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THE INVENTORS OF THE ELECTRIC MOTOR.—I

WITH SPECIAL REFERENCE TO THE WORK OF THOMAS
DAVENPORT.

To rightly appreciate a_discoverer we should not look at his
wark from our time ; we should not judge of his work in the full-
ness of the light of present knowledge, but in the dim twilight
which alone illuminated him to then unknown—but now well-
known—facts and laws.—ALFRED M. MAYER.

electric motor, which

t a few brief years

o, wasregarded as but

tle better than a philo-

pher’s plaything, has,

th almost startling

ddenness, assumed its

sition as one of the

tent factors of mod-

1 industrial develop-

mt, The story of the

‘th of this great in-

ntion has hitherto

ren given to the

world only in part,

and even such fragments of its early annals as were once
known are now well-nigh forgotten ; they linger only in
fast fading written records, and in the memories oty an
earlier gemeration, of which the scattered survivors are
rapidly passing from the stage. I have sought, therefore,
while trustworthy evidence is yet accessible, not only from
the testimony of the few witnesses yet living, but from

STURGEON'S APPARATUS FOR ELECTRO-MAGNETIC ROTATION.
[By permiéssion of Charles Scribner's Sons.]

the time-worn and crumbling pages of contemporaneous
manuscripts, to rescue from impending oblivion the true
story of the invention of the electric motor.

It is eminently desirable that we enter upon the field of
research with a definite conception of what is meant when
we speak of the electric motor in the sense of a concrete
organization, in other words as an invention. What, then,
let us inquire, is the essence, the fundamental principle,
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which finds its necessary embodiment in each and every
one of the thousands of electric motors which are doing
such an important and increasing share of the world’s
work to-day ? The question happily, is not a difficult one
to answer. If an expert, skilled in the law of patents,
were asked to formulate in legal phraseology a definition
which should concisely sum up the new and useful inven-
tion embodied in the machine which we know as the elec-
tric motor, it might be couched in language something
like the following :

The method of producing mechanical power by the ap-
plication of electro-magnetism, which consists in combin-
ing with a suitable source of electricity, two systems of

HENRY'S APPARATUS FOR PRODUCING MOTION BY ELECTRO-
MAGNETISM.
[By permission of Charies Scribner's Sons.]

electro-magnets; one system mounted upon a shaft rotat-
ing continuously in one direction,; the other fixed in rela-
tion thereto, and a commutator actuated by the rotation of
said shaft, acting to instantly reverse the polarity of one
of said systems, when by reason of their mutual attraction,
the revolution of the shaft has brought the poles of the
moving magnetic system into coincidence with the poles of
the fixed sytem.

The above definition, formulated in the semblance of a
patent claim, will at once be recognized as embracing the
essential characteristics of the practical electric motor as
we find it at work in the world to-day. On the other hand,
it will be observed that the definition excludes certain
special organizations, among which may be mentioned the
rotary motor having a field induced by the permanent mag-
netism of steel ; the rotary motor in which the intermit-
tent attraction of electro-magnets is exerted upon a succes-
sion of non-polarized soft iron armatures arranged upon
the periphery of a wheel, and the reciprocating motor in
which masses of soft iron are dragged back and forth by
the alternately intermittent attraction of electro-magnets
or of solenoids. While it may be admitted that these and
some other less well-known devices are not without a certain
utility in minor and special applications of electric power,
nevertheless, in a broad sense, it may be stated without
qualification, that the machine of which a definition has
just been given, has no less surely proven its right to be
regarded as the accepted type of the modern electric motor
than has the double-acting cylinder, piston and crank to be
regarded as the accepted type of the modern steam engine.

As in the ®olipile of Hero of Alexandria we had an ex-
ample of rotary mechanical motion by the energy of steam
before the advent of the double-acting cylinder and crank,
8o likewise did we have rotary motion by electro-magnet=
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ism before the combination of the reversible and the non-
reversible electro-magnets in the magnetic engine. But it
was not until the unerring inspiration of the master mind
of Watt had grasped the true combination, that the world
was put in possession of the steam-engine, that mighty
agent which was destined to work its industrial regenera-
tion. It has been my endeavor in the present investigation,
to determine to whom should be accorded the distinotion
of being rightfully regarded as the Watt of the electric
motor.

Having gained a clear conception of that for which we
are to seek, we may proceed to make a critical examination

EDMONDSON’S APPARATUS FOR ELECTRO-MAGNETIC ROTATION.
[From Silliman’s Amer. Jour. Science.)
of the history, written and unwritten, of the childhood of
the electric motor.

Faraday, in 1821, demonstrated for the first time the
possibility of producing continuous rotary motion by electro-
magnetism—not by the electro-magnet, for this instrumen-
tality had yet to be invented—but by the movement of a
magnetized needle in a field of force.!

Barlow, in 1826, produced his rotating spur-wheel ;
founded upon the principle of the movement of conductors

. traversed Ey electric currents in the field of a permanent
magnet.' These experiments were repeated with variations
by many others. In 1825, Sturgeon® discovered the electro-
magnet. In his hands, however, it was but a feeble instru-
mentality ; a few turns of wire arranged in a single layer
upon a bar of soft iron.* :

In 1831, Henry’s celebrated paper appeared, containin
an account of his improvements in the electro-magnet ang
his experiments therewith.® The results which he de-
scribed literally threw the scientific world of both hemi-
spheres into a paroxysm of amazement; it marked per-
haps the most brilliant epoch in the whole history of
electro-magnetism. By winding the soft iron of the magnet
with many superposed turns of silk-insulated copper wire,
this experimenter succeeded in sustaining, solely by the
force of magnetic attraction, a mass of iron weighing

1. Quarterly Jour. Science. xil, 74. TYNDALL: Faraday as a Discoverer,

12.
P 2. Barrow: Essay on Magnetic Attractions, etc. (2d Ed.) London, 1828, part

iii., p. 280.

g: ‘WILLLAM STURGEON, & celebrated English electrician, born at Whittington,
Lancashire, in 1783 ; was a&prentlced in his youth to a shoemaker, but disliking
the occupation enlisted in the militia at the age of 19, and two years afterwards
in the Royal Artillery. While in this corps he devoted his leisure to scientific in-
vestigation and made himself familiar with the leading principles of electricity
and magnetism so far as they had then become known to the world. His scien-
tific papers are numerous and of great value, but were sometimes characterized
hm:nuxlng exuberance of diction. When writing of his own discovery, the
el ; magnet, he was always at his best, as the following extract will bear
witness :—

‘‘ The superlative inteusity of electro-magnets, and the facility and prompti-
tude with wmh their energies can be brought into play, are qualifications admir-
ably adapted for their introduction into a_ variety of arrangements in which
powerful ets 80 essentially operate, and rerlorm a distinguished part in the
production of electro tic rotations ; whilst the versatilities of polarity of
which t.he{ are susceptible are eminently calculated to give a pleasi
in the exhibition of t| tll:x'jhl interesting class of phenomena, and lead to the
production of others, inimitable by any other means."—4nnals of Electricity,

diversity

etc., x., 223,

He was for man years professor ‘of experimental philosophy in the East
India Company's military academy at Addiscomb, and in the latter part of his
life lecturer on science at the Royal Victoria Gallery, Manchester. Died at Man-

ckester, in December, 1850.
4. Trans. of Soc. of Arts, etc., vol. xilil, pp. 88-52.
5. 8illiman's Am., Jour. Sei. xix, 400,
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more than a ton. The accounts of Henry’s discoveries,
given to the world in a scientific journal of established
reputation, were soon in possession of the eminent physi-
cists of the European capitals, and ere long many busy
brains were at work, each 1n an endeavor to add something,
however little, to the masterly researches of the American
philosopher.

In the same year, 1831, Henry published another paper
commencing with these words :

I have lately succeeded in producing motion in a little machine
by a power which I believe never before been applied in
mechanics—by magnetic attraction and repulsion.

Not much importance however is attached to the invention,
since the article, in its present state, can only be considered a
philosophical toy ; although in the progrees of discovery and in-
vention it isnot impossible that the same principle, or some modi-
fication of it on a more extended scale, may hereafter be applied
to some useful purpose.*®

The piece of apparatus referred to by Henry in this
communication has been carefully preserved, and now
forms one of the most valued treasures of the cabinet of the
College of New Jersey, at Princeton. We give an illus-
tration of it, made from a photograph, from which its con-
struction may be readily understoog. A straight horizon-
tal electro-magnet, wound with three insulated copper
wires, is pivoted at its centre, 8o as to be capable of a
limited vertical reciprocating motion. Just beneath and
parallel to this, a permanently magnetized steel bar is fixed
in a horizontal position. The ends of the respective wires
of the electro-magnet being properly connected, are
arranged to alternately dip into mercury cups affixed to the
poles of two opposing voltaic cells, and thereby to reverse
the direction of the current through the helix at end of
each stroke. The contrivance illustrated the principle upon

SHOP IN WHICH DAVENPORT AND SMALLEY CONSTRUCTED THEIR
FIrsT ELEQCTRIC MOTOR ; NOW OOCUPIED AS A DWELLING,

[From a recent photograph by F. L. Pope.)

which Henry thought an electro-mainetic machine might
be worked out, but having satisfied his scientific curiosity
with this demonstration, he, like Faraday,” was quite willing

6. Silliman’s 4m. Jour. Sci. xx,201.

I never myself attempted to reduce these principles to practice, or to apply
any of my discoveries to processes in the arts. My whole attention, exclusive of
my duties to the college, was devoted to original scientific investigations, and I
left to others, what I congidered in a scientific view of subordinate importance,
the application of my discoveries to useful purposes in the arta. * * ¢ The
only reward I ever expected was the consciousness of advancing science, the

leasure of discovering new truths, and the scientific reputation to which these
8‘[7‘?;5. l;vould entitle me.—HENRY : Deposition in Telegraph Case, Morse v.

7. I bave rather however, been desirous of discovering new facts and new rela-

tions dependent upon magneto-induction, than of exlF the force of thoee
obtained ; being assured that the latter would find their full develop-
ter.—FARADAY : Experimental Researches. § 189.

ment
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to leave the praotiocal development of the ideain the hands
of those who might feel disposed to pursue it.

The first published description of an apparatus designed
to produce a continuous rotary motion by the agency of an
electromagnet is due to T. Edmondson, Jr., of Baltimore,
and appeared in 1834.°

A fac-simile is given of the illustration accompar;f'ing
Edmondson’s account as published. The apparatus will be
seen to consist of a number of neutral soft-iron armatures,
mounted upon radial arms affixed to a horizontal shaft.
These are successively brought within the sphere of attrac-
tion of a stationar e{ectro-magnet, while a commutator is

rovided by which the magnetizing current is. interrupted

ong enough to permit each armature in turn to pass out of
the magnetic field. This appears to be the earliest instance
on record of the use of the modern commutator ; an elastic
contaot-spring or brush,

ressing against metal-

ic segments fixed upon
a revolving shaft.

- In 1886, Sturgeon,
the inventor of the elec-
tro-magnet, published a
description of a rotary
electro-magnetic engine
accompanied by an illus-
trative drawing, in
which he sta that
the machine described
had been oconstructed
and put in operation as
early as the fall of 1832,
and had been exhibited
before a large audience
in London in the spring
of 1888.°

Sturgeon’s apparatus,
though usually referred
toasthe earliest example
of an electro-magnetio
rotative engine, isinfact
little else than a re-ar-
rangement of Ritchie’s
“revolving magnet,”
which was desorfbed in
a paper read by him be-
fore the Royal Society,
March 81, 1888, and
published with an illus-
trative plate in Philo-
sophical ansactions,
of that year. The device
consisted of a straight
electro-magnet, mounted so as to revolve freely upon an
upright axis, its poles at each half revolution passing close
to the poles of two upright permanent bar-magnets.
merourial commutator reversed the polarity of the electro-
magnet twice in each revolution, as it came opposite the

les of the bar-magnets. Dr. Charles G. Page, then of
g:lem, Mass., improved this apparatus by the substitution
of a metallic commutator, and in this form it became one
of the stock pieces of eleotro-magnetic apparatus in the

schools and colleges of America.!® e

The engraving on page 1 is a copy of the illustration
given by Sturgeon, from which it will be seen that his
machine consisted of two permanently magnetized steel
bars turning horizontally upon a vertical axis. The poles
of these magnets, as they revolve, are successively attracted
by the poles of four upright electro-magnets formed of

8 Siiliman's Am. Jour. Sci. xxvi, 206.
9. Annals of Eleciricity, Magnetism and Chemistry. 1, 75.
10. Davis : Manual of M m (Ed. of 1857) p. 212; and SILLIMAN: Princi-

agnetis
d Ed.) p. 611, give illustrated descriptions of Page's im-
m&l ?mm epin l&gr\nry. 1888, BILLIMAN'S Am. Jour. Sci.
xxxV, 268.

THOMAS D AVENPORT.
[From a daguerreotype made in Salisbury, Vt., about 1850.]
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straight rods of soft iron wound with helices of wire. The
details of the commautator are omitted in Sturgeon’s draw-
ing, but he explains that the reversal of the polarity of the
electro-magnets is effected by permitting the ends of the
conducting wires to trail in the segmentally divided vessel
of mercury which is seen in the centre of the figure. There
is in Sturgeon’s description no suggestion of the possibility
of substituting electro-magnets for the permanent magnets
employed by him.!

Not long after the publication of the paper of Henry
which has been referred to, an attempt was made by
parties interested in the Penfield Iron 8Vorks at Crown
Point, N. Y., to employ magnetism for separating the con-
stituents of pulverized iron ore. A machine was devised,
containing a wooden cylinder, the surface of which was
armed with a great number of teeth or points of mag-

netized steel. These

were made to revolve

continuously through a

mass of pulverized ore.

The particles of iron

were separated from the

refuse by adhering to
the magnetized teeth,
from which they were
afterwards brushed off
by suitable appliances.

In order to charge these

magnetic teeth there had

been procured, at the
suggestion of Professor

Amos Eatonm, of Troy,

from Professor Henry,

one of his electro-mag-
nets made of a 1.inch
rod, and weighing about

3 pounds. The actua-

ting current for the

magnet was supplied by
two zinc and copper
cells, the plates of wEmh
were arranged concen-
trically upon a plan de-
vised by Dr. Robert

Hare. The perform-

ances of this electro-

magnet, which when ex-
/ oited was capable of sus-
tain’ng an iron anvil

weighing over 100

pounds, were occasion-

ally exhibited for the
. astonishment of the
simple rustios of that somewhat remote region, to whom at
that day, the hilosogl‘ay of electro-magnetism was a thing
yet undreamed of. Thus the fame of the Crown Point
‘ galvanio magnet ” gradually spread abroad throughout all
the surrounding districts.

At the period of which I write, there had grown up in
an outlying portion of the township of Brandon, near the
foot of the western slope of the Green mountains of Ver-
mont, a scattered village, consisting for the most part of
the homes of laborers and other employés of a recently
erected blast furnace, which had been christened Forest-

11. Some other early devices for producing mechanical motion by th
electro-magnets, but which had no direct bearing upon the ummoye .317&"3?3%
the problem of the motor, nevertheless deserve mention as a of the general
state of the art. Descriptive memoirs of these may be consul ted, as follows :

DAL NEGRO, SALVATORE.—Nuova hina elettr tica, im nati
dall' Ab. Salv. Dal Negro. (Anuali delle Scienze del o bard:

10 Marzo, 1834, tom. v, p. 67.) Padova, 1834, Reguo Lombardo-Veneto,

BotTo, GruskppE DoMENICO.—Notizia sopra I’ i °
mamw!(m'lo alla mecannica. Torino, 1834. applicasions dell’ Kletiro-
SomuLTHEESS, RUDOLPH.— Ueber Elektromagnetismus, et
to the Philosophical Society, at Zurich, Feb. 18, 18&!),"‘ E‘urfcg:([l‘&furgdﬂ:m

tion of the two rs last ref to may be f g
Memosrs, vol. i, l;pr: iv, p. 582 et seq. v ound in Taylor's Scientifio
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dale. Among the mechanics whom the temporary pros-
perity of this new settlement had drawn from other places
was Thomas Davenport, a man who had for some years
lived and pursued his occupation of blacksmith in the
village of Brandon, some two or three miles away. Daven-
port was at this time about 30 years of age ; of somewhat
slender physique, but of more than ordinary intelligence
and acquirements, considering his educational advantages,
which had been limited to those afforded during his minor-
ity, by an attendance of six weeksper year upon a common
district school in a remote mountain town. He had, how-
ever, succeeded in getting possession of some fragmentary
portions of a scientific book, which he was wont to pore
over while laboring at the bellows of his forge, and by this
means had learned at least enough to excite his desire to
learn more. Shortly after his removal to Forestdale,
Davenport formed the acquaintance of another artisan
living there named Orange A. Smalley. Smalley was ten
years younger than Davenport, bright, enterprising, and
-with a natural taste for scientific pursuits. Several years
before, while at school at Rochester, a town a few miles
distant, he had attended a lecture given in the school-house
by some itinerant philosopher of that day, which had served
.to awaken his curiosity and interest, and so it came about
that he and Davenport soon became constant and congenial
companions during their brief intervals of relaxation from
daily toil. Smalley at this time owned a workshop, and
bad accumulated a few hard-earned dollars in the dgligem
fursuit of his trade of blacksmithing and wagon-making.

n the course of their intimacy these young men conceived
the ambitious plan of increasing their scanty incomes by
traveling from place to place during the winter, and
delivering experimental scientific lectures. ~'While this
scheme was under consideration, and the two were endeav-
oring to hit upon some new feature which might add to the
attractions, and consequently to the profits of their pro-
jeoted entertainment, Davenport chanced to hear a wonder-
ful tale of the performances of the- ¢ galvanic magnet ” at
the Penfield Iron Works. His curiosity was especially
aroused by the alleged suspension, by mysterious power, of
a blacksmith’s anvil, and he accordingly made a journey to
Crown Point, 20 miles distant, to witness this extraordinary
phenomenon. In this he was disappointed, owing to the
inopportune absence of the proprietors. He did, however,
succeed in learning that the apparatus had been procured
in Albany. With the indomitable perseverance which was
ever one of his most marked characteristics, Davenport
forthwith set out for that city, determined to purchase-a
¢ galvanic magnet,” presumably with the intention of utiliz-
ing it as one of the star attractions of the projected series
of lectures. In due time he arrived in Albany, but inas-
much as he had but the most hazy idea of what the thing
was that he wished to purchase, and still less of the locality
where he might expect to find it, it is perhaps not to be
wondered at that his researches were not crowned with
success. It is worth while to quote his own naive story of
his adventures on this quest for the electro-magnet :—

As 1 had been informed that the apparatus was a galvanic
battery and sessed powerful magnetic properties, I inquired
of my landlord where I should be likely to find a ‘‘ magnetic bat-
tery.” He replied that they ‘‘ made such tubes at the tin-shops
for blasting rocks,” and directed me there. The tinman sent me
to a jeweler'’s shop where he was sure ‘‘ they used something of
the kind in the manufacture of watches.” The jeweler remarked
that they had no occasion for such heavy instruments about
watches, but advised me to ‘‘ go to the Eagle furnace where they
could cast from any pattern.” At this latter place I declined
calling and returned home. In December, 1833, I again went to
Crown Point with the intention of purchasing some iron, and
with high hopes of seeing an anvil suspended between the heavens
and the earth by magnetic power. This long-looked-for mystery
was finally shown me on my arrival at the Penfield Iron Works;
an electro-magnet weighing about three pounds, to which was
attached two sets of cups consisting of copper or zinc cylinders to
be used in earthen quart mugs. The poles of the magnet were
placed upon the face of a common blacksmith’s anvil, and as soon
as the cups were immersed in the solution of sulphuric acid and

[Jan. 7, 1801,

water contained in the earthen mugs, the magnet adhered
sufficiently to lift the anvil until the battery-cups were removed
from the solution. This had to be done by raising the cupe out of
the mugs, as the conductors were permanently connected together
by soldering the battery conductors to those of the magnet. Here
was to me one of the wonders of nature and Providence; A new
kind of magnetic power! I inquired whether, if the battery cups
remained in the solution, and one or both of the conducting wires
should be cut in two, on connecting the conductors with
the fingers or otherwise, so as to barely bring them in contact,
the power would not be suddenly renewed, and as suddenly de-
stroyed by separating them? The reply was that the power of
the magnet would be destroyed, for it appeared that they had
broken one of the wires which connected the cups with the
magnet, and supposing the instrument spoiled, packed it ap and
sent it to Albany for Professor Henry to repair; whence it had
but just retarned. I requested the privilege of cutting one of the
conductors, and connecting it together for the purpose of ascer-
taining this fact, but was refused. I demanded the price, and
purchased the magnet for the sum of $18, instead of iron which I
much needed for myshop. * * * * % Aggoon asI became
the possessor of the msgnet. I immersed the cups in the solution
and then severed one of the conductors, so as to break the circuit
of galvanism. Of course I found the magetism wholly destroyed,
but on connecting the wires together with my fingers, the magnet
became again fully charged. However rapidly the connection
and separation of the conductors were made, I found the charging
and discharging of the magnet to correspond, and I observed that
the magnet produced a hundred-fold more power than was
required to make and break the connection.

Like a flash of lightning the thought occurred to me, that here
was an available power which was within the reach of man. If
three pounds of iron and copper wire would suspend in the air 150
pounds, what would 800 pounds suspend? *‘In a few years,” 1
said to some gentlemen present, ‘‘ steamboats will be propelled by
this power.” A bystander replied, ‘ You mean, sir, magnetic
boats.” * Truly so,” I remarked, ‘‘ and ere long this mysterious
and invigible power will supersede steam; for, shall the mighty
agent which suspends this ponderous mass of iron between heaven
and earth, serve no other purpose than to excite our wonder and
admiration? No! The human mind will not rest with so great
a prospect before it, of furnishing a valuable substitute for the
murderous power of steam ; I venture to predict that the time is
not far off, when there will be no more need of legislation and
committees of inspection on steam boilers ; no more aching hearts
and desolate homes in consequence of the awful spectacle of
human beings hurled into eternity, but the red lightning of heaven
will be soon tamed and will become our servant.

