
CA~4ADIAt4 ELiECTI~lCRh ~'4BWS January, 1891

the conduit, providing it can bc successfuily accompiihed.
Somte of the foremeost cfthe construction companics are workig
at the probleat writh ail the skill at thecir commnand. L~et us
boite that cverysucccs!, mnay (rown the efforts ni soute enter
prising inventer, andi then the flecîric railroad oit our busy
strccts wouild becomne a thing of beauty and a joy forcvcr.

ON ERRORS IN BOILER TRIALS.
ÏNIANY enginers and experts, in making beilcr trials, necasuit

the wei)4lit of fuel, the wveight of wvatcrand the other quantitics,
without paying tic stiglitest attention Io tue relative accuracy
%vith whichi thec quantitics shoulci bu deteriiineri. *lle object
of this article, front the Locaooire, is to show that sucit consid-
CraI ions mlay bie cf importance wvlacn a ver>' accura e result is
rcîuired.

As an illustration cf t point wc wish te ni'akc, let as take the
following exanile -At a certain hoiler triai the amoanit of ceai
actualiy burned %vas 2,354 pounds, and the ainount of wvater
cvaporated wvas 2o,640 pounds. 'flese figures givc ns an cvap-
ctrative effacncY Of 8.77 pounds of water licr pounci of ceai.

Nowv let us assume ditt an errer cf 5o potinds %vas mîade in
weighing te wvater, se that the apparent anîcunt cf wvatcr
cvaporated was 20,690 pouncîs, instead cf 2e,640 pounds, the
actuaI amounit. 20,690-'2,354=8.79. Se that the apparent
evapctrative performance of the hoiler is 8.79 pounds cf watcr
per pouind of ceaI. instcad cf 8.77 pounds, wvhich is the correct
resait. *rite diffïercnce introdurcd by an error cf fifty pounds in
weiclîing the watcr, it wili bc scen, is only .o2.

Now~ let us inakze a diffcrent supposition. Let us assume that
the water %vas wceighcd corrcctiy, but that an errer of fift> pounds
was madie in weighing thc ceai, the apparent weighit of ceai
beiug 2,304 pounds. Tien 20,64 - 2,304 =8.96, su thftt the ap-
parent evaporative performance cf the boler is 8.96 peands of
watcr pier îteund cf ceai, instcad cf the truc resuit, 8.77 pounds.
The differenice in this case is quite appreciabie, and the exanipie
shows that it niakzes quite a difierence whcthecr a1 givcn errer is
made in wcighing the ceai or in wecighing the watcr.

The nmorai of ihis is, we suppose, that wve shoaid pay particu-
lar attention to tht wcighing cf the ceai. The scales shouid be
vcry accur.îtciy balanced for thc weight of the barrow, and the
re.adini-s should bc takecn ciosciy. The value cf the kindiings,
expresscd in pounds cf ceai, should aise bc carcluiiy ascertained.
Furthermere, if %ve wish an accuratc estimate cf the evaporation
per pound of cnbu.stibl, we sheuid be, vcry carefual about
wctting clown the fire nfter it is hauied ; for the errer introduced
by the weighît of the inoisture in thc ashi produces as greit an
eFect on the resait as an cqual errer in wveighing the coai.

The ideal way cf carrying eut a test is te niiake atil the
incasuremients in such a nmanner thant tht errcr comimitted in
making any oane cf there shalh have the saut effect en the resuit
as the errer commiiitted in mlalzing any other one. Tht princi-
pie is the saine, te uisean excellent but threadbarc, illustration,
as in inakzing a chain. Don't mnakc, one link any strenger than
an> uther one, for if you do > ou are wasting labor. This can bc
achac% cd in c,.aporaLtse testz, by %vcighing tht ceai %vith 8 or 9
times the accuracy used in weighing the %vater, the ordinary
ev.iperationlpcr pound of ceai being frein S te 9 pounds. Of
courbe 've do not mean tlit titis should bc clone wvith any very
great clegrec cf precision, but %vhat %vc de niean is that tht
%,a.tcr shoald he wceiglttd wvith ordinary care, and tht ceait wvith
ordinary carc.

Anlother %ci- net-..cisa eperation an testing evap.tix'el% cff-
ciencies, is the detcrnmnataon cf tht dryness cf tht steare gener-
atec. l'le crdinary mcthed cf conducting this part cf the worl,
is dcscribcd in The- Locomolive for -March, iS9e, on Page 35, and
te this description ive wouid refér the reader. In the place cf
the bteel)ards thetz shown,za spring balance cf soume sort is
eflen used. Thib sheuld neyer bc donc uniess the spring
balance is cf specail construction, sonas te wvcagh ver>' accurateiy.
The ordinary spring balance wiii net wcigh dloser thian ani
ouncc-or, at the outside, h1ilf an cunce The total wcight cf
stcamt tdinitted bcing t6 ounces, half ar ounce is onet hinly-
second cf the v hole ameunt, and an errer cf ent thirty.second
in the antount cf steain tdnittcd i:i produce approximatcly the
saine eff-ct us an equai errer in notang tht risc in temperature
of tht ivatter in the pail. For instance, let us suppose that a

