
Eupcrirner~ts show that tlre progressive acceleration 
of the rliylhnl brings about the moclitieations reprc- 
seritctl in tlre following t:~ble. The acceleratiori of 
rlrythrn from sixty to eighty stelti per rrririrlte liaq 

increased the Iengtlr of tlie step, and dccrcased the 
tirne rcquiretl to travel a certain tiistalite; bnt, mlien 
me go bore this, the opposite r f f c ~ t  1s protlucetl. I t  
is  better to replace the nunrerical table by llre dia- 
gram of fig. .5, wllicli represents ille variations in 

quickness of gait, and length of steps, as guitletl by 
the electric bell ringing a1 different rates. 

N A V A L  ARCfFIJTECTUBfl IN ENCLANI?. 

FRANCISELOAD,professor of naval arclrilrctui~c 
at  the lTiiiversity of Glaigom, devolecl his inaugural 
:ctldress, on entering upon liis tluties in Novernbcr, 
1884, to a history of tlie scier~cr. 

Until \citliin corny)aratir7cly few yrws but little al- 
tention has been paid to tlie study of naval arcliitcc- 
ture. Fifty years nqo iiinety-nine per cent of tlie 
Ur~tisli rrrrrcllant-sllips \vcre under fivv Inliitlretl lons, 
arid f e w  ~rreasnrecl more t l ial~ a Irrultlrcd and thirty 
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feet.. They were coml)arativcly ur~iforril; antl, being 
built :~fter an establislrcd 1)la11, t l~ey  were perfectly 
seawortlry wlietr properly ballasteii. I n  the case of 
war-ships tlre matt,er was rrrore difficult,; as i t  was 
necessary to get a type of sliip wllich slionld he large, 
liigli ont of water, and able to carry many large gnns, 
without interfering wit11 hrrr sailirig-qunlit,ics, or rerl- 
ilering llc!r 1,ol)-heavy. 

111 1811 ;L sclrool of 11:hval arcliitectllre ~ v a s  starlet1 
in lC~iglarid, and during twe~i ty  years it trairrod forty 
strrtleiits. This mns follotvod in IS-18 by arioiller 
:1t I'ortsrrroutlr, ant1 in 1864 by a third a t  South 
Xensirrglon, .rvlricll is now lrnitetl wit11 t.lre Itoynl naval 
college :rt Grecrlwich. Sorrre excellent clesigrrers lravc 
been gratlaat.etl frorrl tliese tlirce scliools. 

Before the use of iron, ship-bniltling requirctl no 
c1abor:~tc calcalations: it, was ciiinply a. lligllly devel- 
oped rricclianical art. Sliips \\.ere I~ui l t  of great rela- 
tive deptlls in proportion to their breadth, and initial 
stabi1it.y was delit~erat,ely sacrificetl to retlnce thr  
t,onnage ~neasu re inc~~ l .  Usually tlrese ships wonltf 
not st,and rip, wller~ fully rigged and light, witllout. 
ballast; arrtl, judging from the proporlions give11 to  
t,l~em, they ninst also 11ave required ballast wlien 
laden with c:rrgoes wlrich were not conrposetl of heavy 
(lead-weight. What is now requireti of the ship- 
builder is to predict wit,h great accuracy tlre weights 
of coxr~plicated iron antl steel structures, witli all 
tlieir fittings and mncl~inery; tlie weight of cargo 
that such structurc:~will carry at  sea; the stability 
they mill possess in different corlditions of loading. 
and tlie treatirlent 1recess;tl.y to insure a safe a m o ~ ~ r i t  
of stability being preserve11 upon all occ;tsions; the 
aniount of stearn-power and tlie rate of coal-cons~lmp- 
ti011 required to maintain given speeds xt sea; and 
very frequently the strerrgtlr that is possessetl by tlie 
liull to resist tlle slraining-action of waves. 

