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:L ~ J U S ~ ,tlius allowing tlie joints in tlie rails t o  
be smoothly passed. T h e  reversing is accom- 
plished a9 in the Daft,  by employing nu extra  
pair of brushes. T h e  speed of the car nil1 be 
co~itrollecl by the friction-bralie, tlie inotor 
running coiistantly a t  a ~iniform sl~eecl. The  
Earncs vacuum brake will be eml~logecl. the 
punip of n~liich will be  ruii by tlie motor. 

I t  will be seen from the above, that  the 12cli- 
son-Field combination arc  \vorliing upon a new 
princil'le. This  cystem will have many aclrau- 
tages peculiar t o  itself. Each  car will be 
indcpenclent. and the cars coml~osing the train 
will s tar t  off sirnnltancoasly, thus relieving the 
c le~~ale t ls t ructme of the great  strain cansccl 
by the locomotive when starting. Tile con-
stantly I esolviiig armature, on account of its 
high speecl, :111c1 coi lsq~~ently qreat momeutrin~, 
will Iirlp s tar t  the train, thus re1ie~'iiig tlie 
engine a t  the central station of sndclen and 
great s t~a i t i r .  A s  the loacl on tlie car inc~eases ,  
the traction lilien isc' increases. 'I'lie weight, 
moreover. of a train of this liintl. is more e re~ l l j -  
clistrihlitecl than in one moved i)y a locotnotire. 

Tlic electric motor, in general, possesses 
adrantages n l~ ic l i  are of special valr~e on an 
elevntecl road. I t  is possible t o  ba1::nce an 
electric motor. thus relieving the structure of 
tlie constant r i b ~ a t i o n  callset1 hy the quick1~- 
m o d a g  locomotive. I t s  ficeclom from clnst 
ancl sinolie, a s  meil :rs i ts  economy. insure its 
immedinte introdiiction. 

Althor~gh the progress in introclocing the 
electiic inotor on the Sew-York elevated rail- 
m q  has not been so  rapid as  had been antici- 
patccl br enthusiasts, still the progress has 
been steady, and in the right tlirection. I t  is,  
~ ~ e r l l a p s ,remarliahlc, that more coml)anies ha7 e 
not commenced operations : but mhcn tlie mag- 
nitude of the task is rcalized, and the patents 
held I)-, :i few parties are  inspected. the reason 
is seen. ITowever, several other coml7anies in- 
tend to comnience operations in  the immediate 
futrire, tlie plnns of mliicli are now mat1iring. 

tionecl, the arts of (~~lnclrriplexant1 multiple 
telegraphy, telel)hoay, electric ligliti~ig011 a 
large scale, ancl the electrical transmission :tl~tl 
distribution of power. liave come into being, 
while an enormous extension has taken 1)lace 
in many of those branches x~liich, like orclin:~q 
land and s~l011iarine te legrapl i~ , Ira\,? b(vn 
practically successf'~i1 for a longer time. B u d  
almost sirr~nltaneously v i t h  tliis deueloptnent 
of the practic:tl applications of electricity, and 
Iargelv on  ac8coont of' it, has cui:ie a coire-
spor~cl i i~gl jr:~pid a i ~ d  important tlerelopmcnt 
in electrical theory, aiicl in the constr11ction of 
:~ccurate i~is t rr~nients  for electrical incasnre-
ment ; so that  enqineers with ail electrical 
trainiiig limited to the small amount which. nntil 
recently, % a s  all that  coulcl be obtained in our 
colleges :tnd scientific schools, h a r e  f'ouncl 
tllemselves ill prcparecl to  deal with the prob- 
lems forced upon their consideration. I n  fact. 
a new prokssion,  that  of electricaal engineer- 
ing, liacl snclclenly openetl, ancl ileitl~er tlie civil 
nor mechanical engineer was well prel~ai,ecl to  
11ursiie it. 

Up to the summer of 1882,no adequate pro- 
vision appears to  liave heen made by onr seieii- 
tific schools for the  teclinical training of young 
11ien desiring to  enter this profession ; but  a t  
that  time the Massach~isetts institute of tecli- 
nolopy, recognizing the neetl of such instruc- 
tion, clecicled to  establish a conrse lcacling t o  a 
degree in electrical engineering. This  cowse 
lias gracl~~al ly com-been brought t o  n state  of 
p l ~ t e n e s s ,  ~ ln t i l  a t  the present time, besides :L 

few who liave very recentljr graclunted, therc. 
are about fifty students who arc l )nis~i i~ig it. 

T h e  conrsc requires four years for i ls  com- 
pletion. During the first J ear tlie tiiile of the 
student is o c c ~ ~ p i e d  with general preparatory 
studies in matliematics, chemistry, drawing. 
ancl the modern langnages; and no one is 
a l l o ~ ~ e d .to enter upon ally of the professional 
n~oilc of tlie later years who has not (lone very 
credit:ll~lj- in  the two first-rneritionet~l studies. 

1". 11. PICKER\EI,I,. work, which estencls through The ~)roft~ssional 

A serroor, Fon ELECTRICAL ENGI-

NEERING IN  BOSTON. 


THE ~~onclerfrllly n hich have rapid adv:inces 
been made during the past fifteen -, ears in  the 
technical applications of electricity have taken 
place a t  so swift a rate, that  the progress of in- 
vention has frequently been such as  t o  outstrip 
the technical knowledge necessary t o  apply 
i t s  results successft~lly and economically on a 
commercinl scale. VTithin the period nien- 

the three remaining Sears, is basecl upon a 
thorough study of general physics, mathe1n:~t- 
ies, ant1 mechanical engineering. T h e  t h e o q  
of electricity, ant1 practice in electrical meas- 
~ireinents, are pnrsuecl siinultaueonsly in tlie 
lectnre-room and laboratory, the slrrclent learn- 
ing tlie use of the different forms of apparatus 
orclinarilp used in electrical testing. A ltnowl- 
edge of the calcirlus, and of analrtical and ap- 
plied mc~chanics, is assumed in the professional 
studies of tlie course ; and worlis of reference, 
or ,  if clesirable, text-books written i n  French 
anel G e r ~ i ~ a n ,  are  freely used. A very con-
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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 


