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King anil Mrs. Hallett discussed tlie paper, express- 
ing di.satisfaction with the act, arid saying women 
could take care of themselves. Mr. Itobert C. Adams 
of Montreal reail a paper on tlie phosphate indus-
try of Canada. In  188:: it aniounteil to 17,600 tons. 
Phosphate lands have sold as high as $1,250 per acre. 
Mr. Hughes, Mr. Martin, and Sir Richard Temple ilis- 
cussed the paper. 11 valnable paper on the fisl~eries 
of Canatla, by 11\11'.L. Z. Joncas, was read by Mr. 
Tliolnas JJTliite, 3l.P.1 The paper was discussed by 
Mr. Cornelius JValEord anil Mr. C. JV. Srniley of tlie 
U. S.fish-commibsion. Several forestry papers closed 
the sitting, -Professor Bro~vu of Ontario, on the 
a~plication of scientific and practical arboriculture 
to Canada; Mr. J. P. Hughes, on the llecessity of 
forest preservation; RIr. A. T. Drummond of 3lont- 
real, on the distribution of Canadian trees; and Mr. 
F. B. Hough, on the future policy of the forest iiian- 
agernent of tlie United Slates. Mr. JValfortl re-
marked that  forest culture in England pays four per 
cent profit, and in the States seven per cent. 
Mr. Caruthers of the British museuni also made re- 
marks. Tlie antliropoir~etric committee presented a 
printed report, it~clutling obaerv:itiolis on eyesight 
by Jlr. C. ltoberts. This report contained valnable 
tables. On Tuesday Vr.  Cornelius \JTalford spoke 
upon land and \vatercommunicatiori. 3lr. E.  Wragge 
and Alesautler JlcDougall presented a joint paper 
upon the same topic, 11 paper by Emile de Lave- 
leye, upon land laws, mas read by the secretary. Miss 
Xaria Rye, 111,s. Burt, and Rlrs. Joyce each read 
a paper 011 female emigration. C. Le Neve Foster 
reat1 a paper oil the relative dangers of coal and 
metal mining. Xany of the papers were presented 
by the authors ill printed form, and printed abstracts 
of inany others were circulated. 

P R O C E E D I N G S  OF T H E  SECTIOlV OF 

MECHANICAL S C I E N C E .  


TIIE mechanical science section of the British 
Association appears to be in a prosperous colidition, 
as mas intimated, indeed, in the opening paragraph 
of the address of its president, Sir Fredericlr Bram- 
well: this is due, no doubt, to the fact that its scope 
is much wider than its name implies. The president's 
address was instructive as well as witty; i t  was in the 
form of all apology for the practical character of the 
section, and exhibited in detail the interdependence 
between it and the others, showing it to be comple- 
mentary to them; but the distinguished author did 
not fail to scatter valuable suggestions throughout, 
and to indicate some lines of past and future prog- 
ress. The address, however, contains no carefully 
digested summary of engineering progress for the 
past year or up to tlie present time; and thoi~gh Inany 
valuable papers, prepared by request, summarize prog- 
ress in particular directions, the general scientific 
reader must seriously regret the fact. The various 
criticisms upon the hampering action of the govern- 

1 This paper will be published in tho U. S, fish-commission 
bulletin. 

ment toward engineering enterprises, sucli as electric 
lightning, the telephone, the Cl~annel tunnel, brought 
out the strong feeling of the English members, that  
tlie goverrinient should confine itself to governing. 
The courtesy shown the president in the delivery anil 
acceptance of his address was a pleasant feature: the 
presidents of the associatiori and of the physical sec- 
tion, as well as the sectional vice-presidents and secre- 
taries, were upon the platform, and tlie fornler rnoved 
a vote of thanks. I n  doing so Lorcl Rayleigh com- 
mented 11po11 the Channel tunnel and otlier govern- 
ment int.erfere~ice; and rvaq followed by Vice-president 
Tiinrston, ~ v h o  seconded the motioli, expressing the 
Anicrican syinpathy ~ r ~ i t l ~  tlie obituary notice of TVil- 
liarn Siemens, and cortlially inviting the mrrnbers to 
take part in Section D at  Philaclelphia. 

