertc or tribal charac-
teristics.

It may be necessary to warn the reader 1 passing that com-
paratively little importance must be attached to the particular
circumstane s of each individual leaf. It is the average cir-
cumstances of the spreies which give rise to the spealic type.
True, each particnlar blade caunot gruw at all except mn so far
as matetial is supplied to it during 1ts growth from the older
and more settled members of the complen plant-common-
wealth , but « ven when such matenal 13 supplied to at, 3t wall
only grow to the extent and into the shape which natural
selection has shown 10 be the best un the average for all ity
predecessors.  For example, no plethora of available materal
sould make the sycamore or the oak produce leaves hike those
represented in Figs. 1and 55 it would only make them pro-
duce a greater number of normal leaves like those represented
in Figs 2 and 7, since these embody the finul 1esult of all the
past experivnce of the race - the residuum of countless genesa.
tions of unspating selection.

A single illustration of the way an wlach these general prn-
ciples work ean best be found, as a lirst example, 1w the folage
of the wutercerowfoot (flaswucrlas uquatelts, Frg. . This
well-known plant, growing as it does in strezms or pools, has
two tortus of leaf on the selfsatue branch, strikiogly diferent
from one another. The lower or submerged leaves, whieh wave
freely to and fro m the water, are imuutely subdivided into
leng, altost har-like, titaments | the apper or tloating leaves,
which loll upon the surlace of the stream, ate tull and rounided,
though more or less indented at the edge into from three to
sin obovate lobes,  F.antliar as 1s this curions hittle English
plant, the causes wlhich give 1t its two types of leaves admira-
blv allustrate the laws which we must ctploy as the general
key to all the shapes of folage throughont the vegetal king-
dom.

Firs* sto the submerged Jeaves, These organs, growing
in the  ter under the surface, have not nearly so free access

to cart nie acid as those which grow in the open air.  For the
proportion of carbonie acid held in solution By water 15 very
small; and for this small amount there is a great competition
amnng the various aquatie plan®s  As a rule, the cryptogamic
flora of fresh wwaters consists of long streaming algs or char-
aces, whiel assume filamentous shapes, and wave about
the water so as to cavch avery passing particle of the prectons
was  When ttonering-plants the the water-crowfoot, take to
inbalnting similar spots, their sutterged leaves alw tend to
asstme somewhat the same forms, and 1o move Ireely with
every eurrent in the pond or stream, $o s to cateds whatever
frgments of carhon may happen to pass their way.  In this
case, there is no Jdearth of sunslane, o interference of other
plants with the incidence of the light | the weaving thread.
like forin depends solely npon the comparative want of carbon
in the suwrreanding medium,  The leaves have acquired the

" shape which cuables them bt to dav hold on whatever earbon

there way be in their neighbourhoo 1. any other armngement
would invalve a waste of chlarophyll —u misplacing of it in
unadvantageotts position.  Full ronnd leaves wounld be nscless
under water, because there wonld not be work enough for themn
to da there.

On the other haed, when the leaves reach the surfavce, they
hace room to spread out untuovlested to au arex sigularly
frec frem competing fohiaze.  Here, then, they plim out at
once nto a larger rounded ty pe, as they can obtan abundant
carbonic acid from the air around, and can cateh the ummped.
¢d sunlight on the surface of therr pond, The two cases, as
Lamarck long since remarked, are somewhat aualogous to those
of gills and lungs; for though in the one case it is oxygen
that is required, and in the other case carbonic acid, yot in-
asmuch as both are gases dissolved in water, the parallelism
on the whole is very close,

1t is to be noted, however, that in both cases the central
ranunculacoous type of leaf is faithfully preserved in the
ground-plan or framework. This central 1y pe of leaf is found
in a rounded form in the lesser «elendme (& ticaran), and n
the tadical leaves of the golditocks (. aurwemans., 1t is more
divided and cut, or tto put the ame thing conversely) less

P
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filled out between the ribs in the common meadow butterenp
(A2, acris). But in the water-crowfoot, the floating leaves re.
main very close to the rounded form of lesser celandine, though
a little more lnbed at the edge ; while in the submerged leaves,
we get hardly anything moro than an attenuated skeleton of
the veuation, still essentially keeping up the typical form,
though m « somewhat exaggerated and minutely subdivided
manner  When one compares these submerged lenves with the
equally filiform and mnutely dissected submerged foliage of
the water-violet (HHotlonia palustrivy and the wat-r-itfoil
CMyrwophyllum sprcatiem), one sees at once that the same etfect
has been obtaned 1 the various cases by like modification of
wholly unlike ancestral forms. While assuming extremely
similar outer appearances, all these plants retain essentially
diverse underlying ground-plans,

Furthenmore, there are various minor forms or varieties of
the water crowfoot in which minor peculiarities of liko import
may be observed.  “Lhe form known as R. duwitans lives chiefly
s raprdly.running streams, where none of its leaves cau reach
the surface : hence all ats foliage is submerged, and deeply cut
mto very lony, thin, parallel segments, which wave up and
down in the rapids, aud are admimbly adapted to catch the
Hoating particles of carbonic acid carried down by the water
m 1ts course, The variety known as L. eircinatus grows mainly
1 deep still pools, where also it< leaves cannot reach the top ;
and 1t has hikewise submerged foliage with finely-cut segments,
bat the sepatute pieces are *“shorter and more spreading,”
becanse this form 15 best adapted to cateh the stray dispersed
partieles of carbonte acid in the quiet waters. The comman
tvpe (erdyares of Bentham) has both forms of leaves, floating
and submerged, and grows mostly in shallow pools or slow
streams, The type kuown as ivy-leaved crowfoat (/2. fiederaceus)
creeps on mud or oose, and has only the full three-lobed leaves.
Frnally it may be nvoted that even the particular position of
mdinduad leaves here conuts for something ; since nothing is
commoner than to find one of the fincly-cut submerged leaves
with a lew upper segments tloating on the surfave ; and these

upper segments begin to till out at once into broader green .

ups thus giving the end of the leaf an odd, swollen, and bloat.
cd appearance.

(Contiaued on puge 1:20.)
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THE PROGRESS OF TELEGRAPHY,
By W. H. Preecr, F.R.S, M. Inst. C.E.

Pelegraphy 1s the oldest practical application of Eleetnicity.

It zrew about the tailway system, and was rendered a practical |
~ o ’ H

agent In the foresighit of Robert Stephenson, 1. K. Braucl,

Joseph Locke and G ', Bidder, who were 1ts godtathers in |
Electric carrents are, as a rule, mawmtamed for tele- :
grapluc purposes by the combustion of zine, and iu the inou. -
merable forims of Latteries, the couversion of zine into sulphate '

Eagland.

of zime is the root of the transformation of cnergy into that
forsn which was utilized as clectnic currents.  There are three
fortus of battery in use wm the Briish Post-Office Telegraph
susten, and m the following numbers . —

Dutielleeeeee iiiicnecenanas
fochanehe ceeeneconconnaans
Bichrominteeeee coceoe vannee

87,221 cells.
56,420
20,846

Every wlmiuisteation s its ewa adopted form, ditf-ring in -
Magneto-

design, but based on one or other of those types.
clectrieity is applied for soma forms of apparatus, and dynamo
machines an occasionally utilized to supplement battsries.
The varions terias, electro-motive foree, resistance, induction,
and current, though measurablo in defimte units, have not yet
become houschold wonls, but, having been admitted into
commercial, legal, and parliamentary lore, they will soon be
as famibiar as feet, gallons, or pounds.

Flectric rurrents are conveyed from place to place cither
overground, umlerground, or submarine.

oveieEorsD. — Waaden poles preserved in creosote sre
cmploved in England, but iton poles are extensively used in
the Colonies. The conducting wire is almost universally of
iron, but copprr wire is much u«ed through smoky places
where rou i liable to rapd decay. Thosphor-bronze wire is
under tnal, and isa very promisiag material, as it posscsses
the conductivity of copper with the strength of iron.  The im-
provements wade i the quality of won wire have been very
great, and it conducts now fully 30 per cont. better than it did

————
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afew years ago. Electric tests have had a marvellous etfect
upou the production of pure metallic condustors ; copper bas
unproved in a greater ratto thun iron, and samples have been
roduced better even than the standard of purity. The insu-
{ators romain principally of porcelain, aund their forms vary
nearly with the number of {i ividuals who use them; the
only improvement of any valna recently mnade is one which
facilitates the very necessary nrocess of cleansing.

Uspererousb, —Wires are almast invartably carnied uoder-
grouud through towus. Copper wire, insulated with gutta.
percha, encased in iron pipss, 1s the material used. There are
12,000 miles of underground wire in the United Kingdom.
There is & great outery for more underground workin England,
owing to the destruction to onen lines by pales aud snow-
storms ; but underground telegraphs, wire for wire, cost at
present sbout four times as much as overground lines, snd
theic capacity for the conveyance of mwessages is only one-
fourtl ; so that overground are, commercially, sixteen times
better than underground wires.  To lay the whole of the Post-
Office system underground would mean an expenditure of
about £20,000,000. Hence there iy no desire to put wires
underground except in towns, Besides snowstorms are few aud
far between, and their effects are much exaggerated. Of the
munerous materials and compoun-ds that have been resorted to
for insulating purposes, gutta-p-rcha remaing the oldest and
the best for underground purposes. It, like all other materials
used for telegraphy, has been itmproved vastly through the
searchin s power that the current gives the engineer.

St uvanrixg. —The past ten yer < has seen the globe covered
with a network of cables. Subr..rine telegraphs have become

© a solud praperty. They are laid wath facihity and recovered with

certainty, even in the deepest oceans. ‘Thanks to such expedi-
tions ag that of H.M.S., ¢ Challenger,” the floor of the ocean
is becoming more familiar than the surface of many continents.
There are at present 80,000 miles of cable at work, and £30.-
ous, Y have been embarked in their establishment, A flect

" of twenty-nine ships is employed in laying, watching, and

repairing the cables.  The Atlautic is spanned by nine cables

¢ in working oxder.  The type of cable has been bat very little

vaned from the first made and laid between Dover and Calais;
Lut the character of the waterinls, the quality of the copper
and the gatta-percha, the breaking strain of the homogeneons
won wire, which has reached 90 tons to the square inch, and
the machinery for laying, have received such great advances,
that the Telegraph Construction and Maiutenzunce Company
bad a cable across the Atlautic last yearn’twelve daye, with-
cut a hitch or stoppage.

ldens are conveyed to the mnd by electric siguals, and, in

. telegraphy, these signals are produced at distaut places by

two sumple electrical effects .—(1) that 2 magnetic needle tends
to place itself at night-angles to a wire when an electric current
passes through it; and, (2) that a picco of iron becomes a
maguet when a current of electricity circulates aronnd it.  An

" innumerable quantity of tunes can be played on these two
. strings. Various companies were established at ditferent tiwes

to work certain systems, but when the telegraphs were absorb.
ed by the State, the fittest were selected to survive and their

unmber couscquently declined.

The A BC iustrument is the simplest ta read, forit indicates
the letters of the alphabet, by cansing & pointer to dwell oppa-
site the desired letter.  There are 4,398 in use. Its mechanism
i+, however, compiicated and expensive, and it is being rapidly
supplanted by the telephone. The needle instrument is the

. ~sunplest in construction, but it requires training to work it.

