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The Evolution of the Dynamo,

Several years ago whsn man spoke in jest of eneircliing
the sarth in forty nimutes, they hed no idea that such a fant
would ever be poeeible; but whet would they eay if they were
to come back for another look at thiza world end ses the thing
notuslly sccomplished?

Their firat sct would be to inguire whet gresat discover—
ies or inventions h=d led to such sn advance rrom thelr time:
snd they would be answered, "It is all dus to the discovery of

the power of elaagtrioity,.® "Who mede this great discovery ?%,
thay would esk, and we should answer that in the yesr C00 B. 0.
Theleg 8 scholar of Miletus in Asie Mimor, sccidentally found
that efter rubbing & pleos of =snber sgninet his olothing, 1t
firat nttracted and thsn repelled 1ight objects whan they were
brought near it, Dut sam he could not explain this action of
the exber, mo historisal mention wes made of electricsl Dhe-
nomena until the time orf Theophrastus (241 3, 0. ), vho wrote
that amber when rubbed attracted straws, amell aticks and even
thin pieces of sopper and iron, Both Aristotle and Pliny
P88k of the slectric eel and its power to benumb othar animnia
wnich come in contact with it.

Thua far only simple phenomens hed been mentioned and
no study of the sleatrical foroe hed boen nmade, This seans
rather strange to us, when we consider the culture and cowar
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to investigate of the anoient Phoenicisne, Bgyptians, Creeks,
amd nans. True we find in their literature certain stories
of people being cured of disense by shocks from the electrie
eels; but further then this they male no mention of electricity.
Bven in the Middle Ages whe: writers end sclentists saw fit to
sueek of the eleotrioal phenomene obsarved by the snclents,

they failed to follow up the atudy end made 10 sdditions to the
sxience,

It was not until efter & lapse of two Shousand years
fron the disaovery o Thales that I, Gilbert, physician to
Quesan Rligsbeth, took up the atudy of ambar and other substanoes
vhisch whaen subjected to frioction sequired the power first to
attrack then to repel other objests., He published his obsar-
vations o in & 1ittle book cnlled "De Magnetism® in the year
1800 A, D, and thus becsme the firat smthor upon elsatricity.
Yor many years after this, electrionl axperinents were carried
on upon the lines laid down by Dr. Gilbert! and the substances
which obtained the power of attracting other bodieas, came to
be known Bs alectries.

Among the sblest investigators at this time Robert Soyle,
author of "Experiments on tha Origin of Electricity®, 8i® Isaac
Hewton, Otto von OGuericke, and Prancis Hnwkabee, the last of
wvhom commnioated his exparimsnts to the Inglish Royel Society
in 1706. Of the sbove probably Newton end Hawkabee conducted
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experiuonts of the most value, They used & glaee globe, end I
ctnsed it to revolve repidly while rubbing it with the hend;
thus they beocame the originstors of the better eguipped eleo-
tricel mmchines now used for smchool purposes,

The next step of importence e&nd one which marks an
epoch in the scienee was taken by 8tephen Grey of Englend in
1776, To him 1s due the discovery that the electricity from
the glase cylinder could be carried some distance; and though
ha used only a pack-thread for e sonductor, he succeaded in
transnitting electricity meverel hundred feet. Prom experi-
mente of this kind eame the knowledge thaet some substances were
naturel condustors while other®s were precticnslly non-conductom

and that the substences which were non-conduators were those
generell¥ known ee elsctrieca,

Another importsnt step wes soon taken, Previously the
only wey to get electricity for sxperiments had been by means
of the gleas ball or whesl, Dut now a discovery wee nade by
which the electricity from the glesa brll could be bottled up
and then drewn upon Tor experimentel purposes. It is not
known who mede this Lrportent discovery, but the name given
to the storage sppearetus wis leyden jar, from Leyden, n city
in Hollend.