Immediately upon the return of Davenport from Crown
Point with the coveted apparatus in his possession, with
the co-operation of Smalley experiments were commenced,
with the object of producing a machine to be continuously
moved by electro-magnetism. Davenpprt, like Fulton,
Morse, Bell and many others of those to whom the world
is indebted for its great inventions, appears to have been &
man possessing in no unusual degree either mechanical in-

enuity, or gkill in handicraft. He seems rather to have
n a man of broad conceptions and of prophetic fore-
sight; one who could perceive what needed to be done,and
who oould select the men and the instrumentalities to doit.
Above all,he was endewed witha more than common share of
that indomitable perseverence and inflexible determination
in pursuit of a cherished ideal, which cannot be permanently
cast down nor turned aside by any obstacle, however great ;
which in truth can scarcely be conquered by death itself.
Smalley, his associate, was a young man of acute per-
ceptions and keen intelligence ; not in any sense a traimed
craftsman, but rather a typical New England backwoods
mechanic, “handy with tools” either in wood and in iron ;
with a brain fertiie in expedients and contrivances to over-
come unexpected difficulties. During the greater part of
the year 1834, these two worked together in the building
still standing at Forestdale, which at that time was occu-
pied by Smalley as a shop. Early in the summer of that
year, they succeeded for the first time in obtaining rotary
motion by electro-magnetism. A permanently magnetized
bar was supported at its centre of gravity like a magnetic
needle. By placing the pole of an electro-magnet in prox-
imity to the imaginary circle described by the horizontal
swing of the bar, and then breaking the oircuit by hand at
roperly timed intervals, it was found that the bar could
ge ept in continuous rotation. This proved to be the key
to the solution of the problem of the electric motor.
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fAfor yweeh further dxperimentstion, Davenport and
Swaltey Snally mooeede?eri; completing am organized
wppuratus which was capable of maintaining continuous
rotation by automatic means. Unfortunately, no drawing
of this machine has been preserved, but the following brief
of it, written by Davenport in 1851, will
sérve Yo soffiviently explain the essential features of its
cdomstrustion :— :
In July, 1884, I succeeded in moving a wheel about seven
inches in diameter at the rate of thirty revolutions per minute. It
hiad four electro-magnets, two of which were upon the wheel,
and two were stationary and placed near the periphery of the re-
volving wheel. The north tgolet; of the revolving magnets
atéracted the south peles of the stationary ones with sufficient
force to move the wheel upon which the nets revolved, until
the poles of both the stationary and revolving magnets became
m’&l with each other. At this point, the conducting wires
m the battery changed
their position by the motion
of the shaft; the polarity
of the stationary magnets
was reversed, and being now

worth les, repel the
poles of the revolving mag-
nets that they before attrac-

ted, thus producing & con-
stant revolution of the -
wheel.

The electro-magnets
used in this machine were
copied, with Chinese
fidelity, from the Henry
magnet purchased at
Orown Point, which had
been dissected, and the
courses and direction of
the comvolutions of wire
in its helices ocarefully
observed. It almost im-
mediately oocurred to
the experimenters that
the and power of
the machine would be

y increased b{é)rlao-
ing a greater number of
magnets upon the revolv-
ing shaft. Being unable
at the time to procure
the mecessary copper wire
for making any -‘more
electro-magmets, they
tried the effect of substi-
tating 'permanent mag-
nets, at the same time in-

i the number
upon the shaft from 2
to 18. The result ex-
ceeded their most saniu
ine expeotatious; the
wheel now revolved at such a rate that the mechanism
of the commutator,—which consisted of bent wires dipping
into mercury ¢ moved by a cam affixed to the shaft—
was utterly unable to keep pace with it.

The machine here referred to unquestionably constitutes
a oomplete embodiment of the principles of the
modern electric motor, as we have defined them in a pre-
ceding paragraph. The descrigtion of Davenport agrees
in every essential particnlar with that recently given to the
writer, from his own recollection, by Mr, Smalley, who is
still living, and although almost an octogenarian, is in full
enjoyment of his memory and faculties. He may be seen
standing in the photograf)hio view of his old-time shop,
which forms one of our illustrations. It may be of inter-
-est to state that he did not hesitate to make a journey of
several miles on one of the coldest of winter days, in order
that the readers of Tax ErzoreicAL ENGINEER might be

é/’wft «4/,5/?.&?

ORANGE A. SMALLEY.
[From a recent photograph by F. A. Grimes, of Brandon, Vt.]
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favored by the presentation of the accompanying admirable
and characteristic portrait.

The successful outcome of their first attempt at the con-
struction of an electro-magnetic engine, filled the hearts
of the experimenters with pardonable elation. They flat-
tered themselves that at least they would no longer be
compelled to endure the sarcastic and derisive comments
of the neighbors, few of whom could be persuaded that
the scheme upon which they were at work could be any-
thing else than the ¢ perpetual motion,” which in those
less enlightened days was the ignis.fatuus of many an
ambitious rural mechanic. They met, however, with scant
encouragement. The village pastor, when the mysteriously
moving machine was shown to him, and the enthusiastic
hopes of its constructors were poured into his ear, made
the characteristic observation that ‘‘if this wonderful
power was good for any-
thing it would have been
in use long before this.”
Nevertheless, regardless
alike of ridicule, dis-
paragement and poverty
—for both were depend-
ent upon their daily toil
for the most ordinary
necessities of life—Dav-
enport and Smalley
prosecuted their expen-
ments with unwearied
diligence. From some of
the more intelligent of
their townsmen, they re-
ceived now and then a
word of encouragement,
and it was largely in the
hope of being able to sat-
isfy these friends that
their ideas were not
wholly chimerical, they
determined to take the
machine to Middlebury,
a town 16 miles north,
which boasted of an em-
bryo college, and submit
it to the inspection of
those more familiar than
themselves with scien-
tific pursuits, who were
}n'esumably qualified to
orm a competent judg-
ment of its merits,

ST. PAUL'’S ELECTRICRAIL-
WAY SMOKESTACK.

The smokestack of Mr.
Tom Lowry’s electric rail-
way power house is just 200 feet high, and has an inside
diameter at the base of fifteen feet. It took 875,000 brick and
85,000 fire brick to build it. It weighs 19,500 tons and cost $10,-
000. The flue, which is eleven feet in diameter for one hundred
feet from the base upward, is built of fire brick. The casing of
fire brick stands like a cylinder within a cylinder, and from the out-
gide wall. The immense furnaces which are to generate steam in
boilers which are to operate engines with 7,000 h. p. capacity,
would heat the smokestack up for a distance of nearly 100 feet
high to such an extent that it would crack unless there was a
fire brick casing inside, and this five brick casing must have room
for expansion. The exterior of the stack is octagonal in shape,
faced with beautiful white pressed brick, and decorated with
cornice work and figures in colored brick.

BosTON, MAss.—The West End Railway Co. proposes to increase
its capital stock by $4,600,000. Its business is growing rapidly.
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THE INVENTORS OF THE ELECTRIC MOTOR.—II.

WITH SPECIAL REFERENCE TO THE WORK OF THOMAS
DAVENPORT.

i stormy day near the end of
December, 1834, Davenport and
Smalley drove over to Middle-
bury, taking with them their
best machine, which they set up
in a room at the village tavern.
Davenport then set out to make
the acquaintance of the Profes-
sor of Natural Philosophy at
the college, and invite him to
view the phenomenon. This

part of the story shall be told in his own words:

As I had never before seen a college or a professor, I rather
dreaded making my acquaint-
ance with those functionaries. I
mustered up courage and walk-
ed towards the college. As I
reached the steps of the build-
ing, I saw a fellow with a rag-
ged coat on, an old rusty cap
turned over his ears (for it was
a cold, stormy da{)_ and a large
dirty plank on his shoulder,
about entering the college at
the same door as myself. I
accosted him and inquired if I
should be likely to tind Prof.
Turner about there. He said,
““Yes, come in and I will show
him to you.” I followed him
into a lumber room ; he threw
his plank down, pulled off his
leather mittens and said “I am
Prof. Turner; perhaps I don’t
look much like a professor.”
¢« As to that, sir,” I replied, ‘‘ I
could not say, for you are the
only professor I ever saw to my
knowledge, but I conclude that
your judgment don't liein your
clothes.”

Prof. Turner, after hav-
ing received assurances that
whatever the machine might
be, it was not claimed to be a
“ perpetual motion,” con-
sented to examine it. The
operation of the working
model, as exhibited by Smal-
ley, excited his enthusiasm
to the highest pitch. He
exclaimed :— ¢ Gentlemen,
what you have invented is
indeed not a perpetual mo-
tion ; it is nothing less than
a new motive power, an elec-
tro magnetic engine.” Prof. Fowler was at once sent for,
and upon witnessing the surprising performance of the
little machine, became no less enthusiastic than his col-
league. In the presence of a dozen or so curious bystand-
ers who had assembled, he made, as Mr. Smalley says, “a
regular speech,” in which he expressed in emphatic terms
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the opinion that those present were then witnessing the
first exhibition of what would prove to be one of the
greatest inventions of the nineteenth century.

Prof. Turner advised Davenport and Smalley to take
immediate measures to secure a patent,and with character-
istic kindness and generosity undertook to prepare for them
a draft specification descriptive of the invention, which he
recommended them to place in the hands of a competent
attorney at Washington. This interesting document has
fortunately been preserved, and the fac-simile of it here-
with presented constitutes the best possible evidence of the
stage of development which the invention had reached at
the beginning of 1835, the date when it was written. This
paper, which is in the handwriting of Prof. Turner, is in
the following words :—

Davenport and Smalley’s Specification of their Invention of an
Electro-Magnetic Machine.

Middlebury, Vermont, Jan. 5, 1835.
The following is a description of the electro-maguetic engine
invented by Messrs. Davenport & Smalley, of Brandon, Vt., and
referred to in the accompanying application of this date. [See
drawing below.)
A and B are horseshoe magnets, placed vertically around the axis
ab to which they are fastened.
Of these there may be any
pumber almost ; in the model
which has been executed there
are - twelve, although for the
sake of simplicity only two are
represented in the drawing.
It is to be observed that each
Eair of opposite magnets must
ave the same poles, as 8 8,
uppermost : but that in case
there should be more than one
ir, the adjacent magnets must
ave their poles N and s alter-
nately uppermost. C and D are
galvanic magnets, or pieces of
soft iron having copper wire
wound around them, and sus.
ceptible of a high degree of
magnetism by being connected
with either pole of a galvanic
arrangement. Q and R are gal-
vanic batteries, consisting each
of concentric copper cylinders
with zinc between them. . 1, 2,
3. 4, 5—16 are cisterns of mer-
cury, of which 1, 6. 11 and 16
are connected with the zinc pole
and 2.5, 12 and 15, with the
copper pole by means of wires
zand ¢. The wires marked x
connect 3 with 10, 4 with 9, 7
with 14 and 8 with18. Y T and
U V are two levers, turning on
pivots at w by the motion of the
axis ab and carrying with them
transverse slips of copper with
the extremities bent down-
wards. When the end Y of the
lever Y T is depressed, these slips
establish a communication be-
tween 9 and 11, 10 and 12, and
consequently the wire m and the
upper branch of c are connected
with the copper pole of the bat-
tery, and the wire n and the
ower branch of ¢ are connected
with the zinc pole. Itisevident that. in thiscase, the ugper part
of ¢ will be a north pole, and therefore attracted by the pole s
of A, while the lower branch of ¢ will be a south pole, and there-
fore attracted by the pole N of A. In consequence of this at-
traction the magnet A is brought nearly into contact with ¢
when Y is raised and the end v of the lever v U is depressed ;
thus establishing a communication between 1 and 8, 2 and 4,
or by means of the wires x, 8 communication between 1 and
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10, 2 and 9, while the connection between 9 and 11, 10 and 13
is interrupted. Hence the poles of the galvanic magnet ¢ will
be reversed, the upper one will be south and the lower north ;
the; will therefore be repelled by the corresponding poles of
A. In this manner a rotary motion of the magnets A and B on
the axis ab is kept up so long as the galvanic action continues
in the battery. And in the same manner the influence of the
battery on the galvanic magnet D or any others may be illus-
trated. With twelve magnets on the axis and two at the
sides, the axis turns round about sixty times in a minute and
consequently the poles of the galvanic magnet are reversed
860 times.

To the axis ab, it is evident, that any machinery may be attached
for the purposes of manufacture, propelling boats, cars on
railroads, etc., etc. In the drawing the machinery is sup-
Egced to be applied near b. The action of the machine may

continued for any length of time by occasionally renewing
the fluid.

And on the other hand, the action may be checked or entirely
suspended by raising part or all of the connecting wires ¢ and
£ out of the cisterns of mercury.

Instead of the arrangement of magnets above referred to, it is
thought that there would be an advantage in employing none
but galvanic magnets either on the axis or at the sides.

The significance of the closing paragraph will not escape
the attention of the reader. It confirms the written de-
scription of Davenport and the independent verbal state-
ment of Smalley, that as early as 1834 the conception of
the combination of stationary and rotating electro-magnets,
with a suitable pole-changing device, had been worked out
and tried by them. The suggestion of applying electro-
magnetic apparatus to the propulsion of raillway cars is
also worthy of note, inasmuch as it was not until fourteen
years later that the steam locomotive made its advent in
the state of Vermont. The Mohawk and Hudson rail-
road had, however, been in operation between Albany and
Schenactady for some years, and it was probably from this
circumstance that the suggestion in the specification
originated. .

The experimenters were greatly encouraged by the cordial
reception which the invention had received at the hands
of the Middlebury J)rofessors, and the warm interest which
they had manifested in the further.prospects of the under-
taking. It is of interest to record that Davenport now for
the first time obtained access to scientific books, from
which he could gain some further knowledge of the agent
which he was using. Among other works he was shown
Silliman’s Chemistry, containing accounts of some of Prof.
Henry’s experiments in electro-magnetism, from which,
curiously enough, he first learned the proper names of the
instruments and materials he had been using. Up to that
time, having been ignorantly instructed by the peoPle at
Crown Point, he had called the battery the *“ cups” and
the electro-magnet the “ battery.”

The difficulties which were inseparable from the use of
the wmercurial commutator when the rapidity of motion
was great, have already been alluded to. Immediately
after their visit to Middlebury, the experimenters construc-
ted another machine, and correctly reasoning that the cir-
cuit might Eerfectly well be closed by a metallic commuta-
tor, as had been proven by touching of the wires together
by hand, they substituted for the mercury contacts 1nsula-
ted segments upon the shaft, which were rubbed by con-
tact-springs formed of elastic flattened wires, and were
gratified to discover that this serious obstacle to the rapid
revolution of the machine was now entirely removed. This
improvement was made prior to May 1, 1835. It appears
to be the earliest instance of the use of the modern com-
mutator ; an elastic contact-spring or brush, pressin
against metallic segments, fixed upon a revolving shaft.*

Not long after the completion of this improved machine,
a difference of opinion arose between Davenport and
Smalley in respect to the most desirable policy to be
pursued in disposing of interests and rights in the inven-
tion, in order to raise the funds to cover expenditures
already incurred, and to provide the means which were

* By an error in copying, the foregoing sentence was attached to the des
cription of Edmondson’s n?pmtus, in p. 8 of the last number of THE ELECTRICAL
EreINmER, to which it obviously has no application.
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urgently needed for the prosecution of further experiments,
as well as for the procuring of patents. An amicable
settlement was ultimately arrived at, in accordance with
which Smalley relinquished his entire interest in the in-
vention for a sum agreed upon, and Davenport was left
free to seek for other assistance in the prosecution of his
cherished designs.

For some months he continued his experiments, having
for the time transferred the scene of his labors to Roch-
ester, a small town a few miles east of Brandon, at which
place, with the assistance of a mechanic named Richard-
son, he constructed no less than ten machines of different
designs, some of which were capable of making 50 revolu-
tions per minute.

The invention having now been brought to a tolerable
state of efficiency, Davenport was naturally very anxious
to lose no further time in securing his patent. In those
days it was supposed to be absolutely necessary that the
inventor should visit Washington in person in order to

roperly explain his ideas. At that date, 1835, this was a
ong, tedious and expensive journey. Being almost en-
tirely destitute of means to carry out his design, Daven-
port appealed to his friend and neighbors, and succeeded,
after many entreaties, in inducing six of them to make u
a joint purse to supply him with funds for his intende
journey to Washington. In July, 1835, he set out for the
capital, carrying with him his latest model, and a letter of
introduction from his friend Prof. Turner to Prof. Amos
Eaton, who was at that time principal of the Rensselaer
Polytechnic Institute at Troy, gT Y., as follows :

MIDDLEBURY COLLEGE, June 4, 1885.

DEAR SIR —I take the liberty of introducing to your acquaint-
ance Mr. Thomas Davenport, the inventor of an electro-mag-
netic machine of singular interest. Mr. Davenport has labored
long and expended much on his invention, but has not the means
of prosecuting his experiments farther without the aid of some
one p: of taste for the science, and also of funds requisite
for making a fair trial of the prﬁelh’ng wer of his machine.
It has occurred to me that could Mr. Van %naselaer, of Albany,
become interested, he might take pleasure in furthering an enter-
prise which promises so much ; and in patronizing an American
artist, who, it may be, will one day compete with Watt and Ful-
ton in the glory of having added another prime mover of machin-
ery to science and the arts. Being personally unacquainted with
Mr. Van Rensselaer, I presume you will be so good as to do me
the favor of introducing Mr. Davenport (by letter or otherwise)
to that distinguished and estimable man. {‘h.is or any other at-
tention you can conveniently render,"will be considered as oon-
ferring additional obligations on one who has the honor of being,

Sir, your friend and fellow laborer,

Prof. AMO8 EATON. )

The Honorable William Slade, afterwards Governor of
Vermont, who was at that time a member of Congress
from the district, gave Davenport a note of introduction to
the Commissoner of Patents, Hon. H. W. Ellsworth, from
which the following extract is of interest as being indica-
tive of his estimate of the man :

The bearer hereof, Mr. Thomas Davenport, goes to Washington
for the Eurposo of obtaining a patent for the production of motion
applicable to machinery by galvanism. His diffidence has induced
him to ask a letter to you, which I give with t pleasure. His
personal worth is equal to his ius, of which he has given no
eqlt‘lsivoca.l evidence in the very ingenious machine for which he
asks a patent.

Upon his arrival at the Rensselaer Institute, in Troy,
Davenport was most courteously received by Prof. Eaton,
who endorsed upon the note of introduction from Prof.
Turner, a few lines recommending him to the consideration
of General Stephen Van Rensselaer, the eminent founder
and patron of the Institute, in which he said :

I have told Mr. Davenport that no one could consistently aid
him without Prof. Henry's approval. Ihave advised him to ex-
hibit his machine to Prof. Henry, after you have seen it. This he
will do. Professor Henry has suggested the practicability of ap-
glying this great power to machinery, but I did not from him un-

erstand that any plan had been fixed on. Mr. Davenport’s pla.In

is a simple and cient one. . . . . . . t
appears to me that Professor Henry would be greatly delighted
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with such a satisfactory exemplification of a principle which has
extended his name to the ends of the earth.

Acting upon this suggestion of Professor Eaton, Gen-
eral Van Rensselaer gave Davenport a line of introduction
to Professor Henry, which he delivered to him in person a
few days afterwards at Princeton. Professor Henry was
much interested in Davenport’s machine, and after witness-
ing its operation asked how large a power he intended to
build, to which Davenport replied “ a full one-horse power;”
whereupon Professor Henry, with his usual caution, sug-
gested that it would be better if he were to continue his
experiments for a time on a smaller scale. He said to him
that if it were given out that he was building a one-horse
power magnetic machine, and should he fail in his first at-
tempt, which would not improbably be the case, not only
would his credit as an inventor suffer, but the electro-
magnetic engine would be hastily and unjustly stigmatized
a8 a “ humbug,” a result which could not be but preju-
dicial to the advancement of science and the arts. Profes-
sor Henry, with the courtesy which he invariably exhibited
towards deserving inventors, gave Davenport a certificate,
in which he spoke highly of the novelty and originality of
his invention. At the same time he did not hesitate to ex-
press to him the conviction, which he is known to
bave entertained even at that early day, that the applica-
tion of galvanic electricity was at best an indirect way of
utilizing the energy derived from the combustion of coal,
and therefore could not economically compete with that
agent as a means of propelling machinery. He neverthe-
less believed that it might be found useful in many cases in
which the actual expense of power was a consideration not
to be weighed against other more desirable objects to be
attained. In his views in relation to this subject Henry was
far in advance of most of his contemporaries, for the
grand conception of the conservation of energy had
" at that day dawned only upon the minds of a few of the
most profound thinkers of the period. .

Before leaving Princeton, Henry exhibited to Daven-
port, much to the surprise of the latter, his oscillating
electro-magnetic engine, made in 1831, of which an illus-
tration has been given. This was to him the first intima-
tion that any one prior to himself had even conceived the
possibility of producing motive power by electro-
magnetism.