There are 8,741 employed by the Post-Oftice, and 15,702 among
difierent mailway companies. As a milway nstrument 1t is the
simplest, cheapest :ms most ellicient ever devised,  The Morse
wstrument, of which the Past-Oflice possesses 1,330, records
its letters in ik, in dots and dashes on japer tape, and like
tke needle and A B C appeals to the consciousness through the
»3e, 1t alro indicates the lettersof the alphabet by sound, aud
thus utilises the orgau of hearing.  Sound.reading is gaiuing
ground in England with great vapidity.  There are now 2,000
saunders, while 11 1869 there were none.  in America scarcely
any other instrument s used, bt on the Continent of Europe

- there is scatcely one.

Acoustie reading attains great perfection in Brnoht's bell
instiunent, wherc}i)cats of ditferent sound replace the -t and
dash of the Morse alphabet.  Sound-reading 15 more rapid and
more accurate than any system of visual sigorls or permanent
record. In fact, no verord is kept .in England, for the paper
tape iv uow destroyed a3 soon as it hay been read.  Errors are

of course inherent to all systems of telegraphy. A telegraphist !
canunot sce what he writes, nor hear what he says, and who is

there that does not make mistakes, whose eye follows his peu,
and whose ear takes in his own words ¥ The Hughes Type-
Instrument, which prints messages in_bold Roman characters,
is much used on the Continent ; it is in fact recognised as the
international instrument, but it has had to give wa{ in En-
gland to a more rapid systom of telegraphy. It is, however,
solely employed for the Coutinental circuits by the Submarine
T'elegraph Company. All lang cables are worked by Sir Wil-
liam Thowmpsen's beautiful Siphou-Recorder.

In ordinary working only one message can be seut in one
direction at one time ; but by a simple and mgenious coatri-
vance, by which the neuteality of opposite currents is utilized
to convey siguals, duplex telegraphy is rendered possible, so
that two messages can be sent on the same wire at the same
time ; and, by a still further improvement, where currents of
different strength are utilized, four messages aro sent on one
wire—two simultaneously i opposite directions—at the sane
time, There are in England 319 duplex and 13 quadruplex
circuits at work.

The acme of efficiency in telcgraghy 1s attained in the auto-
matic system, in which manual labour is supplanted by me-
chanism in transmitting the messages. There are 71 ctrenits
worked by these instruments, and 224 instrumeots in use, and
a speed of working of 200 words per minute is easily maintain-
ed upon them. With the hand alone from 30 to 40 words per
minute is the maximum rate attained, but by antomatic means
the limit is scarcely kaown. Since this system can be duplexed,
and i many cases is 50, 400 words per minute on one wire are
easily sent.” By the use of high-speed repeaters, the length of
cireniit for automatic working 1s scarcely hrited 5 it would be
easy to send 160 words per minute to India.

Tho growth of business smnce the telegraphs have been ac.
quired by the State is enormous : 126,000 messages per week
have grown o an average of 603,000 ; but the mileage of wire
has not increased in anything like the same proportion, the
exenss of teallic baving been proviled for by the greatimprove-
ments made in the working capacity of the apparatus, 1n 1873,
the averaga number of messages per mile of wire was 147, it is
now 256, It isin press work that the greatest increase has
taken place: 5,000 words per day at the time of the Compa.
nies, have grown to 934,154 words per day now, 340,966,344
words of press matter were delivered in the year endiog 31st i
March, 1852,

The development of railways has nece-sitated a correspond.
ing increase in the telegraphs required to ensurce the safety of
the travelling public, and while 27,000 miles of wire in Ean.
gland, Scotlam‘, and Wales were used for that purpose in
1869, at theend of Dee., 1552, the total halincreased to 69,000
wiles, equipped with 15,702 instruments, aganst 4,423 1 1569,

The growth of business is equally discernible 1n the great |
Cable Companies. In 1871, the number of messiges dealt with |
by the Eastern Telegraph Company was 186,000; in 1851, it
was 720,000 This growth is eqaally stnkinug o all avihzed
countries, and even in Japan, 2,223,214 messages were des-
patched, of which 93 per cent. were in the native tongac.
The modo of transacting the trade of the world has been ruevo. |
lutionised, aud while wars lhave been rendered less possible,
their conduct has been expedited,aud their penalties alleviated.
Trans. Inst. C.E.

AN enorrous acrolite fell on February 16, a little before 3
poun, in & plonghed liekl near Allianello, between Cremons and
Brescia, sinking more than one wetre in the ground, and pro-
ducing a rumbling noise, hieard twenty l:"xlomﬂres off, and a
recling of the nearest houses as by an earthquake.  Unhappily
tha ignoraut couniry people, when the first freight passed,
with attocks aud sticks smashed it and took away the picces,
so that Prof. Calderoni, who directly ran up from Cremona,
could obtain only seme little fragnesnts for chennecal anniysis o
and lor scientific eabinets.—Neur H

ra—

Acouesicaniox from Dr Jonle, FURLS, was vead st a8
recent meeting of the Mauchester Literary and Puilosophical
Society, on the use of lime as a purifi-r of the produsts of com- '
bustien of coal gas. The 3‘2\‘(\.‘& e i< placed in a vessel the |
hottont of which, about one foat diameter, i slightly domed and |
pcrfoutcd with fine holes. The vessel is suspended about six
inches abave the boraer. 1t 1s found that a stratum of four or |
five inches of lime i« suflicient to remove the acid vapwours so
far a3 to prevent them from reddeniug litwns paper. The lime ¢
seems in many respects to present important advantages over

the ziuc previously recommended. t{i
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THE SHAPES OF LEAVES!
Il.—Extreme and Infermediate Types

HERE access to carbonic acid and sunlight is
habitually unimpeded by the competition of other

plants in any direction, the leaf of each species tends to
assume a completely rounded form; the conditions are
evenly distribuled on every side of it. Such absolute
freedom to Assume the fullest foliar perfection is best
found on the surface of the water. Hence most water-
plants which have leaves lolling on the surface assume a

Fi1G, so.~Lemna miner,

more or less distinctly rounded shage, the venation and
other details remaining in accordance with the ancestral
habit. Foliage of this character is found in the water-
lilies and many other aquatic plants. The little entire
lenticular fronds of the common duckweed, Lermsa minor
(Fig. 10), which coats all our small ponds and ditches,
form an excellent example of the type in question. Herc
the shape is almost orbicular; the edge'is entire ; and
the smallness of each separate frond is due to the minute-
ness of the plant and the obvious necessities of its situation,
In the waterlilies we get a simitar example on 2 much

Fi6. 32.=Nelumliur speciesur.,

larger scale, for these plants recline on broader and
more permancent sheets of water, and draw nourist ment
from their large rhizéme, sunk sccurely in the mud be-
neath, and anvually accomulating a nich store of food-
stuffs for the growing fohage.

Mr. Herbert Spencer (by whose kind permission two
fccompanyir g diagrams are cepied frem ** The Frinciples
of Biology™') pomts out a distincticn between the <hages
adopted by such plants, according to their relations to a
central anis.  Inttesacred lotus, Nedumbium speciosum

¥ Contirued from p s
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(Fig. 11), the lcaves grow up on long and independent
footstalks, without definite subordination to any such
axis; and they therefore assume an almost perfectly
symmetrical peltate form. Inthe Vicloria regia (Fig. 12)
the footstalks, though radiating almost horizontally from
a centre, are long enough to keep the leaves quite remote
from one another; and here they assume an almost
symmetrically peltate sbape, but with a bdateralness
indicated by a long seam over the hine of the footstalk.
The leaves of our own white waterhly, Nympheza alba
(Fig. 13), are more closely clustered, and have less room
to expand transversely than longitudinally; hence they
are somewhat longer than broad, and have a cleft where
the Vickria regia has only a seam. Limnanthemum
shows the same type on a smaller scale,

Among land plants, the conditions under which leaves

F16. 13.~NympAua alba.

Fic. 12.~Vicloria regia.

can fill out tothe full rounded shage occur less frequently
than among floating aquatic species ; still, even here a
very interesting set of gradations may be cbserved. The
best example of all is that given by the common American
May-apple, Podophyllum peltatum, where the separate
radical leaves grow,straight up from a stout rootstock on
very thick and tall stalks, so as to oversbadow all the
other vegetation ; and they assume =~ regular, circular,
peltate form, exactly like a“Japanese parasol. The radical
leaves of our. own English Cofyledon umbilicus (Fig. 14)
springing from a perennial rootstock, for the most part
on bare wall¢ or unoccupied hedgerows, are able simi-
larly to expand without interference, and catch carbonic
acid 2%d sunlight to their hearts’ content. Hence they
are ‘orbicular and peltate, though they retain the charac-
tenstic crenate edge of most flat-leaved Crassulaces,

.

F16. 14.=Colyledsn sumbdilicus.

But the upper leaves, springing from the flower-stalk, are
more bilateral, as skown in the figure, though even these

| round out to a more or less orbicular form, owing to their

exceptional access to air and light. The so-called garden
naswrtivm, Zropaolum majus, with leaves growing out
at right angles into oFcn space, has also peltate leaves, as
has hikewise the asually aquatic Hydrocotyle.

When the plant sends up Jeaves from a rich buried
rootstock, so tall as to overshadow the surrounding vege-
tation, but subordinated to a common centre, they usually
assume the reniform share. This type is panticularly well
secn in the various coltsfoots—forexample, in Twssilago

Jarfara, T. petasites, and 7. fragrans (Fig. 15). Similar
types oceur in Asaradacca, and in the marrh marigold,
Caltha palustrss. Extremely similar to the leaf of Caltha,
though on a smaller scale, is that of one true buttercup,
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Ranunculus ficaria, the lesser celandine, which produces
its foliage in eatly spring from burned tubers, and so anti-
cipates other plants, having the air all to itsclf for a
couple of months, after which it gets overshadowed by
later comers. The same type recurs pretty closely in the
radical leaves of itsallies, . anvicomus and R. parvifforus,
as also somewhat more remotely in the ivy-leaved crow-
foot, R. Federaceus, which creeps, unimpeded, over soft
mud. Many early spring plants have lower or radical
leaves at least of this reniform type, because they grow in
comparatively unoccupied ground. As an example, take
ground-ivy, Nepeta gleckoma (Fig. 16). The violets re-
present a closely similar case. Many of these plants,

FiG. 18.=Typical leaf of Tuusilage
genus.

F1G. 16.~Ncpeta glecoma.

however, produce later on, when foliage grows thicker,
much more lanceolate leaves. In.the burdocks, docks,
&c., this type is persistent. .

