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or dlis.-Diaicitcr of driver = revoluitions pcr minute of foi-
lower x diaincter of foilover -. rcvolutions per mtinute of driver;
diaincter of follower = revolutions per minute of driver x
diamictcr of driver -- revoluitions per minute of followcr.

ro find the vclocity ratio iii a traits of %viecls.-,Nutltiply to-
gt.tlicr tlîc iitnber of tccth in cacli drivisig wlicel, înultiply te-
gctlîcr tise numibcr of tecthi iii cacht follower; tlîc first preduet
will bc the nuîuibcr of revolutions the first driver nIakes, whilu
tlic second prodîîct is cqtîal te the numiber of rcvoltuuioîîs thc
last follower miakes iii tlîc saisit timie.-rroin Rides anîd Defini-
tiens by ý%,«.llatce flently, A.I.ýMcl.E.

LONG BLIRNINO ENCLOSED ARC LAMPS.*

xiv wV.. A. TUItIIAYNE, HtAMIL.TON.

Thei major factor of expense coiuplcd tvitl the opt2rattitn
inti mtaintenance of arc lamips arose froin rcîtewiîîg the. carbons,
wvhicli, in the sizes adopted iii practice, ltad a life of sentle scvenl
or eiglit lieurs otily. As the all-nighit Iigliting of streets de-
îîîaîîided that lantps slîould bc capable of giving ait uniniterrupteci
service of front twelve te fetîrteen lieurs' burîîing, various limans
wvcre devised wliheby titis perîod could bc coercd by a single
trinmning of carbons. Innumecrable types of laînps werc dcsignced
with titis enîd iii vicw, but there rcmaitied te be adoptcd as
standards the double carbo fi lli), which burned two successive
pairEr of tiglt fleur carbens and, as ait altcrnative, thc single
car-hon lanip fitted tl circular or elliptical carbons of suicieit
cr.-)ss section te insire a life of fourtccn or sixteei lieurs. Aside
front the niauter ef urinining, hoecver, the carbens tîteniselves
wvcre a source o! hecavy expense, and early ctxdeavers wcre tuade
te perfect somne nteans whereby tlitir life could bc matci-ially
proleitgcd witlîeut at thc sanie site inctirriiig a sacrifice ef the
liglit. lu wvas clearly uîîdcrstoed tliat tise raîxid wvasuing aivay
oi the carbezis wvas cauised inainly by thecir combustion il. the
opien air, and it naturally occurred that if the arc could bc mai-
îainied in a transparent ciaînber, frem wltich the exygen ef tle
atir liad been excluded, tîtat titis cembustion îvould cease andi
uliat tîten the only waste weuild be tîtat due te vaperizauîeîî. Lx-
ptriiitenus aloîîg these Uines we.re coîîducted and the restts
%w.ould tindeubtedi have becii encouraging lîad it net beci
chicfly for flic facý mlat, in burning in an eîîclosing claiaber.
suchi a depesit soen accuimulated on tus miter surface as te sert-
ocisly obscure tîte lighit and thtus render tlic arraîîgenicnt lits-
practical aîîd, theretere, as these autempts te increase carbon file
proved futile, fourteen or sixucen lieurs per triîîî was, uîntil vcry
rcceittly, accepted as the burning period cf ait arc laitîp). The.
great deniand witlîin the last ciglît or tens years for interior arc
laitîps operating front incandescent liihing circuits wvas met by
a iuarkeul imprevemient in carbon manufacture, until finally a
pr.îctically pure article wvas obuainable, the adveîît cf wlticli
sitade possible the mainteniance ef an arc iii an eitclosing clhant-
ber and allowecd of tlic develepmeîtt o! the long burniîîg lanp as
we have it to-day in -whiclh a carbon in size equal te the cigltt-
herur carbons ef open arc lamps lias a Mie ef elle lîuindred and
fifiv lieurs or more.

Titis longevity is effected by prevcnuiiîg conr.bustion by a1
renioal of the exygen from the space immedîauely surrcuidiitg
thc arc, the oxygen utet bcing litcrally remevced by exliatistioîî.
but ratdier by a process o! clienical conîversioni wrotiglit by the
actox vf the arc îtself. The carbons arc surrouinded by a glass
globe of sîîîall area, clesed au tlie base and only suificiently open
ai the top teo allow ef a fret passage of the upper carben. On
dt forînatitgn o! an arc the air contaiiied wvitliiii titis glebe is
hicaucd aîîd rarified, the surplus ftndiiig an outiet througît the
lippesr opeiig, tîme reniaining exygen is rcduced by combustionî
wili the carbon te carbon mnîoxîde <,C.O.), a gas wslich us
s(.rniewUat ligliter titan air, liavtng a spctfic graviuy of .9f>9. aiid

'altoigli combustible xvili net support combustion. Titis, te.
gctîter %sitlt the iiitrogen wiih is libcrated, coîîîpleueiy fuis tîte
cliaiiW and prevetits furtiier combustion of thc carbon, ai-
tougli a smail aittount of air diffuses titrougli the upper open-

ing-a conîditionî esseittial te satisfactory operation. as otîitnise
the vaporized carbeit would condenîse aîîd appear as a scov'ty
deposit on the iiîîîer surface cf the globe. wlîîle as iu us, the
oxygen cf tlie enueriuug air utites witit titis vapor anI formis a
gas. A sliglit deposit of silicoti accuinulates. xvhicli. liowver.

'From a paper read be: the Canadian Electrkut &4,oci .tion.

ducs not seritsly abserb tîte lîglît, aîîd wtîcl mîîay bc readily
%wilpd off during triîîîîîîiuîg.