The multiplication of section officers is to be noted; 
there being no less t l~all  eight vice-prcsicleiits, four 
secretaries, and a large sectional comuiittee, among 
~vlioln appear the following gentlemen from tlie 
United States: Rlessrs. Coon, Emery, Hoaclley, 
Leavitt, arid JVoodbury, and Professors Barlrcr, Bell, 
Rogers, and Webb. 

I l a n j ~  of the papers read were 'progress papers,' 
containil~g masses of detail of little interest to the 
general reader. Tlie irnportance and extent of some 
of then1 render it a matter of regret that tliey n-ere 
not generally in print, and tha t  they were presented 
in so hurried a manner. I11 many cases, an abstract 
setting forth the lnain features of the paper, and 
co~nparing and emphasiz i~~gthe main facts, rvitli 
illustrations and graphical representations of results, 
would be far more effective wlien time is limited; 
and though s~1c11 abstracts involve labor, they are of 
great permanent value to the paper. 

Tlie papers were classified as follows: First session, 
civil engineering; second, mechanical engineering; 
third, electrical papers ;fourth, miscellaneous. Some 
of them were prepared by request to describe Ameri- 
can practice, and some attempt was made to have 
comparative English papers. 

Mr. B. 'Ualcer described the Forth Bridge. The ex- 
pected cost of this enormous structure is $1,600,000. 
Excluding the half-mile of approach viaducts, the 
bridge will be over a inile long, consisting of three 
cantilevers, each over 1,500 feet long, and two con- 
necting trusses of 350 feet each. Cantilevers stand 
on the t ~ v o  (Queensferry and Fife) banks, and one 
rests on the only island (Inchgarvie) midway; tliey 
are to be 340 feet high by 130 wide 3 their centres, 
tapering to 40 feet by 35 a t  their ends, where tliey 
sustain the ends of tlie connecting trusses. The 
material is steel, to be put together (after the English 
fashion) by riveting as each piate is placed in posi- 
tion. Work is now being done on the piers, and 
some steel is ready for the superstructure; nearly 
50,000 tons will be required. The bridge leaoes two 
arched water-ways of 1,700 feet, with 150 feet clear 
central height a t  high water, and a half arch at  each 
side. I t  was commenced about twenty montlis ago, 
and no difficulties are anticipated. Fourteen vessels, 
seventy-two steam and other cranes, and twent-j-
eight steam-engines, with numerous special machines, 
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are used in its construction. Each of tlle three lilain 
piers consists of four masonry columns, 70 feet in 
diameter, up011 rock or hard clay bottom, centred at  
the corriers of a rectangle 270' X 120'. Tlle deepest 
founclatiori will be 70' below low water, which rnakes 
i t  110)high, allowing 20' for the tide, and 201 more 
above high water. Actd to this 340', arict n e  have 
450' total height. There need only be added a cen- 
tral observing-tower or flagstaff to rnake i t  the high- 
est structure in the world. Attention is called to the 
difference betweell Euglish and other contractors: 
the fornler are "not much accustomed to pneumatic 
appliances, other than an ordiuary diving-dress, and 
rarely resort to thern." Yo use has beeii made of 
pllea~natic apparatus already provided, but for the 
deepest piers compressed air mill doubtless have to be 
usecl. Tile compression rnernbers of the bridge are 
tubes forrned of bent steel plates riveted together. 
Compression joints are y1;~rieil to fit, arid forced 
together before rivetinq; ant1 holes for rivets are 
drilled, not punched. The terisiori members are bou- 
girders riveted up. A 1:~rge number of experiments 
have been made to settle doubtful points, notably as 
to wind pressure, regarding which reliable data were 
waritirig: ill so large a bridge, tlie weight of trains is 
of little irnportance as compared with chat of tlie 
structure arid the pressure of tlie wind. As it niust 
be a problem of some difficulty, to join tlie members 
of sucll a st,ructure in a substantial and artistic inan- 
ner, it is to be regretted that the cletails of tlle joints 
were not sliowri, ancl that 110 juclgment can be 
formecl of their merits. Altogetller. though the pro- 
portions of the structure may not be pleasing, they 
cannot fail to be ilnposing; and tlie truss principle 
will hereby, as regards possible span, be placecl for 
the first tirne abreast of the sr~spe~lsiori cable. 