About thie time there sppesred n men whose writings nnd
expariments hed more to do with svatemetizing the sclense and
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turning 1t to practical use than any of his comtemporsries.
This wes Benjemin Franklin of Philadelphis,

In 1780 Galvani of Bologna, Ttaly, discovered while
experinenting upon s frog that alternating motion between the
nerves =nd muscles could be produced by = fores pgenernted by
gaertain dissinmilar metals when brought together, Though this
cames to be known as the galvnnic fluld snd gelvanism wos made
to perpetunte his neme, it wes not until 1800 thet Volte, sn-
othar Italisn, succeeded m‘m to the world thet & new
force hed bean discovered. Volta construocted what becsme known
a8 the galvanic pile, but mors largely sincs na ths voltale
pile, which he found would penerste electricity strongly end
continuously.

In 1801, Wicholson showed that when electrioity from a
voltaic pile wes passad through selt water, the water wns de-
composed into hydrogen and oxygen.

In 1807 Sir Rmphrey Davy still farther applied electric-
19y to chenist>»y and demonstrated that substances in the
earth's surface heretofore known as slements could esasily
" be resolved into thelr components by a strong current. Two
yaars later, in 1806, he meds a discovery that was phenomennl,
Hs showed that if an elsctric current was paszed through two
plezes of carbon when the carbons were separfited m littlie way
the spark psssing betwesan them pave s veary intensme light. This
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wus the giscovery of the prineiple of the electrie are light
which ia used to-dny in every city of the world.

Betwesn 1810 &nd 1850 meny important laws pgoverning
electrical phenomeane were fornmilated. Orsted of Denmark
ascertained the meons of messuring the strength snd direction
of & current; Ampere of Prance, the identity of electrioty and
what before hnd been cellad galvanism., Ritchie of England
mads the Tirst meohine by which n continuons motion was pro-
duced by the ettrsoction end repulsion betwesn fixed magnets
&nd electro-uameta, This mechine was a suggesation of the
present dynamos and motors,

It was not until 1821, when Paradsy bagsn to make his
splendid sxperiients, that an exhaustless spring of electrieity
waa Tound, Hs prire discovery was that of the induction of
electiric surrents or nanufefturing electricity dirsctly from
magnetism, The industion coil used by Pareday, though erude
in form, embracad the samne principles ss the coil smployed
to-day. It consisted of sn iron core about which were wrapped
two layexs of insulated wire., One layer consists of s thick,
ghort wire end is enlled the primsry coill, while the othor ia
g very long, thin wire known as the secondery occil, When &n
electric ourrent is passed through the primary 2o0il with fre-

gqrent bresks, it induces sn alternating currant of vory high
tension in the secondery coil, thus powerfully incressing
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its efrects. |
Among Paraday's other inventicns wes s dynsmo which

he produced ebout this time. It wes simply & copper dise
revolved between the Joles af a magneat. When the disc wes re-
volved, it was found thet by comnecting two wirea by messns of
springs -« one to the axle snd the othsr to the edzs of the disc -
2 ourrant wes prodused which flowed from the axles to the sdge |
fo the diso and then around through o wire bach to the slxe egain,

One of the simpliest forme of an electrie machine 1s
the megneto. It coneiste of & simple turn of wire the ends of |
which ere conrected to the rings celled commtetor rings, =nd
arranged so ns to reavolve batwaaen the poles 0Ff a magnet.
Resting on sach commmutator »ing is m metaliie spring or brush
whioch gerver to condust the current sway from the machine into
ths external circult. A machine of this type will produce
m alternaeting ourrent; i.e., 2 current which during one helf
of the revolution rises fron mero to ite naximm velus snd
then falls beck to gero sagain, and during the other half of
the revolution goes from gero to ite nexirnm velue below the
lins end then rises to EZero once more.

Theres ie snother maschihe sindlar to the sbove conly it
gives 2 gontinuous current; i.e., & current which never fells ‘
below the 2ero line, and the only difference betwean these two
machinea is in the conmutator rings. In the alternator thare ‘
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are two rings while in the continuouve currer® maschine there is
only ones ring; but this is mede up of p number of segments
insulated from eech other, snd the wires of the apmapure are |
connacted with these different segments,

In all dynamo-electric mechines there ore thras prin-
cipal parts; lst, the inductors, or magneta, by which the
fleld is excitedj 2nd, the prmature or conducsting system in
whiah the E,M.P, 18 gensrated; snd ord, the brushes or conduc-
tors through which ths csurrent is teken svny *rom the mnchine.