\%’hile at Princeton, Davenport made the acquaintance
of Professor Henry’s life-long and intimate friend,
Alexander Dallas Bache, then professor of natural philos-
ophy in the University of Pennsylvania at Philadelphia,
and afterwards for many years superintendent of the U. S.
Coast Survey. At the cordial invitation of Professor
Bache, Davenport accompanied him to Philadelphia,
where about the middle of July he exhibited his machine
in operation in the library of the Franklin Institute.
While in this place it was examined with interest by a
large number of scientific men. Prior to his departure
for Washington, Professor Bache gave Davenport a
letter, the conservative tone of which indicates that he
had been led by his association with Henry to entertain
similar advanced views in respect to the equivalence of
the natural forces. This letter is as follows :—

At the request of Mr. Davenport, I have examined a model
of a machine applying the electro-magnetic action as a moving
power. At first 1t appeared to me that an experiment might be
made upon this model, from which the useful effects of a
machine properly constructed might be inferred. But I am satis-
fied on examination, that such a result could be had only from a
much more complete model than this, or from a working machine
of full size. It would be highly interesting in a scientific point
of view, and possibly in a practical light, if such an experiment
could be made. The power is no doubt adequate to produce any
effect which can be required in the arts, but the question of cost
can hardly be fairly answered without experimental data.

A. D. BACHE,
Prof. Nat. Philosophy,
Pennsylvania University,

July 15, 1885. Philadelphia.
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Upon reaching Washington a few days later, Davenport
discovered to his dismay that owing to the unforseen
delays and expenses to w{ioh he had been subjected by his
exhibitions in Troy, Albany, Princeton and Philadelphia,
the added cost of preparing the drawings and specifica-
tions for his application for a patent would so reduce his
available funds as to leave him without sufficient means to
return to his home in Vermont. He was therefore com-

elled by sheer necessity to postpone for the time his
Intention of applying for his patent, and in a very dejected
frame of mind set out for home, taking his model with
him. Upon reaching Troy he proposed to sell his machine
to the Rensselaer fnstitute for $30. Professor Eaton,
favoring the proposition, gave him a line to General Van
Rensselaer, recommending the purchase of the model. In
attempting to enter the grounds of Mr. Van Rensselaer’s
mansion Davenport was set upon by three ferocious
watch-dogs, who soon reduced his habiliments to a deplor-
able condition, although he was fortunately rescued by the
servants before serious injury had been inflicted. Writing
of this incident, he says :—

Mr. Van Rensselaer examined my certificates from Profee-

sors Henry and Bache, and the line from Professor Eaton, and
meanwhile the kitchen-tnaid tacked together my torn garments.

After receiving a check from General Van Rensselaer for
the stipulated sum, and depositing his model in the Rens-
selaer Institute, Davenport returned to Vermont, in no
very happy frame of mind. He had not only been unsuc-
cessful in the main object of his journey, ﬁut had been
brought like many others to a realizing sense of the fact
that compliments are far more easily obtained than cash.

The model which formed the subject of this commercial
transaction was preserved for many years in the cabinet of
the Rensselaer Institute, but ultimately perished in the
disastrous fire in Troy in 1:62, in which the buildings of
the Institute shared the fate of a vast number of others,
and were totally consumed with all their valuable contents.

Professor Eaton, who was a man of a deservedly high
scientific reputation, as well as of a somewhat enthusiastic
temperament, had from the beginning conceived a warm
feeling of friendship and respect for the modest and unas-
suminf Vermont blacksmith, and exerted himself in every

ossible way to advance his interests. Scarcely had
avenport, dispirited and despondent, left Troy, when
Professor Eaton penned the following flattering notice of
his invention, and procured its insertion in a Troy news-
{)a. r. So far as can belearned, this was the first pub-
ished notice of Davenport’s electro-magnetic engine.

[From the Troy Daily Budget, August 18, 1885.]

. An obscure blacksmith of Brandon, Vermont, 16 miles south of
Middlebury College, happened accidentally to become acquainted
with Professor Henry’s discoveries in Electro-Magnetism, Pos-
sessing one of those minds which cannot be confined to the limits
of a blacksmith shop—nor any shop less than the canopy of
heaven—he sﬁplied this power to the astonishment of scientific
mechanics. e turns three horizontal wheels around fifty times
per second, with this power. The wheels and shaft weigh eleven
pounds. He has convinced Professors Henry and Bache thatthe

wer is sufficient for strong machinery. A detailed account of

it will ap, in the next number of gilliman’n Journal. The
Hon. Stephen Van Rensselaer bas purchased his first constructed
machine (or model) for the Rensselaer Institute in Troy, as piece of
school ap tus. No chemical or philosophical apparatus can
hereafter be considered perfect without it. “Whatever may be its
fate in mechanics, it will cause the name of Thomas Davenport
(the inventor) to accompany that of Professor Henry to the ends
of the earth.
Professor Bache, of Philadelphia, and Professor Turner of
Vermont, have given their opinions in writing that Mr. Daven-
port’s application of Professor Henry’s discoveries may be made to
move heavy machinery for useful pur According to their
views, another Livingston might maﬁ:ee:'nother Fulton of the
Brandon blacksmith.

A month later Professor Eaton wrote to Davenport at
Brandon, enclosing a copy of the Zroy Budget containing the

article therein referred to. The letter and extract are as
follows :—
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[ Professor Amos Eaton to Thomas Davenport.]

TroY, Sept. 9, 1885.

DEeAR Sik :—I published a short account of your invention on
the 13th day of August. It was ¢opied into all the papers. Last
week some mule of a fellow caused the Daily Advertiser to pub-
lish a statement that your plan ‘ would not work.” The New
York papers and others copied it. While some gentlemen were
trying to raise money to give you a chance for a trial, that ras-
cally article stopped all exertions, and the subsecriptions were
burned ; I felt it my duty to come out boldly for you, for the
sake of my own reputation, and of Bache's, Henry’s, and Turner’s.
You will see how I treat the subject in the Troy Budget of
{eest.erday. My object in this letter is to tell you that you must

here about the tenth of October, and put your machine in
perfect order ; also you must exhibit it yourself at three o'clock
p. m., on Wednesday, 14th of October, before a thousand
spectators.

I will deliver a lecture while you are working it, explaining
theﬂ;:rinciples, etc. The judge's seat in the court room is the place
to show it. This small damper will, in my opinion, make your
fortune. It will give you a chance to exhibit truth. I tell you
TRUTH, TRUTH is everything! On that day (October 14) your
exertion of your skill will make your fortune. Write me im-
mediately telling me positively what to depend on. It is
advertised in the papers that your machine will be exhibited
at three o’clock p. m., 14th of October next.

Your friend,
AMos EATON,

[From the Troy Daily Budget, September 8, 1835, )
VERMONT ELECTRO-MAGNETIC MACHINE.

To GiLes B. KELLOGG, Esq.,

It was through your agency that Thomas Davenport’s aston-
ishing application of Professor Henry's discoveries in electro-
magnetism was announced to the world, and it is my particular
request that you hasten before the public the following com-
munication to the Albany Daily Advertiser, without waiting to
copy it from that paper :

To the Editors of the Albany Daily Adveriiser.

I have just read in the New York Commercial Advertiser the following ex-
tract from your paper : “ We are sorry to inform our contemporaries that, on
further examination, the plan of the Brandon blacksmith will not work."
Knowiog one of the editors of your paper to be a gentleman of true science and
liberal feelings, I feel assured that he will contradict the unkind statement upon
my assurance it is totally untrue. Immediately after Professors Bache and
Henry had examined this machive in brisk motion, the Hon. Stephen Van
Rensselaer purchased it and placed it in my possession and care, but on account
of the battery-cups having been injured in Philadelphia, it has not been put in
motion since I received it. sut I have often seen it in motion, and know it to be
all that has been said of it—an astonishing application of electro-magnetism !

I have no interest in the invention; but, as the unaccountable falsehood
which originated in your paper iscalculated t» injure an ingenious mechanic, I

uest you to publish this article.

l)n the 14th of October next, the electrc gneti hine i d by a
blacksmith in Brandon, Vt., shall be exhibited gratuitously, in the Court-house
in the city of Troy, to who may p! to call, at three o'clock in the after-
noon. It shall be in full action and shall be moved solely by electro-magnetism.
It shall carry three wheels weighing eleven ds, and a mini e trip-
bammer, as an emblem of the inventor's avocation.

The fourteenth of October being the last day of the examination of studenta
of Rensselaer Institue, many ﬁentlemen of science will probably be present, to
all of whom I pledge myself to demonstrate that the ‘' plan of the Brandon
blacksmith does work," according to the certificates of Professors e of
Philadelphi. i , and Turner of Middlebury.

“Auoul EA'r'ox. .

Henry of Pr
Senior Prof: 3

Davenport was at his home in Vermont when this letter
reached him. His fortunes were apﬁarently at their very
lowest ebb. Day by day, for more than two years, he had
labored indefatigably upon his invention, to the utter
neglect of his ordinary means of livelihood. The heavy
expenditures incurred in his fruitless journey to Washing-
ton had brought him to the end, not onl{l of his resources,
but of his credit among his townsmen. His father-in-law,
a prosperous and well-to-farmer of Brandon ; a shrewd and
sagacious, though by no means illiberal man—albeit one
who is reputed to have appreciated full well the value of a
dollar—offered him every inducement he could think of to

ut aside his visionary schemes, resume his trade, and
Eenceforv.h support his family in comfort. Other neiﬁ)bors,
who cherished a sincere friendship and respect for Daven-

rt, joined in the appeal. He could not but be strongly
impressed with their practical and common-sense view of
the situation, and while in a frame of mind to oon:iply
with it, replied to Professor Eaton’s letter, stating in effect
that two years of incessant labor and anxiety had yielded
him but scanty reputation and no money ; that his credit
was utterly exhausted, while his family were almost suffer-
ing for the ordinary necessities of life. Professor Eaton
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immediately replied, under date of September 31, 1838,
deprecating in the strongest terms Davenport’s reeolution,
and refusing to listen to his proposal to abandon the under-
taking. Among other things he wrote :—

Make my name Thomas Davenport, and I will give you five
thousand dollars for your idea—rather, I mean*‘ the bubble, repu-
tation.” . . . . Itisa thing which will progrees slowly ; per-
haps it may never yield you anything but reputation. But you
have involved fri ; and it i8 your duty to suiport
gledges foryou. . . . Remember, if you fail to be here on the

ourteenth, destruction is your portion !

.This was the critical moment, the turning point, in the
career of Davenport. Not only was the mere thought of
throwing aside the hopes and aspirations which he had so
long cherished almost unendurable to him, but his keen
sense of honor instinctively revolted from the slightest im-
putation of bad faith towards the scientific friends who had
cordially given him their countenance and support, or of
reluctance to make good to the best of his ability, their
pledges and expectatious. On the other hand, to persevere
was to be confronted with poverty, doubt, discouragement
and almost with despair. To a man constituted like Day-
enport, however, a mental conflict waged on these grounds
could have but one termination. ~Paraphrasing the mem-
orable words of the elder Adams, he well might have ex-

VILLAGE SCHOOLHOUSE AT BRANDON, IN WHICH DAVENPORTS
ELECTRIC RAILWAY WAS ExXHIBITED. Now PART OF RESI-
DENCE OF GEO, PARMENTER,

[From a recent photograph by F. L. Pope.]

claimed at this juncture in his affairs: “The die is now
cast ; I have passed the Rubicon. Sink or swim ; live or
die ; survive or perish with my invention, is my unalter-
able determination.” With renewed determination he cast
aside all despondency and devoted every energy to his
preparations for the demonstration at Troy. It is not eas
for us to-day to appreciate the formidable difficulties wit
which he was obliged to contend. Brandon was at that
date but an obscure country town, remote from all main
lines of travel and transportation, the nearest city of any
importance being Troy, N. Y., 100 miles distant, with
which communication was maintained by stage-coach. He
now determined to construct an entirely new machine, of a
model a.dalgted to railway locomotive purposes, and at once
wrote to Professor Eaton to procure for him some neces-
sary materials. In reply Eaton wrote on September 25,
sending with the letter by a chance stage-coach passenger
two packages of No. 16 copper wire, one of 3 and the other
of 2 lbs.:

Luckily I find Mr. Jackson (a neighbor of yours) at the stage-
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office. He promises to deliver you the wire, I havebroken all
the hardware stores, and bought all the wirein the city, and given
it to Mr. Jackson.

Then came the difficulty of insulating the wire. Daven-
port had been led, from Henry’s researches, to suppose that
silk was the only material which would answer the purpose.
But it was not only difficult, but in fact impossibre to
obtain this material in that remote region, and he was
destitute of means wherewith to procure it from the city.
But in this dilemma, the unselfish devotion of the faithful
wife, who had loyally stood by him through prosperity
and adversity, came to his rescue. Her one silk gown, the
wedding dress which was her father’s gift ; almost her
sole remaining relic of more prosperous but of perhaps not
happier days, was bravely offered as a sacrifice to the
cause of science. Cut into narrow strips, the treasured

arment was used to insulate the helices of the new machine.

ight and day the work went on with such success that
Kunct.ually on the tenth of October Davenport presented

imself at the Rensselaer Institute with the new motor in
readiness for exhibition. On the 14th, pursuant to the

ledge of Professor Eaton, it was put in operation on the
g udge’s bench in the court-room in Troy, in the presence
of hundreds of interested and enthusiastic spectators.

-Among the andience who attended this exhibition was a
young artisan whose home was in Cabotville, a village just
north of Springfield, Mass.,, which then enjoyed a high
reputation, as indeed it does to-day, for the skill of .its
mechanics and the excellence of its products. This young
man became greatly interested in the new motive power,
and proposed to Davenport that he should immediately
accompany him to Cabotville, promising to assist him to
the best of his ability in bringing the invention into practi-
cal use. The proposal was accepted, and the two worked
together at that place for some two months, during which
time they completed a model of a circular railway 36
inches in diameter, upon which an electro-magnetic loco-
motive traveled with amazing rapidity. At the end of
this time Davenport was informed by his associate that he
was disinclined to go any further with the enterprise, but
as Davenport himself says, he had little reason to complain
of his conduct, inasmuch as he willingly gave him the bene-
fit of two months’ labor and his board during the time, to
say nothing of some small expenses which had been in-
ourred. It was now the middle of December and our in-
ventor was again left in a state of destitution at a distance
of 150 miles from his home. Hardly knowing which way
to turn next, he bethought himsel{ of a letter which he
had received just before his visit to Troy from a silk man-
ufacturer in Dedham, Mass., who desired to apply electro-
magnetic power to the processes employed in his factory.

Among other acquaintanceships which Davenport had
formed while in Cabotville, was that of a Mr. Kimball,
himself an intelligent mechanic, who had taken much interest
in the project of the electric railway. In his perplexity he
consulted Kimball and was advised by him to take his
machine to Dedham, and in case he failed to conclude a
satisfactory armngement with the silk manufacturer, to
try a public exhibition of his circular railway in Boston,
by which means he might perhaps raise ‘sufficient funds to
ald him in making further experiments. In addition to
his good advice, Kimball very generously handed him $50
for his expenses, and not content with that, told him if his
plans all failed to let him know, and he would cheerfully
render him further assistance. ‘Such kindness,” writes
Davenport, “ from a stranger whom I had never seen half-
a-dozen times in my life, seemed to be an omen of future
prosperity.” He proceeded to Dedham, and although
“received most politely” by the silk manufacturer, that per-
son did not seem inclined to take any chances in testing
the capacity of electro-magnetism for winding silk, nor
did he offer to reimbuse Davenport for the expenses he had
incurred in bringing his machine a long distance for exhi-
bition. As a last resort the persevering inventor proceeded
to Boston, hoping, as he says, “ that the thinking portion
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of that intelligent city would be highly gratified with an
exhibition of the wonderful effects of the silent, unseen
and irresistible power of electro-magnetism.” He accord-
ingly exhibited his locomotive two weeks at the Marlbor-
ough hotel, and realized the princely sum of $12, just suffi-
cient to meet the charges of his landlord for the use of the
room. Davenport states that notices of this exhibition were
published in some of the Boston newspapers of the day, but
a diligent search through the columns of such journals as
have been preserved has failed to reveal them. The exhi-
bition, however, is well remembered by Thomas Hall, the
veteran manufacturer of electrical instruments in Boston,
who, although but a boy at the time, was employed in the
shop of Daniel Davis, Jr., in which scientific instruments
were made and repaired. According to the recollection of
Mr. Hall, the macgine consisted of a number of small mag-
nets placed upon the rim of a vertical wheel, and constitut-
in§ a sort of pole-armature, which revolved between the
poles of two larger electro-magnets placed in a horizontal
position which formed the field. His impression is that the
field magnets were connected with the armatures in series.
The current was supplied by a large Wollaston battery,
and as the zincs became rapidly coated with oxide, neces-
sitating frequent cleaning, two sets of batteries were
provided; . one of which was used while the other was
being cleaned. The motor and battery were mounted
upon a truck which traveled at a considerable speed.*

THE DAVENPORT MOTOR EXHIBITED IN BOSTON, AS REMEMBERED
BY MR. T. HALL.

At this juncture he received a letter from Kimball,
cordially .inviting him to stay at his own house for a
few weeks and promising to furnish materials for building
a larger machine. He accepted the proposal—there was
obviously nothing else to be done—until finally, upon his
expressing a desire to return to his family in Vermont, the
generous Kimball furnished the dejected inventor with a
new suit of clothes, and the necessary cash for his journey,
and when in parting from him Davenport expressed his
doubts as to ever being able to repay him, this good Sam-
aritan cheerily remarked that he “need not trouble himself
about that,” but whenever he needed further assistance to
call upon him.}

Writing of his circumstances at this time, in the early
part of 1836, he says :

For several months my proepects of getting assistance for a
trial on a large scale, looked very dubious., My friends seemed to
be worn out and tired of my talk about electro-magnetism being
used as substitute for steam. Many hundreds of ingenious
mechanics and wealthy people had seen the power propel
machinery of various kinds, and all expressed a strong anxiety.
that I should persevere, and apparently wished with all their hearts
that I might succeed. The great benefit it would have in savin
human life was particularly mentioned by all who seemed to wi
the project well, but yet I was totally unable to reach the purse
strings of the capitalist. The objection urged by many was that
my letters patent had not been taken out, and when I informed
them that the patent could be obtained as soon as I could raise the

* The author desires to express his acknowledgments to William Lincoln
Smith, 8. B., of the Massachusetts Institute of Technology, and W. A. Hovey,
ofthe American Bell Telephone Company, for making an examination of the files
of the Boston {)spors. and to Mr. Smith especially for the information obtained
from Mr. Hal

+The author regrets that he has been ful in the which has
been made by him to identify the Mr. Kimball whose generous conduct towards
.lneedmcly and struggling inventor, entitles him to the grateful remembrance of all
electricians.
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means sufficient for that , the reply was that I had delayed
:1) el.oug already that some other person would probably anticipate

The necessities of Davenport’s family now rendered it
imperative that he should at once seek some means of live-
lihood. With characteristic persistence, he determined to
attempt this by giving exhibitions of his circular railway
and other electro-magnetic apparatus. His first entertain-
ment of this kind was given in the public school-house in
Brandon village. The occasion is well remembered by aged
residents of that place who are still living. The building
in which the exhibition took place now forms a part of the
residence of George Parmenter, Esq., and, it may be
remarked in passing, enjoys the further distinction of hav-
ing been the school attended by Stephen A. Douglas, a
native of Brandon, in preparation for college, he support-
ing himself meantime by working at the trade of a cabinet
maker.

During the following summer Davenport exhibited his
apparatus two weeks at Saratoga Springs, which even at
that early day had come to be somewhat of a resort during
the warm season for wealthy people from various parts of
the country. While here he })ormed the acquaintance of a
leading citizen of the place, the late Ransom Cook, who
was at that time a prosperous manufacturer, and propri-
etor of an extensive shop driven by steam power and sup-
plied with saperior maoginery and tools for working both
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THE NEW ELECTRIC LIGHT AND POWER STATION
AT LOWELL, MASS.

No better proof of the commercial success of electricity
as a producer of light and power can be adduced than the
fact that so many cities are at last providing themselves
with stations worthy of the name, and that engineers are
giving their whole attention to the erection of stations
which will not only produce the desired effect of making
electric light and power reliable and popular, but which
will be ab%e to take care of the rapid increase of business,
and at the same time have a chance of creating some divi-
dend for the pocket of the stockholder. As another
example of such a station, I take pleasure in presenting in
detail the plans of the new electric light and power station
at Lowell, Mass., which is now just being put into active
service. Like most of the larger cities, Lowell has passed
through an interesting history in the development of its
electric lighting industry. The Lowell Electric Light
Corporation was organized under the laws of Massacha-
setts, in 1831, with a capital of $10,000, and began busi-

531 —ada !
—

in wood and metal. Cook was profoundly impressed with

the apparent value and importance of the invention, and at

once tendered to Davenport the technical and financial

assistance necessary to bring his enterprise properly before

the public.
THE POSTAL TELEGRAPH CO. NOT TO SELL OUT.

A statement has been published that Jay Gould had pur-
chased a controlling interest in the Postal Telegraph Cable Com-
pany. This report is so far denied. One of the officials of the
company says:

‘¢ The report is entirely unfounded. Our stock is not listed on
the stock exchange and there is none to be bought. This company
was formed for the purpose of carrying on a legitimate business
and not for the purpose of compelling the Western Union/ to buy
us out.

* During the past two years we have built more than 4,000
miles of line, and we are now pushing rapidly toward New
Orleans. As soon as that link is finished our system will extend
from the Atlantic to the Pacific and from the great lakes to the
Gulf of Mexico. We have direct connection with the Commercial
Cable Company and the Canadian Pacific Telegraph. The gentle-
men who own a controlling interest in this company do not wish
to sell, nor do the Western Union Company wish to buy our
property, for they recognize the fact that should they gain con-
trol of our system a new company would be formed within three
months.”