The discnssioli participated in by ilfessrs. Hanna- 
ford, Leavitt, Emery, and Webb, brouglit out the 
relative costs per foot -c200, $2160, ancl ff75 -for 
this, the Victoria, ar~cl the International bridges; the 
latter two havirlg only a single track. Steel was 
statecl to be cheaper tlian iron; and many questions 
were asked as to the conslitution, properties, etc., of 
the steel used, to mhicli tliere was no tirne for suit- 
able reply. 

A paper on the Severn Turinel Iiailway, by J. C. 
I-Iawksham, riat~~rally followed. This tunnel, com-
menced in 1878, arici nearly completed, is four and 
one-third niiles long, ant1 will save over two miles of 
ferriage. I t  is .a twenty-five-feet hole, lined with vit- 
rified bricks made frorn the excavated material, arid 
laid ill I'ortlaud cement. I t  passes principally through 
marl ant1 coal, full of fisyures. At tlie lowest point 
its roof is forty-five feet below the river-bottom, over 
which flo~vs the water sixty feet plus a tide of thirty- 
six feet. To reach this depth we have slopes of over 
one per one hundred. Much trouble has been caused 
by water. I n  one illstance the wells for miles round 
mere dried, arid a river nearly disnppeared; at  another, 
a sixteen-foot hole broke throryh tlie river-bottom; 
in fact, tliere has been a succession of floodings and 
cavings-in, ant1 tlie ~vorli is a monument of perserrer- 
ance. I ' u m ~ s  ht~ve been added until there are tiow 

eighteen, wit11 a capacity of forty-six thousand galloris 
per minute. There have also been radical alteratio~is 
of the original plan. When Sir John Hawkshaw mas 
appointed engineer in 1579, lie lowered the wl~ole tun-
nel fifteen feet, necessitating a new driftway. The 
driftways Twre coln~nenced from several shafts: and 
there are now twelve shafts about fifteen feet diam- 
eter and from seventy to two liurldred and tnre~ity 
feet deep. Electric lights are now used, ancl com-
pressed air has been employed for drilling and veilti- 
lation, though now air is forced through the entire 
distarice by an  eighteen-feet-diameter fan. The cost 
of the worlc is not kno~vrl, and it is difficult to believe 
that  much tirile arid lnoney might not have beer1 saved 
by employing, from the start, a properly plallried pneu- 
rriat,ic process; incleed, the extra fifteen feet clepth of 
tlie tunnel below the river-bed nrould seen1 to be a 
permanent disadvantage wliicli nligllt thus Iiave been 
avoided. 

Tliree rail~ray papers followed. The first, by W. 
I<. RIuir, on single-track railways, was a condensed 
statement of the constrnctiori ancl metho11 of operat-
ing a railvay in America, where but a single track 
can be afforded. General plans of statioils arid cross- 
ings were given, and an infinite number of cletaila 
alluded to as necessary to safety, comfort, arid econ- 
omy. The ]lumbering of the hours from one to tweii- 
ty-four was advocated. 1S~1clinus said ~cpon rnodes 
of signalling, and an iniprovecl sigr~al-l:~nip described. 
I t  was claimed that white and red signals mere snf-
ficient, it being safer to exclude green. In the dis- 
cussion i t  appeared that an ecoriolny is effected h ~ -  
strengthening cars so that they can be loaded full: 
formerly grain was carried two ant1 a half feet deep, 
now four is customary. The A~iiericari method of 
making up a time-card was explained, where the trains 
are represented by threads stretclied over a board 
ruled one way for time, and tlie other way for dis- 
tance. Mr. Preece spolre of the safety on railways: 
the safest place in Euglarid is suppo3ecl to be a first- 
class carriage between Lonclori alicl Eclinburgli. The 
president advocated rnnriing trailis by telegraph from 
a central station, there being absolute ~ a f e t y  x i th  but 
one train on the traclr at  a tirne. This caused refer- 
ence to be made to a Paris inciilei~t, where mi un-
usually long train, going round a loop, ran illto its 
own tail. Sir Janles Donglass spolie of the excellericy 
of American head-lights, and advocated a ~necl~anical  
signal-lanip to save time; to ~vliicli was replied that  
tlie Arnerican train-liian was qi!ick, and a wiggle or 
two of his lanil) was enough. 