All dynemos sre divided into two clessesand in the
elacgification thars are thras points vhioch mu=t be noticed:
1st, Is the N.M.7. induced in the indudtors as 1t rotatesn,
always in the seme direction or doen it altarnate by reason
of sutting the sames 1lines o foroe twice in the same yevolution
but in opposite directions ? £nd, Is the leang®h of the inductor
parellel or a2t *ight angles to the axis of revolution ¥ 2rd,

Is the external E.M.P. altermating or contimmous *

The two colasses of dynamos mre fipst those in which the
induatore out the sames linea of Torce twice, but in opposite
directions, in the amme Tavolution, and dy resson of so sutting
ther: have an alternating E.M.F. induced in them. They nare
called bi- or multi-polar dynemos. BSecondly, those in which
each inductor when cutting lines of foree alweys cuts them
im the smme direction and therefors the E.M.P. 1nduced ig s
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gontinuous one. BSush machines are ognflled wni-polar dynamos,
¥e will firat take up the discussion of thre cynamos

which belong to the former clmss &nd in whioh the inductor's
lsngth is parallel to the axis of rotation,

Throulth the center of a rectangulinr gap formed in a
horse-shos megnet by letting the poles heve plsne sides, let n
spindle which has s wire raidly some distance from 1t but
supported upon it &t each and be placed, Now whan the apindle
is rotated, the wire will cut the lines of “oroe first in one
direction snd then in the opposite and this will induce an al-
ternating EMML.F. in the wire. If the ends of the wire be
connected with a pair of comneoting ringe on the spindle dut
insuleted from it, against which two othesr wires are comnected
by means of aprings, we shall heve o mechins which is giving
off an altsrneting EAM.P. One of the disadvanteges noticed
sbout this machine i= the long nir gap through whish the lines
of foroce are compelled to pass, This gap can be greatly dimin-
ished by boring out the aidea of the magn#t, so that they will
mors nesarly conforu to the shape of the amstured but this e
found to help us but partially, &s now the greater part of the
lines will Jump acrons At the sdges whers the air gap is least
end the only remedy found for this disadvantage 18 to meke an
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iron gylinder which is plnced between the poles of the magnet.
The industors may be leid upon this core if we wish, It will
now be sean that instend of Jumping soross at ths edges, the
lines of force will all crowd through the iron core as it
forms the path of least resistance between the poles, thus
making more lines then can be out by the inductors and conse-
quently genarating e larger DJILF. Thies iron oylinder when used
88 & core for the armaturs nesds to bs roteted, although 1t

is antirely uwnneosssary on any other ground.

We will now paas to the dyneamo of the sscond oclass, or
those in whioh each inductor vhen cutting lines of foree, is
always st sny movemsnt in the sevolution cutting them in the
ssme direotion and further never ocuts any lines twice in the
same yevelution, hence the E.M.F. gensrated in each inductor
always has the same direction slong its length and is never
revarsed, This class of dynamos mey bs divided into two
groups: 1st, thoss in whish the inductor's sotive length is par-
allel to the axis of rotation and 2nd, thooe in which they are
at rigth angles to the nxis of rotation.

In the first group consider » aingle industor roteted
between two curved pole pleces: the E.M.F. gensrated will
alwvays be in the same dirsction along the inductor's length
Bnd wi1l lest as long as the industor is moving through the
fiald, Now if the field magnets be made tubuler, there will

TR RN,
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be no breek in the E.M.P, which will be msinteined contimuously
end st o constant value, and If the cireuit be completed by
Joining the ends of the inductors by rubhing contacte with
an external eirouit, we shall heve » uni-poler dynsmo giving
& continuous ourrent both extarnally and within the asmature
itself,

In the second whers the inductors length is st right
angles to tha axis of rotation, 1t is sizplier to mount the
field magnets upon the spindle, thus meking them the rsvolving
part snd lstting the armature gsmain stationary.