On the other hand, where the distribution of carbonic
acid is most scanty, or v here the competition is fiercest,
or where the competing plants are supplied with no re-
serve to enable them to send up shoots which overtop
their competitors, immense subdivision into leaflets takes
place, and these leaflets are often almost or quite filiform.
The extent to which leaflets are subdivided depends upon
the relative paucity of carbon in their environment ; the
general resulting form depends mainly upon the inherited
tvpe of venation. Among submergedy aquatic plants, the

F16. 23.~Charofhytum sizastre.

filiform condition is habitual, because carbonic acid is so
comparatively scarce in water. Awmong British species,
the water violet, Hotlonia palusiris, is a good example.
All terrestrial primroses have undivided foliage ; but in
KHoltonia the leaves, still preserving the pinnate character
of the venation, as in the common primrose, are cut into
very deep segments, forming a close mass of narrow,
linear, waving threads, more like a CAara thana flowering
plant at a first glance. Ufrvcularia shows thesame resalt
with a different ground-plan. In Ayriopkylium, water
milfoil, we have whorls of leaves each minutely subdivided
into hair-like pinnate segments, and moving frecly through

their still ponds in search ¢f stray carbon particles dif-
fused in the water. Hippuris has the separate leaves un-
divided, but attains the same result by crowding its long,
thin, linear blades in whorls of ten or twelve, so as doscfy
to resemble an Eguiselun. Our common Ceralophylium
looks at first sight much like water-milfoil, but here the
whorled leaves, instead of being pinnately divided, are
repeatedly forked into subulate or capillary segments, the
result of a branching rather than of a pinnate veration.
Other instances will occur at once to every botanist.

Or. land we get very much the same condition of things

Fic. 1S.~Floating 1eaf of Trupe salans.

in the fierce competition that goes on for the carbon of
the air between the small matted undergrowth of every
thicket and hedgerow. The common weedy plants, and
especially the annuals or non-bulbous perennials, which
grow under such conditions, cannot afford material to
push broad leaves above their neighbours® heads, and
they are therefore compelled to fight among themselves
for every passing particle of carbon. Hence they are
usually very minutely subdivided, though in a less waving
and capill~ry manuer than the submerged species; their

Fi6. 19.~Submerged leafof Trafa nataxs.

Teaficts are oftener fiat, and definitely exposed on their
upper surface to the sunlight. That essentially weedy
family, the Umbellates, contains a great number of such
highly scgmented hedgerow leaves. Common wild cher-
vil, Charophyllum sitvestre (Fig. 17), forms a familiax
example : other cases are C. lemulum, Sison Amomum,
many Carums, (Evanthes, Pimpinellas, Dascus, Caucalss,
&c., all of which belong by habit to greatly overgrown
Jocalities. Compare these with the free-growing, almost
orbicular, radical leaves of Asfrantia and Samicuia, in
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the samo family ; or with the still freer peltate leaves of
Hydrocolyle ; or agnin with the divided but more broadly seg-
niented leaves of those tall open-field species, cowparsnip,
Heraclewm sphondylium, and Alexounders, Smyrnium olusa-
trum, which have only to competo against the grasses and
clovers; or, finally, with the largo waterside forms, Apium
graveoleus, Siwm latifolium, and Angelica silvestris. So, too,
take the much segmonted herb—Robert, Geranium Robertias
num, of all our hedgerows, growing side by side with the like-
minded chervils and carrots, and comparo it with that persis.
tent rounded geraniaceous typo which recurs, not only in our
English G. Moll, etc., but even in many exotic Felargoninms.
Among composites the crowded type is best exemplified by
that thicket weed, milfoil, Achillea millefolium, with its in.
finite number of fincly-cut pinnatitid segments ; while in the
taller but closely allied sneezewort, Aclillea nlarmica, grow-
ing on high open pastures, we get the same general typa in
outline and venation, ouly retire save for ohe shight serrations
ulong its edge. In tansy, Zanacetum vulgare, also a hedge-
row plant, the same type as milfoil recurs on a far larger and
handsomer scale. Compare these with coltsfoot and burdock,
or even with the tall cupatory and the tafted close-packed
daisy. Other good miscellaneous instances of the weedy type
are fumitory, Corydalis, moschatel, the camomile group, etc.;
while among larger cryptogams the majoritv of thicket fern.
display an equally marked subdivision of the frondsand pinn:es
It inay be added that highly civilised countries like England
are particularly rich in these subdivided types of foliage,
owing to she predominance of hedgerows and of tall grasses.

As in the submerged plants,so in the matted terrestrial
undergrowth, whorling of linesr leaves may practically auswer
the same purpose as minute seguentati 1, Some plants solve
the difliculty of eatching straying stray catbonio the one way,
and some solve it in the other. Each sdopts the easiest modi-
fication of its own ancestral type. For example take the stel-
lato tribe. Their tropical allies, the Jarger Rubiacewx, have
simple, usually entire, opposite leaves, with interpetiolar
stipules. In the small, weedy, northern forms bowever, the
interpetiolar stipules have grown out into linear leaf.like foliar
organs, forming with the true leaves an apparent whorl of six
members, Sometimes, too, the whorl is enlarged to as many
as cight leaves, and sometines reduced to fonr. These thick
whorls of small leaves, always well turned outward to the sun-
light, have become practically analogons in their action to
minutely segmented leaflets, in our English Galiums, Asperu-
las,and Sherardiat?. Two of them at least, 7. Mollugo and
7 aparine are extremely comamon hedgerow plants. Compare
them with the broad-leaved free-climbing Rubia peregrina,
which has only four large members to each whorl.

Among monocotyledons, where {as will Lo afterwards ex-
plained) the type is given by the peculiarity of the cotyledon
and governs the venation, minute subdivision is replaced in
the matted undergrowth by single, linear, lanceolate blades,
which answer the selfssme purposc in the long run. The
grasses, sedges, and woodrushes are sullicient examples. Here
the numerous leaves, all loug aud narrow, and all with long
thin flower stems, strive to overtop one another, and run up
side by side to a considerable height. They may he compared
with the larged rich leaves of the bulbeus lilies, tulips, amaryl-
lids, and orchids. In both cases the type isthe same, but the
development is different.  Plants that consort much with the
grasses, as for example ribwort plaintam, though wholly un.
Tike in type, ave apt to be drawn up and assimilated to them,
not tnerely, in general character, but even in venation and
wode of fertilisation. Other grass-hike dicotyledons are found
amoug the Polugonums, Armerias, Bupleurums, pinks, etc.,
al% uoder similar circumnstances to those of the grasses them-
selves. .

Tutermediate types between these two extremes of entire
obiculanty and minute subnivision occur everywhere, Cotn-
pare, from this point of view, the comtmon meadow buttercups,
which grows in fully occupied meadows, with Caltha and the
lesser celavdine.  Compare, again, the mollows on the oue
hand with the peas on the other, or the docks with the crci-
fers.  Throughout thise intermediate, various stages can be
easily observed  Fur example, the South European water-
chestnuts, Trapa nafans, beautifully illustrates the gradations
which have finally given us aur awn Hippuris and Myriophyl,
Lwa from an Opagraceous or Saxifrage ancestor. It has »
number of floating leaves (Fig. 18' sopported by bladder-like
petioles filled with air, and ananged radially round the stem.
Hence, thoogh large anad spreading, they are distinctly bilater-
al, and they do not interfere with one another’s food supply.
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But the submerged leaves (Fig. 19, very diagrammatic) are
wmere pinnate sk(ﬁetons of the venations, waving about in the
water below. Among monocotyledous, the Potamegetons show
us some very instructive similar cases, altered in character by
the peculiarities of the very persistent monocotyledonous foliar
type. In the floating leaves of P. nafang they come as near
the waterlilies as & monocotyledon can x'easmmu\)\?v expect to
do; in P. pictinatus, the wholly submerged leaves look
like long bludes of grass, proceeding from the thread-like
stems.

Less minutely subdivided thau the hedgerow plants are a
large class of somewbat weedy forms, well typified by our
smaller Enghish crucifers., These are often pinnately divided
to a considerable extent, as in Cardamine hirsute and Senebie.
ra didyma. Compare them with the taller kinds, such as
cabbage and charlock. Bfuch the sare type reappears in the
lowly forms of Papilionacew, as for example in Anthylliy,
dstragalus, Ornithopus, Hippocrepis, etc. On the other hang,
in the tall climbing Picias, and still more in Lathyrus, the
leaflets, having more carbon, more sun and less competition,
i}l out rounder, and generally decrease in number, the upper
ones being transformed into tendrils. But in the very grass-
encumbered clover-like types, Ononis, Medicago, Melilotus,
Trigonella, and, abovo sll, Trifolium itself, the leaflets are
dwarfed and reduced to three, the lower members being sup-
pressed, and only the three terminal ones left, o as to raise
them on a long footstalk upto the nir and sunshine. Compare
the very similar leaflets of wood.sorrel. Again, look av the
various conditions under which the following Bosaceous plants
urow : pear, blackthorn, strawberry, cinqufoil, silver-weed,
great boonet, salad bureet, and compare some of them with
clover, lady's-fingers, and Hippocrepis. The comparison tells
its own tale at once.

Finally, we must briefly allude to a large class of tufted
lants, usually with entire, ovate, obovate, or ovatelanceolsie
eaves, which grow in a rosette from a centre, and insure them-

selves a good supply of carbon and of light by keeping under
all competitors with their close tufts. OFf these, our common
daisy forms an excellent example : notice the tight way it fits
itself against the ground so as to prevent grass from growing be-.
neath it. Auother good case in point is Planiago media : com-
pare form and habit with those of P, major aud P. Lanceolata.
o the sume class, more or less, may be referred Arabis thaliana
and many <rucifers, London Pride, the common primrose,
Hieracium pilosella, ctc., and, with more pinnate, lyrate, or
prickly leaves, the young thistles, and the rudical foliage of
many ligulate composites,

The shapes of leaves thus depend upon the average surround.
ing conditions, modifying a given auncestral type. How these
ancestral types themselves were first developed we shall have
to inquire 10 our uext paper.

(7o be continued.)
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Erkoetric Discganee ix RAREFIED A1k.—Edlund continvues
his investigation of this subyect. He connects the combs of a
Holtz machine by means of a wire interrupted by a short sir-
space. 'The circuit contains in multiple arc a sensitive galva.
nometer, and a rarefied air-spuce, imm. long,between aluminivm
electrodes. The galvanometer is also shunted by a wire ; and
oue junction of this shunt with the rest of the circuit is
grouuded. When the Holtz machine is worked, frequent
sparks pass,and the galvanometer-needle finally attaios a noarly
copstant deflection. The siugular fact is observed, that this
deflection is wmany times greater, when the galvanometer is
shunted by the rvarcfied air-space, than when it is not so
shunted. The explanation proposed is, that, after each spark
from the Holtz machiue passes through the rarefied-air space,
a *digjunction,’ or reverse current, is set up hy the ¢. m. f,,
which the discharge bas geneiated at the surface of the elec-
trodes, This current passes through the galvanometer in the
same Girection as the current from the machine.

Edlund’s articles scemn to be of value in cslling varticular
attention to the long-recogn 7ed resistance at the surface of the
electrodes in a discharge-tube, thus making it appesr probable
that the proper resistance of the ravefied air has been over-
estimated, and so tending to remove the difficulty at present
feit in regard to the height of anrorss. Edlund’s own conclu.
sions--viz., that empty space, ot rather the ether, ic an excel.
lent conductor—will probably be accepted by fow—(Phil. nag.,
Jav.) e
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AND THE INDUSTRIAL ARTS.

Pro¥. Forugs has been experimenting with wires to deters
mine the thickness requixes for carrving different electric
currents without overheating, and announces as a result that,
if you can carry & definito amount of current through o wire of
a certain diameter without heating it overa temperature of 150
dogreas, then, in order to carry acurrent twice as great without
overheating, the wire used must be twice the diameter or four
times the scction. ‘This is an important muatter, if true, for
the size of copper couductors is a very important element in
the cost of a plant for electric lighting, and conductors liable
to be overheated greatly increase the cost of the current, be-
sides beiug dangerous.

