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1AN IMPROVED ELECTRO-MOTOR.* , ,
By THEODOREWIESCND.IXGER. 

TJ7hile recently many minds have been at work,  wit11 more 
or  less  of success, to  produce improvements in dynamo- 
generators of electric energy, very f e l ~have give11 their 
special care and attention to the development of the e l m -  
tro.motor. Experience has taught u s  hitherto that the ef i -  
ciencies of one and  the same machine for action and  reac-
tion, or  for use either as  a generator, or h~ the inverted 1 
process as  an electro-motor, stand in a certain and  direct ' 
proportion to each other, or that our most efficient genera- 
tors, such as  the Siemens, Brush and  Gramme, machines 
prove also the most effective motors, and on  the other hand 
that inferior dynamo-mschines invariably are inefEcicnt 
motors. I t  would, h o l ~ e v e r ,  be  hazardous to conclude from 
these results that this rule shoulcl l~old good for all future ma- 1 
chiues, and  from the results of researches I have recently I 
made, I come to the conclusion thar the motors ~vhicli are to 1 

supersede those now in us?: could not be employcd as gen- 
erators. Dynamo-machines, s ~ i c h  as  nowconstructed,  only 
prove efficient\vhen theil-field-magnetsare ahle to retain at all 
times (e. g..,even when the machine s tands at rest) a certain 
and  very- considerable amount of residual magnetism, and  
for that reason their cores are made of retentive material,  
hard cast iron, a s  is the case in  the Brush a n d  Gramme ma- 
chines ; or if the cores consist of soft iron they are attached 
to large masses of hard cast iron. in such a manner  that the 
latter are inclosed in the magnetic circuit, ancl form part of 
the cores. 

G~~~~~~~~~~of the same kind,  m~lelllnade slnall in s ize ,  
have cores much  larger and lleavier in and,  
moreover, the baseplate, or ,  as  ill westonlllachille, a 
heavy retetl t ive is made to forln a portioll of  ,field.magnets. B~~ all kforts hitllel.to lnade  to produce 

slnall dynamo-macllines with cores of soft iroll 
only,  have resulted ill absolute fai lure ,  although mell of the  
l1igllest g e n i u s  have repented all,jprolollge,j efforts 
LO solve that most difficult of problems. 

These  curious facts concl~ir ively prove that the theory 
explanatory of the action of dynamo-machines, a s  now uni- i 
versally adopted,  viz., the theory of inductive action and I 
reaction bet\$een Lhe field-magnets and tlie armature, can- 
not any longer he considered complete or satisfactory ; for 
even wrought iron, especially when occurring in large 
masses, always contains an appreciahle amount  of residual 
magnetism, more especially after ir has  once been suhjected 
to strong magnetization, and if the above theory were cor-
rect and  complete, then the snlallest possible amount of 
residual magnetic energy, augmented by repeated action 
and  reaction, ~ v o u l d  be  sufficient for the s tar t ing of such a 
machine to action. This ,  however, experience proves izot 
to  be the case, and the theory, although stoutly adhered to, 
must  be either abandoned or amended.  

T h e  inventors of the most recent electro-motive engines 1 
have worlred-perhaps unconsciously-upon the idea that 
the construction rilld action of electro-motors are based 31- 1 
together upon (he same laws as  those of dynamo or mag-
neto machines, and ,  in with that assumption,~ c c o r d a ~ ~ c e  

the field-magnets of the Desprez motor  are  made to consist 

of large and heavy masses of magnetized steel. 


Experimeuters have also f o r  a l o ~ l g  tillle past c lung to 
the idcn that the efficiency of an electro-motor-or tllc 
a ~ i ~ s u n t  energy to be obtained fro111 sucli a macllinc 11)- ,of 

means of a current of gix-en strcngtll circulating ill coils 

of its arlnature only-l~ears a definite n ~ i d  direct proportion 

to tlie magneto-inductive power of its field-m:xgnets, alld 

that an increase of pon7er in tlic iield-magilets alolle lllust 

necessariIr protluce greater cal~abilities of tlie machillc, 


, - -
This ,  homerer ,  is a ~i l iscl i ierous tlicory, becanse crron-

cous  in its \,cry principles, and devclopl11eut ~ v o u l d  only 
lead to tlic liypotliesis of perpetual motion. O n  the con- 
tmry, starting flonl tlie consitleration of the [act that a very 
snlall ~nagne t ic  needle, if acted upon hy  one of the poles of 
anotller rind \-ery po\vcrful magnet, has  its polarity des- 