As a resuit ofthe abseice oi oxygen in the eniclosinig globe
the enîds of the. carboîts do it becoîtie tapcred by bîîrnîîîg but
reit'ain flat and blinis, asud tue <levice coîîld net bc adapued site-
cessfully te tue exisuing lainîîs ii tise, viticli tîxaintalît a petential
differejuce Of soutle 45 volts tcross the arc, as, it the smnall separa-
ttn et oiie-cigiti itnch er itdcr ceiiscqtient upon titis voltige.
tou tlutnch of the liglit wotild be iîîtercepted by the lower carboît.
It svas tîterefore iipcrative, ii order te obtiin proper dîstribît-
tioît, tîtat tite carbeits bc miore xvidely separated, -and it wvas
found tîtat iii the enclosure ani arc cf approxiinateiy X-incx in
lenguli could bc itiaiîtuai sed witli ait E.M.F. e! s0oute 75 or 8o
volts. Nleanviti!e it is itecessary tiat the curremit entpicycil
sliîuld not excced 61/-, or 7 amperes. for obviotîs rmasons asso-
ciatcd with tue cleaitly btirîing cf tîxese lantps for lonîg periods.
anxd in order furter tuait the watts expendcd may correspontd
witli tîtose expeitded in an epen arc iaînp cf like rating. %Vltile
a so-caled 2.000 c.p. laniît of tlic latter type operates xvit a
cirient of ico amperes at ait E.àM.F. o! 45 volts cr 450 watts, ait
cnieiosed lanup cf like rauiîtg îîuay operate at 6.5 antpercs antd 70
%-olts, or aut 5. amiperes and 82 velts, the higiier E.M.F. and
reticcd cuirretît restiluing withitî certain limits in better Opera-
lion. Enclosed arc lanips ini geiteral reqtîire speciai featurcs in
the fecd mleclianisni, aitîteugl tue geverniîug principles arc ideiî-
uical wvith those obtaining in the open imps. As it is necessary
te separate the carbons from -h or 15( iîîci it is ustiai to have
the mîagnes act dircctly on the tîpper carboît withoiit tue intter-
vcnition of levers, and titis cails for a lonxg range nmagret of con-
siderable pewer. In order aise te obtain gce<i regulation
it is desirabie titat the mcving armature be o! cen-
siderable weigltt, as conîpared xvitl the xvcight of the carbox te
bc lifted, as titerefore decrease in weight of tUe carbon is net
acconîpatiecd 1>3 an apprcciable lcingtlîeîîing of the arc. Encloseti
lanips wvill operate efficientiy in series on direct constant current
circuits eîîxplcying curreits net greater ulian 6.8 amperes, aîîd on
alternatiîîg currcnt circuits in cenjunction with constant cuîrreîît
Il.aiîsformers. In these instances the lamps must bc o! the differ
cittial or shunt fced type, and must be furtîter provided witlt
short-eircuiting cut-outis such as arc fcunid in the wveil-knowii
opetn series lamps. A simiilar type of launp is required for oper-
atiixg in series multiple en street railway and power circuits.
but iii place cf tue short-circuiuing cut-otît a device for shtînting
a resistance, equalling tits o! the arc, acrcss the terminais is
ubed in erder titat if one or nmore lanxps cnt-eut or provcd
cfcutive tue current traversing the renliainder -vould net rise.

lu is nccssary aise that a stcadyiîug resistance be placeai in
series with cach greup et stict lamps.

Encloscd iamps for operauiîîg in paraiel on direct and aite. -
nauing cuirrenu incandescent ligliting circuits require a very
simple fced ichlanismn and coitain neitlier shunt magneus ter
cut-outis. For adjusting tîte carboît a single magnet cnly is rc-
quiired coîînccted in series wivi h e arc. Such a magnet respend,
to variations iii thte cuirrent surengtlh and tends to maintaîîî titis
factor constat irrespeetive o! variation in ternminal voltag<.. bu:
as th:s lasuer is a contstanxt fictor the mnagnet ulierefore iii kecep-
ilug liseetîrrent factor conîsuant must likcwisc kcep the arc re-
susuance andi lengti constant alse. A retarding device suchl a.,
a daâlu pot is rcqtîired in tîmese lanxps te alloxv of a graduai
separauion of tue carbetîs, alterinting lamps cspecially dciiiand-
ing a ccîîîparatively slow separation. Ats direct clirrent laipî
ui-ilally operate on circuits et lie volts it is necessary tc intter-
p<ise a resistance in order te reduce titis te about 8e volts as
required across the arc, and, wvhile titis resistance 'vastes eixcrgy.
yeu iu is îîecessary te the successful operation c! the lamps. Tîte
alternating lamps arc nmore fortînate in titis respect inasunuuch as
a reactance coul may be piakced in series -%vith thxe arc ý.vhlich viii
reduce tîte voltage te tîtat required across tîîe arc witli but littlt
%v.iç.tc of energy. Tiîey may aise bc operaued direct froms traits-
forîners delivering tîte necessary arc voltage, or frem eceneîny
coils, or auto-cenverters.

A type et lainip wviich represents simpiicity in tlie extreine us
thtat in ii vicil tUe separation and feeding e! tlue carbon is effected
by the expansion and contraction of a strip cf metal interpesed
in the patît cf the curreut. Suclu a device, while net satisfactcry
wliîen used in conjunction wvith open arc iamps, appears te bc
exccllenitly adaptcd te, parallel buirniuug enclosed lamps, in xvhici
tue arc is pretected frent drauugltts of air, and wvhicli feds oiilv