Xec. Engr., N.¥. .
F16. 1.—THE LOWELL, Mass., ELECTRIO LIGHT STATION.—SECTION OF ENGINE AND DYNAMO ROOM.

ness with two Weston arc light machines, leasing power
from an accommodating sawmill. Business, however, did
not thrive very well, and about a year later the Middlesex
Electric Light Company was formed, and a small plant
was built on Middle street. This company introduced the
Thomson-Houston system, and shortly after effected a
combination with the old company, under the same name,
and continued to do business till about two years ago. At
that time they reorganized under the name of the Lowell
Electric Light Corporation, still continuing to use the
Middle street station. Without going into details, it may
be stated that they started at first with one 50 h. p.
Armington and Sims engine, increased to three engines of
the same manufacture, and then put in a 250 h. p. Har-
ris-Corliss high pressure engine, remodelling the entire
plant. Business continuing to increase, another addition
was temporarily made, and then it was decided to
build on an adjoining lot, and a 200 h. p. Atlas engine
and another 800 h. p. Harris-Corliss engine were put
in, In 1889, the alternating incandescent system was
introduced, making an enormous increase in the demand
for generating capacity, and a contract was entered into to
furnish power for the Lowell and Dracut Street Railway
Company, and it being at once seen that even the
enlarged station was wholly inadequate to meet the
requirements, it was decided to build a new first-class
station, and accordingly land was bought on Perry street,
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THE INVENTORS OF THE ELECTRIC MOTOR.—IIL

WITH S8PECIAL REFERENCE TO THE WORK OF THOMAS
.DAVENPORT.
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ANSOM COOK, the new partner in the
enterprise, was in many respects no ordi-
nary man. A native of Connecticut,
he had been brought to the state of
New York by his parents- while yet a
child, and had begun life in the then
newly settled region of the upper Hudson
as a journeyman cabinet-maker. Having
by diligence and economy accumulated
a smal% capital, he commenced on his
own account in 1822, the manufacture

of furniture in Saratoga Springs, and a few years later was
able to fit up the lar, ean&l wel

uipped shop referred to,
:vghicfhpestood Ol:l the site of the
present Grand Hotel.

Cook was a characteristic
type of that self-educated, in-
telligent, ingenious, and enter-
prising olass of American
mechanics, the products of
whose industrial skill have
become known and esteemed
in-every country of the civil-
ized world. From his very bor
hood, every moment that could
be spared from toil was utilized
to the utmost in increasing
the small store of knowledge
with which a common school
education had furnished him,
and books, not onmly of the
nataral eciences, but of history,
law and politics, were bis un-
ceasing recreation and delight.
A man of sorupulous integrity,
diligent and successful 1n
business, cordially detesting
every form of chican?lry al.nh
hypocrisy, yet ever ready wit
hand mydy urse to aid the
needy and deserving ; distin-
guished no less for his sound
judgment than for his self-
reliance and independence, he
was one who could not but
occupy a leading position in
any community in which his
lot was cast. Touched with
the narrative of Davenport’s
struggles and misfortunes, not only did Cook hasten to
relieve his immediate pecnniary necessities, but instinctively
perceiving the future possibilities of bhis invention, he
suspendeg the lucrative business which he was carrying
on, that he might throw himself heart and hand into the
aow onterprise, Writing of this period Davenport says ;—
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A

AGED 83 YEARS AND 7 MONTHS.
[From a Photograph made in 1877, by W. H. Baker, of Saratoga, N. Y.]

Engineer.

No. 1438,

My mind was now measurably relieved, and I felt that I
could aley myself to the object in view, with renewed dili-
ence. As the patent had not been obtained, we commenced
uilding a model for the Patent Office. Mr. Cook seemed to be
more and more enamored with the invention as the work pro-
g Several hands were now employed in constructing
models, and important alterations in the arrangement of the
machine were made by Mr. Cook, which seemed to increase his
confidence in the ultimate successful application of the power.
As soon as we had completed a model for the Patent Office, I pro-
ceeded to Washington and deposited my model and papers. A
great variety of experiments were made in Mr. Cook’s shop. with
regard to the best mode of constructing both steel and electro-
magnets, and many models of various sizes were completed.

At least two of the working models constructed by
Davenport and Cook during the winter of 1838-7 are for-
tunately still in existence in an excellent state of preserva-
tion. The writer has had an opportunity of making a
careful examination of one of these, a small electric loco-
motive running on a circular railway 24 inches in'diameter,
an illustration of which is given herewith. The motor proper
consists of two straight electro-magnets, one constituting &
stationary field, and the other an armature revolving in a
horizontal plane parallel to and above the field. The
armature is connected with
the driving wheels by a
speed-reducing bevel-gear.
The field and armature mag-
nets are each 5% in. long, wit
cores { in.in diameter. They
are each wound with two No.
18 copper wires connected
in parallel, there being 24 con-
volutions of each wire on each
core. The commutator is
constructed with insulated
springs rubbing upon insula-
ted metallic segments. The
connections with the battery
are formed by mercury-oups,
Perhaps the most remarkable
circumstance about this motor
is that the field and arma-
tare are connected in paral-
lel, so that in this model we
have a veritable example of a
shunt-wound motor, built in
1836-7. The workmanship of
the little machine is of the
finest desoription, and would
reflest no discredit mpon the
shop of any leading manu-
facturer of to-day. It bears
in every feature the impress
of . the unusual mechanical
skill of its designer. This
model of the circular railway,
together with several station-
ary motors embodying " the
same general principles, were
intended for exhibition in the
oity of New York. Nesr
the close of the year 1836, Davenport, who was im-
patiently awaiting the issue of his patent, received a
letter from Congressman Slade, conveying the muwelcome
intelligence that his model and all the papers relating to
his application had been destroyed in the fire which con-
sumed the pontents of the patent office. Not a paper nor a
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single one of the 7,000 models contained in the hall escaped
destruction.

This disaster ocourred on the 15th of December, 1836.
Another model was immediately constructed and a new set
of papers prepared, and about the middle of January,
1837, Davenport, supplied with funds by Cook, set out on
his third journey to Washington, and filed an application
on January 24,1887, for his patent, which was issued in
due course on the 35th of February following.

The following extract from the columns of a local jour-
nal will serve to show the stage which the invention had
now reached :

[From the Saratoga Sentinel, Jan. 8, 1837.]

DAVENPORT AND COOK'S ELECTRO-MAGNETIC ENGINE.

In company with Dr. Steel and several other gentlemen, we
called upon Messrs. Davenport and Cook, of this viﬁ&ge, on Satur-
day, with a view of examining the electro-magnetic engine
invented by the senior partner.

The ingenuity, yet simplicity of its construction, the rapid-
ity of its motion, together with the grandeur of the thought that
we are witnessing the operation of machinery propelled by that
subtle and all pervading grinciple—electricity, combine to render
it the most interesting exhibition we have ever witnessed.

Although we s say something on the sub{'ect, it is per-
haps impossible to describe this machine by words alone, so as to
give more than a faint idea of it to the reader.

It consists of a stationary magnetic circle, formed of discon-
nected sek"lmenm. These segments are permanently charged
magnets, the repelling poles of which are placed contiguous to
each other. Within the circle stands the motive wheel, having
the projecting galvanic magnets, which revolve as near the
circle as they can be brought without actual contact. The gal-
vanic magnets are ‘charged by a battery, aud when so charged,
magnetic attraction and repulsion are brought into requisition in

iving motion to the wheel—the poles of the galvanic magnets
ing charged more than a thousand times per minute. . . .

‘We were shown a model in which the motive wheel was 5
inches diameter, which elevated a weight of twelve Pounds. An
to illustrate the facilities for increasing the power of this engine,
another model was exhibited to us with a motive wheel of eleven
inches in diameter, which elevated a weight of eighty-eight
pounds. Although these models have been for some time in
progress, and we have occasionally been permitted to examine
them, we have waited till the present period, when the practi-
cability of obtaining a rapid and unlimited increase of power
seems to be placed beyond a doubt, before expressing an opinion,
or calling the public attention to the subject.

If this engine answers the expectations of the inventor (and
we believe no one can assign a reason why it should not), it is
destined to produce the greatest revolution in the commercial
and mechanical interests which the world has ever witnessed.

While Davenport was in Washington attending to the
issue of his patent, Cook formed in New York the acquaint.
ance of a typiocal representative of a class of people who
have become in later years much more widely than favor-
ably known in electrical circles as ¢ promoters,” This
person, whose tr;rominent position as secretary of one of the
leading scientific and technical institutions in New York
apparently entitled him to confidence, suggested the advis-
agxlity of forming a joint-stock association to exploit the
e;t.ent.. To this Cook, and Davenport, after his return from

ashington, willingly acceded, the more so, that they had
found that the cost of procuring patents in the difterent
countries of Europe, and of building a machine large
enough to give the public convincing proof of the value of
the discovery, would be likely to be considerably beyond
their individual resources. In accordance with this plan,
early in March articles of association were drawn up, by
the terms of which a portion of the stock was placed in the
hands of the promoter to enable him to raise funds “ for
building models and machinery, and for testing the utility
of said invention; for giving to the same its greatest
possible value for the benefit of the stockholders (the con-
structions so made to belong to the association%; also for
securing the exclusive use of said invention in Europe for
the benefit of the association.”

A supplementary agreement was executed at the same
time, by which the promoter pledged himself to pay
Davenport and Cook $12,000 in cash within thirty days.
This was a large sum of money in those days, and the
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struggling inventor at last felt able to congratulate himself
that his pecuniary troubles at least were at an end.

Every prospect seemed as favorable as could be desired
or hoped for. As a curiosity we give a fac-simile of one
the certificates of scrip of this—perhaps the first joint
stock company ever organized to exploit an electrical inven-
tion.

In March, Davenport received a letter from Professor
Benjamin Silliman, of New Haven, requesting information
about his machine for publication in the American Jour-
nal of Science and adding:

I have no doubt you will always receive advantage from the
sound and judicious advice of our friend Mr. (the pro-
motor) whose experience in business and great zeal and ﬂdegity
in this affair will no doubt greatly aid in all the proper business
part of your concern.

The publication in Silliman’s Journal of April, 1837, of a
detailes description from personal examination of two dif-
ferent forms of Davenport’s machine, one having revolving
electro-magnets in conjunction with fixed permanent field
magnets, and the other composed entirely of electro-mag-
nets both in its fixed and revolving members, excited very
great interest in scientific circles both in this country and
abroad. At the end of the article, which is signed with the
initials of Professor Silliman, the author sums up his con-
clusions in reference to the invention as follows :

1. It appears then, from the facts stated above, that electro-
magnetism is quite adequate to the feneration of rotary motion.

2. That it is not necessary to employ permanent magnetsin any

t of the construction, and that electro-magnets are far prefer-
able, not only for the moving, but for the stationary parts of the
machine.

8. That the power generated by electro-magnetism may be
indefinitely prolonged, since, for exhausted acids and corroded
metals, fresh acids and batteries, kept always in readinees, may
be substituted, even without stopping the movement.

4. That the power may be increased beyond any limit hitherto
attained, and probably beyond any which can be with certainty
assigned—since, by increasing all the members of the apparatus,
due reference .being had to the relative proportionate weight,
size, and form of the fixed and movable parts—to the len, of
the insulated wires and the manner of winding them—and to the
proper size and construction of the battery, as well as to the
nature and strength of the acid or other exciting agent, and the
manner of connecting the battery with the machine, it would
appear certain, that the power must be increased in some ratio
which experience must ascertain.

5. As electro-magnetism has been experimentally proved to be
sufficient to raise and sustain several thousands of pounds, no
reason can be discovered why—when the acting surfaces are, by
skillful mechanism, brought as near as possible, without contact—
the continued exertion of the power should not generate a con-
tinued rotary movement, of a degree of energy, inferior indeed
t> that exerted in actual contact, but still nearly appoximating
to it.

6. As the power can be generated cheaply and certainly—as it
can be continued indefinitely—as it has beeu very greatly
increased by very simple means—as we have no knowledge of its
limit, and may therefore presume on an indefinite augmentation
of its energy, it is much to be desired, that the investigation
should be grosecubed with zeal, aided by correct scientific
knowledge, by mechanical skill, and by ample funds. It ma;
therefore be reasonably hoggd, that science and art, the hand-
maids of discovery, will both receive from this interesting
research a liberal reward.

Science has thus, most unexpectedly, placed in our hands a
new power of great but unknown energy.

It does not evoke the winds from their caverns; nor give
wings to water by the urgency of heat; nor drive to exhaustion
muscular power of animals; nor operate by complicated
mechanism ; nor accumulate hydraulic force by daming the vexed
torrent: ; nor summon any other form of gravitating force; but,
by the simplest means—the mere contact of metallic surfaces of
small extent, with feeble chemical agents, a power everywhere
diffused through nature, but generally concealed from our
senses—is mysteriously evolved, and by circulation in insulated
wires it is still more mysteriously augmented, a thousind and a
thousand fold, until it breaks forth with incredible energy ; there
is no appreciable interval between its first evolution and its full
maturity, and the infant starts up a giant.

Nothing since the discovery of gravitation and of the struc-
ture of the celestial systems, is 80 wonderful as the power evolved -
by galvanism ; whether we contemplate it in the muscular con-
vulsions of animals, the chemical decompositions, the solar
brightness of the galvanic light, the dissipating consuming heat,




SJan. 81, 1891.)

and more than all, in the magnetic energy, which leaves far
behind all previous artificial accumulations of this power, and
reveals, as there is full reason to believe, the grand secret of
terrestrial magnetism itself.

We shal] hereafter givean accurate drawing, made to
scale, of one of three or four machines, substantially alike,
which were constructed in the winter of 1838-37, by Daven-
port and Cook. The model in the patent office in Wash-
ington was one of these, another was sent to Europe to be
used in obtaining patents in various countries, and at least
one other was kept on exhibition in New York, where it
was inspegted by crowds of curious spectators.

The workshop and laboratory of Davenport and Cook
were in a large building at 42 Stanton street, which has
long since disappeared and been replaced by tenement
houses. Writing of this period, Davenport says :

During the spring and summer of 1887, our laboratory, which
was a spacious one, was crowded to overflowing daily by visitors
to examine the variety of machines and apparatus which were
an hand, and in progress of construction. Among the distin-

ished and scientific tlemen who visited our work, were

feesor Samuel F. B, Morse, then of the New York University,
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franes, or $40,000, as a compensation for his wonderful invention.?
In the course of this summer we constructed a great variety of
machines, testing the power of each to ascertain the amount of
improvement, and among these was & miniature locomotive
engine which moved on a circular railway of 14 feet in diameter,
moving a train of half-a-dozen cars. Many of the public prints
came out in favor of theinvention, recommending that capitalists
should examine the operation of the machines, and aid in the
enterprise by their assistance in furnishing funds.

Many of these newspaper notices are so characteristic,
that I cannot forbear making a few extracts from them :

(From the New York Herald, April 27, 1837.)
A RBYOLUTION IN PHILOSOPHY.—DAWN OF A NEW CIVILIZATION.

We mentioned slightly the other day a few particulars de-
scriptive of the electro-magnetic machine now preparing for exhi-
bition in this city. We shall now go a little deeper into this
most extraordinary discovery, probably the greatest of ancient
and modern times, the greatest the world ever seen, the
greatest the world will ever see. . . . . . .

‘We are in the commencement of a revolution in philosophy,
science, art, and civilization. The occult and mysberious princip e
of galvanism is now beginning to be developed in all its magnifi-
cence and energy. . . . . . . o '

MODEL OF ELECTRIC CIRCULAR RAILWAY MADE BY DAVENPORT AND COOK IN 1886-7.
[From recent photograph and sketch by F. L. Pope.]

and Doctor Charles G. Page, then of Boston. Professor Morse
frequently mentioned his intentions of experimenting on the
electro-magnet for the purpose of producing signs for signals for
telegraphic purposes, and stated that he had long ago conceived
the idea of transmitting intelligence by electricity.! A gentleman
from Germany, Baron D , purchased secretly from one of
our workmen drawings of some of the best models, and in about
gix months from that time the German g:(rers were teeming with
the news that Baron D had invented a new motive power,
a model of a machine, put in motion by electro-magnetism ! The
German Diet is said to have voted this gentleman pirate 230,000

1. From the sworn deposition of Professor Leonard D. Gale, corroborated by
others, printed in the record of the Supreme Court in the case of O'Reilly v.
Morse, it appears that the first crude model of Morse's telegraphic recording
apparatus was constructed by him in the late fall of 1835, and that Gale became
associated with him in 1838. In his deposition Gale says:—'* From April to

P ber, 1837, Pr¢ Morse and myuelf were engaged together in the work
of preparing magnets, winding wire, constr.cting batteries, etc., in the Uni-
versity, for an experiment on a larger but still very limited scaie, in the little
leisure that each had tospare. . . . The latter of August, 1837, the
operation of the instrument was shown to numerous visitors to the University.'
It must have been while this work was going on, that Morse visited Davenport's
laborato! The marked likeness between the electro-magnet in the original
instrument of Morse, preserved in the cabinet of the Western Union Telegraph
Company, at 195 Broadway, New York, and the magnets in some of the motors
of Davenport and Cook, constructed just before they brought their apfarabus to
New Y. furnishes grounds for the belief that Morse's knowledge of the con-
struction of Hexry's mninl:c may, in at least, have been derived from
obeervations made during visis to the laboratory here referred to.

It is utterly impossible to give vent to all those burni
thoughts which crowd upon our mind at the contemplation of this
discovery. It sur any discovery of ancient or modern times.
The generalization of this principle, and its undoubted identifi-
cation with all the phenomena of nature—with motion—with
animal li}e-—with earthquakes—with gravity—with electricity—
with the motion of the earth and planets round the sun, mustand
will create an entire revolution in all science, in all art, in all
?hiloeophy, and in all future civilization. Indeed we may go
urther, and however droll it may appear, we have strong sus-

icions that the friendship, esteem and the mysterious love
Between the sexes is founded on the same principle with which
Mr. Davenport turns his wheel, and the lightning flashes from
heaven—and the aurora borealis spreads out its garments of rosy
light in the sky—and the very planets themselves run their races
round the sun from eternity to eternity.

Enough for the present. We have long been a student in
chemistry, electricity, galvanism, and such like sciences. We
shall illustrate our views at our leisure. Meantime we bid all
przpare for an organic revolution 1n science, philosoghy, religion,
and civilization. We are just entering upon a wonderful age.

(From the N. Y. Evening Star, August, 1887.)
In concurrence, unanimously we believe, with all who have

2. The writer, notwithstanding much research, has failed in his attempts to
netrate the ll,mnlw of the ‘‘gentleman pirate.” The statement is given as
t is written. ly others may be more successtul. . ot
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witnessed the operations of- this extraordinary and simple ap-
mrm, and listened to the lucid and eloquent explanations of

. Cook, - we confess our utter amazement at the prodigious
changes which it manifestly foretells in the application of an
entire new and immeasurable agent of mechanical power ; and at
the same time, while we see and admire, acknowledge ourselves,
for want of language to sustain us, utterly incompetent to r;;-;fen
any correct conception of this marvelous invention to our ers.

we say is, ‘‘ go and be convinced.” . . . . . .

It is a sublime but not wild idea of Mr. Cook, that a ship’s
bottom, covered with suitable plates and the ocean for its bath,
may drive herself along with incredible velocity, at the same
time Slanerating sbungxnce of hydrogen to light her onward
upon the deep. .

- But it isin a commercial view that it exhibits, in prospective at
least, an importance combined with the finest sublimity. It is
well known that sea-water forms an active bath for the galvanic
battery when kept up by frequent changes. Isthere any insur-
mountable objection to arranging the sheathing of the vessel so as
to.form a battery, and with the ocean for its bath and the appli-
cation of magnetic power, *‘ drive the ship onward in her course
and guide her to the point of destination by the same agent ? "

hen the use of steam is in conducting our distant
commerce, we cannot avoid the reflection that on the vast deep
the perils of wind and waves are sufficient without adding
those of fire and explosion.

(From the N. Y. Evening Post.)

‘We learn that some recent improvements have been made in
the application of electricity as a moving power to machinery. A
larger apparatus than the one hitherto exhibited has been con-
atructedp under the direction of Mr. Cook, now in this city, which
is to set in motion a turning lathe, in order that those who take an
interest in the invention may see it at work. Nothing but the
difficulty of the times now standsin the way of demonstrating
the application of this power on a large scale to machinery of the
most ponderous desoription.

(From American Correspondence of London Morning Herald.)

I did not write by the packet of the 16th [A , 1887], be-
cause I had made an appointment for the next day, to go and
see the electric-magnetic machines of Mr. Davenport, and which
Iconsidered well worthy to be the subject of a letter, provided
there were any grounds for the vast expectations founded upon
them, not only by the inventor and his friends, but by every

n who had examined them, and heard the explanations of

. Davenport. Having seen them, I am free to confees that I
cannot discover any good reason why the power may not be
obtained and employed in sufficient abundance for any machinery;
why itshould not supersede steam, to which it is infinitely prefera-
ble on the score of expense, safety, and simplicity. I do not very
clearly understand the principle (something about changing the
poles from positive to negative, or from north to south), and vice-
versa, in rapid succession ; but this is of little consequence, as I
shall be able to send you, probably by the next packet, a pamphlet
containing a full exposition, with illustrative engravings. Mr.
Cook, who is associated with Mr. Davenport in the patent, is now
engaged in preparing this pamphlet, and he has promised me the
first copy that is q:l:ted They have patented their invention in
France and En%nn d. . . . . . .

The last machine constructed by Mr. Davenport occupies a
surface of about 18 inchessquare, that is, 18 inches on each side,
and consists merely of a platform, having upon it an iron circular
frame, with an arch extending from side to side above it, a
spindle in the centre playing in this archat top and in a socket
below, and on this spindle an incomplete wheel, formed of two
croes pieces of iron, with segments of a circle at the four ex-
tremities. It is, in fact, & wheel, with four breaks in its periph-
ery. Some hundreds of feet of isolated, or coated, copper wire
are wound around the crose pieces, and also around the fixed circu-
lar frame ; the connection with the galvanic batteries, which are
three small cylinders, each consisting of six concentric tubes of
zinc and copper, the outer one scarcely larger than a quart pot, is,
formed by small rods of copper. The revolving wheel is six
inches in diameter, and weighs about six pounds. Attached to
the upright spindle is a nmn.lf cog-wheel, which may be made to
work in other wheels, with axles, for the purgose of showing how
great a weight can be raised from the ground.

