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siderable porlion of time is  given t o  certain 
1)ranches of ~rleclianical engineering ; so  that ,  
1,- his work in the laboratory of mechanical 
t311gineering. tile student becornes familiar with 
tile theory ant1 lxctctice of the steam-engine 
n~lt l  other motors, and acquires slrill in the 
u ie  of the intlicator ancl the different forms of 
dynamometer. and also talres part in numerous 
I~oilcrant1 el~gilie tests. H e  thus gains a linowl- 
d g c ,  mllich, ill case lie enters upon any appli- 
cation of tlynamo-electric machinel-, mill be 
\ c r y  important t o  him. 

T l i roag i~o~i tthe last ye:rr an extcndetl conrse 
of  lectnres is given upon the technical rtpplica- 
tions of cllectricity, in which the theory and 
l~ractice of telegraphy, both lancl and soh-
marine, tclepl~ony, electric lighting, and the 
e1ectric:ll transmission of power, are  tliscaseed. 
I n  order to add to the value of this course, 
the lectures ancl laboratory exercises given by 
the regular teachers of the scltool a re  snpple-
luentetl 1)y instruction frorn variorls genllemen 
who are professionally engaged in the practi- 
cal de\ e1ol)ment of electrical science, n Iio give 
corlrses of lectrues, or single lectures. upon 
sl~ccinl subjects; so that  the student has the 
opl~ortuni ty of 1e:irning exactly what is  con-
sidered a s  gootl practice among those act~ial ly  
cmplojetl in tlie profession which he has 
cliosen. 

In ally course of this natnre. r e l y  much 

a Bnowlcge of theory a s  he can accluire in tlic 
four years of his undergra~luate  s t u d - ,  he ndds 
a large arnonnt of practice in  the appllcalion 
of his theoretical knowledge to the si~lntion o r  
the problems n ith which the electrical engineers 
of the present time are  esl~ecially co~lt+ernctl. 
Anti a n  attempt, a t  lezist, is m ~ c l e  to give llirn 
such n preli~i~inrtrytraining, that  lie mill fiud 
himself well f~lrnishecl with the necessary Bnotvl- 
edge t o  continue his staclies by himself, a s  
opportunity Inax aftorwarcls he orf ~ ~ r n i i l ~ e t l ,  
occasion require. 

EL ECTRICIl L ~ , l fEASUl l Ih~( fI l ISTR U-
M E N  1's. 

FORllie quantitative drterminatioil of an  clectricnl 
current, any one of its effects may be erriployed, the 
Inw of ml~icli is known; and the choice of the effcct 
to be utilized in the construction of a ~r i rxsa~, ing  
instrument will be influenced by different corisi~le~'a- 
tioils in different cases. Tile requirements of the 
practical uses of electricity necessitate, in general, 
instrunlents capable of meast~ring currents of @,eat, 
strength, varying througli a wide range. The irtstrn- 
lrients must unite the cliaracteristics of compactrless 
and portability with simplicity of mechanisrri and 
rnanipulatio~~,thns excltidit~g niany of the lnetliotls 

tlcyencls 1ipo11 tlie fncilitics wliich are fn r~~is l i ed  
in the way of instruments for precise measure- 
nient. The  importance of a 1)roper supply of 
snch n]>pmatus has 1)cen recognized ; ancl the 
Rogers 1al)oratory of physics, in which the e s -  
perimental electrical work is carrier1 on, is  well 
su1,l)liecl with the necessary facilities. F o r  
line-testing, the studcnt has acccss t o  actual 
tclegraltli-lines, and learns the methods of 
worliing most suittlble for such purposes. Also 
an experimental statly is  made of dxnamo- 
electric machinery, electrical motors. electric 
illuminating apparatus, ancl other silnilar appli- 
ances. The  student is frn.ther reqoirccl to  nnder- 
talie :I certain amount of worlc of a n  original 
nature, ancl is thns sti~nulatecl to  enter upon 
scientific research. A well-selected reference 
1ib1-ary, containing most of the physical ancl 
electrical journals, together with the leading 
worlir on these subjects, is accessible a t  all 
times. 