givcen sanîpie cf steain actually contains 3 per cent. cf anoisture,
but thiat we /iavc.tclittted 16J4 ounces of steaatî, Miehn %ve think
%ve have adinitte<i only i9 ounces. The errer, hlînfan ounce, iS
one thirty-second cf dte whole anîcunt.' Th risse in tempera-
turc weuld have 102* Fah. if ne hand reaiiy introduced only i6
pôunds ; but tht real risc iii temiperature wvill be ont thirty.
secend greater than titis, since we have intreduced one thirty.
second ore steain tlîan we îhiink ive have. A thirty-secend'of
102* is 3% which addcd te 802*gives 1e5*; and titis is the acl/ual
risc in, the temiperature of tht water iii the pail. l'bus %we sce
diat aiiou4ii tue steare really centaated 3 lier cent. of moisttare,
the errer cf hiaif .,n ounce in tht wveighit cf the pail %vouic make
us cenciacie tuit it tvas abseluteiy dry. 'l'ie moral cf titis is,
t:tt there is ne use in rneasuring tht rise in tht temiperature of

tht W~ater te within anc pér cent., if we are geing ta coinmit an'
errer cf at ieast titrec per cent., and perhaps six per cent., in
'veighing the %vat ,er.

We.may cail .rttention hitre to anetiier errer thatt oe-is lhable
te, in dctcrreining tht dryness- cf steami by the ordinary nmethod
-an errer that ai -first siglit sceatîs qtaitt insî.-mficant. Wien
the steain is stili entering the liait, and the steelyards are
appronching equiiibrium, the ctiest way te secure un accurate
balance is.- te leave the pail in jIosition, with the stcam pipe stili
dippingbeiow.the surface cf tite wvater, ittldose tht valve just.
ai tht right instant. Tiht final weiglîingis thtîs pcrformed %vith
the sieam.-pipe squbmcrgcd,; i ahile ordnmaMy the ten pounids of
water ong aaly.lp in ;are weighcd without tht. steam.-pipe. for-
tht sake of tnvtstigataing the cffect cf this let us assume that tht
pipe dips 5 inches beiew tht surface of tht wvatcr, and that the
area cf its cross sectio.nishaifa. square inch. WVhen in pesitien,
thercfare, it dispiaces 2,95 cubic inches of watcr,. and. thercfere
increases tht ivcight of the pail andi contents by ncarly an, ounce
andi a hall. It wvili bc scen from this, and froin tht previeus
caicalation cf tht effcct of an errer cf haif an ounce, that it is a-
haghiy important matter te have the steain-pipe dhpping, inte
tht pail wvhen.the original ten pountis cf wvatcr are weighed eut.
Tht most satisfactory way is te make a suitable mark on tht
pipe, and bring ihis îaîk ta tht letcl cf tht wvatcr in tîte pipe
whienevcr a %veighing is made.

VARIATIONS' IN THE E. M. F. 0F CELLS.*
TEkL description cf tht apparatus. tht capilhu-y clectre-atteter,

andi methed of %vorking are given fuily in the paper. Tht fol-
iowing conclusions arc drawn frein tht resulis cf the experi-
ments :

1. When the rectais, copper, silver, bismutht andi merctiry are
intreduceti inte purificd nitric citi cf different degrets of con-
centra tien, andi a couple made witia platinuin, the E. -M. F. cf
such a ccdl inceses ccnsidcrably front an initiai peint until ît
reaches a censtant.anti in miost cases a ma-ximum value. Tht
rise cf F_ Il. F. is attributed te the production cf nitrous acid'by
the decomiposition cf tht nitric acidl, and tht final. value is
considereti to bce(lue te tht formier aciti only, whiie the initiai
value is due fer the most part te the latter aciti, theugh it is
affecteti teoa renîarkablt dt:mrc b>' tht aineunt cf inmputity cf
taitrens aciti, cither initiaiiy prescrit or preduceti by minute antd
unavoidabie uncleanliness cf tht nietailic strip andi the contain-
ing '-essel.

11. If nitreus aci has been previously aàded te tht nitric
-tid, then tht maximum . a F. is rtacbtd at Once.

111. If the conditiens-namtiy, incicase et temperatare, cf
intpurity, anti cf concentration ef tcid,-tre such as ivouiti favor
a mtort rapid soltution cf the retal, andi censcquentiy a more
rapiti production of nitreus aciti, then the risc of F Ni. F. is con-;
comitantly mot rapiti.

IV. Cenversely, if tbe conditions are unfavorable te tht pro-
duction cf nitreus acid, tc risc cf F. %1. F. is iess rapid.

V. If an>' substance, such asu urea, be addtet which.%would tend
te dtstrov tht nitrouis acid as fast as it may- bc fermed. then tht
rise cf E_ .%I. F. is extremely slow, being- dependcnt upon tht
number cf moîccular impacts ofthe eît-eus acit uon tht surtace
cf the rectal. Thus, t resuits obtai nedby theeilectromctcrare:
confirmatory cf those obtained by tht latter author wîth the
che-micai balance

Tht authors propose te carry on, furtbtr investigations on kin-
drcd probleres.

*Atsnc e a paper en "Tln Valiatiomior i. ms. y. or Celli, cmetWcin or cenain
Mot,],, PltInum and Nitrk Acd," read by WF:%ssr. . liurh and V. H. Vcy,
Uchiihv %lu'cuu4 Oxford, befam the Royat Socicty, Nov. 27th, le89
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