With the three batteries acting on it, the revolution of the
wheel was 1,000 times in a minute ; and these 1,000 revolutions
raised a weight of 200 1bs. one foot. The first machine made by Mr.
Davenport, which is much smaller and has but one battery,
raised but 24 lbs. He isconfident that with a number of batteries,
or one very large one, say, as big as a barrel, there would be
power enough to drive the largest machinery, while the cost of
construction would be reduced to a fifth, or perhaps a tenth, and
that of attendance, fuel, etc., now forming so heavy an item in
the expenses of steam-power, would be almost done away with.
Half a barrel of blue vitriol, and a hogshead or two of water,
would send a ship from New York to Liverpool ; and no accident
could possibly happen, beyond the breaking of some part of the
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machinery, which is so simple, that an({ damage could be repaired
in half a day. Surely it isa great and vastly important discove
ery, and the wildest imagination could hardl p the wonders
in acthieving which it may, and doubtlees will, me the instru-
ment.

A reference to the preceding description of the machine
shown to the correspondent of the London Herald, is
sufficient to show that it was quite an advanced type of
motor, having a horseshoe field, and a four-pole armature
fitted with segmental polar surfaces. A model of one of
the machines of this type, but having two poles only, is
still in existence. ,

Amid the general chorus of praise, there was, as might
have been expected, now and then an inharmonious note,
as witness the following communication :(—

[From the Journal of Commerce.]
Messrs. Editors : I have been much gratified with your ex-
ure of various humbugs of late in science and politics ; but if
recollect right, you have not touched upon what I consideras also
indubitably a great humbug. I mean Mr. Davenport’s machine,
so far as it boasts of being of any practical utility. Iam aware

that Mr. Silliman speaks of Mr. Davenport’s invention as ‘‘put-

ting into our hands a new power of great but unknown energ{'n
and supposes the power may be increased beyond any limit which
can be assigned ; he therefore seems to spea{ of the discovery as
of great pecuniary value, and recommends that the investigation
should be prosecuted ‘‘by ample funds,” etc. Mr. S. has not,
however, shown in what way any great and useful power is to be
attained by Mr. Davenport's invention, and probably he would
not again lend his name in the same manner to this affair. Iam
aware also that Mr. D. is able by his machine to move a couple of
tiny cars about a railroad in Barclay street, of a dozen or fifteen
feet in diameter ; but I propose to show that he cannot, by electro-
magnetism, acquire any great and valuable power, and that his
machine in its grand promise is a humbug.

Aunoying caricatures were also circulated, a fashion
much in vogue at that day. Oneof these skits represented
a boat propelled by lightning ; Davenport and Cook, with
despair depicted upon their countenances were tinkering at
the machinery, while Prof. Silliman, in an attitude of mock
dignity, was expatiating to the public on the merits of the
scheme.

So far as can be ascertained, the earliest account of the
experiments of Professor Moritz Hermann von Jacobi, of
Konigsberg, Prussia, afterwards of St. Petersburg, which
reached this country, was contained in a paper published
in Sturgeon’s Annals, translated from Comptes Rendus.?
This admirable paper, which, considering the early date of
its publication, displays a masterly knowledge of the fun-
damental prinoiples of electro-magnetism, as well as an in-
timate experimental acquaintance with its phenomena,
especially as exhibited in the actions and reactions of ,the
magnets of an electric motor, contains a full description of
Jacobi’s machine, illustrated with an isometrical drawing
which clearly exhibits the details of its construction. From
this drawing, which we reproduce in fac-simile, it clearly
appears that not only is its principle the same as that of
Davenport and Smalley’s motor heretofore described, but
that even in the details of construction the differences are
comparatively unimportant. In this paper, Jacobi states
that he first succeeded in obtaining rotary motion in May,
1834, and incidentally refers to a paper partially describ-
ing it, which he read before the Academy of Sciences of
Paris, on December 1, of the same year, an abstract of
which was published in PZnstitut, No. 82, on December
3rd. The following is a translation of this note :—

M.- Jacobi, of Konigsberg, presented to the Academy a paper
on a magnetic engine of his invention, in which et&‘n is
employed as a motive power. The following is the escription
given of it :—The apparatus consists of two systems comprising
eight bars each of soft iron, each 7 in. long and 1 in. in diam-
eter. These two systems of bars are placed at right angles, and
so arranged on two discs that the ends or poles of the are
opposite one another. One disc is fixed while the other revolves
on its axis, and the movable bars are thus made to pass as close
as possible in front of the tixed ones. The 16 bars are wound
with 820 feet of copper wire, 1§ inch in diameter, the ends of
which were connected with a voltaic apparatus, The whole mass,
moving at a speed of six feet per second, gives about 50 lbs., being

3. Sturgeon’s dnnals of Rlectricity, etc., i., 408.
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a-oconsiderable vis viva. The work thus furnished, measured by
an apfunm_simihr to the Prony brake, is equal to a weight of
10 or 12 lbe. lifted one foot per second. This success is principally
due to a novel construction of the commutator by which the
changes of polarity are worked. These take place eight times in
each complete revolution ; that is to say, eight times in half or
three-quarters of a second, the ordinary speed of the machine,
when the water in the oell is so little acidu! that the develop-
ment of gas is hardly appreciable.

In 1838, under the patronage and at the expense of the
Emperor Nicholas, of Russia, Jacobi constructed a much
larger motor upon sabstantially the same principles, with
which he succeeded in propelling a boat upon the Neva, at
St. Petersburg. As full accounts of this experiment have
been many times published, I will not occupy space by

g them here. The illustration given will suffice to
show the general character of the motor used on this ocea-
sion.

The question of actual priority, in point of time, as
between the invention of Davenport and that of Jacobi
is a very close one. If the ro motion which Jacobi ob-
taimed in May, 1834, was effected by the identical appara-
tus.deseribed in his paper read before the Academy in
November of that year, then his priority must be conceded,
but it does not appear to be certain that such is the case.
lar any-event, the discoveries here and abroad must neces-
sarily. bave been wholly independent,although nearly coin-
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" Jacosr's: ELECTRO-MAGKRETIC ENGINE OF 1834,
[Reproduced from Sturgeon's Annals.]

oident in point of time, and it is, to say the least, remark-
able, that one who labored under such limitations and
disadvantages as Davenport, should by the unaided force
of his native genius, have achieved a result which has been
universally conceded to reflect the highest credit upon the
talents and perseverance of one of the most able and
learned experimental philosophers of his day.

The following letter, written near the close of the year
1837, gives an interesting résumé of the progress of affairs
in the laboratory at that date*:

[Thomas Davenport to Professor Benjamin Silliman.]

Dear Sir :—Having lately made a number of applications of
the power of large galvanic magnets in propelling machinery
(being inderendent of the large machine now constructing by the
association®), I have thought proper to state to you the results,
believing they would not be uninteresting to you.

I have constructed a machine with two revolving magnets 2
feet in length, made. of iron, 8l inches in diameter, and
weighing, after being wound with 6 coils of No. 10 copper wire,
100 pounds each. Three stationary magnets of 2 feet diameter,
were piaced around the periphery, making 6 poles and weighing
100’pounds each.

4. Sliman’s dmer. Jowr. 8ci., xxxiii. (appendix).
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With this machine I have produced 100 revolutions per minute
with 6 square feet of sheet zinc exposed to action, surrounded with
thin sheet copper.

I then di:ﬁ aced the stationary magnets, and substituted one
magnet 8 inches in diameter, forming a semi-circle, with the poles
directly opposite each other, and weighing about 100 pounds.
With this magnet I produced 150 revolutions per minute, usin
the same quantity of zinc surface. With one revolving magnet
produced 175 revolutions per minute, with 4 square feet of sheet
zinc. I next constructed a hollow magnet 2 feet in length and 4
inches in diameter, made of boiler iron, { of an inch in thick-
ness, with 4 coils of copper wire, with which I succeeded in
getting 100 revolutions per minute. A hollow magnet was then
constructed of thin sheet-iron, of the thickness of common stove-
pipe iron. which revolved 150 times per minute. Hollow mag-
nets I think may be used to great advantage where weight is an
objection ; but in my experiments I generally make use of solid
iron.

I also constructed a machine with simply two magnets formed
of 2-inch round iron, 15 inches in length, of the stirrup form.
The distance between the centres of the poles is 5 inches and the
magnet revolves 450 times per minute, with 2 square feet of zinc.
The stationary magnets being placed with the poles of the
revolving magnet pointing downwards, the shaft to which the
revolving magnet is attached passes through its centre and rests
on the centre of the stationary magnet. Two of these machines
(weighing in all 50 pounds) I have attached to small drilling
works, which I find produce sufficient power to do all my drilling
of iron and steel, to the size of }4 of an inch in diameter.

I have adopted this form on the third machine which I have
recently put in operation. The magnets are formed of 23 inch

MOTOR USED BY JACOBI IN HIS EXPERIMENT ON THE NEVA IN 1838.

(By permission of D. Van Nostrand Co.]

iron, with the centres of their poles 9 inches a;iart and weighing
50 pounds each ; with this I produced 800 revolutions per minute,
anmmve successfully applies it to turning hard wood of 8 inches
diameter. I find the power increases in full proportion to the
increase of weight and without increasing in_proportion the size
of the battery. The wire must be increased in size in proportion
to the size of the iron used, and, consequently, the difficulty
attending long wires will always be avoided.

I find no difficulty in using my machine 12 hours in succes-
sion, without changing batteries or agitating the solution.

I am erecting conveniences to test the powers of each magnet
as they are increased in weight and size, and think I shall be
able in season for the April number of your journal to give the
exact increase of power in proportion to weight, of magnets
weighing from 10 pounds to several tons.

T have also made some very satisfactory trials, while making
my machines, respecting the expense for the consumption of zinc
and acids, and I tﬁink I shall soon be able to give nearly the pre-
cise cost of making the largest ma.chinelx'.

Galvanism is, I trust, destined to produce the greatest results
in the most simple form, and I hope not to be considered an
enthusiast, when I venture to predict, that soon en(finea capable
of propelling the largest machinery will be produced by the
simple action of two galvanic magnets, and worked with much
less expense than steam. Yours respectfully,

New York, Dec. 26, 1837. THOMAS DAVENPORT.

* The machine alluded to in the above letter, a8 now belng constructed for
the Electro-Magnetic Association, by Messrs. f)uvenport and Cook, is nearly
comglemd. and i8 expected to be of about two tons' power. It is formed by a

ination of smnﬁec gnets, weighing about four pounds each, and three-
and-a-half inches between the poles. These magnets are placed—two hundred
and thirty-four in number, on an iron shaft six feet in length, and a corres-
ponding number in a circle a8 stationary magnets.
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In 1888, Frederic Coombs was sent abroad to obtain
Katents in Great Britain and other countries, and to ex-
ibit the invention with the hope of enlisting foreign
capital in aid of the enterprise. The following notice was
ggb]ished in the proceedings of the London Electrical
ciety, of its meeting of July 17, 1838:*

Previous to the chair being taken, Mr. Coombs, of New York,
exhibited to the members a locomotive engine propelled by elec-
tro-magnetism. This machine, which is at present exhibiting at
the Royal Gallery of Practical Science, consist: 1st. Of the
carriage containing the apparatus, but which, in consequence of
the arrangements necessary to the taking out of a patent in
this country not being completed, could not be explained, 2d.
Two voltaic batteries ; these are made on the principle of Hare’s
calorimotor, excited with a strong solution of sulphate of copper.
8d. Two carriages attached to the apparatus. The apparatus, bat-
teries, and carriages weigh 60 or 70 lbs., and are placed on a cir-
cular railroad. Pon connexion of the apparatus being com-
pleted (by means of four cups containing mercury) with the poles
of the two batteries, the apparatus is set in motion and revolves
for some time with considerable velocity, but which decreases as
the action of the battery diminishes.

The exhibition appears to have been favorably received
by the members present, but it does not appear that any-
thing further was accomplished. The following is selected
from a number of newspaper notices :

[From the London Morning Herald, August, 1838.]
DAVENPORT'S ELECTRO-MAGNETIC RAILWAY LOCOMOTIVE,

Mr. Davenport has at length gratified the curiosity of the
English skeptics to a certain extent, by sending over a model of a
locomotive engine, which isnow exhibiting at the Adelaide Gallery,
in the Lowther Arcade, worked on the same principle as his
larger stationary engines. This carriage runs on a circular rail-
way, and draws after it two other carriages, which move, by the
aid of two small galvanic batteries, at the rate of about three miles
an hour. The weight thus propelled is nearly 80 lbs., and the
carriage containing the apparatus about one foot square. The
manner in which the electro-magnets are arranﬁed is kept a
secret for the present ; but the principle on which the application
of the power depends is well known, and the chief superiority in
Mr. Davenport’s invention consists in his having, by some pecu-
liar contrivance, brought into exercise a ﬁreater amount of power
within a gli‘ven sgace and weight, than has been hitherto accom-
plished. Though we do not anticipate that Mr. Davenport’s in-
vention as exhibited in the working model would found
applicable on a large ecale with any practical advantage ; yet
what he has accomplished is sufficient to show that important
results may be expected from future improvements in the
application of the same principle. We are informed by an
American gentleman who has recently arrived in England that
he witnessed a two horse power electro-magnetic engine, of Mr,
Davenport’s construction, employed in printing a newspaper in
New York, and that it performed the work most satisfactorily.
‘Whether or not, however, this was done at a cheaper rate than
the same power might be obtained from stesm, we are not able
to ascertain,

Frederic Coombs, the exhibitor of the Davenport motor
in England, in his old age became mentally unbalanced,
and from his harmless ecceuntricities of dress and behavior
was, for many years, a well known character in the streets
of Washington, San Francisco and New York. His per-
sonal appearance was remarkable, combining as it were,
the stately dignity of a Washington with the affable and
condescending benevolence of a Franklin. The portrait
given herewith will be recognized by many of our older
readers.

The peculiar business methods pursued by the individ-
ual who had been entrusted with the management of the
financial interests of the association soon came to be of a
character to excite the suspicions both of his associates
and of the public. His plan appears to have been a suffi-
ciently simple one, namely, to sell shares to any one who
could be induced to purchase, at any price the party could
be induced to pay, and to put'the proceeds in his own

cket, at the same time persistently refuring to render to

is associates any account of his doings, but reluctantly
disgorging, from time to time, such sums of money as
were absolutely necessary to keep the laboratory going

5. Sturgeon’s Annals of Electricity, etc., iii. 158
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with the smallest possible number of employés. This
course of conduoct could have but one result. The confi-
dence of the public generally in the integrity of the man-
agement of the association became impaired, while those
who bad purchased shares not unnaturally began to enter-
tain suspicions that they had been duped. Ransom Cook
was & man who was not only peculiarly sensitive in matters
of honor, but one who was utterly without patience with
fraud or chicanery in any form. He did not hesitate to express
his disappointment and vexation at the conduct of the
business manager, and ultimately, on the 12th of February,
1833, he sold nearly the whole of his interest for a mere
pittance, withdrew in disgust from the enterprise, and re-
turned to his home in Saratoga. During the year they had
carried on operations in New York, Cook had expended on
the work some $3,000, and Davenport more than $2,000 of
their own money, while the total amount received from
their business manager, instead of the promised $182,000,
was only $1,700. After the departare of Cook, Davenport
and M. W. Nelson, the party who had purchased Cook’s
interest, brought a suit in chancery against their unprinei-
pled associate, the result of which was that the court com-
elled the latter, much against his will, to exhibit his
ks and render an account of his stewardship. Daven-
g;)rt had meantime sold a part of the patent right for the
ew England States which he had reserved to himself, and
the proceeds furnished him with means to continue
his experiments for a time without other aid.

One cannot but deplore the unfortunate occurrences
which led to the permanent withdrawal of such a man as
Ransom Cook from further association with a department
of experimental research, in which his natural tastes, no
less than his remarkable talents, 8o eminently qualified him
to achieve distinction. An artificer of surpassing skill ; a
diligent and observant student of nature’s ways and works;
an original thinker, and an inventor of a high order;
the brief story of a single one of Cook’s mechanical con-
ceptions will portray more vividly than volumes of descrip-
tion the rare genius of the man. Ever full of intelligent
curiosity regarding the cunning works of nature, he be-
came at one time absorbed in the study of the structure
and habits of the so-called “ship-worm ” (teredo navalis).
More than anything else, he was strack with the capacity
of this little creature to apply its cutting tool with equal
facility and efficacy, at ani angle to the grain of the wood,
and as a skilled wood-wooker, his mind at once seized upon
and sought to a{;l)ly the hint which nature had thus given.
Patiently and skillfully, with his own hands, he forged
from steel experimental augers and bits, with cutters mod-
eled from the teredo’s mandibles, until at last the result
was achieved ; the curved tips of the justly celebrated
¢Cook bit,” an implement which by sheer intrinsic merit
has made itself indispensable to the ¢‘kit” of every wood-
worker in the civilized world. Of his many other scarcely
less ingenious and original conceptions, space forbids even
a passing notice here. In the autumn of his days, retiring
with a handsome and well-earned competency from the
active pursuits of life, he {;rovided himself with a well-
stocked library, and a model laboratory equipped with the
most improved mechanical appliances and scientific appara-
tus. Here it was his especial delight to entertain his
chosen friends, among whom were numbered many of the
most prominent of public men and scientists who were his
contemporaries. He died at Saratoga Springs, N. Y., May
26, 1881, at the advanced age of 87. It is impossible to
resist the conviction, that had Ransom Cook continued to
devote his unusual and peculiar talents to the industrial
development of electro-magnetism, many of those
knotty problems, which for so many years confronted and
obstructed the pathway of the investigator, would have
received at his hands an earlier solution.

Thrown once more upon his own resources, Davenport
proceeded to build several larger machines, of a type very
similar to that of the model locomotive in the illustration
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on page 87, referring to which he says :

. I increased the size of my magnets to about 50 1bs. each, and
with four machines, with two of these ets in each, I moved

a large Napier printing press in the month of April, 1838. There
was not, however, sufficient power for printing papers, although
the machine would keep the press in motion.

While engaged in these experiments, he received a letter
from Dr. Charles G. Page, then of Boston, who had been
for some time engaged in exploring the same field. It is
of interest as showing the views of Page at that date, and
especially in view of the reference to the experiment of
arresting the rotation of a magnetic bar by what is
obviously an inductive action :

[Charles G. Page to Thomas Davenport.]

BosTON, April 28th, 1838,

THOMAS DAVENPORT, EsQ., .
Sir :—1I have for a long time (as is well known to you) been
pursuing the same experiment as yourself, but for many months
t, I believe I have been on an entirely new and different track.
y main object has been to prevent retardation or back action.
My plan is to cut off the galvanic current from both systems of
magmets instead of changing poles as they arrive at equilibrium.
The advan of thig I have fully tested, and my model for a
tent went to the office three months ago. I have had notice
rom the Commissioner that it should be attended to as soon as
practicable, but the certificate has not yet arrived. This experi-
ment has been tried on a large scale, and has failed, not because
of any fault in the plan, but for the simple reason that the mag-
nets were too much crowded. I made a demand on the company
for $500, to alter the machine, but as they have already exceeded
their subscription by $500, they thought best to give it up. But
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STOCK CERTIFICATE OF ELECTRO-MAGNETIC ASSOCIATION,
[Fac-Simile of Original in possession of W. G. Davenport.)

I have no idea of abandoning the experiment myself, as I have
full confidence that a power equivalent to that of one or two men
can be obtained with economy. I have a foundation for this
calculation, and can prove by some recent discoveries I have made
that in the present state of our knowledge, the economy of the
wer is limited somewhere about the strength of a single man.
have made a still further improvement, which was fairly tested
in a machine completed yesterday, by which I can increase the
wer of a machine to a great extent without increasing the

y. 1 also made some time since certain important discov-

eries in magnetic electriocity, which throw a vast deal of light on
this subject. I showed one of them yesterday to Mr. Horn, in a
new machine which works exceedingly well without change of
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poles. To his great surprise I stopped almost instantly a bar
making a thousand revolutionsn[ser minute] by brinﬂ together
the two ends of a wire which had no connection with the battery,
nor with the wires around the magnet. This is a most si
thing, as the wire is entirely independent, and the machine stops
much more suddenly than by reversing poles.

I have still more recently made a more important discovery
than this last. It does not relate at all to change of poles or cut-

FREDERIC COOMBS,

[From a photogrnph in the possession of Stephen D. Field.)

ting off the current, but is simply a method of increasing the
power of the magnet. I will engage to make any machine of
yours in five minutes time half as strong again, or forfeit the
value of the machine (the battery shall remain the same). I feel
very sure the power will be useful to the extent I have above
named, but for reasons which I can make conclusive to any one
I do not believe in its indefinite increase.

I am now under obligations to no one here, and before I get up
another interest I should like to know your views. I believe it
would be for your advantage and mine, and contribute much to
the success of the experiment, if our interests should be united. -
If you will make me a reasonable offer, I willtake hold with you
heart and hand, and there is no question but that in a short time
we could make an excellent business of it, as we could cover the
whole ground. Please write me immediately.

. Respectfully yours,
CHARLES G. PAGE.

Acknowledging the receipt of this letter, Davenport re-
plied briefly on Nov. 2, stating that he was ‘“not in a
situation to make or receive propositions relative to a
union of interests,” inasmuch as the ownership of his in-
vention was largely vested in the corporation which had
been organized to exploit it. :

HOW TO DISPOSE OF THE INDIANS.