Rlr. J. 11. T\7ilson's paper on American per~nanent 
way referred more to tlie construction of tlie line, 
forming therefore a complement to the last. The 
qualities of a perfect tracli are good surface and 
drainage, and straight or truly curveil traclr, of ac-
curate width, well fasteried a ~ i d  mith tight joints. 
American rails rest with broad flanges on wooden 
ties; while English rails are reversible, and rest in 
iron chairs, so that ties can be placed far apart. 
Wooden ties, beiliq plenty here, should be laid only 
two feet apart. E~ lg i~ ie sweigh fro111 forty to oTTer 

sixty tons. Detailed specifications for rails, etc., ac- 
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cording to the  best practice, are given: ninety per 
cent of tlie rails must be thirty feet long, and a test 
piece ma.t bc furnished from each charge of steel. 
These specifications, and the rules by which rails are 
temporarily or permanently rejected, are elaborate 
and exact, ancl niust result in a uniformity of quality 
and composition leaving little to be desirecl. I n  tracli- 
laying, the rails must meet withill -,',; inch in sum-
mer, ant1 -A, inch in winter. Considerable space is 
devoted to ties, ballast, switches, frogs, crossings; 
ancl attention is called to tlie importance of tlie 
block-system, Westinghouse air-brake, interloclcing 
switches, etc. 

Mr. Vevnon Smith's paper on the Caliadiau Pacific 
railmay describeel tlie construction of the same, and 
pointed out its aclvantages. British Columbia joined 
the confederation in 1671 on a pleclge that such a 
railway shonld be completed by 1881,afterward ex- 
te~ided to JS!)l, sever1 liundrerl miles of it to be built 
by thc government. Tlie worlring season is about 
fivenionths, and all supplies and men must he broilglit 
a great distance. Three gaps, of about four liundred 
miles each, nonrrernaining, will be co~npleted by next 
year. No existing railn~ay has been b-i~ilt so q~licltly: 
every thing is completed at  once, and in the most 
systematic manner; the lorigest delay has been one 
of tliree Iionrs wait,ing for material. The road has 
bee11 rtui at  tlie rate of tliree or four miles per day, 
the n ias i~nam day's work beilig six miles arid three- 
eighths. Different nlodes of excavating were com-
pared; nine thousand Chinese worlc on the Pacific 
end; Italians aitd Swedes excavate t~venty-five cubic 
yards per illall per day, with shovels, etc. ; Ameri-
calls, with scrapers, move sixty to a hundred yards; 
slid an eight to t rn  liorse grading has been tried. 
The precaution has heel1 taken of raising the em- 
hanlrmelit to the snow-level. Te1egi~a:pliic service is 
establislied at  the same time, wliicli requires an ad- 
ditional corps of a hundred and fifty Inell. Coal-beds 
exist at  both cntls of the line. Crossing tlie ltockg 
3Iountaiiis requires some grades of a hundred and 
sixteen feet to the mile; hut tlie pass is three thousand 
feet lower t11ar1 those farther so~ttli, and tlie rest of the 
line has easy grades. A degrce of longitude on tliis 
line is eight iiiilcs shorter than on the Uniou Pacific, 
so that the route fro111 England to Japan call be 
shortened a thoiisaad n~i l rs .  IZeference \\,as iriade to 
the proposed railway fro111 tlie Pacific to Hudson's 
Bay, vliich n-onlcl be eiglitee~i liuildred miles shorter, 
but navigation is good only four months yearly, -a 
great difficulty also with the Canadian Facific, unless 
it seeks a new outlet in Xova Scolia. This paper 
will appear in tlie trarisactiolis in ez1ens.0, and mill he 
of g e n t  interest in E~iglantl. Mr. Ilannaford re-
marked that tlie six and three-eighths miles per day 
finished road ~ ~ o u l d ,  however, be received mith an  
incredulous smile. 