IMMEDIATE ANALYSIS OF THE POZZUOLANAS AXD A RAVID
Mgriion oF TestINg THREIR HypRrAvLIC ProPERTIES.—In a
recent number of the Comptes Rendus, M. Ed. Laadrin de.
scribed a number o. experiments shewing, (1) That the silica
arising from the combirations in which it occurs in a pozzuo-
lana is a variety of hydraulic silica at its maximum power. (2).
That they %]ive a rapid process of testing pozzuolanae, viz,
attack with hydrochloric acid, and trial of the insolubles with
lime-water. (3). That simultaneous experiments, made during
the same period upon the pozzuolanas themselves, shew that
there is no possible comparison between the action of pozzuo-
lanas and of their iusolubles on lime.water. It is likely, then,
that the hydraulic silica is not isolated from the oxides
in the pozzuolanas, as Girard de Candemberg thought, and
that the regmlar and progressive hardening of hydraulic
mortars with a base of pozzuolana is due to a very slow dis-
placemcnt of the bases combined with the hydraulic silioa by
the lime, a displacement instantaneously produced in the ex-

* periments, by treating the pozzuolanas, with hydrochlonc

acid.

Not{ on the study of longrain and the measures of schistosity
in schistous rocks by means of thewr thermnic pronerdies by M.
Jannetlar.

M. Jannettaz has never met with any exception to the law
that heat is propagated along the plane of schistosity more
easily than in a perpendicular direction. Do all the planes of
schistosity then conduct heat equally well? The isothermal
surface for schistose rocks, as for crystals, is an ellipsoid
whosa three principal plaves are the plane of schistosity, con-
taining the greatest and mean axis, and two planes perpendi-
cular to each other and to the former, the ons containing the
greatest and least axis, the other the mean and least axis of
ellipsoid. It may happen that the two axes in the plane of
schistosity are equal, in which case the ellipsoid is a surface of
revolution ; it iy also de{rressed aud has its least axis perpen-
dicular to the plans of schistosity. Very frequently, however,
these two axes are unequal; what is their direction ?

In visiting slate quarries it will be observed that the work-
men everywhere avail themselves of a first division, generally
with great case, in the plane of schistosity, or plune of first
clearage, in order to break up the rock into plates of large
superticial area ; then of a division less vasily eflfected than the
first, in a diviston called the longrain, long, or fil, according
to the locality, and which way be designated the plane of
sceond clearage, in order to cut up these plates in darrow bands.
These bands are afterwards cat into small tablets by means of
edge tools, to obtain slates of the required length.

The relation between these two planes of cleavage and the
principal sections of the susface which measures the thermal

i conductivity is most simple. The line of interaection of these

places is parallel to the greatest axis and the planoe of schisto-
sity is perpendicular to the least axis of the isothernal surface.
In other words, the greatest axis of this surfaco is parallel to
the lougrain or secoud clearage, and the least axis is perpen-
dicular to the first clearage or plane of schistosity.

A NEW COPPER-ZINC ALLOY.

Engincering says that Mr. Alexander Dick has succeeded in
producing a new copper-zine alloy which exhibits character-
istics as essentially superior to brass as those of bronze are
to gun metal. The advantages cluimed for the new alloy,
which has been named ¢ delta metal,” are great strength and
toughness, and & capacity for being rolled, forged and drawt.
It can be mado as hard as wild steel, and when melted is very
liquid, producing sound castings of close fine graiu. The colour
ean be varied from that of yellow brass to rich gun metal ; the
surface takes a fine polish, and when exposed to the air tarnishes

less than brass. Theso latter characteristics will meet with
ready appreciation for cabinet work, harness fitting, etc. The
metal when cast in sand has a bresking strain of 21 to 22 tons
ger square inch ; whon rolled or forged hot into rods, the

reaking strain is 43 tons per square inch ; and when drawn
into wire of 22 B,W.G. of 67 tous per square inch.

e e et P @ ettt .

GuLr-STREAM.—Commabder Bartlett's recent measures on
the coast.survoy steamer Blake show thut the current off
Florida, where the channel is 48 miles wide, and the deepest
roint 439 fathows, has a cross-section of 429,526,240 square
}eet ; & velocity from one to five, averagipg three miles an
hour ; a-discharge of 51,000,u00,000,000 gallonsan hour ; and
a temperatura varying from 78° to 83¢ at the surface, and from
579 to 44 at the bottom. Farther along our coast, the car-
rent flows over an even plateau, natrowing toward Cape
Hatteras, about 400 fathoms deep, and suddenly dropping off
to over 2,000 fathoms at its eastern edge. In the stronger
parts of the stream, the bottom is swept clean, and consists
of firm coral rock, hard enough to dent the brass cylinder of
the sounding-apparatus. Where fine deposits occur, south of
Charleston, they are of pteropod ooze, characteristic of the
Caribbean and Gulf of Mexico; farther north, globigerina
ooze becomes more commnon, as it is in the open north Atlan.
tic. The division between these two deposits is considered the
boundary of the cold, arctic current which follows down our
shore from the north, passing under the Gulf-Stream off Hat.
teras, where the shallow plateau forces it out. No warm or
cold bands or bifurcations were found in the surface.waters till
off Hatteras, and no distinet *cold wall.'' Near shore the
carrent was much influenced by winds. A brief description is
given of the Siemens deep-sea thermometer, based on the va.
riation of electrical resistance in metals with change of tem-
perature. Measures made with thivand with the Miller-Casella
thermometer show almost absolute agreement, even at consi-
derable depths,—(Bull. Amer. geogr. soc., 1382, 69.)
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OUR BODIES:” (Knowledge).
THE PROUESSES Ot FUNCTIONS OF THE BODY.
BY Dr. Axnrew Wisox, F.R.S.E., &c.

There is an animalcule, averaging in diameter the one-five.
hundredth of an inch, or thereabouts, found in stagnant pools,
called the Amadba. The name of the ammalcule is derived
from the Greek for ““chauge.’” Ia appearance it is a mere
speck of living jelly, which is ever changing its form—ever
tlowing, so to speak, from one shape to avother. The living
matter whereof the ama:ba consists is called protoplasm. This
substance closely resembles the white of egg (or albumen)iu its
chemical composition. 1t is the one substance which seoms to
be inseparable from life ; m to put it more exactly, life is no-
where known or heard of except as exhibited by some form or
other of “protoplasm.” Whatever may be the relation of pro-
toplasi to life—a topic { need not discuss here—tins rmuch is
assured, that life, as we know it, scems to require protoplasm
or albuminons matter “sr its exhibition and mere existence.
Protoplasm, in this way, becomes truly the ¢ clay of the pot.
ter,” woven by the powers that be into the wondrously varied
warp and woof of living beings.

The Amceba, then, is a protoplasin speck. [t takes in food
g‘utic’los by any part of its frame, and ic appears capable of

igesting them in any part of its body. There is no mouth,
stomach, heact, breath organs, or nervous system. Yet the
aniinaleule lives, and lives as perfectly in its own simple way
as theman. There seems, indeed, a wide gulf betwixt human.
ity and the Amaeba, but it is 2 gulf that is by no means im.
passable, when we consider that a community of likeness (in
the cssential nature of their living parts) and a sameness of
function (in respect of the actions of life) characterize this
lower form of life and the sphere of huroan hopes apd fears.
We shall have to refer hereafter to the Ammba asa type of &
cousiderable number of actions which the physiologist studies
in man, and it will serve a good purpose it we, thercfore, bear
the humble denizen of the pool, with its scft protoplasm body,
clearly in mind.

Yrery living being—=animal or plant, monad or man—per.
forms three great functions in the course of its existeuce. The
physiology of auy animal or plant csn be summed up in the
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expression, that the whole business of life, so to speak, con-
sists of . reo great processey, which includo many minor pro-
cesges within their Hwmits. There is, firstly, tho funotion of
Nulrition, whoreby the animal or plant nourishes itself, digosts
food, and ropairs its ever-recurring waste. Then, secondly,
succeeds the process of Innervazwn ar Relation. Through the
exercise of this Intter funetion, the hiving being bringsitself into
¢ refation’ with the outer world by means og its nervous sys-
tom. To the discussion of the functions of the nervous system,
this sccond department of physiology is, therefore, devoted.
But hosts of animals and plauts die daily. Continually the
units of a race perish and drop into the grave. Hence a third
function—that of Reproduction—ronews the race. just as
¢ nutrition" renews the individual. New animals and plants
are thus brought into the world to tako the place of their fel-
lows that havo succumbed in the battle of life,

It is clear that whilst thess thres funoctiuns represent the
ceollective t{po of the animal or plant, there must be mauny sub.
divisions of each action or duty. For example, tho function
of nulrition includes every action through which the individual
body maintainsg its place in the world. Under this single
head what subjects fail to be considered ? The reply is—firstly,
Joods; then digestion—itself a comproliensive topic ; then the
blood, inte which food is converted ; next cireulation, which
distributes the blood to all the tissues of the body ; and then
comes ¢xcretion, or the getting rid of waste matters. Thislat-
ter duty is porformed by langs, skin, and kidneys, so that the
single word cxeretion. stands for and implies the functions of
breathing, of the skin, and of the kidneys respectively. Of
the other two main functions of the body, the same remarks
hold good. Each function is suscentible of division inté a large
vumber of lesser actions and details, The so-called **life,*
then, of a human being may, without any straining, cither of
physiological language, ideas, or facts, be described rather as a
sertes of *“lives,'’ than as onelife. And this latter contention
becomes plainer when we rellect that in our blood, as well as
in other fluids of our frames, there are ““cells” or minute living

rticles, which certainly possess a power of motion indepen-

ent of the body of which they form part, and which also ex-
hibit a vitality that is not dependent upon the frame, through
whose blood-vessels they perretually travel.

For our present purpose, however, it must suffice that we
regard the varied processes and actions of the body as existing
in a closo unity which lies on tho surface of things. Health
and a truly enjoyable life are ouly possible to us when this
unity is maintained. Dcrangement of one function is apt to
cause aberration of many fuuctions ; and we can only live a
perfect and healthy lifo, physically, when every organ, part,
and tissue co-operates with its noighbours in the maintainenco
of the whole bodily oxistence.

Our first consideration must be devoted to the consideration
of the function of nutrition. It is only natural that we should
first seok to know how our bodies~are nourished. Wiy they
are nourished we have already seen. Waste and wear are in-
separable from existence. Every act of life means the wear
and tear of the orgau which works. Hence, it is to repair and
renew.the perennial wasto which the living body undegocs,
that nutrition devotes all its energi.s.

The means whereby we repair waste are Jargely summed up in
' the words feod and digestion. Food is the material from which
{ we derive tho new wmattor for living upon, and digestion is ove
. word for 1nany processes whereby this food is converted into a
i fluid capable of being added to and poured into the blood. Di-
gestion, then, is merely the line which connects the food and
the blood. Through digestion we convert food or matter that
is more or less unlike ourselves into ourselves.