troyed o r  reversed, and that if one  of its poles, say the N 
pole, is presented to a similar (N) pole of the large mag-
net, the fornler will instantlj- lose its characteristic qualities 
and  be attracted by its orerpoxvering opponent, we can only 
come to the one rational conclusion that the pomer or  the 
field-111ag11ets of a11 electso-motor, as compared to that 
of the magnet o r  ulagnets constituting its armature,  
S I I O U I ~ I  not surpass  the limit s o l ~ ~ cof certain ratio, to be 
determined yet by experiments carefully conducted,  nud 
that, if it surpasse.; the limit, the capabilities of the ma- 

lie illlpnircd, .ictiIlg this I hare 
constructed a nlotor in \vhich the power of the field mag- 
nets is as nearly as  possible cciual to that of an armature, the 
core of the forlller heillg very light al1d lllade entirely of 
soft  iron ; and the satisfactory results ol~taincd froin this 
lllacllinc are  a sure sign that fLlltllcr investigatio11 of the 
subject  alld esllerilllellts lll;lile Ivit]l of dcterll1inillg 
the exact ratio of polver bet\vecn the magnets and  armature 
will resl1lt ill fu r the r  i l l ~ p r o ~ e ~ l ~ e n t ,  

Another  nnd very iulporta11t considerntion in the con-
struction of dynamo-maclli~les :1nd electro-motors has  
not yet received that care and :ittention fro111 scientific in- 
vestigators ~vh ich  would lead to immediate progress. I t  is 
the method of motion of the revolving armature with regard 
to its approaching to, or  recedillg from the poles of the field- 
magnets. I n  ucarly all the 1nacl1ines now constructed the 
polar faces of tlic cores of the field-magnets and those of the 
arlnaturc arc  of such a shape, and the latter is caused to re- 
volve in such a manncr, that only in a small portion of 
the revolution its poles either approacli tlic poles 
of the field-magnets o r  recede fro111 them. Nut tlic nlost 
S L I C ' L S ~ ~ L ~lxoduct ion of inc111ced currents will be acliic\-cd, 
and  the greatest aruount of polver will be derived from a 
motor, if attention is pxid not merely to the o m  condition, 
that the armature s h o ~ ~ l d  higlily con- r c ~ o l v c  in the nlost 
centrated lnaglletic ticld possible, I ~ u t  also that nearly tlie 
entire nlotion of tlie revolving armature sliould be  either 
one of approach or  of \vitIldl-a~val. Let  u s  first of all con- 
sii'ler the case of a machine \\,it11 two poles only of field- 
lnagllcts and two l-iolcs of the revolving a r m a t ~ ~ r e .  

i t  is usilal to give the active faces of the former mc11 a 
shape that a section of the same represents a portion of a 
true circle. See Fig. 7. 

I n  tlie ordinary lnacliillcs liom in use the radius of thc 
circle described by tlie outlinc of the revel\-ing armature, 
and that of thc larger circle d e s c ~ i b e d  in portion hy  the sec- 
tion of tlie inner  or  active faces of the poles are  nearly the 
same, aud  tlie two circles are  concentric. (See Fig. 7,) 
T h e  pole 8 of tlic r ~ r ~ n n t u l e  only approaclies tlie pole h of 
the field-magnets mliilc movilig from c to d, or \\,here tlie 
intensity of the ulag11etic field of h is a t  its minimum. 
TIThen continuing its ulotion from r i  to Y aud  to f.the pole 
3 can no longer h e  said to appronch A, hecause the dis-
tance bet\vccn thc respective surfaces relnains constant. 

I therefore propose that the devices sllomll i l l  Figs, g 
6 should be adopted.  T h e  radius of tlie circle, part of 
wllicll is forllled hy the sectiol1 6 1; 6 ,  is considerably 
larger th:ln that of thc circle descrihed by the outline of 
the fieltl of lllotioll of the armature ; 4 1; 6 is, nloreovcr, 
considernl~ly less than the half of a circle aud the three 
circles d,i; i, /: e, h ,  and  that describer1 by the outline of 
the field of motion of tlie armature are  not concentric. T h e  
pole g of tlic armature, lien in motion, approaches the 
pole, A, not only in its course from e to C ,  but  also \vllen 
in the most intense magnetic field of A ,  viz., whilst nloving 
fro111 C to z and  d Fig.  111.cprescnts a section of the field- 
!nagnet's cones E F aud  G 13, nucl pole's pieces N : ~ n d  S cast 
In two lialvcs and moullted on  a base board,  to whicli they 
arc fixed by tlie two bolts R and  T .  Tlic salile principles 
niay h e  applied to machines with field-rilagnets of more 
tlian two poles (see Fig,  3) ; or the armature itself may be 
nlade of such a shape as  to work under  the conditions 
above stated (Fig. 4). Nut even if tlie poles of the arma- 
ture and  those of the field-magnets are of the ordinary 
shape, a machine wit11 111orc magnets will be nlore perfect 
in its action tlian one with two ~ o l e s  onlv. F i r ,  10 illus-