Secretary of War Proctor’s mail is burdened with letters from
cranks making suggestions as to the conduct of the Indian cam-
paign. One correspondent proposes to exterminate the entire
Sioux nation or a large part of it by establishing an electric plant
at Pine Ridge and stretching a wire around the hostile camp,
Then, turning on the current, the Indians are to be driven down
to the wire, which is to be drawn closer and closer until contact
with the wire causes wholesale destruction,
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Vor. XI.

THE INVENTORS OF THE ELECTRIC MOTOR.—IV

WITH SPECIAL REFERENCE TO THE WORK OF THOMAS
DAVENPORT.

ARLY in the spring of 1838, Davenport

discovered the principle of the core mov-

“ing within the magnetic field of a sole-

noid, which afterwards came to be well

known by the name of the ‘“axial mag-

net.” Entertaining the conviction that in

this principle lay the germ of an import-

ant improvement in electro-magnetic

engines, due to the possibility of greatly

increasing the effective length of the

stroke, he at once prepared and filed in

the Patent Office at Washington, a caveat describing his dis-
covery, and giving an outline of the manner in which he pro-
posed to apply it for the movement of machinery. Although
this discovery was no doubt original with Davenport, the
phenomenon had been observed by Peter Barlow as early as
1822.1 So far as record evidence goes, however, the caveat
of Davenport is believed to be the earliest proposition to
apply this principle in any manner for industrial purposes.
As this caveat has never been published, a copy of it is
iven below, procured by permission of the heirs of the
inventor, from the secret archives of the Patent Office at

‘W ashington,

1. This effect was noticed by Barlow in the course of an experiment in
magnetizing a steel needle which was placed within a helix wound upon a glass
tube. His own account of it is as follows :

“ In performing this experiment, I employed a glass tube about 5 inches in
length and ¢ inch in diameter ; and it was observed, when the needle was placed
in ft, 8o that one-half of it projected beyond the end, that the moment the
plates reached the acid, the needle wasdrawn instantly to the middle of the tube,
and while the contact was continued it was held suspended in the centre of the
tube when the latter was held vertically ; the suspending power of the spiral
exceeding the power of gravity. (The ‘connection of the spiral with the con-
dut‘:ldng wires is here mppooedy to be made before the plates are immersed in the

.)

'"This effect is very curious, because the needle here remains suspended in
the open space, directly in the axis of the tube, and not attached to either side
as in the usual cases of suspension by attraction.” BaRLOW: Essay on Mag-
netic Attractions, etc. [2d edition, 18 l p. 262.

The writer is indebted to Charles L. Clarke for the loan of the exceedingly
rare work from which the above extract was taken.

The follow!:ﬁ'ediwnl note reterﬂ&gw the same phonomenon appears in
Sturgeon's An; . vol. ii., p. 80 (Jan. 1838);: ** In auswer to our correspondent,
who wants to know if it be possible to suspend a needle in the air by transmit-
ting an electric current through a helix in which the needle or bar is ', W
must say, yes. The fact was first sShown at the London Institution, Moorflelds.
The battery employed was contrived by Mr. Pepys, and consisted of a single

r of plates of copper and ziac, each about 30 feet long and 2 feet broed,
ormed iuto a spiral on acyliodrical nucleus of wood, and (rlaeed in a barrel or
circular wooden h which held +bout 50 gallons of acid solution. The ex-

periment may be e, however, with a battery of omne square foot of each
metal. immersed in a strong solution of nitrous acid. The helix must be of
parrow bore, of 6 or 8 layers of spirals, and held vertically. The gravitating
propensity of the needle may be muchr duced by holding a bar tat a
small distance above the helix.”

In Alfred Vail's American Electro-Magnetic Telegraph, p. 59, is an account
of ¢ teresting Experiment of Supporting & Large Bar of Iron within the

Discovered by Mr. Vail, Jan. 1344,” waich, so far as the writer is aware,

isthe earliest published t of the pension of a soft iron bar of any
considerable weight. The account is in the following words :—* It has beenshown
many years since thata maguetic needle would drawn into and suspended
within a belix conveying a galvanic current, and that in the case of using lal
bar mngnotl, the coils of helices might be made to move over them as in De la
Rive's rings ; but_inno instance I believe has it been recorded or observed, that
a bar of iron weighing a pound or more could b drawn up into the helix and
there sustained in the air, as it were, withoutsupport. 1f the helix be connected
with from 6 to 12 pairs ot Grove's battery, the bar may be drawnu - iato its
centre and there sustained in a vertical tion by the action of the helix, form-
ing an excpedingly interesting apd oxical experiment.™

JANUARY 28, 1891.

Engineer.

No. 14s3.

The Caveat of THOMAS DAVENPORT, of the City of New York.

The said Thomas Davenport, having invented a new machine of .
which a description is hereinafter contained, and desiring
further time to mature the same, files this his caveat in the .

tent office of the United States, and prays protection of
is right till he shall have matured the same.

The design, purpose, and distinguishing characteristics of his

Sudinvenl:l;on m':a1 as fol;gws: o

id machine is designed to create or supply a power for any pur-
pose to which animal, mechanical or other physical {)opwer
can be, or is, applied to move bodies and machinery of ev
description. It is com of an instrument denominat
in science a helix, which is formed by winding insulated
wire proper for the purpose around a hollow cylinder or other
shaped tube of thin metal or other suitable substance in-
capable of being magnetized, in the usual manner and proper
quantity in making helices. Galvanism being through
such wire in proper quantity the helix is complete. The helix
should be 8o formed that the internal hollow will be smooth,
firm and uniferm throughout, so as to permit a long, straight
and uniformly thick Bieoe or bolt of iron of the same shape
and nearly exactly filling said hollow cylinder or tube to pass

and repass longitudinally through it with as little friction or
obetruction as possible. The end of a bolt or piece of iron
fitting said tube or hollow cylinder, as before described, is
then inserted a short distance into said hollow cylinder or
tube, and the helix being galvanized the bolt will be drawn
forcibly entirely into said tube and a motion be thus created.

It is this machine, composed of the helix and bolt of iron

(neither of which do I claim separately), thus producing mo-

tion, which I claim as my invention. I have so far im-

proved it as to produce a reciprocating motion by

which a crank may be turned in the following manner:

I take two of the above machines, and the helices being

gl:oed perpendicular, Iattach the two bolts at each ex-

mity of a balance or walking beam. I then alternatel

galvanize each helix, and while one is galvanized, [ take o

or suspend the galvanism from the other. The consequence

is, that the helix which is vanized draws down its own

bolt, and the other, not being galvanized, allows its bolt to
ascend. As soon as the latter bolt has nearly reached the top
of its helix I remove the galvanism from the former helix
and galvanize the latter. The bolt of this is then drawn-
down and the other bolt ascends, and so ou alternately. In-
termediate the centre of the balance or walking beam and
one of its extremities, at a suitable distance between, is at-
tached a rod which descends to a crank, and as the balance

beam moves up and down the crank is turned and turns a

wheel band or other instrument to communicate power or

produce motion. I put a balance wheel on the axis of the
crank, and the axis of the crank forms a convenient means
of letting on and suspending the galvanism as before de-
scribed. In order to do this, separate pieces of silver, copper
and other suitable metal are fastened to the axis so as to go-
about half way around it, forming a semi-circle flat and
smooth. The conductors from the battery and the conductors
to the helices are placed in contact with those pieces of metal
but so as not to communicate galvanism to each other, unless
through the medium of those pieces of metal. Then as the
axis revolves when the revolution brings the conductors both
in contact with their pieces of metal their helix is galvanized,
and when, by such revolution the contact ceases, the galvan-
ism of the same helix is 8 nded, and so of the other helix.
Dated New York, May 6th, 1888.
Attest :
E. PAINE.

Respeotin%the work which was carried on during the
ear 1838, I have been able to obtain but little information.

here are indications that matters in New York were prac-
tically at a standstill. It was a period of extreme financial
depression, in which even well established interests exper-
ienced no little difficulty in meeting their liabilities and
carrying on their business. In February, 1839, Davenport
received a letter from John H. Smith, of Glasgow, a nephew
of Junius Smith, who organized the corporation which

THOMAS DAVENPORT.
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built the celebrated steamship the British Queen. It ap-
ears that Smith, who had visited America in the preoeg-
Ing summer, Ld seen a model of Davenport’s apparatus in
operation at the Mechanics’ Fair in Castle Garden, and in
his letter he intimated his desire to undertake the intro-
duction of the invention in Great Britain, on Davenport’s
behalf. Writing from Brandon, in reply to this and other
letters from Smith, on August 15, 1839, Davenport

8ays :
I have experimented these 18 months past with my own

limited means, having constructed machines on more than 80

entirely different plans; making great improvements in the power
in proportion to the weight, &c. . . . .
. . I have no doubt but that the power is unlimited,
which can and ultimately will be successfully applied to all pur-
poses for which steam-power is now used. . . .
. . . An attempt is making in New York by some
i;divid\mls who lmvtgl a machin& nol;v exhl itifn lm Gold street,
monopolize, as they say, the businees o ectro-magnetic
speculation. They have obtained a charter, and are offering for
sale shares of stock; but their machine, although inferior in
rinciple of application to any ever before exhibited to the public,
precisely on the plan of one constructed by myself in the winter
of 1885, & part of which is now at this place [Brandon].

In a subsequent letter to Smith, dated in New York,
December 13, 1839, Davenport mentioned that he was
driving a rotary printing press with a machine weighing
less than 100 pounds.

In January, 1840, Davenport commenced the publication
of a journal entitled 7he Electro- Magnet and Mechanics’

« Intelligencer. This was a small folio sheet 12 by 16 inches,
and as its title-page announces, was printed on a press pro-
pelled by electro-magnetism. As a matter of curiosity we
give a fac-simile of the head of this.somewhat unique and
not particularly well-printed publication. Copies of the
two first numbers issued have been preserved. It is not
known how many, if any, subsequent numbers were issued.
Among the editorial remarks in the second number I find
the following, which are quoted as explanatory of the plan
and scope of the undertaking :

The first number of the Electro-Magnet was issued on Saturda y
January 18, 1840, which was the first paper ever printed by the
power of Electro-Magnetism or Galvanism. The project was pro-

and set on foot for the express purpose of bringing before
the public some tangible illustration whereby the power might be
brought forward upon as cheap and prudent scale as possible.
How far we have succeeded, time must show. . . .
. . . As the second number of our publication is
before the public, we would respectfully call the attention of
those who wish to advance the cause of Ehilanthrop to come for-
ward and assist us in our experiment. That we ma, considered
chimerical by many we doubt not ; but when all things are fully
" proved we shall hope for a better fate than many of our prede-
Ceesors.

On January 28, 1840, only three days later, in a letter to
his brother, in Brandon, he feelingly portrays some of the
miseries which beset the path of this, the pioneer effort in
electrical journalism :

I have been obliged to bear the whole load in starting the

paper and have no writer to aid me yet.. I have talked with
some, and find that it will cost $10 per week for editorial articles
(which accounts for no more original matter), yet I intend to have
friends enough soon that will help without expense to me.
. . . . . The truth is, I am now in the
worst pinch in regard to means for supporting my family that I
ever have been, yet my prospects are the most gatbering, and I
think the most sure to net me something handsome as earlly as
spring. You see I have no way to get a few dollars in a place,
except by the prosmct of getting subscribers, which I have not
yef tried to do. I have only to take time and make my trade in
a lump.

A few months later Davenport appears to have made a
second essay in the way of a journalistic enterprise, of
which, so far as is known, only a single number was issued.
The new undertaking was somewhat more ambitious in
character, being printed in quarto form upon a sheet 16 by
22 inches. This.journal was entitled Zhe Magnet ; Devoted
to Arts, Science and Mechanism, and was “edited by S.
J. Burr, secretary, U, S. Society of Science and Mechan-

. Green street is

[Jan. 28, 1891,

ism,” presumably at the munificent salary of $10 per week,
which in fairness it must be stated, was every cent that
the work was worth. As a matter of interest, we copy the
advertisement which appeared at the top of the first col-
umn, together with the prospectus :

LIGHTNING IN HARNESS.
The Printing Press Worked By
LIGHTNING!

EXHIBITION,
The Greatest Discovery of the Age.

The attention of the scientific, mechanical, and curious is re-
spectfully invited to the exhibition of LIGHTNING IN HARNESS,
which is this day opened at No. 4 Little Green street. (Little

getween Broadway and Nassau street, and runs
from Maiden Lane to Liberty street.) i . .

The exhibition of Davenport'’s electro-magnetic engine will
continue open this day, from 9 A. M. to 10 P. M.

The engine is of sufficient power to drive a printing press, and
those who witness the exhibition will find it printing the
DECLARATION OF INDEPENDENCE.

The proprietor has been induced to exhibit his electro-mag-
netic engines especially upon this day, for what can be more ap-
propriate than, upon the anniversary of our nation’s birth, to
print the Declaration of Independence and gend it by lightning
throughout the whole world.

Admittance free.

July 4, 1840.

PROSPECTUS OF THE MAGNET.

‘We present our little work to the %ublic with great confidence
and for several excellent reasons: First. It is printed upon a
new and improved conical rotary press. Secondly. This press is
worked by our electro-maguetic engine. Thirdly. Both are
wholly American. The first number of the paper is published on
the anniversary of our national independence, and offered at a
cheap rate to the patronage of the lovers of truth, and those who
devote time and labor to mechanical and scientific pursuits.

Though the investigation of electro-magnetism will form the
principal feature of our journal, it is not intended to confine its
columns to that interesting science ; we shall fill our pages with
such authentic matter as may come within our reach upon all .
scientific and mechanical subjects. . . .

With respect to electro-magnetism, it is the intention of the
publisher to advance tangible proofs that this ?wer has already
triumphed in moving machinery. It is also his design to make
known all the experiments e by him since December, 1883,
which go to corroborate his views on this subject, with wood
cuts, illustrating various models and machines, together with the
laws of electro-magnetism, and the great advantage this wonder-
ful power has over steam, in regard to safety, cheapness, and con-
venience. In the mean time, the experiments of others, more ex-
perienced in the science of electricity, galvanism, magnetism and
electro-magnetism, will be noticed in order that the reader may
get a general idea of the science, and the laws by which they are

overned, and by which we are guided in_controlling and work-
ing the powerful and mysterious agent. It is not our intention
to make the subjects tedious, nor the articles too laborious for the
ideas of readers in general. .

‘We shall treat upon the different branches of science, and the
various inventions and improvements that shall be made known,
as also those at present in operation, together with such miscella-
neous and interesting matter as shall appear from time to time,

Any objections or difficulties that may be advanced by dif-
ferent individuals, in regard to the application of electro-magnet-
ism as a motive power, we shall be pleased to receive, and shall
consider it a favor to communicate with them through the
columns of the Magnet. . .

Several scientnﬁ%:ngentlemen of our city, Boston, and Philadel-
phia, have already engaged to become contributors to make our
paper interesting and useful to all classes.

THOMAS DAVENPORT.

New Yook, July 4, 1840.

Two or three machines of different design were em-
ployed at different times, in driving the printing press.
One of them was a helix machine, constructed upon the
general plan proposed in the caveat of 1833 which has
been given above. )

The experiments of Davenport during the season had
been so numerous and so costly that he dgain found him.-
self at the end of his resources, and was reluctantly com-
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pelled to suspend operations. -Receiving encouraging let-
ters from Great Britain, he tinally made arrangements to
proceed to that country in order to personally negotiate
the sale of his foreign patents, and it was only the lack
of promised pecuniary assistance which failed to reach
him on the very morning of his intended departure, that
prevented him from bein:g one of the unfortunate passengers
of the ill-fated steamer President, which foundered at sea,
csr;ying with her every soul on board.
ery little record remains of the labors of Davenport
for some time after the ocourrences which have just been
narrated. It was, however, at some time during this
period, that he experienced one of those cruel disappoint-
ments by which fortune sometimes seems to delight in
making a foot-ball of the struggling inventor. The story
of this misfortune is best given 1n Davenport’s own words :
A gentleman residing in Ohio, finally pro to assist me
to an amount which I considered would enable me to put the
electric-motor power on such a footing that it should no longer
prove problematical whether electro-magnetism could be used
instead of steam. As I had for a long time been completely
destitute of means for carrying on my business, and even for
comfortably supporting myself and family, I now felt not only

relieved as regarded my daily subsistence, but I was much elated
at the idea of having sufficient funds to build a proper Electro-

etic ine.
T his gentioman funished me with $8,000 in Ohio bank notes.

THE ELECTRICAL ENGINEER. 95

For testing the capacity and usefulness of the electro-magnetic
ower, as a mechanical agent for the purposes of navigation and
ocomotion, and the probable cost of using the same according to
the invention of Pro}:assor Page, the sum of twenty-thousand dol-
lars, to be expended under the direction of the Secretary of the
Nar? in making a practicable experiment of said invention ac-
%o ing to the plans to be proposed and conducted by Professor
age.

From time to time accounts of the experiments of Dr.
Page found their way into the journals of the day, and one
of these notices, coming into the hands of Davenport, led
him to send a communication to a local newspaper, which
is not only valuable in itself, as a concise review of the
author’s own work, bat because it was the occasion that led
to an interesting correspondence between Davenport and
Page, the essential parts of which are printed herewith,
and which form a contribution of no inconsiderable import-
ance to the history of the development of electro-magnetism
as a motive power:

[From the Brandon Post, Sept. 38, 1850.]
ELECTRO-MAGNETISM TRIUMPHANT OVER STEAM.

Mr. Welch :—Will you allow me asmall space in the Post for
the pur; of making a few remarks respecting Professor Page’s
successful experiment in b;rplying Electro-Magnetism to propel-
ling machinery, as described in the following article which recently
appeared in the National Intellig :

CLAIM oF DAVENPORT'S PATENT. No. 182 OF FEBRUARY 25, 1887.
[Fac-8imile from Original Specification in Archives of Patent Office.]

Of these notes I had used only $10 when I was informed that the
bank that had issued the notes had broken, and that my money
was for nothing. This proved to be the fact, I never
received $10 in cash for the remaining $2,990. After struggling
along for nine months more in trying to convince my friends that
the (ﬁ);ect of which I had so long been in pursuit wasstill worthy
of their attention, I reluctantly gave up all hope of further
assistance, and in the fall of 1842 moved my family to Brandon,
Vt., where I resumed work at my trade as a blacksmith, :which
was then my only resource to gain a livelihood.

Early in 1843, the inventor’s nervous system, enfeebled
by 8o many years of incessant toil and anxiety, gave way
under the strain, and a protracted and dangerous illness
ensued, which left him with a constitution permanently
impaired. Afterresiding two or three years ia Brandon,
he retired to a small farm in Salisbury, Vermont, where he

assed the few remaining years of his life. He could not,
Kowever, wholly withdraw his mind from the fascinating
soience which had for so many years been a part of his
very life, and in the retirement of his quiet home, he con-
tinued his studies and experiments in electro-magnetism.

In February, 1849, a memorial of Dr. Charles G. Page
was presented in the United States Senate by Senator Ben-
ton, asking for the appointment of a committee to examine
the merits of an invention for applying electro-magnetism
to the purposes of navigation and locomotion, and a com-
mittee of seven was appointed for that purpose. In March
an appropriation was granted, in pursuance of the recom-
menSat.ion of this committee :

Electro-Magnetism as a Motive Power.

Professor Page, in the Lectures which he is now delivering before the Smith-
sonian Institution, states that there is no longer ﬂ doubt of the application of
this power as a substitute for steam. He exhibi the most imposing exml

in this b h i An | bar of iron,

meuts ever wi d of the
weighing 160 pounds, was made to s up by magnetic action, and to move
nwly;‘%p :'\ngodown: dancing llk:hf io:anerplnme a.lgnwit.?’:mt ﬂd vﬁbh su|
po! e force operating upon stated to average three Aundred pou
through ten inches of its motggn. e said he could raise this one hundred feet
as as through ten inches, and he expected no difficulty in doing the same
with a bar weighing one ton or one hundred tons. He oould make a driver
ora forge hammer, with great simplicity, and could make an engine with &
stroke of six, twelve, twenty, or any number of feet.

It looked very unlike a c machine. It was a reciprocating engine of
two feet stroke, and the whole engine and battery weighed about one ton. Whea
the gower was thrown on by a motion of a lever, the engine started off fl-
cently, making one huad and fourteen strokes per mioute ; though when it
drove a circular saw ten inches in diamater, sawing up boards an inch and a
quarter thick into laths, the e made but eighty strokes per minute. There
was a great anxiety to obtain specimens of the laths sawed in this way to
preserve as trophies of this great mechanical triumph. The force operating upon
the magnetic cylinder throughout the whole motion of two feet, was stated to be
600 pounds when the engine was moving very slowly, but he had not been able to

in what the force was when the engine was running at a workiog speed,
though it was considerably less. The most important and lnmmu‘nweh;a
however, is the expense of the power. Prof. Page stated that he had us
the cost 80 far that it was less than under many and most conditio
though not 80 low asthe cheapest steam en}ines. ‘With all the imperfections of
the {ne, the ion of three of zinc per would produce one
horse power. The larger his engines (contrary to what has been known before)
the greater the economy. Prof. Page was himself surprised at the result. There
were yet practical difficulties to overcome ; the battery had yet to be improved;
and it remained yet to try the experiment on a grander scale, 0 make a power
of one Aundred horse or more.

As I am confident that the vesults of the experimants of this
enterprising and scientific gentleman will open the eyes of the
people and the purses of capitalists, sufficiently to soon place on
our lakes, rivers and railroads, a safer and moreconvenient power
than steam, I hope I may not regret so much in fature as 1 have
for ten years past, that the paralyzing hand of poverty has for-
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bidden any attempt on the part of myself to prove to,the world,
what as early as 1838, I believed could be done within the space
of five years. At that time galvanism appeared to me to have the
same relation to the power of an electro-magnet that water does
to the power of a steam engine, and I had no doubt but that I
could convince the whole sensible world of the fact, by applying
the power of a small electro-magnet to moving the lightest ma-
chinery. But in this I was disappointed. - I found the power
more controllable than the minds of men, and compliments more
plenty than money.