Tlie aim of the course, a s  a whole, is to  give 
a n  etlac:~tion in which theory and practice shall 
g o  hand in hand. Tlie pupil is taught, that,  a s  
science aclrnnccs, tlie two become illore and 
inore closely allied ; so that  his professional 
suci8c.ss will 1)e most probal)le, if, t o  as  thorough 

available in tlie permane~it  pltysical laboratory. The 
devices which have been etnployed are so various, 
ancl the forms of apparatus so manifold, that a mere 
catalogue of thern would reacli beyond the proper 
liniits of an article. As they natnrally f>tll into a 
cornp2tratively s~nal l  nnn~ber  of group;, however, the 
leading characters of certain typical forms may be 
indicated within a moderate conipass, and the merits 
or defects of some of the more promillent poilited 
out. 

Tlie most cornnlon and obvions ~nefliod of mPas- 
mirig an electrical curre~rt  depends upon the deflec- 
tion of a magnetic ~leedle by the current itself. Tlie 
simplest arrangement \rwuld be to use a straight 
vertical wire situated in the ~neridian of a very short 
niagl~etic needle, and at  a rrloclerate distance froiri it. 
Witiiirl certain linlits of approsi~natiori, the tangent 
of tlie angle of tleflection is proportional t,o tlie cnr- 
rent strength. If the distance of the needle from 
tlie wire is made variable, an  empirical scalc can be 
experimentally formed, froni which. in subsequerit 
use, the current strength rriay at  once be lr~lown from 
a single observation of deflection, the horizontal 
component of the earth's magnetism being supposed 
invariable, or its variation determined and allowed 
for in tlie reduction. In  a perrrtanent installation, 
such a plan wo111tl be feasible, arlrl capable of giving 
useful results. But it in~olves  some practical ilificul- 
ties, tlie most pro~iiinent of wliicli are tlie consider- 
able lengtli wliicl~ must be giver] to tlie mire, and the 
fact that the wires bringilig the carrent to the vertical 
portion of the circuit 1vo111d themselves pt.odnce a 
(Iibtl~rbitlg effect 111)on the needle, unless particular 
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dispositions were inade t,o render the111 inoperative. 
The chief recomoiendatiori of this method is, that its 
meclianical execution is so extrelnely simple as to be 
within the reach of even an uns1;illed mechanician. 
Of course illis coritrivauce entirely fails to meet the 
requisite of portability. 

If the conrlncting circuit is berit into a circle, and 
tlie needle laced at  its centre, we have tire tanger~t 
galva~iorneter, wl~ich may be regardrd as the furida-
mental type anion& electrical measuring instrlunents. 
As in this ca.e. tlre tangent of the angle of defirctiorl 
is proportional to the current strength; wit11 a great 
increase in the magiiitucle of the latter, the a.~igle 
becornes too large for accurate iiieasurenlelit, owing 
to the rapid variation of the tangent for large a~rgles. 
This difficu1t.v can be ob~ ia t ed  by increasing the ra-
dins of tlie circle; but tlie instrnmerit ther~ becomes 
gigantic :tntl unwieltly, airtl is no longer portable. 
Increasing the strength of tlte lr~agnetic field is an- 
other remedy; ant1 a~iotlicrstill is found in increasing 
tlie clistar~ce of the iiectlle froin tlie circle upon a 
scale c a l c ~ ~ l > ~ t e d  from the theory of tlie i~istrurnent, 
and veritietl or corrected experimentally. 

'rlre lai t  two devices are employetl in Thornson's 
current gal~anonieter and potential galva~rometer. 
I n  tlresc, the coil i.; made of comparatively ~rriilll di- 
mensio~is, iis is tlio ~vliole ins t r~~rnent ,  renderilig it 
verg port;~l)le a~it l  convenierrt to use. A semicircu-
lar rnagnet placed over the coil gives a verg intense 
magnetic field, tlimirrishing tlie deflection of the nee- 
dle to a suitahle value ~vlieli powerful currents are 
nsed; while the compa~s-box can he lnovetl away 
from the coil along a graduated scale. These ar-
rangenletrts give the instruments prez~t range in their 
indications; but as the intensity of the curved rnag- 
net is ea~ i ly  affecteil, they require constant veriiica- 
tioir. I n  a labor~tory tliis is very easy, and the 
apparatus is atlmirably suited for a ~ a r i e t y  of appli- 
cations; but its tleliciicy, anti the neetl of constant 
oversight, render it ur is~~i ted  for rougl~er ~vorl;. 