The apparatus by which this actron is effected is called the
digestive system. Each collection of organsin & living body
(tho organs being devoted to the performance of a fanction) is
called a ““system.” Heart and biood-vessels form a “‘systom”’
—that of the circulation. Lungs, skin, and kidneys,—form-
ing a kind of natural trio—constitute the system of excretory
organs, which are devoted to getting rid of waste matters.
And in the digestive system, wo find 2 whole series of organs,
whigh perform, each, an important part in the work of food-
elaboration. Thus, there are tho moutk and teeth ; then como
the salivary glands of the mouth, The stomach and intestines
come next, the food passing throngh these parts. The liver,
*“ sweetbread” (or pancreas), gastric glands o?tbe stomach, and
the glands of the intestine are all so many organs which dis-
charge duties connected with the conversion of food into a
flaid capable of being added to the blood.

But last of all it is possible to form a generalised iden of this
complox system of digestive organs. We ought to think of
any digestivo systom as werely a longer or shorter tube through
which ?ood passes, and 1 which foed 18 subjected to the action
of fluids thrown in upon it by certain glands (liver, sweotbread,
ete). Such a simple idea—that of a tube with ¢ glands” at-
tached to its sides—perfectly describes tho digestive system of
any aniwmal.

THE TRUNK AND LIMDS,

The trunk of the body (minus the kead or skull, already
described), consists of the spine, chest, sud the ** girdles” of
the limbs. These ““girdles” are the series of bones which at-
tach the limbs to the trunk. Their composition we shall note
p:‘esentl{. . .

Tho chest or thorax is formed by the spine and ribs bohind,
by the ribs at the sides, and by the ribs and their cartilages
(or gristly ends), aud breast-bone in front. The 7ibs number
twelve pairs in man, and are attached behind to the twelve
dorsal or back-vertebre, each by a movable joint, which is
utilised in the breathing movements. Occasionally thirteen
poirs of ribs are developed in the human sabject: The thir.
teonth pair in such a case is usually borne by the first lumbar
vertebrie. Sometimes, howevor, we find a thirteenth rib at-
tached to the soventh or last neck-vertebree. These odd or
extra ribs in man are, perhaps, best explained as survivals of
the conditions of lower life, and as ancestral marks, Ths go-
rilla has normnally thirteen pairs of ribs, and crocodiles havea
whole series of neck-ribs. What is unusual in human anato-
my, may thus be perfectly normal in lower existences. The
first seven 1ibs are attached in front to the sternum or breast
bone each by a 7ib cartilage. Each cartilage is simply & bar
of gristle, of highly elastic nature. We can see that with the
front of the chest thus rendered elastic, the movements of
breathing should be readily accomplished. In a crowd, our
ribs are never so readily broken, if we meet the pressure from
before backwards, so that the cartilages of the ribs aci as
buffers. 1f, on the contrary, the same pressure were applied
at the sides of the chest, the ribs woulid most likely be frac-
tured. Tho eighth, ninth, and tenth pairs of ribsare attached
in front to the cartilage of the seventh rib. Thoeloventh and
twelfth ribs are often called foating ribs—a bad name, because
they do not *“float™ in anything. Ve should call them
“‘froe " ribs, and thus express the fact that they are short,
and that whilst springing from the spine behind, they are not
attached to anything in front. The sternum, or breast bone,
ig a flat bone, shaped scmewhat like & sword, It is broad
above, and narrow below, where it ends in a pieco of gristle.
In old age, the cartilages of the ribs and breast-bone tend to
becomo of bony nature. The ribs in old persons ave thus
1ore brittle and more readilg' broken than those of the young.
Lime appears to be doposited in the rib cartilages in old age,
and this fact, which is named a ‘‘degenerative process,’’is
also represented in the bloodvessels o3 well as o’ the rib carti-
lages.

"zl‘che limbs in Vertebrate or * backboned '’ animals never
exceed four in npumber. They are always developed in pairs,
and always possess an internal bony axis or skeleton, to which
the muscles of the limb ave attached. Vertebrate snimals
may have no limbs at all.  Some fishes, most serpents (some
snakes have small and radimentary hind limbs), and a few
lizards aro limbless. Some fishes, sach quadrupeds a3 the
whal}cs and sea cows, and & fow lizards have only one pair of
limby.

Each limb, as already noted, is joincd to the body or trunk
by a series of bones forming the limb girdle. 1f wo take this
girdie into account, we shall find a limb to be comprsed of siz
parts. The upper Sor fore) limb is attached to the trank by
tho shoulder * girdle.” In man, two bones form this “girdle.”
Ia a bird or reptile, we shounld find at least three distinct
bones. One of these fhree bones, man possesses in & modifiod
condition.

Tho scapula, or shoulder blade, is the first of the two shoul-
der bones, It is a triangular, flattened bone, lying on the
back and upper patt of the chest. Outside it has a strong
ridge (the spine of the shoulder blade) for the attachment of
muscles, To the outer side, thers aroc seen two prominent
projections. The spino of tho bone ends in one of thess, the
acromion process, and to this process the collar bone of |
that side i3 attached, The other process is the coracoid |
process.  Thig, in the bird or reptile, is & distinet
bone, snd forms, in fact, the chief support of the

S ————— )
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fore-limbs in these animals. 'The coracoid process over-
hangs a shallow, sancer-like space, called the ylenoid cavity.
Into this cavity the upper arin-bone (or Aumerus) fits, and
thus forms the shoulderjoint,

The clavicle or collar-bone is the sccond of the shoulder-
girdle bones. It is a narrow bone, shaped somewhat like
the letter 8. It rests by its inner end on the top of the
breast-bone, and by its outer end is attached to the “acro-
mion process” of the scapuls. No collarbones exist in
hoofed animals (horso, cow, etc.), or in scals and whales.
They aro small in carnivorous animals, whilst bats, apes,
and other animals possess them in perfect array.

The fore-limb of man consists (1) of a single bone, that
of the upper arm, called the Aumerns, (2) of two bones
forming the fore-arm, and called radius and ulna, (3) of
cight small bones, forming the carpus or wrist, (4) of five

Iscrivem

Ybones (one for each finger) forming the palm or metacarpus ,;
and (5) of the five digits or fingers. The fingers, with the
exception of the thumb, ore composed of three small bones
called phalanges. The thumb has only two phalanges (us
one may see by looking at it), and there are, therefore,
fourteen phalanges in each hand.

Holding the ann with the palm of the hand forwards or
upwards (when the limb is said to be in suptnation), the
radius is that bone in the fore-arm which lies to the thumb-
side, the ulna, its neighbour bone, lying to the little-finger
side of the limb. This is the natural position of these bones
in man, and the bones lie parallel, as just described, and as
seen ia the right arm of tho skeleton we havedepicted. Now,
turn the palm downwards or backwards. This action, of
extreme utility to man, is popularly supposed to he effected
by a “turn of the wrist.” This is not the case. in turn-
ing the palm backwards or downwards, the radius runs
round and crosses the «/na, 8o that in this changed posture

(known as pronation), the rclations of the bones aro
alteved. The bones should, therefore, always be described
naturally, with the palm forwards and with the radius and
ulna lying parallel. [t is interesting to note that in many
animals (cat, dog, and carnivora generally ; elephant, &c.),
the prone position, with tho redius crossing the ulna (as in
the left armn of the skeleton depicted above), is tho fixed
and natural state of the fore-arm.

Five is the greatest number of fingers developed in
mammals. They may diminish in number to four (in
the dog), three (rhinoceros), two (in sheep, camel, &¢c.), or
one (in the horse). The thumb may be wanting, as in
spider-monkeys; and birds want the fourth and fifth
fingers. In whales, the number of the phalanges (or small
bones of the fingers) may be much increased from their
numbers in man’s digits. In the third finger of a species
of whale, ag many as fourteen phalanges are found.

The lower (or hind) limb is attached to a girdle
familiarly named the kaunch  This haunch, or pelvis,
consists (1) of part of tho spine (sacrum), already described,
behind, and (2) of two haunch-boues or innominate bones,
which are united in front. The sacrum is, in fact, firmly
wedged in between the two haunch-bones behind,

Each tanominale, or haunch-bone, consists in reality of
three bones. There is (1) the 4tuse, forming the expanded
part of the haunch; (2) the isckium, upon which tho body
rests in sitting; and (3) the pubis, or front portion, which
joins its neighbour of the opposite side. There is ro frace
in the adult of the threefold composition of the haunch-
bones ; but it is only about the twenty-fifth year of life
that final union and firm ossification of the three bones take
place. On the outer side of each haunch-bone is a deep
cup. This is the acetabulum, in which the head of the
thigh-bone rests to form the hip-joint. )

The lower limb consists of (1) the femur, or thigh-bone,
the longest bone in the body ; which, below, joins (2) the
leg, consisting of the tibia (or shin), which receives the
lower end of the thigh-bone and the fibula, a long, slender
bone lying to the outside of the leg; (3) the tarsus, or
ankle, consisting of seven bones (one lees- than in the
wrist ; (4) the metularsus, or “instep ™ and (5) the digite,
or toes. The composition of the toes (of fourteen phalanges)
is exactly that aeen in the fingers.

Thero is & close correspondence to be noted between the
skelston of the fore and hind limbs. For we see that
whilst humerus and thigh c.trespond, forearm and leg,
wrist and ankle, and toes aud ingers also show a marked re-
semblance. How these resemblances have arisen, is &
difficult question to determine. Perbaps the shortest and
safest fashion of solving it is to allege, what development
seems to teach—namely, that the fore and hind limbs have
been developed from a common type, and owe their diver-
gences to the different uses which, in the economy of
animal forms, they have come to subserve.

We roust lastly note that the kneecap, or patells, is
not, properly speaking, a bone of the skeleton. It is not
doveloped, as the other bones are, bat is formed in the
tendon or sinew of the great musclo of the front of the
thigh. Such bones are called sesamoid dones. We find
these boues developed in other situations, where the
tendons or sinews oxert great pressure on the parts over
which they move.
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PoriticAL 1NFLURNCE OF CoMETs 1§ CuiNa. — The fre-
quency of the comets during the last two years, says Nuturs,
has been regerded by the Chiness as a very threatening omen.
In the tail, which they liken to a flaming sword, they see
the emblem of 2 vengeance which will be poured out upon an
uuworthy nation, ngf consequence of the last comet, & ducree
bas been promulgated in thc name of the young Emperor,
stating that the comet proves the negligeuce of the oflicials in
informing the sovereign of the misfortuncs of the people. A
7ery stringent enquiry is ordered, and it is possible that it
:viltl_bc followed by a radical reform in the Chinese adminise

ration.
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RAREFIED AIR AS A CONDUCTOR OF ELECTRICITY'

Edlund countinues his researches upon the subject, A num-
berof experiments are described to show that the phenomena
of the opposition to the passage of sparks from terminal to
terminal in rarclied air cannot be explained by the theory that
a vacuum does not conduct electricity. 1la carefully discusses
the question of the contrary electro-motive lorce which iy
developed nt the terminals, ~* It is not the reswtance of the
gas, but this electro-motive force, increasing with the rarefac.
tion and connected with the electrodes, that presents an ob-
stacle to the passage of the current. Everything s i favor of
the hypothesis that vacuum oppoues a very teetle resistanco to
the propagation of electricity,” Without the employment of
electrodes, one can #xcite an induction current 1n a Geissler
tube, which is sutlicient to produce hght. This world be 1m-
possible if the highly raretied gas or vacuuin were an nsulator
~Plil. May.