On Friday eight papers were read on BIechanical 
cngineering, and mith true courtesy the visiting 
American engineers were placed at tlie head of tlie 
list: in marked contrast, however, mas the want of 
tact displayed in the reception of Mr. Hoadley's rul- 
uable paper on steam-engineering practice in the 

United States, which was limited to so short a time 
as to amount to a virtual non-presentation. I t  is 
now in  book form, and an abstract of the same may 
be expected at  tlie Philadelphia meeting of the 
American association. 

Professor Thurston's paper on the theory of the 
steam-engine was a historical sketch, tracing from 
tlie earliest period to the present the progress of the 
mechar~ical theory of heat, and the science of thermo- 
dynamics and its applications, antl the con~pletion of 
the tlieory by the addition of a theory of avoidable 
losscs. The labors of Xanliine and of Clausius were 
consiclered as to their influence on the theory of the 
subject. I t  was pointed out that Cariiot establisheel a 
number of funclamental principles, and first produced 
a consistent theory of heat-engines, wliich was fur- 
thcr perfected by Rarikine ancl Clausius. The lirn- 
itatioris in applying the thermo-clynamic tlieory were 
describeel, and slio~vn to havc been familiar to Watt 
ancl to Smcaton, ancl to have been experimentally 
examined by Tredgold, Clark, Ishermood, antl Hirn ,  
ariti studied by Cotterill. I t  mas coiicluded that  the 
history may be divicleel, as by Hirn, into three peri- 
ods: l. Crude theory and incon~plete experiment; 
2. l'erfected thermo-dynamics and systematic ex-
periment; 3. Cornplete tlieory and exact experiment 
directed toward the determinatio~i of wastes. Pro-
fessor Thurston calls the last t ~ v o  periods those of tlie 
tlieory of the ideal and of the real stcam-engine, and 
believes that a worlring theory of heat-engines mill 
soon be completely coristracted. The complete pa- 
per will soon be published. In  the disc~issiou it was 
agreed on all sides, that  the thing needed to still 
further accord theory and practice is a n  experimental 
engine specially adapted to scientific investigation; 
and i t  is to be hoped that some of our American 
schools will take hold of the niatter before it is clone 
elsewhere. Experimel~tsmere also referred to, where 
a copious supply of oil had reduced cylinder conden- 
sation ill a rnarlied degree. 

Mr. E. D. Leavitt, joii., read a paper on punipiny- 
machirlery in America, largely statistical in its nature, 
in which lie briefly sl~etclietl the most salient features 
iri tlie developmerit of the pumpiiig-engine iri the 
United States as applied to water-supply for cities 
and for miliirig pnrposrs, giving particulars of the 
pnmpi~tg-plant ill all the principal water-worl;s i n  
North America. IIe called attelllioll to the important 
work done in the developrne~~t of punlping-machine- 
ry by the various hydr;~ulic engineers of this conn- 
try. Atte~itioiiwas called to those recent improve- 
ments ill pumping-plant wliich have brought about 
the pi'escrit great economy in certain places, most 

' ~~o tab lythose designed by Mr. George 11. Corliss, 
and other3 by himself. Promillent among these im- 
provenierits have been coinpounding, higher steam 
pressures, and greater ratios of expansion. I n  con- 
clusion, he drem attention to considerations from an 
economic standpoint, which decide whether to use 
a cheap plant with no great econoniy of fnel, or a n  
expensive one from which great economy may be 
expected; the deciding point being, whether the ex- 
tra cost of fnel for the cheaper plaut will exceed the 
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interest on the extra rnoney invested in the Inore 
expensive one. 