Various otller n~etlrods may be resorted to for in- 
creasiiig the ralige of tlie tangent, ga1v:~nometer. 
Shuriting is a practical ancl useful device, if care is 
taken that, the slrunt is so placed, or so far renroy-etl, 
as not by itself to deflect ttie ileedle, 01. affect the 
inten.itg of its field. The ciurent may be passed 
thro~lgli  another psrallpl circnit of s~naller radius, so 
that only a diRerential effect is protluced upon the 
needle by tile two portions of ttie circuit, as lias been 
done by Uracl<ett. Or tlie coil rnay be ~ n a d e  to t l ~ r n  
about a liorizontal axis, as ill the cosine galvanon~eter 
of Tro~vbritlge, re.invented later by Ol~ach. 

As in all these irirtruinents, the effect upon the 
needle is dependetit npon the intensity of tlie mag- 
netic field; and tliis is usually that of the horizontal 
componcut of tlie terrestrial magnetism: the varia- 
tion in this rnay occa.ion considerable errors tuiless 
its value is con~tant ly  and accurately lmowr~; mid 
there is also tile liability to the intrasion of foreign 
magnetic forces from tlie circuits and magnetic 
masses in the neighborliood, a cause of error which 
is by no mealis ixnagir~ary i ~ r  practical cases. 

A reco'nd claps of instrrrmerrts dispenses v i th  the 

needle, and utilizes the action of a fixed circuit up011 
a movable one, wl~icll is traverser1 either by the niain 
current, or a sliunted portion of it, or an illdependent 
current which can be ~iir iet l  or co~itrolled. One of 
the simplest forms co~isists of t ~ v o  circular parallel 
circuits, either single, or co~rsistir~gof many turns, 
one of tliese circuits being freely niovable. The 
strength of the current is tliexi directly proportional 
to the force reqi~i~c,d to keep tlre ci1,cuits at  a fixed 
distance allart. 'Sliis has tlre iliiportant advantages 
of elltirely avoiding the use of magnets, and of equal 
applicability to bteaciy, variable? or alternatilig cur- 
rents. \iTlrile disturbir~g ~nagrietic effects are not cri- 
tirely cxclutletl, they are not ~ ~ s n a l l y  of serious ilnport. 
S o  pr;tctical and corrrpelldions apparatus enrbodg-
ing this principle is ill general aye, though it has 
been employed with success in IIill's dynamon~eter. 
Further experiment in this d i rec t io~~ seeliis desirable. 
Tlie varions fornis of clynamorueter in nse gelierally 
liave tlie n~ovaiile cii criit ~no~ ln t ed ,  so ail to  turn al~ont 
a vertical axis, like tlre needle of a galvanotneter, the 
strengtll of tlie c n ~ r e n t  being co~nputed from the 
angle of detlection? or read from an empirical grad- 
uatiori. I n  Sielriens's form, ho~vever, the u~ovable coil 
is bronglit into a fised relation to the stationary one, 
by torsiori, tlic arrlount of wliicli measures the force 
exerted by the current. But this necc~ssit;ttes co~r- 
starlt manual control, arid fails to meet orrc irnportarit 
r e q ~ ~ i r e ~ n e n t  they s l~al l  iri such inqtrutnents, -tliat 
give their i~rdications hot11 t1il.ectly nrrtl coriti~ruonsly. 

Another mocle of avciitiilr~: the use of a r~lagnetic 
needle, is ilI~~?;tratt.il I)y tliosc iristrnn~ents which ern- 
ploy the pulling action of a 11pon a1ielic;ll c~ t~ . r c~n t  
rod of soft iron in its axis: and of these there are 
very many forms. Tile volt-metre ant1 anipkre-metre 
of Iiolilransch have the core in the form of a tliin 
tube of soft irou for liglitncss, suspt~nded 11y a rather 
tlclicate spiral spring of rnilliy ttlr~rs, siriiilar to those 
used in Jolly's specific-gravity balarice. ?'he iron 
trtbe is closed at tlre to]), mitl hangs over a cylinder 
of 11011-magrletic ~niltrrial, n7hicll is fixed in the axis 
of tlie coil, a.nt1 is of sricli a size as to lenvc a narrow 
arirrnlar space betmeell it and the iroir. The air con- 
fined witl~irr tlie tube tl~rla acts like the licjaitl in a 
clasli-],(it, but nlore fr,r.ely, and tlari~ps the vibi,atioris 
of the tabe and spring very effectually. AIL iritlex 
attaclied to the sitle of the irori tube moves i l l  front 
~f a vertical scale, one sicle of whicli is graduated 
esperinieritally to volts or aril1)61.cs, tlie other in mil- 
lirnetres. Tlie zpro-point i~ reatlily atljusted Irjy means 
of a sliding-rod a ~ ~ d  the spiral hct-screw, Eroni w l ~ i c l ~  
sprillg is liunz. Tlie two inst~ruinents differ merely 
ill the ~viiidinq of tlre coils, tlie volt-~net,re llaving 
many t n r i ~ s  of fine wire, mitli a very lrigli resistance; 
while tlie coil of t l ~ e  arnpkre-metre lixs a fen, turns 
of very large wire, mhicll Iiai :L resistance of but a 
srnall fraction of all ohin. 