Tlie reason that the Er~glisli schools for this study 
have not been better att,el~tled, is that tlie courses are 
too teclir~ical in cl~aract,er, and t l ~ e  requirements too 
rigid, to aLtract any except advancctl s t~~ t l cn t s .  Tlie 
itlea of the newly established chair of naval arclii- 
tecture in tlic liniversitg of Glasgow is to teach ill a 
less t,cclinical nlanner t l ~ e  new science, and to adapt 
tlre course to the ~.equireinerrts of tlie students. The 
policy will he firs1 to fix what t l ~ c y  already Imow, aiitl 
then to  go forward to a complete study. Special stress 
is t.o be laid 11pon long-coirtinucd and a r d ~ ~ o u s  prac-
tic:~l lraining, combined wilh true science. The only 
way in wliich superiority in ship-building can be at,- 
t,ained is by possessing a class of ship-builders who 
have gone tliroug2l just sucll a training, and wlio by 
long stltdy and work have acquired Llirse tl~eoretical 
and practical principles. 

IZIS(,'ENT Bll ITISH LOCOllfOTJVES. 

X s ~ r x ~ i srccenlly d~signed for tltr London, 13riqli- 

ton, and soutlr-coast ra~lwny of Great Uritaln by 

Rlr. Sho~~t l ley ,  
were descrilied by tlreir desiyier a t  a 
~ e r e n trrieeting of the Uritisll ir~slill~tiorl of civil en- 

qincers. Tliey nere deiigncd for freight-trdflic, or :L\ 
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goocls-engines.' The  steam-cylinde~s me1 e inside the 
frames. The forward wheels were conpled, instead 
of, as usual, the after-wheels; thus getting a set of 
small traili~lg-wheels, short outside couplir~g-rods, 
and a large boiler. The centre of gravity of the en- 
gine mas purposely made high, as is the practice in 
this cou~ltry in the constn~ction of the wide-firebox 
engines of Mr. Wooten, for the purpose of malti~lg 
tlie engirle move more easily at  high speeds, and, as 
both these clesigners believe, malring them safer; the 
rollirlg being less se~ious  at  exceptionally high speeds 
than in engines having a low centre of gravity. The 
action of the high centre of gravity in throning the 
pressure mainly upon the outer rail, in rounding 
curves, was tllougllt to be another advantage of ap- 
preciable value, pelmitting the inside wheels to slip 
Inole readily. Six wheels were used, wlthout truck 
or ' bogie.' 

I t  was asserted that  the cra~ikcd hxle, ant1 other 
palls of the machine, clo rlot breali if properly pro- 
portioned, although i t  mas evidently felt that  the axle 
is a source of danger in greater degree than nhen  
straight, as in outside-connected engines. The steam 
was given an acl~rlission varying from twelve to seven- 
ty-eight per cent, the engine running very smoothly, 
and with great economy, a t  high speeds, with the 
shorter cut-off. Tlle compression is tllus made acl- 
vautageous in both ways. I t  was considered that 
co~npoundingwould not be of sufficient advaritage to 
justify its adoption in such engines ;although it might 
prove useful for heavy, slow-moving engines, morlr- 
irlg with little expansion the greater part of the time. 
The Westinghouse bralre was fitted to all these en- 
giues, aucl gave thorough satisfaction. I t s  pump had 
been fitted witli a water-connection, and i t  could thus 
be utilizecl as a boiler-feeder when on sidirlgs. The 
boiler was made of Yorkshire iron, witli joints but- 
ted, edges of sheets planed, holes drilled. after bend- 
ing the sheets, and all ha~~d-riveted.  The steam 
used amounted to about twenty-six ponnds per liorse- 
power per hour, on a road on which the average is 
thirty. One pound of coal conveyed one ton thirteen 
~uiles ancl a half, a t  the speed of 43.38 rniles an  hour. 
I-Ieating the feecl-water saved two pounds and a half 
per train-mile. 

SBAII - CENYEh'NIAL OF 7'HE L YCE-
UAif OF NATURAL HISTOKY AT TT'IL-
LL4;lfS COLLEGE. 