- - -

Mr. G. R. Howgtl, New York, in u recent paper before
the Albany lust., favored the open P'olar Sea theory for the
following reasons 1. Water-fowl go regularly each spring
northward from Greenland for nesting. As the ice-barrier from
73° 10 829 is too cold for birds to ruse their young, their
nesting place must be north of this barrier, and in a mnlder
climate, 2, The occurrence of warm winds from the circum.
polar regions, as verified by explorers in high latitudes.
3. The occurrence of furious gales during the long arctic win.
ters, which would be unsccountable if t%:e region for ten de-
grees around the pole were as cold as the zone of the ice-

arrier, and therefore as calm as the equatorial belt.

THE class-experiment commouly employed for demonstra.
ting chemical decomposition consists in leating nercunc
oxide, and showing that oxygen is given off while mercury
remains behind. Anp easier and beautiful expetsnent may be

rformed with crystallized copper formate. This sait, when

eated over gas-flame in a dry test-tube, readily decomposes ;
oxides of corbon ate evolved, and a brilliant residue of metal-
lic copper is left. The formate is easily prepared by loiling
copper oxide with formic acid, and filtering, On cooling, five
blue crystals are deposited. Although this experiment invol-
ves no new facts, I believe its a{))]lcablllty to class.-room pur-
poses has been generally overlooked. F.W.C. . Science.

AN ASPHALT MORTAR.

The Centralblatt der Bauwverwaltung describes a patented
coroposition made at a factory in Stargard, Pomerania, which
has for some yeais past bren used with perfeet success on the
Berlin Stettin railway for wall copings, water-tables, and
similar purposes requuting a \vatcr-;lnrool coating. The mate-
rial is composed of coul-tar, to which are added clay, asphalt,
resin, hitharge, and <cand It 1s, 10 short, a kind of artificial
asphalt, with the distinction that 1t s applied cold, hke
ordinary cement readering.  The temacity of the material,
when properly ld, and vts treedom from liabihty to damage
by the weather ate proved by 1eference to an example m the
coping of a wall which has been e}.lwscd for four years to the
draynage of a slope 33 feet lagh,  Tlns coping 1s still perfectly
sound, and has not requured any repair since 1t was lad down.
Other works have proved equally satisfactory.  In applymng
this mortar, as it 15 termed, the space to be covered 1n first
thoroughly dried, and after being well cleaned is pruved wath
hot roofing varmsh, the basis of which 1s also tar.  The mor.
tar is then laid on cold, to the thickness of about three eighths
of an e, with either wood or steel trowels, and 15 properly
simoothed vver.  If the area covered 15 large, another coating
of varnish 1s apphied and rough saund strewn over the whole.
The waterproot surface thus made 1s perfectly impregnable to
ram or frost, and pra tically indestructible. The cost of the
material laid 1s estunated at not more than 10 cents per square
foot, and 1t 18 stat d that this price can be reduced by at least
two cents for large quantities put down by experienced work-
men.

SteeL WATER Prees —The Chameroy Co. makes pipes of
steel plate for conveying water under high pressure.  The stecl
plates are coated with lead on both sides by mmersion or
othierwise, then rolied to form, riveted, and soldered the whole
length, and covered with pitch.  The first cost of the steel 18
not much greater than that of 1ron, and the steel pipes possess
considerable advantages over those of iron. The lead coating
15 superior on account of the fineness of gram in the steel ; the

————tr

resistance to tensile strain and internal pressure is 50 and 60
tinies, and the resistance to deformation longitudinally from
30 to 40 times greater, while the superior elnshcit{ of the atecl
plate permuts of the pipes recetving tolerable hard knocks
without bemng permanently deformed. For equal thickness
t e steel tubes stand twice the internal pressure of the iron,
and being both light and strong, they are admirably adapted
for hhying down temporanly and taking up agan.—Iron.

AS1RONOMICAL APPLICATIONS OF PHOTOGRAPHY. — Professor
E. C. Pickering described some photographic work which is
now being undertuken at the llarvard observatory. Experi-
ments are being made with various lenses, and on their com-
pletion it is intended to take photographs from the whole
visible heavens north of 30° south. It is possible, also, that a
map will be published. Measurements of the photographic
energy of all Ane brighter stars will be made, down to, perhaps,
the seventh magnitude. Besides this, it is proposed to obtain
menasurements of the color of the stars, by using a large lens of
heavy flint-glase, giving as much chromatic aberration as
possible.  In the centre a circular disk of glass will be placed,
shghtly thinner at one edge than at the other. The effect will
he, that every star will have two iniages placed side by pide.
By adjusting the sensitive plate at a certain distance from the
lens the blue rays will be brought to a focus ; but, in the case
of the image formed by the rim of the lens, the violet and ultra.
violet rays will be spread over so largﬁe an area as to produce
comparatively little eftect, while in the other image they will
have nearly full power. By placing another plate somewhat
neater the lons the violet rays will be focused. A third plare
will enable us to focus the ultra.violet rays. By comparing,
in each case, the imuge formed by the edge of the lems wit
that formed by the centre, a series of quantitative results can
be obtained, which will vary according to the spectrum of the
star measured. By this method auy variation of color as well
as of magnitude could at once be detected.—(Amer. acad. arts
se, 5 mecting Feb, 14.)
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PROCEEDINGS OF SOCIETIES.

Tho Institution of Civil Eugineers: Mr. Brunlees, in the chair.
A !‘napcr wits reud on *‘the Productive Power and efficiency of
Machine-Toolg, and of other Iabour-Saving A »(l)hanccs. worked by
Hydrautio Pressure,” by Mr. Ralph Hart Tweddell, M, Inst. C.E.
he Author stated that he had oceasion to design a machine, which
was required to oxert great pressure in a confined svace at a consider-
able distance from any shafting. The machine had to be portable,
and to be capable of doing  Inrge amount of work cfiiciently without
the intervention of skilled Irbour. Such conditions were ot common
ucenrrence, and in this instance all were successfully fulfitled by the
ewployuent of hydraulic pressure. The Paper was an amplification
of the subject of the application of this power to actuating nachme-
tools, and other labour-saving npplinnees i engincering works, and
was divided under three heads, namely, the introduction and devel-
opment of hydraulic-pressure machine-tools ; the productive power
and efliciency of mnchine-tools generally, and the modes of increasing
them; and the increased productive power and efficiency obtainable
by the employment of hydraulic-pressure for working maching-tools
and other lebour-saving appliances,  Reference was made to the un-
published experience existing on these questions,

Under the firat head an illustration was afforded by a small poriable
hydrulic apparatus for fixing the cnds of boiler-tubes in tube-plates,
the pressure of water employed varying from 1 to 14 ton per square
inch. Owing to the introduction of high stewm-preseures, the scant-
lings of miutring boilers had to be convidernble increased, but the me-
chameul riveting-machines fonmerly in use were mostly inrdequate
to make steam-tight juints. _In 1865 the Author designed n hydraulic
riveting-plant to overcome the difficuity, It consisted of pumps, an
accummulator, and a riveting-machiie, and in operation was seven
times more cconomical than hand-work : snoreover 1ts surplus power
wag availablo for hydrulic resses for ** sctting,” or joggling, angle
and tee-irons.  In action 1t was found that the material was much
lees <trained, and that the wear and tear of the moulds and dics was
greatly reduced, besides which the machines were movable. Previous
utterpts to perform ximilar work by portable machines driven by
steam had not been very successful.  This, it was believed, was the
first hydraulic-pressure riveting-tnachine which could readily be ap-
phicd at different points and over considerable areas, and at the same
time maintain ap uninterrupted conncetion with the accumnlator-
pressute 3n the mains. Thesystem had been extended to machinery of
sufficicnt gap to span the deopest girders, the sane hydraulic power
which actuated the heavier machines being utilized for lifting them.
‘The water driving these machines and their h!}mg mxmntus was
supplied under & pressare of 1,500lbs. per square inch. Atongst the
first to employ them was the firm of Sie William Armstrong and Co.
Several instances were then given of their application : for riveting
in situ the, latticc-ﬁ:ﬂcr Lridge which carried Primrose Streot over
the Great Eastern Railway at Bishopgate Street Station: for rivet-
ing locomotive boilers; for fastening rivets in gun-carriuges and in
agricultural machinery: for railway waggon-work, and for rivetin
ships. The substitation of hydraulic machinery for punching an
shearing metals had beecn more gradual, but it had proved economical,
and had been employed for shearing the links of chain cables 3 inches
1n dirmeter, both sides at onc time. To obtain the full advan
due to the n&)mcmoy of hydraulic pressure to_machine-tools, the
system shoul applied throughout the worke, This had been first
carried out completely at the French naval dockyard at Toulon for
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bnilding iron and steel war shif,-. A sinilar, plant had since been
erccted at the shinyard of the Gorges et Chantiersde Ia Loire, at Pen-
houet, near St. Nazaire, illustrations of which were given, ae also of
anothor machino at Breet, whigh was now bema constructed from the
Anthor'a designs. Other applications of hydraulis pressure were

! then reforred to, such as for forging and stamping. The Authors

hold that the successful earrying out of hydraulio forxing would
nlvpelnil gready on the skill brought to bear in making the dies and
monls.

As tothe productive powor and cfficiency of machine-tools general-
1y, und the mode of increasing thom, tho Author observed that the
rost of manufaciuring depended upon tho productive powver of the
tools employed, ud upon the poseession of fucilitics for transporting
tho materint to and from them. _ Ample liing and trangporting ar-
rangements ghould be provided in all cases. At present a lurge

: amount of lifting was done by manual labour, in which there was

rootn for groat improvoment. Owing to thoe necessity hitherto of
asing belting ur gearing for working them, power-craues hud only
been applied to maciune-tools to a limited extent as & monns for ju-
ereasing thoir output  The Author pointed out that by tho muloption of
wortable hydraulic machine-tools n great vaving in floor-spuce night
e effected.  The introduction of hydraulic capstans hud practicaily
annihilated space in docks and railway-yards, and as the hauling of
agiven weight on & good rond required loss power than lifting it, an
extonded application of xuch machinery to engine-works was to bo
anticipated. Tho =uitability of thic system to increasing the output
of Inrge cngineering shupx and ship-yanls was evident. and safety in
lifting was ensured in hydraulic ex by the impossibility of work-
men putting on them a greater load than they were calculated to

ear, . )