In  the irlstru~nerits of hyrtoil and Perry, the same 
mecllanical artiori of tlie currei~t is usetl; but the 
indicator is novel, and very irrgeniously uses the axial 
twist, developetl by lorigitudinal traction in a helix 
formed from a ribbon of highly-elastic material. r\. 
pointer attached to the end of the helix, or to a rod 
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in its axis, moves ~,a~lially disk upon which is over a 
the graclu:~tion. Tlie tlisk can be turned througl~ a 
sniall arc for the atljustment of the zero. Tlle iristru- 
n1e11ts are very compact, sin~ple, and strong, and 
very conveniet~t ill use; bnt the spring seems some- 
w l ~ a t  illore lilcely to change t l ia~i  tlle simple spiral 
wed  by Kol~lrauscl~.  

Instead of the spring, IIoplrins lias proposed to use 
mercury cor~fined i ~ i  a cal)sule, tlie bottom of which 
is formed by an  elilstic diapliragm, upon 1~7hicll the 
iron col,e exerts a 11~111 wl~enbhe cilrrent passes. Tlie 
capsule is filled wit11 mercury, as is also a portion of 
a vertical glass tube inserted ilito it. The stress cs- 
erttld upon the bottom of tllc capsule causes the nler- 
cavy to fall ill the tube, mhicli rnay be provicled 
a scale, inciicati~rg current streiigth in the customary 
u~lits .  Variolls forn~s  of apparatus recently de-
scribed, i~ivolvt: the sarile or cirnilar priricil?les, using 
all iron rod fioatirig in a cylintler partly filled with 
mercury, alitl iLn i~idex-tube in wliicll tlie niercury 
moves as displaced by t l ~ e  iron core, or llaving in the 
index-tube a lighter liquid for tlie purpose of illereas- 
i ~ i gthe range. 

An entirely novel d e ~ i c e  has bee11 employed by 
Lippniat111. A horizontal tltbe, bent upward a t  the 
two e ~ ~ d s ,  partially fillec! with mercury, is placed a r ~ d  
between the poles of a strong magnet. By nieans of 
conducti~~g-wires, conveyetl tlirougli the current is 
the Irlercury in a vertical directiori, at  a point, in the 
space bet\vt,en the poles of the magnet. The mer- 
cury, traversetl by tlie current under tlie action of the 
magnet, is subject to a force.whicll tencis to move i t  
laterally, tlius changing the level in tlie two vertical 
arms, by ail anionnt which is proportional to tlie in- 
tensity of the currerit. A.s t,he sensibility requires 
that the quiclisilver colun~n where traversetl by the 
ci~rreiit sl~ould be very t11i11, this portion of t l ~ e  tube 
is given the form of a fiat chalnber on l j~  a fraction of 
a millinletre in thicliness. If used for strong cilrrents, 
the Ileatirig of t l ~ e  mercury ~voulcl take place rapidly, 
nnd cai~se serious To tliisincot~ve~~ience.  avoid 
wo111cl necessitnte 1na1;ing the appar:rtus in i~iucli 
larger dimensions, wit11 a loss of sei~sitive~iess,or 
sh(lrtenec1 range. 