I lr .  J. D. Barnett's paper, on the anthracite-
burning locomotive of America, showed that the 
cleanliness of this fnel mas forcing it into use, not- 
withstanding that it rcqnires a liluch larger grate- 
surface, and has an evaporatirig efficiency but 
three-quarters that  of bituminous coal at  marlret 
prices : homever, where the railroad-companies own 
the mines, the niarltet price is no basis for cotnparison. 
The anthracite is also heavier to carry, and burns the 
fire-boxes out twenty to forty per cent sooner. 

Messrs. A. McDonnell and J. A. F. Aspir i~~~al l ,and 
TV. Stroudley contributed representative papers on 
English locon~otives. The weights of locorrlotives 
lvere given as from twenty-eight to thirty-nine tons,- 
much less that1 our own, but capable of great speed, 
which, 11o\1-ever, is now equalled or excelled here. 
Impro~emerlts are rapidly forcing their way illto 
English engines, which are now built in a l i~nited 
nunlber of classes, xvitl~ intercliangeable parts. 
Special tools are not used, I~o~ve re r ,  to any extent in 
their construction, ant1 but little attention is paid to 
elegance, or to the conifo~t of tlie engineer. Iiiiitle 
cyli~idersarc rriostly ltsed ; and on one road tlie driv- 
ing-wheels are in front, on the suppositio~i that  they 
lierp the track better. 

Mr. D. J o y  furnis1it.d a paper on his reversing nnrl 
expansion valve gear. This is a n  arrangeinent of 
levers, etc., by which the valve motion is obtaiued 
froin the connecting-rod instead of from tho shaft. 
It is advantageously used on inany locomotives, and 
llus been applied also to marine engines. I t  makes 
tlie con~iections mnch shorter and lighter, and avoids 
the double eccentric. Illany other advantages are 
nlso shomn. 

Air. J. H. Bartlett's paper on heating buildings by 
steam from a central source is a most valuable ~ 6 ~ 2 4 1 7 1 6  
of tlle subject in pamphlet form. I t  shows, that, 
prior to 1870, large buildings and even bloclis had 
been heated by stearn from a central source; and in 
many cases stearn had been successfully piped long 
distances. Mr. Holly then suggesteil the present 
district pli~n; and experiments were made wl~ich lrave 
led to a remarl<able deroloprnent of the systern, nhich  
Jvere describe11 in detail. Drawings were given of 
Holly's reducing-valve and regulator, and of his 
steam-meter; also a plan of the large district in op- 
eration in New York city. Estirilates for a district 
of four llundred (also a thonsmid) dwellings, and two 
miles of main, during two hu~idred and forly days, 
\?,ere given; and the relative cost given of the in- 
dividnal-furnace, individual-steam, ar~cl district sys- 
tems, -the latter nitli four l~undred, also a thonsand ' 
consnmers, -mas S11:3, $107, $64, $58. Tlie econo- 
my of elevating the burning of coal into a distinct 
business must be evident to all; and there is no bet- 
ter distributer of lieat than stearn. To fort11 an idea 
of the magnitnde of the Yew Yorli company's opera- 
tions, their plant should be inspected. 

011Monday, papers were real1 by Mr. TIT. Smit11, on 
the light-house system of Cilnada; alid by Sir J. 
nouglass, on in~provements in coast-signals. Tlrese 