My the third head, namely, the mereased productive power and
eflicieney obtainable by the employment of hydraulic pressure for
working mitchino-tools, the Author observed that so far as the prime
mover was concerned, the power necessary in a hydriulic system to
pnmp water into the accumulator was nearly always obtained fromn a
steatn-cngine: but even at this early stage the hydraulic system, by
tho use of tho accumulator, allowed of a considerable reduction in
the size of the motor. A comparatively snall prime mover running
continually, stored up sufficient energy to meet any sudden demand
fram cven the largest of the tanchines worked fromit: while, on the
other haud, the prime mover would have to be equal to this, This
defect was toa small extent met by the ure of fly-wheels, which were,
however, objectionable from their liability to accidents, and from the
straing to which tho shafting was subjected. From 200 to 300 blows
per minute had been obtained in hydraulio machines, and in machine-
tools and cranes the accumulator acted as a perfect safety-valve.
‘Then, for the transmission of power to points distant from the prime
movor, hydraulic pressure was the most cconomical. By the use of
hydranlic mains laid underground, all overhead shafting was dis-
pensed with. Under the present system lines of shafting, to a great
extent, regulated the position of the machines. In a recent case,
48,000 square feet were required with shal'ting, while 32,000 square feet
only were neccssuriy; when arranged for hydraulic transmission, Ia
thiz case the cost of all the roofing and flooring of « building 300 feet
long, 53 feet wide, and 23 fect high wag saved. A pipo of 1inch bore
could transmit nearly 6 5 h.-p. at a very moderate velocity of water,
and a 2-inch pipe about 25 h.-p.  All danger from the use of belts an
}gulleys was avoided, and when once lnid 1n the ground it necded no

urther attention, e X

The next question was us to the suitability of hrdmulw pressurs
to actuating the tools. It had already been employed for slotting
and planing-machines, and its application to rotary machines might
even become as economical as any other. The simplioity and fewness
of partsin all hydraulic machine-tools wasa source of great economy.
In respect to the icul application of force through each indi-
vidual machine when performing such an operation us punching, the
mach 1 wasmoving at its lowest speed, and friction was at & mini-
i when most work was being done. Asm.n. hydraulic machines
consutned no _power except when actuaily doing work, white it was
not unusual_in a machine-shop to sce all tho shafting running in
onrder to drive & small tool at its extromity. With hydraulic mna-
chines it was immutorial whethor the machine was 2 feet or 2,000 feet
from the accumulator, only the exact 3u3ntxty of water necessary to
perform the operation was consumed. In conclusion, the Author
stated that apart from questions of economy attention might be
directed to several of the advantages arising fromn the application of
hiydraulic power to special cases, In riveting-machinery it rendored
1t possible in one and the same machine to closo the plates with o
steady pressure, to fill the rivet-hole without forcing the metal of the
rivets in between the plates, and to give the metal a sharp blow ; not
only could the heaviest machine be lifted, but the machines conld bo
attached to thewr work. In Xunchmg and sheating machinery much
greater acenracy was ensured from the perfeot control of the movin
punch or knife, whose descent could be arrested even after it ha
touched the plate. Stcel plates were less injured when dpuncheq by
steady hydraulic pressure. Hydraulic punching and shearing-
machines required no foundations, and could be readily taken an
board ship, thus saving much carrying to and fro of plates. It was
often desirzble to follow up the effects of & sharp blow by maintain-
ing 2 continued steady pressure. This was illustrated by the Author,
who described an** impact”’ sccumulator, and pointed out the differ-
enea of cffect of a nutnber of light blows as compared with one heavy
one in the case of hydraulic riveting. Similar conditions applied to
forging. The indirect advantages due to the uniformity of all the
work applied also to the flanging-machinery,and in fa.cttowc?thmc
passing through dies and blocks. He thoug'ht that even small firms
might find it advantageous to combine in the erection of a common

umping-station, and so :o obtain lmnny of the economical benefits

tte to carrying out operations on & largs scale. .

The second Paper road wason ** Stamping and Welding under the
Stoam-Hammer,” by Mr. Alexander McDonnell, M. Inst. C.E. 1t
wasobserved that the making of iron forgings under the steam-ham-
mor in moulds or dies of simple form had long been practised. They

d commonly been of scrap or fagotted iron, were often roughly
finished, and wuch heavier than necossary, requiring too much to be
taken off by planing or shaping to finish them. Very few forgings

ad been produced of a °°‘“Q, cated shape, or built” up of several
picces, under the hammer w

en common bar-iron was used. The
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steam-hammer had always been cmployed for welding in cox:{glo(ins
the rings of waggon-wheels, and in stamping wheels according to
the aystom of Mr. Arbel. So far as the Author was aware, littlo had
beon done to make smaller forgings, welding together foveral pieces.
He thought sutficient ¢care had not heen taken in the drawing oflice to
design forgings so that they could he stamped. and that proper pro-
cautions had not been observed by the wanuger of the works or the
foroman-2mith, to arrange the material, so that tha welus should be
made in the right way, the metal flowing in the right direotion to fill
tho mould, and the grain of the iron placed s0 48 to get tho greatest
strongth. Stamping in moulds gave a uniformity and accuracy which
afforded great advantages whero large numbers of similar oblects
were made.  ‘Tho Author hiad carried out the system of stamping and
wolding carriago and waggon iron-work for soine years at the Inchi-
coro Works of the Groat Southern and Western Railway of Ireland.
He contrasted the cost of stamped forgings as compared with forgings
by hand, thowing that for the thore complicated forms, tho f{urmer
rrocess wns the cheaper. Although for some purposes the steam-
mmmer was uocessary, ho bolicved muny forgings would be better
made by hydraulic forging-presses. Finally, ho explained the method
of making stamped forgings, by giving a detailed account of the man-
ner of forging & number of differcnt urticles, which had been seleoted
as fair sunplesof torgings of enrringe: and waggon iron-work.

Meeting on Fob. 13th., Mr. Brunlees in tho Chair. A paper read
was o *' The Degign and Construction of Rgmlrmg-b'hpwnys for
:}"l'\)ms." by Mr. ‘. B, Lightfoot, M. Inst. C. E., and Mr. John

ompson.

After referenco te the first introduction of cradles on roller by the
Iate Mr, Morton, of Icith, in the year 1819, n description was given
of a modorn slipway, cmmf»le of dealing with vessels of about 2,500
tons gross weight, and up to 300 feet in length. Four scctions were
dealt with in detail, viz,, tho foundations, the ways, the cradle, and
the hauling machinery, andallusion was made to the gradient, which
had generally to he determined by a consideration of the amouat and
value of taud at disposal, by the depth of water to be provided over
tho cradle, and sometimes by the natural slope of the ground.,

‘The foundations were described as not being difficult or expensive,
except in special eases, as the weight of tho vessel and cradie was
aproud over such a largo areaas to reduce the pressure per unit to &
very small amount. Piling was objected to unless the whole length of
the way was thus supported, &s it was itnportant to obtain uniformity
of bearing thoughout the entire_length in order to avoid excessive
local stresses. The cast-iron rails upon which the cradle travelled
were thenieferred to, and the method of taying and fixing them on
the timber-ways was explained. . A

With regard to the subinerged portion of the ways which usually
had to be put in place with the assistanee of divers, various proposala
for suortening the slip, and fo decreasing the exvense of construction
were dealt with. These were first, making the cradle, telescopic, 30
that when run out the several divisiong close up, while as soon as
hauling commnenced they d out to receive the vessel: and,
aecondly, enclosing the uplg:;r partof the slip within watertight walls
mvide\l atthe bottom witha gmr of gates. Both these systems had

n adopted by the Authors, but the latter were only applicable in
cases where there was a sufficient rise and full of tide. When divin
had to be resorted to, the submerged portion of the ways was firat o
all framed together on land, and the rails laid. It was then floated
ont over its final position, and sunk by layig on a sufficient weight
of stones, the ground having been previoasly prepared by d ng
an , levelling up with ballast. . .

The construction of the cradle wis next montioned. The timber
used was generally American oak, put together in the form of three
ribs, one at the contre and two at the sides, over the outer lines of
rails.  ‘The ribs were braced together and mounted on strong cast-
iron wheels with wrought-iron axles running in cast-iron_carriages.
Across the ribs were beaws of wood or iron cairying slidiug bilge-
blocks worked from the vessel itself Ploughs, stays and pawl-gear
were provided, as well as wrought-iron guides, for convenience in
placing the vessel. X X )

‘The hauling-up machinery was described as being now generally
actunted by wator-pressure, though in some cases, sngines with gear-
m% ware uge, especially in slipways for small vessels, ..

he Authors then detailed the working of a_slipway, mentioning
the preparation aud running dowan of the cradle, which sometimes
was petmitted 90 to 40 foct over the end of the ways, and the fleating
aon of the vessel, which wag guided by hawsers from the quay ot jetty,
and by tho cradle-guides. After hauling-up had commenoced, the
ship gradually Jettled down oa the keel-blocks, and the sliding bilge-
pieces bexnf run in in, it was drawn out of the water seated on the
cradle. In launching tho process was reversed. Two inatances were
then given of methods by which more than one vessel conld be taken
on a single s;(n{)wav at one time. 'The first was by means of hydraulic
presses placed under the keel of the ship. which enabled the weight
to bs transferred from the cradle to blocks supported entirely on the
gzound, 8o that by providing the cradle with swinging arms, it could

run down out of the way and preparcd for receivihg another vessel.
In the second method ( l‘hogngaon and Cooper's), two cradles travelled
on distinet sots of rails, with slightly different inclinations, so that
the vessel might be transferred from one to the other, according as
the two cradles were simultaneously hauled u%or lowered down.

Morton’s hydraulic hauling-gear, in which the links had to be dis-
connected at the end of each upward stroke, in order to take out a
length, and permit the ram to travel back and be reconneoted, was
then described ; and after pointing out the serious loss of time_occa-
sioned by this operation, the Anthqri&roceqded 0 show how, by im-
proved gear, loss of time was avoid, With this apparatus there
was no disconnecting of links, which merely trpvelluf up and down
the ways according as the rams_were on their outward or inward
stroke, congestion with the cradle being made by pawls attached
thei Li0, which geared with the links on_their upward stroke, and
slipped 50 soon as they were reversed. During the short time the
links wore stationary in reversal at top and bottom, water was ac-
cumulated under pressure, and given out when the rams travolled in
ong direction or the other.

" Reference wasmade to Massrs. Hayward, Tyler and Co.’s hauling-
ar al120 to that introduced by Maossrs. Day and Suinmers, the former
ing objected to on account of its cost, and the latter from the difi-
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culty in obtaining wire ropes sufficiontly durable to work under the
heavy strains to which they would be subjested 1n o lurge shipway.
Yormulas woro given for caleulating the prctical dimension<of tho
hauling gear, and the oxpense of workiug a shipway was stated, both
for Morton's syatemn aud for that of the Anthore, N

The average cost ul construction »£ a <hipway was very diffionlt
to dotermine, but it was stated thas o .uhfn\'uy to haul up vesszels
woighing 2,500 tong, with 830 feot of ways, haulng-mnachinery. huks,
!t‘lml on%umber sido-jetty, would probable como to £25000 without

io Jand.,

In conolusion, tho Authors said thoy did not advoeate the wdis-
crimnato nse vf shpways, but the shoice of their ndoption or vther-
wiso must bo loft to the Hugineer, utter a survey of the ground, and
a careful consideration of s resvurcer. Thov theught, however,
that in many situations the shipway possessed advantages i regaed to
first cost and facility in oxeention which should spooinliv recommonid
it to tho cupitalirt; while, from a shipowner # point of view tho
botter venlilation around the vessel when it was withdrawn frum tho
wator, tho opportunity afforded fur tuspection, nad the short timo ce-
cupied in hauling up aod saod launching wore very uoportant ten-

turos,

The, Hapor dealt with onlj such racthods as wero generally 1 uso,
and did not attempt e deseribe arrangetments and mudibeations
which tght be desirable in specund eases  Reterenco was however,
mado to the combined flonting-deck and ship« ns irst earried out m
1851 at Philadelphia, the teal cust ot whieh was about £ios,00.