The rotatiori of the plane of polarization of a ray of 
light under tlie influence of an  electrical current lias 
been proposed as a nieans of nleasuring the cilrrent. 
Experirnents, by a ~ii~rriber of physicists, have sliowll 
that measnrernents may be made with considerable 
accuracy in this way; b ~ ~ t  as they all depend upon tlie 
deterniination of a plane of polarization, tlie device 
is found to be less co~lvenient in its appiicatiorl tliarl 
otlier methods. 

TVe xilay notice in passing Cardew's volt-metre, in 
wllicli the current is measured by tile extension of a 
wire heated by it, an iclea, which, though not new, 
lias been applied to for111 a practical and useful in- 
strument. 

I n  all tlie instrurnerlts in wllicll the current to be 
measured produces motiori of a iieedlr, or of a portion 
of tlie circuit, tlie action of external 111ag11etic forces, 
whether of t l ~ e  eartli, or of the machii~ery and cir- 
cuits, as 11;~s i~li.eatly been noted, wonld be felt as 

soon as t l ~ e  se~isitiveriess of the instrument is pushed 
to the point required for great accul,acy, arid would 
make special provisions and precaiitions necessary. 
The spring iristrnnients, as they utilize not the tlirec- 
tive, but the attractive or repulsive actioi~ of the 
circuit, are alrr~ost entirely free froill sltcll clisturb- 
ance, and are tl~ercfore better snited for those cases 
~vhere t,inie cannot be giver1 to l~rc~lir~iinaryexperi-
rnents for adjustrlierit, f rid tlie clcterrriir~atioii of con- 
stants, or where it is desired to ftrllom the clianges of 
a rapidly v:iryir~g ccnrrent. I t  niust be noted, rnore- 
ever, as lias been recently pointed out by Ilospitalier, 
tliat where the clrar~ges in t l ~ e  current occn!' too rap- 
idly, and especially in  the caie of ii~t'~.mittent or 
alteriiating curreiits, the self-intluctio~~ in the coils 
of these instruinents nxry give rise to consitlerable 
errors in their ii~ilications; and also tliat iri all those 
cases where the effect to be measured depends upon 
the square of the current strength, i~~s t rumen t s  act-
ing upc~n the principle of tlie dyi~amomeier must be 
used to obtain tru\t\vorthy results. 

ARTIIIJI<m.1TTFL1~EI~. 

Fon several mont l~s  past, tlie Ppiinsylvania railroad 
company liave bren lighting l~it ie of their cars with 
incandescrnt electric lamps. The electricity is pro- 
duced by Brash storage batteries, vhicli are cliarged 
once a meek. Tlie storage battery is carried untler- 
iieatll the cars in boxes built to receive them, -one- 
lialf being placed on each side. Each car requires 
six trays of four cells each. The trays are nlade so 
that the siruple process of putting tlle frays iii posi- 
tion co~npletes tlie electric circuit. The battery 
rnl~en charged has an  rlcctro-motive force of forty-
five volts; antl, when the electro-motive force has 
fallen to thirtynine volts, tlie battery is recliarged. 
The batteries arc cliargeil at  tlie depot in Jersey City 
by a sixtre~i-light 13rush machine. In cl~arging, the 
ordina1.y Rrnsh ~ l i a~~ ipu la to r ,  without tlie register, is 
employed. 

Swari lamps consunling 1.1 ampfires lixve been 
used altilost esclnsivcly, although Stanl~y-Thorn- 
son's I a n ~ l ~ s  Tlie parlor-cam require have been trietl. 
ten sixteen-candle-l701vrr l:tmps, while the passenger- 
csrs require but six. The lamps are all in p;~rallel 
circuit, silt1 so ;~rrar~getl that one-half rnag be used 
at  a time. The n.i~es are let1 t l~rongh a clocl< tnech- 
anism, whicl~ regi.te1.s ti,(: tiirie they 11ave been 
used. By- nil i~lger~ious device, tile clocli ~ i i e t . l~a~~ icn l  
is matle to liiove lialf :IS fast nllie~l llie switclr tlirow- 
ing off lialf the lamps is turtied. 

Altogetiler, sonie peventeen batteries, of twenty-
four cells each, are i r i  use; and, a3 get, only oiie cell 
lias been disabled. As to loss of efficiency, due to 
deterioration, no tests liave been made. Although 
tlie lamps are probably much less than sixteen-can- 
dle power, i t  is probable that tlieir life is less than 
that of those usetl i l l  l)uildings, because of tlie jarring 
to whicli they are sul~jected. 