were remarkably well illustrated by nearly one thou- 
sand square feet of colored drawings, covering the 
xvalls, and referring mainly to the new Eddystone 
light-hol~se. Among these were Winstanley's (1606 -
170:3, ~r~aslied away), Rudyerd's (1706-1753, burned). 
Smeaton's (1755 -1SP2, removed to another site), -all 
of about the same lleigl~t;  and tlie new light-house 
1learI)- twice the height (one hundred and thirty- 
three feet to lantern). Another drawing reprodacerl 
Sineaton's clrawing of liis light-house with n wave 
rising fifty feet above it, and added another im~nense 
mave wliicl~ brolre over tlie lantern in lSS1, tlrro~lgh 
which the moon v a s  seen. Canada has nearly six 
thousand miles of coast, xit l i  about five Iiunilred 
light-stations; arid Xr.  Sinitli referred to bnoys to  be 
placed below Quebec, with reservoirs of gas capable of 
maintaining a light for ninety horn's. IIe rernnrlretl 
also, that Canada mas cloing Irer best to coinpet,e wit11 
New York for the carrying trade of the west, by im- 
provirig her light-house systern. Experiments are be- 
ing made by the British governme~~t  011 coast-signals, 
sonie resnlts of which vere  given. The electric light 
was folmd to hare  almost no fog-penelratiiig power, 
so that only by an imrrlense multiplication of carrdle- 
polver mas it n~atle equal to gas or oil in the worst 
\!-eather. Its cl~eapness sho~ved forcibly, lrowever, 
in a statement that  22,000 tinles the liglrt could now 
be hat1 for tlie cost of the clndles of Winstnuiey's 
house. A heavy wave was instanced as carrying away 
a three-hundred-poui~d bell, a hui~dred alid ten feet 
above high mater. There would seem, homever, to 
be no reason why, xvith a properly shaped rock to 
deflect i t  upward, a wave might not rise to an i~nnlense 
height. A new system of lights and fog-signals was 
explained by Sir Jaines Donglass, irl which signals 
are repented every thirty seconds (instead of three to 
four minutes) ; this is iiiore consistent with the pres- 
ent speed of vessels, -thongli, as Sir William T h o ~ n -  
son insisted, mnch too long a time: a signal should 
be capable of almost instant recognition. Only red 
and white lights are used in these ' flashing' signals, 
and red but sparingly; the signals themselves oc- 
cupying about ten seconds, and being, in fact, the 
Morse alphabet with long and short flashes. The 
Prelicli and English gover~iments are doing away 
with stationary and revolving lights, and introducing 
flashing ones. Fog-horns with reeds do not stay in 
order; ant1 a stearn siren is to be uqed, high mid low 
notes being proposed instead of long and short blasts. 

Air. TV. H. Preece rt?ad three electrical papers, -
The ' matt ' arid the horse-po~ver; Secoridary bat- 
teries; Domestic electric lighting. Secondary bat- 
teries are now an acconiplished commercial fact in 
England, the old Faure accum~tlator being as good 
a form as any. Domestic electric lighting can now 
a l ~ l ~ o s t  gas, wlricll costs ill Londoncorilpete with 
three shillings per t,housand. 

Atter~tionwas called to tlie fact that there is no in- 
candescent lighting in Canada; and Sir W. Thom-
son called attention to tlie water-power rnnning to 
waste in the Lacl~iile rapids. A photographic gallery 
in Regent Street, London, war referred to, where tlie 
electric light is used for the negative and for print- 
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ing, the pictures being delivered the same night. 
The dynamo is run by a gas-engine; and it was stated 
that more light could be thus had from gas, than by 
burning it directly* Sixteen feet of gas per hour will 
develop one horse-power. 

Dr. W. A. Traill had a paper on the Portrush and 
Giant's Causeway electric tramway; and Mr. H. 
Smith, one on electric tramways. The former was 
accompanied by a working model. A review of pre­
viously constructed roads was given, and the points 
of difference emphasized; and the commercial suc­
cess of the road was announced. Owing to the 
interest created by this paper, and the first two, Pro­
fessor Thompson's paper on dynamo-electric ma­
chines was left over. 

Mr. C. J. H. Woodbury described the 'automatic 
sprinkler' system in an American mill, and referred 
to a slow-burning construction of the latter, where 
heavy beams, widely separated, support a three-inch 
planking, on which is laid the flooring of hard wood. 
A large number of sprinklers have been critically 
compared in the interest of the insurance companies; 
and the result of this work showed a record favorable 
to the value of the apparatus, as it had operated 
in one hundred and forty-one mill fires, without any 
instance of total failure except in two instances, 
where the water supply had been shut off from the 
system. The sprinklers were tested for sensitiveness 
by exposing them to a jet of steam instead of a fire, 
because the former is more regular in its action. The 

PROCEEDINGS OF THE SECTION OF 
MATHEMATICS AND ASTRONOMY. 