IT will be news to many, that a natural history 
society of college students has had an uriintcrral~ted 
existence of fifty years a t  Williams college, in the 
little villagr of JVilliatnstown, Xass. I t  is nevertbe- 
less trne, and its semi-centennial mas celebrated on 
April 24. 

The exercises were opened by the president of the 
society, Mr. Henry U. Ward, with a s l~or t  llistorical 
sketch. "Fifty years ago," said lle, " 011 t l ~ e2d of 
April, eight students of TVillia~ns college fornled a 
society for the study of natural history in its various 
departnients. At  first secret, under the name of 
@_I3 0, within six 1no11t11s it adoptecl its present 

name. Professor Albert Elophins, spealcing twenty 
years late^, said that it had sustained from the begin- 
ning a spirit of enterprise. The h~story  of its early 
years remarkably verifie? his assertion; for ~vitliin a 
year from its foxmation it mas large and actixe 
enough to send to Xova Scotia an expedition of 
twelve membels ancl three professors. This espe- 
dition gave the lyceum a considerable reputation, and 
i t  was leferred to by a French scientific journal as 
tlle first of the ltincl attempted in America. I n  the 
spring of 1840, only four years later, an  expeclition was 
sent through Urrlcsllire county for study and collect- 
ing. By these two expeditions ancl irldividual effort, 
the collections well filled the society's rooms in East 
college. When that  builcling was clestroyecl by fire, 
in 1941, the collections also perisllecl. Contributions 
from all sicles, and hard worlc by the members, soon re- 
stored them so me11 that  the looms in South college 
became too small; and in December, 1834 a circirlar 
was sent out, forcibly setting forth the needs of the 
lyce~ull, ancl asBirlg for twenty-five llundred dollars 
to erect a building. This circular mas brought to the 
notice of Mr. RTatlian Jackson of Xew York, a rel-
ative of Col. Williams, ancl grancl-uncle of the pres- 
ident of the lyceum at that time. H e  sent a checlr 
for the whole amount; and in a few months Jaclcson 
hall v a s  completed. A t  commencement, Bug. 14, 
1855, the lyceurn was addressed in the forenoon by 
Prof. William 13. Rogers, and in the afternoon helcl 
a public meeting in its new rooms in Jackson hall, 
to dedicate the building, and celebrate its tnentieth 
anniversary. At  this time Mr. Jacl<son sent a thon- 
sand dollars to make up the full cost of the builcling. 
I n  February, 1857, desiring to fill the cases in Jacli- 
son Ilall, the lyceum sent an  expedition to Florida. 
Sixteen members, under the guidance of Professor 
Chadbourne, spent a nlonth collecting on the Florida 
sllores, witli great success. The expenses were pro- 
vided for by the liberality of Mr. Jaclrson and other 
friends of tlie society. I n  1860 another expedition 
under tlie charge of Professor Chaclbourne was 
arranged to Labrador and Greenland, a description 
of vliich has been recently published by Prof. A. S. 
Paclcard, a guest of the lyceum on that trip. I n  1867 
a n  expeclition under the joint auspices of the lyceum 
and the college was sent to  South America, under 
the charge of Professor James Orton, a former pres- 
ident of the lyceum. A small party proceeded from 
the northern coast by the courses of the Orinoco and 
Rio Negro to the Amazon: the main body crossed 
the Andes from the western coast, and descended the 
Amazon in canoes. I n  1870 an  expedition from both 
the lyceum and college spent four months collecting 
iu Central America with great success. The expe- 
dition of 1877 to the northern Rocky 3lountains mas 
broken up by t l ~ edeath of Professor Tenney, its 
lender, juzt as it had stalled. 

"Nany have been tlie professo~s who have aided the 
lyceum in its work; but to Professor Albert Hoplrins, 
Dr. Clladbourne, and Professor Tenney i t  owes a 
debt of gratitude ~vhich  can never be co~ilpnted." 

Dr. W. K. Broolis, a for~ner  presidelit, then nd-
dressed the lyceurri on Life. IIe spoke of t l ~ e  age 