8o far in speaking of dynmmos we have had only one in-
ductor; but it is found that in order to obtein an E.M.F, that
is lavgs snough to use, we muet have ssvearal inductors joined
in series and these industors may all be ladid upon the sane
sors., Two methods of adding the inductive sctions of e pair
or more of inductors et once present themselves, By the first
inductor No.l is connected in series with another industor,
No. B, next to it on the surface of the core and under the same
pols plece. By the second method the Ffirat inductor is con~
nected with snother nearly dismestrically opposite on the
other side of" tha core,

e former or "ring" msathod was firet employed by Prof.
Pacinotti of Pisca in 1884, but it is slso frequently ealled

thes *Grarme® winding froo: & French slsotrioish of thrt name,
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who independently discovered ané introduced it agein ssven
yeara later in 1870. The prineipls of thie type of armeture
is a soft iron ring eround which is vound insulated copper
wire, whioh is connected at rsgulsr intervals with the segments
of the sommtstor. In this type of aemature the turne of wire
ars laid side by aide on the core. The only difference befween
the srmatures invented by Pacinotti and Gramme is found in the
core. In that of Paocinotti there rre s number of teeth on the
mirfece of the ring snd the wire is wound between these teeth
to koep 1t from slipping:; while in the Grame aruature, the
core is 2 smooth iron »ing with the wire aroungd it. How we can
gec more plainly the advantage of an ivon core betwsen the poles
of the magnet, If it ware not for this core, the lines of Torce
would pams directly moroece from Dole to pole, and there the
portion of the wire that was inhide of the ring would be.outting
lines of fores the same as those on the outsids, snd this
would set up two E.M.Pls opposite esah other; whereas if the
iron core is used, the lines all peas through 1%, and in this
way only the portion of the wire on the outelde of the ring cuts
lines of force and generates an EM.F.
The second, or "drum® method is identified with the |
neme of Siemesis, but it wes not introduced in its complete
form wntil 1878, then by Von Hefner Alteneck. This foru is
_ awan mimmlsr than the ring. snd sonsiste in joining the Mfurther
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end of one inductor by » connecting piece of wire across the
end of the core to the further end of enother inductor situated
nearly diametrically opposite the first. The E.M.F. induced

in the two industors will now help each other around the loop
thus formed, being in oppoeite dirsctions along the loop es
viewed from the end.

From what has been said the technicel points in the
songtruction of the dmeamo are now evident, The differant
types and practical use of dynemos will now be considered.

Tirat there ars dynamos which are deaigned for s con-
stan® ocurrent and a high E.L.P, These mashines are ussd for
are lighting and are made for a high potentisl mo am to be able
to run several are lights in series and thus save considersble
expense in wiring. Othsar machines are built to give & low
EM. P, nnd n large mmount of ourrent; and such machines are
used for electro-pliating, whers it is desirsble to deposit the
metal upon the object slowly, and vhers & high RO P, would be
detrimental. 8till oth=r machines sre built with an B, 7P, #nd
current of medium value, &nd are used for incsndescent lighting,
where the smount of current depends upon the mmiller of lamps,
but the woltage in the asme no mettar whother you are 1liphting
one lamp or one hundred. And than we have mashines for the
generation of an alternating current, which is used for lipghting
purposes; but gensrally it is tranaformed and applied to run
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motors situated at conasidersble distance from the station.

More often insteed of running an slternator, eurrent is taken
from 2 contimuous machine and then put through a rotary trans-
forma», where 48 16 changed to an alternsting current and
stepped up %o ten thousend volts, transmitted thence to the
auburban station, where it is again trensformed to & continuous
current of five hundred volta for running electric cars and
motorw, These motors may in turn be used to run are light
machines or other dynamos,

It will be well Tor us to note of whet vast import-
ance elsctricity is to a commmnity. The introduction of
glectric lights into & village has much to do with the growth
of the placey; ns having the strgets well lighted insured the
sef=ty o the people when they nre out at night, and so
they will not be afrald to sove into the village. Then let
us conaider the electric car., A fow years ago electric car lines
eeve outside the oities were not even thought of; but now we
heer talk of great suburdan lines, mnd doubtless within the
next fev yeara sll our large towns and oities will be comnected
by electricity. Some of us may even live to sese the Bay when
the old steam roud will be orowded cut and the electric rail-
way take its plaoe,

Lastly, let us look &t the sutomobile, thet new fleld
to which electriocity may be applied with even better results
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than sny other motive power known nt the present time. The
automobile 18 & new thing and is still in the experimental
stage; bdut it is fast inproving; snd ih the futurs we may
expect to see it displace the horse to & considerable extent.
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