T H E first paper read in this section was by Prof. 
E. C. Pickering, upon the colors of the stars. The 
need of exact photometric measurement of different 
parts of their spectra was first pointed out, and the 
author then described a very ingenious method of 
accomplishing this. In the telescope tube, a little 
beyond the focal plane, is a direct vision prism, so 
set as to give a spectrum extended in declination; 
and on the preceding side of this prism is placed a 
piece of plane glass, whose edges are so ground, that, 
when a small portion of the following side of the 
cone of rays falls upon it, it gives a small white 
ghost, just preceding the spectrum and always oppo­
site the same wave-length. In the focal plane is one 
of Professor Pritchard's neutral-tint wedge photome­
ters, and behind it a thin metal diaphragm with four 
long narrow slits parallel to the equatorial motion; 
so that, when the spectrum transits behind them, 
four little stars — a red, yellow, blue, and a violet — 
shine through these slits, and the time of the disap­
pearance of each, as they move towards the thicker 
edge of the wedge, measures its brightness. From 
these times may be deduced the magnitude and color 
curve of the star. To fix the same wave-lengths for 

resistance of the soldered joints to shearing-stress was 
exceedingly variable, ranging from twenty-five hun­
dred to seven thousand pounds per square inch. 

The first attempts to make sprinklers were devoted 
to endeavors to construct an arrangement for rigidly 
holding a valve to a seat; and, after these had proven 
failures, the method of soldering a cap over the 
sprinkler was next introduced. Later, Mr. F. Grin-
nell solved the problem, by placing the valve in the 
centre of a flexible diaphragm; and the arrangement 
of the parts was such that the water-pressure kept 
the valve shut until the soldered joint leaked, and 
then this same pressure forced the sprinkler open. 

Professor Osborne Reynolds discussed the ' friction 
of journals.' The report of a committee on lubrica­
tion was referred to, and various methods of lubrica­
tion discussed. The method giving the best results 
is to let part of the shaft run in a bath of oil, which 
is then sucked in by the action of the shaft. With 
oil fed by a siphon or a plain hole, the friction is 
seven or eight times greater; and, in one experiment, 
the oil was forced out of the hole with over two hun­
dred pounds pressure on a square inch. Professor 
Thurston was called upon, and gave his experience 
with lubricants, confirming the statements of the 
paper, and referring to a case in which he had used 
a pump to force oil to the journals. Evidently, if so 
much friction can be saved by copious and regular 
oiling, it might pay to supply journals systematically 
with oil under pressure. 

each observation, the little white ghost is adjusted 
upon one of two parallel wires, which project out be­
yond the preceding side of the diaphragm. For a suc­
ceeding transit, the ghost is adjusted upon the other 
wire, half a slit-iuterval distant, and thus eight points 
of the spectrum are photometrically measured. Pro­
fessor Young, of Princeton, spoke very highly of the 
ingenuity and effectiveness of the device, especially 
for the systematic measurement of a large number of 
stars. He pointed out, however, what might be a 
source of error; viz., the different sensitiveness of 
different observers' eyes to different colors, so that 
they would probably observe the times of disappear­
ance of the four colored stars relatively slightly dif­
ferent. 

The next paper, by Professor Daniel Kirkwood, 
discussed the question whether the so-called ' tempo­
rary stars ' may be variables of long period, referring 
to the sometimes-claimed identity of the temporary 
stars of 945 and 1264 with the well-known Tycho 
Brahe's star, which blazed forth in Cassiopeia in 
1572, and whose position is pretty closely known from 
his measures. The conclusion reached was, that on 
account of the sudden apparition of the temporary 
stars, the short duration of their brightness, and the 
extraordinary length of their supposed periods, they 
should be considered as distinct from variables. 
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