Having devoted the most part of seventeen years of my life
in laboring to apply electro-magnetism to useful purposes (and
without receiving any remuneration), it may not be improper for
me to state to the public the power and size of some of the electro-
magnetic engines which I have invented and applied to the mov-
ing of machinery, that they may be com with the engine
lately constructed by Prof. Page. Early in 1838 1 ascertained
that a bolt of iron could be drawn with great force into a helix
whenever the battery current was suffered to pass through the
ooil. I immediately constructed a small engine on this principle,
which, when in motion, very much resembled a little steam engine
with two perpendicular cylinders. During the same season I tiled
a caveat for this improvement in the United States Patent Office,
and sent several models to Europe. A patent for this invention
was obtained in England and the Provinces, and money paid into
several other European Patent Offices where no letters patent
have ever been obtained.

In 1839 I experimented on a much larger scale with the -
netic cylinder or helix, and constructed a helix two feet in let:;&
with an aperture through the centre two inches in diameter. A
bolt of iron 2 feet long and 21¢ inches in diameter, weighing about
28 pounds, was forced into the helix when the current of galvan-
ism passed through the wire, with a power equal to 6 pounds to
the square inch of its diameter. This test was made with the
helix and bolt placed in horizontal position, so that the weight of
the iron should not be reckoned.

‘When the helix was in a rrendiclﬂa.r position and raised one
foot from a platform, with the lower end of the bolt resting upon
the platform, and the upper end entering one foot into the helix,
the battery current would raise this bar of iron with such force
that it would often Ka.ss entirely through the coil, 2 feet in
length, and fall upon the platform.

In January, 1840, I had completed an engine with two magnetic
cylinders weighing 50 pounds each. The engine made a 12-inch
stroke and weighed about 200 pounds. The battery was made of
lead and zinc eghmes 2 feet long and 5 inches wide, weig in its
most improved state 100 pounds. In the same month I com-
menced publishing a ne , which was printed on a press pro-
pelled by this engine, hen the prees worked off but 10 pa
per minute, the engine made 120 strokes in the same time. y
who witnessed the working of this machine, estimated it to be a
two horse power, but from my own tests, I could not make it ex-
ceed the power of one horse. The cost of zinc and acid in work-
ing did not exceed 25 cents per day. In the course of my experi-
ments, up to the time of printing by this power, I had constructed
in all more than 100 engines of various dimensions, and all dif-
ferent in point of construction, for the purpose of ascertaining
the best proportions and mechanical arrangements for the
increase of power. My experiments with helices, using long
and short, large and small, hollow and solid bars of iron, were
very numerous. My press was first moved by a horizontal helix
engine, next by a rotary, and lastly by a perpendicular double
helix engine. Now, as Prof.'Page's experiment with 160 pounds
of iron ‘‘dancing like a feather in the air” seems to me to be
precisely like the experiment I made in 1889, when the 28 pounds
of iron jumped through a helix two feet in length, by magnetic
action, and as the Professor’s engine is constructed on the same
plan and principle as my own above described, I presume the

scientitic gentleman lays no claim to having presented any new
route in his application of the power, or to have made any im-
It Prof. Page,

gomnt improvement whatever in my invention.
by the completion of his engine, has finally come to the point at
which I arrived ten years ago in testing electro-magnetism as a
prime.mover in the arts, and has expended as much money in the
series of experiments which he of course would be obliged to
make, I think I could have saved him the needless expenditure
of several thousand dollars, by giving him the results of some of
my experiments in 1838-9-40, which 1 should have been happy to
to do, if I had been consulted in due time.

THOMAS DAVENPORT.
SALISBURY, VT., Sept. 12, 18560,

The publication of this communication drew forth the
following letter from Professor Page :

[Letter of Charles G. Page to Thomas Davenport.]

WASHINGTON, D. C., Oct. 2, 1850.
Dear Sir:—I have received this day your communication in
the Brandon Post. 1 have been aware from the beginning of
your experiments with the helix, and although we were operating
entirely independent of each other, it will no doubt be gratifying

[Jan. 28, 1801,

to you to know of a promise of success in the common cause. I
believe there is nothing in my improvements that conflict in any
way with your inventions, but should it ever prove to be the case,
I think we could make an amicable arrangement. I commenced
my experiments on the helix primarily in 1830, and made several
miniature models, and published accounts of several of them in
the early part of 1837. In 1838, in the winter, I think, while I
was in Davis’ shop in Boston, a gentleman from New York called
and said that you thought you could get power in that way, but
that you had not yet arranged any machine. My experiments
and little models had been successfully tried long before that, and
I have always believed and am satisfied that I was the first that
ever attemgted to get power in that way.

In 1843 I made a ﬁreat improvement on_this principle, and
many more since, without which [ am satisfied nothing could be
done to render the power available.

I have always looked with pleasure upon your zeal and ingen-
uity in this matter and when speaking in public have always
alluded to you in terms of commendation, and although your
article was no doubt written with feeling, yet I hope you will not
repeat it until we can fully understand each other.

Respectfully, your obedient Servant,
CHA’S. G. PAGE.
THO's. DAVENPORT, Esq.

(From the Brandon Post, October 81, 1850. )

‘WASHINGTON, D. C., Oct. 24, 1850.

Mr. Editor :—I notice in your paper & communication from
Mr. Davenport, in which he gives an interesting historical ac-
count of his experiments in electro-magnetism, and concludes
that he was in advance of myself in respect to the peculiar plan
of operation which he describes. According to hisown statements
he was in advance of me in respect to the scale of magnitude of
his experiments, and from the size of battery which he employed
that would have necessarily followed. But the attempt to apply
this peculiar principle of action to an engine for mechanical pur-

was made and published, so far as I can learn, first by
myself, and long before Mr. Davenport states that he was first
aware of the fact that a bar of iron would be drawn intoa helix.
This fact has been long known to the world, having been first
published by Mr. Barlow in 1828, and I apprehend that the reason
why it has been so little thought of as a source of mechanical
action, is that the force thus exerted was 8o very feeble com
with the attraction of the electro-magnet. As to raising a , 1
can of course claim no originality, and the raising of a bar of 600
unds, which I now do readily, presents a difference only in
egree from the experiment of Mr. Barlow in 1838 in raising a
small bar, perhaps of only one ounce. But the peculiar improve-
ments by which I raise so great a weight with so small an expends-
ture of galvanic power are novel and original with myself. Mr.
Davenport is entitled to great credit for his ingenuity and zeal in
the pursuitof electro-magnetism, and I have always viewed with
much interest his early perseverance in this matter. But it is
due to himself, the community and myself, that I should make
this statement, and to add that I do not feel indebted to any one
for the peculiar views which I have long entertained in regard to
the plan of operation based upon the known fact above mentioned.
CHAS. G. PagE.

In view of the historical interest attaching to the inquiry,
the author has made every effort to verify the statement
made by Professor Page in the two preceding letters in
respect to his publication in 1837, of accounts of experi-
ments with the helix and core, but without success, From
other Fublications made by Professor Page, it seems im-

ossible to aveid the conclusion that the dates given by

im must have been the result of some misapprehension.
In an article published in American Journal of Science in
1845, vol. xlix, p. 131, he says :

This new species of electro-motion, which by way of distinc-
tion I denominate the axial reciprocating engine, was unsuccess-
Sully attempted in the year 1888, and notice made of it in this
Jjournal (vol. xxxv for 1839, pp. 261 and 262) together with some
other experiments upon the interior of helices. My failure at
that time was for want of suitable batteries, etc. . . . . . .
To sustain a small needle within the helix is a trite experiment,
but by the arrangements which I have adopted, a bar of iron or
steel (which becomes instantly and powerfully magnetized) is

2. The improvement here referred to by Professor Page, is probably that em-
bodied in the e e which he exhibi in New York in the fall of 1851, and
which is descri with illustrations in the Scientific American of November
15, of that year (vol. vii., pp. 65, 67). This machine was fitted with a range of
hollow helices formed of wire. A slidiog was 80 arranged
as to the current through three successive colls of the series at the same
time, current being cut off from each rear coil in succession,and thrown on the coil
in tront of the core in the direction in which the latter is moving. Thus a stroke
of a.nﬁ length in either direction could be given to the moving core. The batte:
used is stated to have been 40 of 10 inch Grove's. This form of motor
been used in Professor Page's well-known experiment in propelling an electro-
magnetic locomotive on the Baltimore & Ohio Railroad in April of the same
year.
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sustained entirely free from any visible support, and this too by
the action of on.( six small Grove's batteries. This is almost
a realization of the fable of Mahomet’s coffin, or the statue of
Theamicles. When the helix is connected with six pairs Grove’s
in good order, it will draw up within its centre a bar of iron or
steel weighing two or three pounds and sustain it with its upper
end projected above the helix

He then goes on to give a description of his well known
axial reciprooating engine, for which he took a patent Jan-
uary 31, 1854, and which is described in many works on
electricity and magnetism.*

Referring to the notice in vol. xxxv of American Jour-
nal of Science of which Page speaks in the above extract,
I find that it describes an apparatus consisting of a pair of
helices, with U-shaped cores thrust into them at each end,
so that the four poles will meet in the centre of the helix.
It is distinctly stated that this apparatus was contrived
Jan. 11, 1838, but it is not properly an axial magnet, nor
is any mode of application to the moving of machinery
described. The inference seems unavoidable that Profes-
sor Page must have been in error as to his dates, and that
Thomas Davenport is really entitled to priority in the
application of axial ma%:letism to the movement of
machinery, as set forth in his caveat of May 5, 1838, and
as reduced to practice by him in 1838-39-40.

[Letter of Thomas Davenport to Charles G. Page.]
SALISBURY, Oct.—, 1850.

Dear Sir :—Yours of the 2d inst. was duly rec’d. When I wrote
the article which you noticed in the Brandon Post, I had no
knowledge of the fact that Congress had appropriated any moneys
for testing the availibility of electro-magnetic power. Since then,
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‘““Page's revolving helix,” ¢‘‘Page's revolving helical ring.”
These experiments seem to be on the same principle as the ¢ float-
ing helix”and “ De la Rive's ring.”"* In your improvements in the
‘¢ Hoating helix,” it appears that you had no idea of accumulati
power in that way, for in your letter to me dated Boston, April
28th, 1838,% you have said nothing about any experiments with
the helix, although you mention a variety of other experiments
which you have made in producing rotary motions, without
changing poles, and which you considered was an improvement
on my system of changing the polarity of the magnet. You also
stated in the same sheet, that you could show good reasons why
the power would not admit of ¢ indefinite increase,” but must be
confined to the power of that of one or two men. Since I first saw
the power of an electro-magnet exhibited, any idea that the power
not be indefinitely increased, seemed to affect me with a pe-

culiar disagreeableness. 1 write you thus plain, because I have
had strong feelings on the subject, and retain them yet. I believe
that my zeal and attachment to, and inventions in, electro-
magnetism have been of great value to science and the arts, to
government and to the whole world, and this I shall endeavor to
show in a publication which I hope to have prepared in a few
weeks, in which I intend to fully show my position in the matter.

You mention in your letter of the 2nd inst. that if your im-
provements in any way conflict with my inventions, there could -
no doubt be an amicable arrangement made between us. It
strikes me that if Government has taken the business in hand to
g}rfect the application of this gg;ver to moving machinery, that

ngress would be the proper y for me to look to for compen-
sation for what I have done in the premises. I should be happy,
however, to receive suggestions from you with regard to the
course for me to pursue. In the meantime, I hope that Co:
will make still further appropriations, that you may continue on
in the noble cause.

For the last four years I have been experimenting in electro-

etism on a plan for applying the power to new purposes ;

and have auocee(fed to my full satisfaction. This invention I con-
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have received your report to the Secretary of the Navy on the
~ubject of electro-magnetism as & moving power. I am truly
ifled to learn that your experiments have resulted so favor-
ably. I believe, however, that if I cauld have had in 1840, one
half the amount of money that llyou have expended, I should
have produced more power and fully as economically. I question
whether, in proportion to weight, your machine actually exceeds
in power the helix machine with which I printed a newspaper in
1848.0 But, the improved state of the galvanic apparatus would
robably render your power a cheaper one. I perceive that you
Eave made a great many experiments which were precisely like
those I had tried, excepting that yours were on a larger scale.
The impossibility of my obtaining funds to ,build larger caused
me much regret. In completing my engine for Printmg, I had
used up all the means I possessed, and all that I could get, for
I had tired my friends with my solicitations for funds. After
tl;ying more than a year without success, I gave up all ho,
o

enlisting individuals any farther in_ the enterprise,
and I then thouiht of applying to Congress for an
appropriation for the purpose of testing the power on a

larger scale. I asked the opinion of many intelligent and influen-
tial individuals in regard to my plans, but they invariably gave
me unfavorable answers. In 1845-6 I wrote to some gentlemen
and members of Congress on the probability of my getting an
appropriation from the Government, but their answers were
generally discouraging. But I will not tire you at this time with
an enumeration of my misfortunes, for it pains me much to call
to memory the many distressing circumstances in which I have
been placed in consequence of my zeal in the cause. You men-
tion t.gat you believe that you are the first that ever attempted to
get power with the helix, and that you had successfully tried a
moﬁ revious to 1838; also that some of your experiments in
the helix were published prior to that date. I find in Davis's
¢« Descriptive Catalogue of Apparatus and Experiments,” pub-
lished in Boston in 1838, the following apparatus descri :

vis's Manual ‘of M !luh edition] p. 182 ; U. 8. Letters
hm:..& sgleo.nl.n.m; Martin We&derw.“;m'ho lotcl)rl:etc., P. 0.

sider of very great importance to the public, and I hope to be
able in a few months to present you with a model for exami-

nation.
Respectfully your friend and fellow-laborer,
THOMAS DAVENPORT.
[Charles G. Page to Thomas Davenport.]
‘WASHINGTON, D. C., October 22, 1850.
Dear Sir: I have this day received your kind letter and

although I differ with you in opinion on its most important
goints. still I believe you to be as sincere as you are zealous. I

0 not remember the letter of 1838 you refer to, but it has gener-
a.ll{ been my practice in writinﬁto others upon the subject, to with-
hold such information as would give them an advan over my-
self by giving them the benefit of my own inventions. However in
1888 and after, and im 1836-7, I was fully of the belief that an eco-
nomical power could not be obtained, unless the difficulties of the
time required to charge and discharge ets and the influence
of secondary currents could be overcome. These difficulties al-
ways increase with any increase in the size of the engines. I
threw out all these objections in Silliman’s Journal at that time,
but I hoped and believed there would be a remedy ; I was con-
stantly searching after it, and at last I found it. It was only when
I found it, that I thought the way was clear. You must estimate
the power of your engine much too high. Your printing press
was a very small one, and it would not have required, I think,
Y horse-power to drive it at the rate you mention. I send you a
pamphlet containing an account of the performance of my engine

4. De la Rive's ring is a small helix of thin wire in the form of a vertical
annulus which is mouated on a fioat, having a small plate of copper a to
one end and a corresponding plate of zinc to the other end, which hang below

float. The whole arrangement is then placed upon the surface of a vessel
of acidulated water, which causes a current to through the ring. If the pole
of a bar magnet is presented to the ring, the latter will move tow the centre
of the magnet, passing over the bar. It isin fact an inversion of the wolenoid
and core, and involves greclsely the same principle. (See Davis' Manual o f
Magnetism [13 Ed.], p. 113.)

6. See ante, p. 71.
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which was made about five years since, and which after I got it
into the best working order 1showed to Congress, working a plan-
ing machine (small one) and afterwards carried to Tower’s print-
ing office to test it. This engine had by accurate measurement, }
of a horse-power and yet you see how large a press it worked at
the rate of twelve hundred impressions per hour. There are
some other points in your published article which do not seem to
me to be correct, as to estimates, etc. But there is no reason why
1 should raise a discussion now about them. You will notice in
the pamphlet that I had given you credit for your labors (see g:ge
6). There seems to be no hope from Congress now. They have
taken the ground that it is a matter of individual enterprise, and
on that ground they refuse to appropriate further for my experi-
ments. I applied for forty thousand dollars to build a large ship
with an engine of one-hundred horse-power, which they refused
without a count. )

The great feature of my engine is the manner in which I over-
come the difficulties I spoke of, and you will I am sure be grati-
fied when you come to know the plan. It has never been made
known in public yet, but by next spring my work will be pub-
lished containing a full description. I shall be always glad to
hear from you and render you any aid in my power. Meantime
believe me to be,

Your friend and well wisher,

THOMAS DAVENPORT, Esq. CHARLES G. PAGE.

McCARTHY’'S ELECTRIC CAR GEAR.

P. S.—I have kept a good account of electro-magnetic engines
and I do not think that a horse-power was ever attained before
my engine. Jacobi’s great engine was about 1§ horse-power, and
so far as I can learn, was the most powerful ever made.

About the year 1850, Davenport became interested in
the development of an idea which he had conceived, of
producing music by electro-magnetism. The following
notice of this invention appeared in a journal of the time :

[From the Scientific American, April 8, 1851.]
The Electric Piano.

Mr. Davenport, of Salisbury, Vt., we learn claims to have
made an improvement in pianos, causing the musical chord by
means of electric ets to continue an equable and free vibra-
tion for any length of time. The perpetual and hitherto incurable
defect of the piano-forte is the impulsive and evanescent nature of
its tone, and though great improvements have been made upon
it, and various devices have been elaborated to ;lx)rolong its notes in
some degree, yet the want of a sustained vibration is still an
inherent defect in that beautiful instrument.

Davenport’s work in this direction, which was attended
with very satisfactory and successful results, was brought
to an untimely end by his illness and death, which took
place in the summer of 1851. It is my purpose to enter
more at length into the history of his labors in this direc-
tion in a subsequent article. :

BERLIN, N, H—The Westinghouse Company is now installing
a central station plant at Berlin, N. H., with the Westinghouse
alternating current apparatus. The plant will commence opera-
tions with 750 sixteen candle power lights capacity.

[Jan. 28, 1891.
McCARTHY’S ELECTRIC CAR GEAR.

AMONG the new devices designed to transmit the power
developed by the motor to the car axle of an electric car
we note that recently patented by Mr. L. A. McCarthy, of
Brooklyn, N. Y. In this arrangement the inventor has
sought to effect a simple arrangement by which the motor
may be kept in constant operation, if desired, and thrown
in and out of gear with the axle with the least possible
jar, and thus to obtain efficiency with flexibility of con-
nection. As shown in the accompanying engraving, the
motion of the armature is transmitted to an intermediate
shaft 4 by means of driving rods. Mounted upon this shaft
is a movable cone pulley B placed directly opposite a cor-
responding friction pulley b, mounted on the car axle.

he pulley B is normally held out of contact with the
pulley o by the spring s, and under such condition the
motor runs free. hen it is desired to start the car, the
driver, by turning a lever on the platform, draws the rod
taut, which, acting upon the bell crank lever ¥, moves its
short arm f, and presses the cone pulley B firmly against

©

the pulley p. In this manner ‘the motion is transmitted
without shock and is under complete control of the driver.

THE PRACTICAL VALUE OF THE PHONOGRAPH,

The greatest feat of reporting that has ever been performed
by the official reporters of Congress was that of preparing the
Senate report for the Record Wednesday night, .lP . 14. The
chief reporter is sick, and but two men were available to do the
work. The Senate was in session for fourteen hours, all of which
time was spentin an active discussion of the silver bill. It was
after 12 o’clock at night when they adjourned, and during the ses-
sion they had talked over 120,000 words. Two stenographers
took the report, and, by dictating their notes into phon phs
for typewriters to transcribe, they had all the copy ready for the
printers by 8 o'clock in the morning, and the Record was on the
desks of the Senators when Congress convened.

LAWS AGAINST THE EMPLOYMENT OF JUVENILE OPERATORS.

At its last session, the Georgia Legislature passed a law provid-
ing that in the future all railway telegraph operators must be not
less than eighteen years of age before they can accept such posi-
tions, and, furthermore, they must pass an examination as to
capability before the chief train despatcher of the road upon
which employment is sought. Tennessee operators will pi a
similar measure before the Legislature of that State. They claim
that the passage of these bills means the disappearance of the boy
operator and a corresponding decrease in the number of accidents
resulting from the employing of inefficient, immature and inex-
perienced railroad telegraphers. It would be well, perhaps, if
every State should adopt such a law.

Mr. W. H. McCULLOCH, manager for the Southern Telephone
Co., at Greenville, Miss., has been promoted to the position of
supervising auditor, with headquarters at Vicksburg, Mr. D,
Thomas, of Memphis, succeeds him.
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THE INVENTORS OF THE ELECTRIC MOTOR.—V.

WITH SPECIAL REFERENCE TO THE WORK OF THOMAS
DAVENPORT.

BY

(Concluséon.)

@ HE narrative of the active life and labors of
Thomas Davenport in the field of electro-
magnetism and its apglication a8 a motive
power, has now been brought to a close. It
only remains for me to sum up, so far as
may be, what I conceive to be the true sig-
nificance of his work as a part of the gen-
eral history of the industrial application of
electro-magnetism, and by way of preface,
to say a few words regarding the personal
characteristics of the man.

Although forty years have passed since Davenport was
borne to gis humble grave under the shadow of the stately
elms of Brandon, there are still living many old residents,
his former friends and neighbors, who well remember him,
and who by common consent, speak of him as one who re-
ceived, and who in the fullest measure deserved, the respect
and esteem of the community in which he lived. However
visionary his schemes may have appeared to many of his
townsmen, there seems to have been but one opinion as to
the high character and substantial worth of the man
himself.