AMERWCAN SOCIETY ut Civin Encisekrs.=Tth March, 1883; Win.
I Paine in tho Chaiv:— Frow or Watkr 1§ Pirks.—A paper on
this subject was read by Humulton Swuith, ir. M. Aw. See. CU B, of
San Francisco, Tl Faper gave thoe resuits of many expermuents
upon tho dischargo of water through circular mres ranging fromn
halt an_inch to four feot in diameter, and wirly selomisies from
one-sixth ofone funt to twenty feot per second. Wednesday evemng,
March 2ist. The death on Mareh 8th was unnuanced of Jumes
0. Morso, ono of the earliest members, and who huad been Scerotary
of the Society for 15 years, and Trensarer 21 years. An intorrsthn
collcetion of specunens of native wuod way presented by Johu .\E
Goodwin, membor of the Society. The xubjeot of u continuance of
tests of structural waterials was considered  ‘The > eretary mado
statoment of what bad been done up to the protent.  Mr, U Chanato,
Chairman of a Comnnttee on thar subjcct, related tha effurt that had
been mado to sccuro largor appropriations from Congress: und the
gubject of the besth metod Cor conuducting and coutioning tests and of
collating results so s to sccure desirble information, was discenssed.

Letters were tead from General o, V. Benét, Chiot of Ordnance,
stating that the progrumme adapted for ennunuing tests of structural
materials would bo carried out on the Watertuwu testing machine to
tho extent of the very smull amount appropriaied by Unngress, aad
the Circular from the Chiet ot Ordunnce, e;ubracing that programme
was algo read,

A resolution was adupted to the effeet that 1t was the sense of the
meeting that a Speeral Comnuttee should bo appowted by the Board
of Dircotion, to prepare and promato <uclt 4 programme of tests of
structurul materials, as to secure the best rosuits pusaiblo fros tho
Watortown Arsenal Experiutents.

Evamkess’ Covs of Piinaveneria —Meuoting on Fob. 17th., Henry
@G. Morris in tho Chawr. A pupor by J. M. Stewart on the DrLawank
Brrakwarer Harrog LIprol kaexT was read.

The construction of the Delaware Breakwater was commenced in
the year 184, upon plans submitted by a Board of Commssioners,
a%)omtcd by the Conxress of tho Unsted States, .

'he project of the Board contetnplated the construetion,in the eon-
cavity of the Deluwaro Bay, just instde Cape Hentopen, of two mas-
&ive works on tho ** pierres pa rdues’’ or rip-rap Systems, separated by
an interval or ** gap’ of about one-quarter of a e, the greater
called, the “* Breakwater,” to beabout twoniv-s1y hundred feot lung,
and fourteen feet above low wator, to atford sale unchurago durmsg
gales from tho north ana east; the other ealled the ** Tee Breaker,
to be about one-half the longth of the greater wark, and of the sano
hoight, to protect sbupping agast norihwesierly zales and beavy
driftingice of the bay. i

The stone used io thoe construction of these works was uncat and
varied from oue-quarter of atun to sevcn s i weight, the smwaller
coustituting the bulk of the muss, the larger being used to cover tho
exterior slopes and to sustan the dircet inpact of thoe sea.

During ten years the progress of construction was such, that by
1839, e‘xi.t hundred and thirty-five thonsand tons had heen deposited.
From this time on, work was dune_irrexutarly. until 1sud, whon the
works wero completed as they stand at prevent.

The Breakwater is two thousand five huadeed and 6fty eight fent
long on the top . the Ice Breaker thiricen hamtred and fifty-mne feet,
Thu average width of bothistwenty-two feeton top, one bundred and
;xxty fetet at tho base, aud exch 18 about tourteon feet above mean

ow water.

_The Breakwater Harbor for many years fulfiiled, so fay as its capa-
city enabled it, tho design of 1t2prugectarsrt projecting tho cotameoree
of tho country. But the growth of thiv cuinmerco, particularly the
1ast twenty-five yeary, has so far excveded pucsiblo antieipation, as to
practically exclude moic thau o fractinal part from the intended
sholter. At vamons times, thereforo, project= tooking to tho enlarge-
ment of the gomiectod arca have hoen the sulyect of deliberation by
officors and boards of engincers and tho matter received rendwed
attention during the Giscal year just closed, from the roferenco by tho
Chicf of Engincers of tho U %, A, to a seportof Magor Wi, Ludlow,
Corgs of Engincers, U.S.A., showing comgparison of a reeent survey
with forwer ones, and not only was tho protected area yearly dimun-
ishing relatively to the amount of ghipping secking shelter,but was
also undoergoing & positive and serious deterioration from o marked
decroase in depth. In view of this deterioration, & board of en-
gineors recommended as 8 pussible remedy, the closare of the “Gap’
existing between the Brenkwater and ad:unnm‘llco Breaker, which,
it isbelioved, will, to a greuter or {ess extont, cheok further égposns
within the harbor and remove these existing on the shouls in ity v3
einity. and also incrcase the proteoted area of anchiorage nearly four-

old,
It is proposed Lo close this * Gap™ Ly means of 2 conercle super-

strneturo resting upon g gronite rip-rap foundation, deseribed gon.
orally aa follows: . .

A brides of erencoted timbior is first to he constrncted completely
aoross the ** Gap,” with bays of sixteon feot long. Each trestlo is to
bo tormed of throe lnlcs, tho centro pite vortical, thu othors inclined,
and forming with tho cap a profilo for tho conerete work, double
n"':""‘"'l truck s to be hud on the bridge for the transportation of
waterinl,

Upon the completion of the bridge, it is l;u-oposcd to begin the de-
posit of the rl;;-mp (tho grauito used wo:g hing not Jess than ene ton,
tho average being threo to the btuck), laying the samo untformiy
arross tho M tap” tn prevent scouring of the bottom, nad to graduaily
raizo the howht of the np rap to tyolve feut below mean low walor,
with u width of forty -oight fect on top, and a side slube of onv-half
on ono,

The conorote superstructure is to begin twelve feet bolow low
water, with a huso of twoenty-four feol wide, height twenty-four foot,
ade «lupo ot four on one and 2 width on tu{’ of twolvo fect,

Ihe coucrete is to b Luilt in blocks of the above oross-cection and
tength of saxteen feet, corresponding Lo the length of the bays of the
bridge. For this purpogo the bays are to be enclused with detachable
aprons fortmug boxes, to be tilled 1n succossion, the boxes containing
at each end n tnangular toentrant, which, aftor the two adjoining
boxes have been filled cun bo taken down and likewise filled, form-
g square plugs to bind together the larger blooke, ‘Fo hold the vaid
n{;rons in position, tic-rods will bo used, passing through pipes, the
the oxlt remitics of which will bo flush with the oxterior surface of tho
concrote,

‘The aprons and tie-rods used in tho construction of each block can
be removed aud used again as soon as the inass shall have attained
the requimte solidity.

The closing of the * Uup” botween the Ico Breaker and Brenkwater
will be begun at oncs, and it 13 expected *hat tho work wall bo com-
plsted inabout five vears. . B .

r. 1 M. Chauco reported his expericnceo with the Loiseau Fuel in
domestic uso. Ho found the agh low m weight, but highin bulk. His
conclusion was thut it is a guod fuel for vpen gratos and for manufac-
turing purposes, .

Mareh 3rd, Mr. Tloraco See described the 8.8, “Mariposa built for
tho Ogeanto 8. 8. Co. of San Franeisco, Cal , by the Wm. Cramp &
Soeus, 8 and E. B. Co., of Philadelpbia; R

The Mariposa is of tho following dimensions: Longth, 330 feot:
breadth, 41 feot; deptb of huld, 26 feet; gross tounage, about 3000

UNN,

The vessol is of tho threa-desk t&po, with the addition of & flush
hurricane deck, extending fore and nft and fromn sido to side, the hull
bewmg carred up to meot it. On the hurricane deok forward, are
tvented tho soeinl Ball, mlot house and state-rooms for captain, Ist
and 2ad officors, and aft, 2 smnll house for smoking-room,

Tho vissol will haye two masts and one oval sinoke-stack.

The grand saloon is located on the upper deck, forward of the ma-
chnery space, extending from sido to side, with state-rooms for 100
first-clnes pussengers arranged forward of it and_amidships on both
sides of the inachinery  The prancipal wood uscd in the finish of the
aaloon will he oak, relieved wath meple and mahogany. In place of
the old-fashioned dead ¢ye sido light, square openings of liberal size
are cut in tho sides, provided with iron shutters on the ontside and
glazed sash v the inside. This arravgemont will add vastly to the
cotnturt of the pasweng e incand t eloctric light will be
fitted all over the ship.

‘Tho accomnodations for oficers and orow aro to be on the upper
deck aft of the machmery space. R

Stenin stcormﬁ gear of approved make will be located in pilot
house, with band power attachment in reserve. Scrow-gear will be
placed aft for additionul security. A steam windlass, with oapstan,
will be arrunged forward and two steam capstans aft. A sterma deck
pump wilt be provided both forward and aft. There will be steam
elevators in each of the mam hatches for loading and unloading

[=3

cargo,
_ The propelling muchinery will be of the independont, comy i,
inverted. direot-acting, three-cylinder type, of abor*, 3000 hors: -power,
with the ngh pressure cyhindor 43 inch dismeter, the two low pres-
sure 6] inch diametor, and all 51 inch stroke of piston. An indepen-
deat centnfugal pump will be used for civeulating water through the
condenscr, and for frecing tho ship in case of & large leak., The en-
ginea will bs roversed by the stcam gear made by this firm. The
propeller will be built up, and made of charcoal iron, Steam of 50
pounds pressure will be supphod by two single onded boilers. For
partuso and cmergencies at sea, a large donkey botler will bo placed
on upper deck.  For boisting ashes ap arrangemont of steam gear.
dizpensing with any attendance above, designed by one of the vwners,
will be used. Steatn pumps for feeding main boilers, for extinguish-
ing fire, otc., will be located in machinery spaco.

‘Tho Secretary prosented, for Prof. Mansicld Merriman, a desorip-
tionof 1 («Imphxc Solution of Cubic Equations.

AMr. Wiy 1. Oslor presented a tuble for Bolts, Nuts and Threads,
propared by M. . C. Slancy, Gas Engineer and himselr.

The Scerotary presented tracings of device for holding transit pols
vortically, and shel for holding field instruments in vertical position
while temporarily out of use in oflice, contributed to the Club by Mr,
Charles E. Chandler, Civil Engineer, Norwich, Conn. 'The former
congist of a bubble tube, frumed at right angles to the rod, and the
latter of a shelf notehed out to admit tho legs under tho tripod head
and provided with a slide in front to retain the instrument in_place.

‘Lhe Scoretary read & commuaication from Mr. C, Readé, of Stettin,
desenbing o process for the drying of wood, intended esgeciauy for
tho preparation of wood fo: musical instruments, but perbaps other-
wise uecful, 1t 1sdescribod as follows: A

The wooden boards are so arranged in alarse iron kettle, that geses
may freoly civoulato over thair entire surface, and exposed, in ths
Grst place. for twelve hoursto the drying cflectsof hot air ; sfter this
the kettle 18 closed, reheated by the apparatus i

below and the air ex-
hausted, when the kettlo is filled with the oxygen ozodized by eleo-
trica) sparks passing continually between two points of platina, form-
ing the cud poles of two wire conducted through tubes of glass into l
the kettle. 'The ozone is said to act 30 encrgetically upon the heated
wood that it consumes the destroyiog resinous, oily or other parts in |
from 12 to 24 iours, ’