1 trates a machine in which the a;~naturc iuring-nearly the 
*A paper read before the British Association. I whole of its lilotioll either approaches to or  recedes from 
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the pole of the field-magnets. I n  such machines tlic mo- 
tion of the poles of the armature is  also niore in a line, co- 1 
incident witli tlie line of attraction ns exercised bet\veen thc /
two systems of poles ; while in niacliines \\.it11 field-magnets 
of two poles only the niotion of tlic polcs of tlie :u.m;~ture 1 
is at times at angles of 45 dcgrecs to one degree fro111 the i 
direct pull. 

I may, perhaps, be allowctl to call attention to nnotlicr 
matter of importance, awaiting fur t l~cr  researcl~. W e  find , 
tliat in tlie three types of clvnanlo-iiincl~i~ies, as  constl.ucted 
1)y Siemens, Graiii~iie ;uncl \ ~ i l d e ,  tlic relative positions uf 
thc axes of the fieltl-magnets :uid tliose of tlic armatures arc 
nltogctlicr cliffcrent. Yet the tlirce s!.stenls work well. 
W e  are unablc, liowcver, to state \\.it11 certainty wliic11 110- 
sitions of tlic axes are thc best, o r  ~ v h y  any one of tlicse 
positions sliould bc bcttcr tlian the others, ancl in the ince 
of cxl~criencc, thc theory of tubes or  lines of force is little I 
~ n o r c ~ t l ~ a nI ~ y ~ ) o t l ~ e s i ~ ,all its clifi~sion, vagueness a with 
and uncertainty. 

~~~i~~~so fa r  consicleretl general l)rillciples cllicn)., I no,,, 
beg to clescribe tllis motor ( ~ i ~ .5). i~ 13 c 1) is \vl,oclen 
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nlena in Geological Timc." H i s  object appeared to 11c to 
sliolv that all It11o~vn geological formations have been pro- 
ducecl uiicler 1111)-sicnl circu~nstrnices closely rcscml~ling, if 
not idcntical, witli tliose with which we arc inorc or  less 
fiu~iiiliar. Tlirougl~ the various geological epoc l~s  he traced 
this itlcntity of operations in rcspcct to tlie iiieta~iiorpliism 
of roclts, tho proclucts of v o l c a ~ ~ o c s ,  tllc uplicnving and clc- 
nudations of inountc~in cl~:~iiis, tlie tlcposit of great inl(zt/d 
~ z t ~ a sof snlt, a rocurrcnce of ircsli-w;lter cr,nclitions in lakes 
cuntl estoarics, ant1 gl:~cinl iniluc~ices. l l i s  conclusion was 
that froin tlic Lnure11ti:in c l x ~ c l ~ st lo~vn to t l ~ c  prescnt day 
all physical cvcnts in the liistory of tlic cart11 have varied 
ncitlier in 1;ind nor in intensity from tllosc o i  1vliic11 we now 
11nvc oxpcricncc. 

Tlie conclusions t1rn1i.11 from this ntlclrcss :1rc summed 
u p  in t11c closing \rortls of 1'1~ofcssor IZ:l~ii!:c)-'s discourse. 
as  follo~vs: 

" In opening this atlcl~ess, I begno \:.it11 the subject of 
tlle oldest met:ttnorpliic roclts t in t  1 l ~ a v c  secn-the Laur-
entian strata. I t  is  e v ~ d c n t  to every person who thinks on 
the subject that their deposition tool; place far from the be- llasebonrd, E F G 14 a frnlllc, consistiIla of the tlvo ~ ) n ~ l l ~ l  

of brass, insulated from e a c l ~  ot l~ern~lcl  tile sl)intllc, ;ultl f r o ~ n  
e ~ c l l  for~llillg of tile tcrmilinls tllc coil, 1'ig. 2 1 
rc1)resents a scctionnl view of nco111~~011nd 1nincliine, acting 
011 tile same principles ; Fig, I is :I view of tllc two-cntl 
castings which hold t l ~ e  field-mnynet. 'I'l~is m:tclline con-
tains a system of six field-magnets and six poles, and a 
compound armature with six poles. Tlle current is to be 
reversed six tinles for each revolution, and to acco~nplisll: 

this I have devised the following commutator (see Fig. 8) : 
-In these machines, also, the poles of the field-nlagnets or 
those of  the armature lllay be of such a shape a s  to be I 
nearly always approaching to, or receding from, each otller, 
while in active motion, 

The developlllent of most ilnportallt nlachifies is destined 
to reach a certaill stage of perfection, when furtheriniprove- 
lnents cannot be accomplislled by the illventor Iln:tided ; 
the second and important factor needed then is  the co-op- 
eration of inventive and investigative t:tlent \vitIi capital, 
This  stage of perfection has been reached in the stealii- 
engines, gas-engines, printing-niachiner)., etc., and it may 
be  said t~ be rapidly approached by the progress liiade 111 

dynamo-niachines and electro-motors. 
The  development of the latter machines is follo~ved by 

the  scientific world with greater interest, ant[ it evokes , 

more eager expectations than that of other iiiacllinery, 
chiefly because it is  not, and cannot be, identified with the 
solution of a problem limited within the confines of niechan- 
ical difficulties and commercial interests, but  ilecessitates 
a further and deeper investigation into that great and subtle 
power, electricity, whose manifestations are so  strilting ill 
their effects, so  mysterious in their nature, so promising of 1 
great results in an immediate future, so  fertile a field of re. 
search to the pioneer of science. 
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volcanic forces played :t more iml~ortant  part in any period 
of  geological titile tllan illey du in this our  nod ern epoch. 
SO, "1~0,  mountain chains cxistetl Ibcfore tlie dcposition of 
Ilie Silurian rocks, otllcrs o i  later clate before the Old Red 
Sandstone strata were formctl, ancl the chain of tlie Urn1 
bcfore the deposition of tlir: I'crmain beds. T l ~ elast great 
"~ l leava l  of tlrc Allegl~nny IIountains took place between 
the close of the f~)rmation of the Carboniferous strata of 
that region and the deposit io~l  of the New Red Sandstone. 
Accorcling to Darwin, aftcr v.~rious oscillations of level, 
tile Cordillera ~nder \ve i l t  its chiei uplieaval after the Cre- 
taceous epoch, and a11 :!eologists know that the Alps, the 
Pyrenees, the Carpathinns, the I-Ji~nalayas, and other moun- 
tain chains (mllicll I have llallieci) underwent what seems to 

been their chief arcat ~ i ~ ~ l ~ e a v a l  after the deposition of 
the Eocelle Strata, while some of t h e ~ u  were again lifted up 
~ e ~ e r a ltho~lsands  of  feet after the close of the k1iocene 
epoch. The  del~osition of salts fro111 aqucous solutions in in- 
land lakes and Iaroons appears to have t:~ltcn place through 
"11 tinle--tllrotI&!h Silurian, 1)evonia11, Carboniferous, Per- 
llliail, Triassic. Jurassic, Cretaceous. Eocene, Miocene, and 
Pliocene epocl~s-ancl it is  ::oing on  now. In  like nianner 
fresll-water and estuarine conditioiis are found now in one 
region, 1 1 0 ~in an other^ throughout all the for~iiations or  
groups of  for~ilatioiis possil)ly froiii Silurian tinies onward ; 
and glacial phenomena, so far from being confined to xv11at 
Was and is  generally still termed thd Glacial Epoch, are 
"OW boldly declared by indel~endent  witnesses of known 
hiah reputation, to begin wit11 the Can~br ian  epoch, and to 
1iave occurred some\vherc, at intervals, in various forma- 
tions, fro111 alnlost the earliest Palzcozoic tilnes down to our 
last post-Pliocene " Glacial Epoch." 

If the nebular I~ypothcsis of astronomers be true (and I 
know of no  reason \vlly it s l~ould  be doubted), the cart11 was 
at one time in a purely gaseous statc, and afterwards in a 
fluid condition, attended by intense heat. By and by con-

M E N T  OF SCIENCE. 1880. solidation, due  to partial cooling, took p1;ice on thk sur-
fate, ancl a s  radiatiol: of heat went on [lie outer s l~e l l  thick- 

T H E  British Association for  the Advancement of Science ened. Radiation still going on, the interior fluid matter I
met at Swaiisen on  the 4th of September last, under tllc decreased in bulk, and,  by force of gravitation, the outer 
presidency of Dr. Ramsey, w110 tool< a s  tlic subject of his shell being drawn towards the interior, gave way, and, in 
address, "Tlie Recurrence of Certain (;eolog.ical Plieno- parts, got crinkled up, and tliis, according to cosnlogonists, 