Thomas Davenport was pre-eminently a student, a
thinker and an originator ; a strikingly characteristic type
of a class of minds to whom the world always has been,
and always will be, indebted for its grandest mechanical
conceptions. Modest and unassuming in his intercourse
with his fellow men, reticent in speech, but cheerful and
kindly in manner, and by no means lacking in that dry
humor which seems almost inseparable from such a nature,
he nevertheless possessed, beneath a peculiarly mild and

entle e\terior, a determined and resolute perseverance but
little removed from obstinacy, which poverty, adversity
and disappointment were utterly powerless to overcome.

From the very moment when he first witnessed the exhi-
bition of the mysterious power of Henry’s electro-magnet,
the conception of utilizing its invisible force for the pro-

ulsion of machinery took possession of his mind and thence-
orth occupied it almost to the exclusion of every other con-
sideration. He studied, he pondered, he experimented. Seek-
ing from the beginning to prodnce continuous rotary motion,
with the unerring instinct of the born inventor, in his very
first essay he grasped what I have defined as the essential
principle of the electric motor, the combination of moving
and fixed electro-magnets, one reversible and the other non-
reversible ; and however extensively and widely he may
subsequently have experimented in other directions, he
never once loosed his grasp of this fundamental conception.

It may be asked whether it is certain that this concep-
tion is due to Davenport alone. It is true that in an abso-
lute sense, this question at this late day can only be
answered by the light of internal evidence. Every one who
has much intercourse with inventors must have observ:.d
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that when two minds have wrought upon a mechanical
problem until success has crowned their efforts, it is ordi-
narily quite impossible even for the parties immediately
concerned to dissever and distinguish their respective con-
tributions to the general result. Yet the experienced ob-
server, familiar with the mental characteristics of the
varying types of the creative mind, usually finds little
difficulty in reaching a conclusion which is at f;ast satisfao-
tory to himself. He only needs to know the two men to
know in what manner and by what mental processes the
ultimate result must have been reached.

From the moment that Davenport declared, in the pres-
ence of the little assemblage at (}J)l?own Point, his intention
of producing rotary motion by means of electro-magnetism,
it is certain that he never for one moment permitted him-
self to doubt that he would ultimately accomplish that
result. He was fortunate in having a coadjutor like
Smalley, young, enthusiastic, a natural mechanic and a
willing worker ; and it is altogether probable that to the
latter is largely due the embodied form and structure of the
machine, partioularly the contrivance of the mechanism
employed for effecting the reversal of the current which is
shown in the sketch accompanying the specification of 1835.
It is not unlikely that the gesign of the first metallic com-
mutator may also have been due to him ; but the fact re-
mains, that the master mind, wholly absorbed in the subject,
and possessing the determination and the capacity to suc-
ceed in spite of every obstacle was that of Davenport. Had
Smalley not been at hand to assist him, some other person
would {ave been found. Had it been necessary for him to
carry on his work alone, he would have done it. When a
mind possessing the indomitable perseverance of that of
Davenport, is once in possession of an original idea—the
conception of something to be done—its ultimate accom-

lishment, whether with or without the assistance of others,
18 a8 certain as fate. It is the story of every great inven-
tion ; poverty, ridicule, discouragement, may defer, but
are powerless to prevent, the development of an idea.

In the argument before the Supreme Court of the United
States in the Telephone case, the learned counsel for the
complainant remarked :—

It is of common experience that the maker of a great invention
which originates a new art, seldom has the technical skill and turn
of mind which produces the best apparatus. . . . Itis
an interesting fact that the particular forms Watt thought of
when he took out his patent, were practically so ineffective that it
required ten years’ unremitting work of himself and Boulton, the
best machinist in England, before an engine was produced which

was commercially satisfactory. But since he took his patent, no
engine has ever been constructed which condensed the steam in

the working cylinder.

Many instances might be cited as evidence as the truth
of this statement. Not only Watt, but Fulton, Morse, -
Bessemer, Bell, and to mention a very recent instance,
Rogers, the inventor of the wonderful typoirsph machine,
were men of only ordinary mechanical skill, and were
almost wholly indebted to others for devising and working
out the mechanical contrivances in which their conceptions
were embodied, and by which only their work could be
rendered useful to mankind. Yet this fact does not in the
least detract from their individual merit as inventors of
the highest type, and as benefactors of the human race. I
have scidom seen this idea more forcibly expressed than in
2 decision of Judge Kane, rendered many years ago in an
important patent case, in which he said :
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All machines may be regarded as merely devices, by the in-
strumentality of which the laws of nature are made applicable
and operative to the production of a particular result. e who
first discovers that a law of nature can be so applied, and havin,
devised machinery to make it operative, introduces it in a practi
form to the knowledge of his fellow men, is a discoverer and in-
ventor of the highest grade—not merely of the mechanism,  the
combination of iron, brass and wood, in the form of levers, screws
and pulleys, but the force which operates through the mechanical
medium—the principle—or to use the synonym given for this
term in the act of 1793, the character of the machine, . . .
. the essential principle which his machine was the first to em-
body, to exemplify, to illustrate, to make operative, and to an-
nounce to mankind.
I have expressed the opinion that the combination of the
moving and fixed electro-magnets, one reversible and the
other non-reversible, must be regarded, in the light of our
present knowledge, as the essential principle of the electric
motor. The experience of the past few years bas demon-
strated beyond question, that the largest motors yet made,
show as high, if not a higher, net efficiency than the smaller
sizes, and in fact it has not as yet been found practicable
to construct an efficient motor of any considerable power
upon any other principle. A moment’s reflection serves to
show the impraocticability of organizing a large motor,
either with permanent magnets as in Sturgeon’s plan, or
with non-reversible electro-magnets and neutral armatures
as in Edmondson’s plan, while on the other hand, by
employing the principle introduced by Davenport.in his
pioneer machine of 1834, no apparent. limit to the
dimensions or power of the motors which it is possible to
construct has yet become manifest. : .
In our own time, when the doctrine of the conservation of
energy is 8o inseparably interwoven with .every conception
of the mechanical and chemical interactions of the natural
forces, it is wellnigh impossible for us to realize that in
Davenport’s day, this fundamental law was wholly unknown,
or at most had been only dimly perceived by one or two of
the most profound philosophers of the day. Davenport
himself lived and died in the full conviction that the day
which should witness the triumph of electro-magnetism
over steam was close at hand. There is much reason to
hope that ere many years have passed, his cherished Lelief
and expectation will prove to have been not wholly with-
out foundation, Undoubtedly he also believed that voltaic
energy was in like manner destined to take the place of
coal energy. In his time science had not sufficiently ad-
vanced to enable the latent fallacy of this idea to be
detected and demonstrated. It is not to have been ex-
pected that a humble village artisan, knowing literally
nothing of science beyond that which his own discoveries
had taught him,! should have mistrusted the existence of a
law of equivalence between the forces of nature, - which
was as yet undiscovered and even unsuspected by the most
learned philosophers of the day. The following extracts,
selected at random from many which might be cited, give
ample evidence of the views which generally prevailed
among scientific men in relation to this subject, prior to the
year 1840. In his treatise on the steam engine, then
recently published, and considered a work of high authority,
Dr. Lardner had said :—
Philosophy already directs her finger at sources of inexhaust-
ible power in the phenomena of electricity and magnetism, and
many causes to combine to justify the expectation that we are on
the eve of mechanical discoveries still greater than any which
have yet appeared ; and that the steam-engine itself, with the
igantic powers conferred upon it by the immortal Watt, will

. glwindle into insignificance in comparison with the hidden
powers of nature still to be revealed, and that the day will come
when that machine, which is now extending the blessing of civil-
ization to the most remote skirts of the globe, will cease to have
existence except in the page of history.

At the meeting of the British Association in 1840, Prof.
Jacobi presented to that body a very carefully prepared paper

1. ** This he effected in a country village, unatdéd by scleatific knowledge, by
books, or by the encouragement of men of superior attainments, or with kindred
spirits. Whatever may be the result of his labors, h 8 merits dre of a high
order, and he has proved himself well worthy of the most splendid success.

Should his hi nall plish that which he and mauy of his friends
anticipate, its value will be incalculable.” THOMAS P. JonEs: Journal of
Franklin Institute. (2d ser.] xxiv, 342, .
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“On the Principles of Klectro-Magnetical Machines,” in
the concluding portion of which he said :—

. Iconsider that there will not be much difficulty in determining
with sufficient precision the duty of one pound of znc, by its
transformation into the sulphate, in the same manner that in the
steam engine, the duty of one bushel of coal serves as a measure
to estimate the effect of different combinations. The future use
and application of electro-magnetic machines ap, to me
quite certain, especially as the mere trials and vague ideas which
have hitherto prevailed in the construction of these machines
have now at length yielded to the precise and definite laws which
are conformable to the general laws which nature is accustomed
to observe with strictness, whenever the question of effects and
their causes ariges.?

The eminent English philosopher, James P. Joule, of
Manchester, in a communication containing an account of
some of his quantitative experiments and investigations in
electro-magnetism, expressed himself as follows :—

I can scarcely doubt that electro-magnetism will eventually
be substituted for steam in propelling macbiner{. If the power
of the engine is in proportion to the attractive force of its mag-
nets, and if the attractive ‘or%.; is as the squares of. the electric
force, the economic effect will be in the direct ratio of the quan-
tity of electricity, and the cost of working the engine may be

uced ad infinitum. It is to be determined, however, how far
the et?ect.s of magnetic electricity may disappoint these expecta-
tions.

So late as 1851, Professor Page, in discussing the question
of the relative cost of steam and electric power, as affected
by the then recent investigations of Joule, remarked :—

‘We have no proof of any such relation of electricity to heat as to
make the mechanical power of one the measure of the mechanical
power of the other. hatever may be the connection and anal-
ogy between heat and electricity, we must consider them as
distinct forces in their mechanical relations.*

The subsequent researches of Grove, Mayer, Liebig, and
more particularly of Joule himself, ultimately established
the law of the equivalence of forces upon the firm and
enduring foundation of experimental demonstration, and
confirmed the opinion long before expressed by Henry,
that the endeavor to find in voltaic electricity a substitute
or a rival to coal-power, must, from the nature of things, be
an utterly hopeless one.

The publications made by Professor Page at various
dates between 1837 and 1855, and the interesting corres-

ndence between Page and Davenport which has already

een given, show that the conceptions of the two men,
both in respect to the most desirable principle of construc-
tion of the electro-magnetic motor, and as to the possible
limits of its power, were widely at variance’ but time,
which proves all things, has shown conclusively, that of
the two, the views of Davenport were the more correct.
The opinions of Page are indicated in the extracts
which follow, taken from articles written by him at
various times :

Since the announcement of Mr. Davenport’s invention, the
innumerable experiments which have been performed in this
country, in England, on the continent of Europe, and even in the
East Indies, have all contributed to prove that the smallest engines
which have been nade, have had by far the greatest proportion-
ate power. Since I first gave the subject any attention,I have
had sixteen different models constructed, each involving distinct
principles. From all these experiments the inference is still the
same, viz., the fewer the magnets and the smaller their size
(within certain limits), the greater the ratio of mechanical power
obtained.®

Practically we have already been taught, that (unlike other
powers, where the largest enginee are the most simple and least
expensive) electro-magnetic engines, above a certain limit, increase
in complication and eszense and in a much greater ratio than
the power obtained. To ascertain this limit, the precise point
where economy ceases, is now the great, and ought to be the only,
object of research.®

I must premise here (asI have heretofore expressed myself)
that I do not suppose this power capable of indefinite increase,
and in giving this description to the public, I am only selecting
from the multitude of machines I have constracted, such forms as
obviously economize a given galvanic power. A number of ma-
. Sturgeon's Annals of Electricity, etc., vi, 159.

. 1bid, iv, 135,

. Scientific American, (18t series) vi, 315.
. Amer. Jour. Science, xxxv, 108.

6. Ibid, xxxv,2108.

LIS
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chines wherein the poles of the magnets were changed, and others
wherein the poles of the magnets were not changed, but both
systems, the stationary and the revolving, were rendered mag-
neticand non-magnetic at intervals, have been laid aside as not
worth describing.’

So also in his letter to Davenport of April 28, 1838, he
says :—

I feel very sure the power will be useful to the extent I have
above named (a power equivalent to one or two men), but for
reasons which I can make conclusive to any one, I do not believe
in its indefinite increase.®

The subsequent comment of Davenport upon this opin-
ion, is a peculiarly significant one. In his letter to Page of
Ooctober, 1850, he says :—

Since I first saw the yiower of the electro-magnet exhibited, any
idea that the power could not be indefinitely increased, seemed to
affect me with a peculiar disagreeableness.

So also in his letter to Smithin 1839, he had said:—

Ihave nodoubt but that the power is unlimited, which can, and
ultimately will, be successfully applied to all purposes for which
steam power.is now used.®

This difference of opinion was radical, and it extended
to the details of the method of applying the electro-mag-
netic power. In his letter of April 28, 1838, Page says :
“ My main object has been to prevent retardation or back
action. My plan is to cut off the galvanic current from
both systems of magnets instead of changing poles as they
arrive at equilibrium. The advantage of this I have fully
tested.”®

In an article written a year later, he remarks :—

Change of poles caunot be introduced in & machine, for the
following reasons :—1. It requires time; and during this time,
the magnets which change poles are attracted and retained (re-
tarded ?) somewhat by those which do not change. 2. Similar
poles will attract and produce back action ; for unless the mag-
nets which change poles be favored by excess of battery or supe-
rior conductors, they cannot receive near the same charge as those
which do not change : for first, there is magnetism of an oppo-
site character to be overcome ; and secondly, two breaks in the
galvanic circuit are necessary to produce change of poles. 8. Two
magnets which have a statical repelling power, that is, a power
which will merely keep them asunder when the machine is at
rest, will attract each other when the machine is in motion.
This singular fact is a consequence of secondary currents.'®

So far as I have been able to ascertain, the views
of Professor Page in this partiocular, remained unchanged
throughout the whole course of his subsequent experimental
labors. In every attempt made by him to produce electro-
magnetic power on anything like a large scale, as, for ex-
ample, in his locomotive, and in the other experiments
made under the Congressional appropriation, he appears to
have consistently adhered to the theory that the best results
were to be attained by simply cutting off the current from
the magnets, without reversing polarity. Davenport, on
the other hand, with equal persistency, adhered to the plan
of reversing the polarity of one set of magnets twice in
each revolution, and out of the very large number of ma-
chines constructed at different times by him or under his
direction, the only instance I can find in which this prineci-

le was departed from, is in the case of the two or three

elix machines which were built in New York between
1838 and 1840.1°* The results of modern research and ex-
rience, have abundantly verified the correctness of
avenport’s ideas, and have shown that the “ peculiar dis-
agreeableness” with which the notion of an assignable
limit to the power of eleotro-mainetism affected him, was
but a prophetic manifestation of the instinct and inspiration
of the true inventor.

The course of Davenport and Cook in transferring their
invention to an incorporated company, for the avowed pur-
pose of raising money by the sale of shares to reimburse
them for their expenditures, and to provide means for con-

7. Amer. Jour. Science, xxxvi., 350 (1889).

8. Ante, p. 71.

9. Anle, p. M.

10. A:ner. Jour. Science, xxxv, 109 (1839). T

10a. It does not appear that Davenport ever took out a patent in this country
on the helix hi It was, h gawnwd in Great Britain, as-a com-
munication from abroad, on July 11, 1838, by Lewis C. Callet.
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demonstrate the utility of the invention, met at the time
with a considerable amount of adverse criticism, an exam-
ple of which among many others may be found in a paper
on Eleotro-Magunetism as a Motive Power, by Professor
Page, published in 18389, from which the following is an
extract :

It is much to be regretted, that in our country the invention
should be a subject of mercenary speculation, when in_reality
it has no value except as an experiment, and that the public have
been 8o far misled, as to withdraw that countenance and encour-
agement which the experiment really merits. We cannot but

ducting further exYerimenw on a scale large enough to

‘.deplore, that such an interesting branch of science should be so

traduced, and that the very name of electro-magnetism should be
coupled with empiricism, 11

So also, a prominent scientific journal in an editorial
paragraph, observed:—

‘We rather regret that this interesting application of electro-

etism isattempted to be sustained by an appeal to the hope
of immediate profit.!?

I cannot but regard this implied censure as unjust and
unmerited. Examine critically as one may every line of
the correspondence and writings of Davenport and I ven-
ture to say there can be found not one trace of a self-
seeking spirit, not the faintest expression of a desire to
make money from his invention, beyond the modest and
reasonable expectation of a comfortable support for him-
self and those dependent upon him. It is but seldom that
he refers, even casually, to the innumerable hardships and
inconveniences which he and his family must have not in-
frequently suffered from want of means ; but on the other
hand, we find more than once, expressions of profound re-
gret at being unable to command the financial support
which was essential to him in perfecting and carrying out
his self-imposed task of giving to the world an economical
and efficient substitute for what he calls, and was at that
time justified in calling, ¢ the murderous power of steam.”
For my own part, I can see no reason why the action of
Davenport and Cook, in taking part in the organization of
a stock-company whose earnings were expected to come
from the future development of the invention, was not in
every respect as legitimate and proper at that day as it
would be at this. %t is certain that neither of the princi-
pals could have entertained the slightest intention of mis-
representing the circumstances, or of misleading the public.
It appears to have been perfectly well understood by all
concerned, that the invention was not claimed to have
passed beyond the stage of a promising experiment, but,
nevertheless, that if the proceeds of the sales of stock en-
abled a large engine to be constructed and put in success-
ful operation, the future of the enterprise might reasonabl
be expected to be highly profitable to the shareholders. It
is not impossible that misrepresentation and even fraud
may have been practiced upon some of the shareholders
by the agent who had been entrusted by Davenport and
Cook with the management of the business of the com-
pany, but the records show that no effort was spared by
them to put a stop to his irregular proceedings as soon as
they became aware of them. One needs but to read the
letters of Davenport, to be impressed with the conviction
that he was a man of childlike simplicity and transparent
integrity of purpose, and that the single object to which
he devoted every energy of his life, was not the acoum-
mulation of money nor the gratification of self, but the
development of what he believed to be an invention des-
tined to confer priceless benefits upon his fellow men.

In conversation with some of the more elderly residents
of Brandon, among whom were a number of acquaintances
and friends of Davenport during his lifetime, 1 have been
more than once assured that he was the real originator of
the electric telegtaph. This statement has recently been
made with some particularity in the columns of the local
press :

11. Amer. Jour. Science, xxxv.,"107.
12, Ibid., xxxiii, 194,
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[ From the Brandon (Vt.) Union, December 19, 1890.]

There are but very few outside this immediate vicinity that
are aware of the fact that the first telegraph line in the world for
transmitting si over a wire by electricity was erected in
Brandon, and by a Brandon man. Yet such was the case, and
this town has the honor of being the first spot where this mighty
invention of modern times was put to practicaluse. . . . Mr.
Davenport, then living in Brandon, in connection with Mr. Smalley,
now living at Forestdale, experimented considerable in electric
agplmnces. Long before Prof. Morse had projected anything of
the kind, these gentlemen had a wire that connected their two
residences, on which were transmitted dispatches by means of
electricity, using a battery, and which gave by machinery the
sound as now heard from machines in ordinary use. After this
"wire had been in operation for some length of time, Mr. Daven-
R?rt moved to New York and began the publishing of the Electro-

agnet, being printed by a machine propelled by electro-magnetic.

While in New

force, as the paper claims upon its title-
upon Mr. Daven-

York we are informed that Prof. Morse

rt, and was struck with his discovery, and then began to make
improvements thereon, inventing the Morse alphabet. He then
applied it to Mr. Davenport’s discovery which has proven to be
such a magnificent success. To Prof. Morse belongs a great deal
of honor for bringing before the public the wonderful merits and
advantages of telegraphy, but the discovery and origin of this
great invention justly belongs to Thomas Davenport of _Brandon.

WORKING MODEL OF DAVENPORT'S ELECTRIO LOCOMOTIVE.

[Photograph from the Original in the Cabinet of the Troy Female Seminary.
Supposed to have been constructed circa 1837.]

No claim of this kind is asserted or even remotely hinted
at in any of the letters or papers of Davenport which I
have examined. On the other hand, in response to a
specific inquiry as to the telegraph line which Davenport
and himself are reputed to have constructed and used, Mr.
Smalley has stated that in the course of their experiments
in 1884, they discovered that physical effects could be pro-
duced by the electro-magnet through a oconsiderable
length of wire, and that any length at their command
seemed to make no difference in the ¢ime required to effect
the result, but that no attempt was made by them to
transmit intelligible signals, or to construct iﬁmratus for
that purpose. The fact first mentioned by Mr. Smalley,
was, however, well known at the date mentioned (1834),
having been fully demonstrated in the experiments made
by Henry in Albany in 1830-31,

The source of this telegraphic legend may undoubtedly
be traced to a oconviction which Davenport is known to
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have entertained, and honestly so, that Morse’s telegraphic
apparatus was an infringement upon his own patent of 1887.
In a letter written from Brandon, under date of April 18,
1846, to Dr. Thomas P. Jones, of Washington, he writes :—

I learn from Mr. who hasrecently been in Washington,
that it is your opinion that Prof. Morse's application of electro-
magnetism to propelling his machinery for the telegraph is an
infringement on my patent. I have long thought so myself, but
not knowing how to proceed in co uence of my poverty-
stricken situation, I have taken no stepsin the case. . . . As
the claim granted me is for ‘‘applying magnetic and electro-
magnetic power as a8 moving principle for machinery,” it is as
clear as the solar light that Morse must be using what of right
belongs to me.

In explanation of this erroneous opinion on the part of
Davenport, it must be borne in mind that at the date when
the above letter was written, the history and chronology
of the invention of the telegraph had never been made
public ; it was first brought out in the course of the ex-
haustive legal investigations consequent u%m the inter-
ference proceedings between Morse and Bain, and the
suits against O’Reilly and others by the Morse patentees
at a still later date. The very earliest published notice of
Morse’s invention appeared in the New York Journal of
Commerce ; a communication over Morse’s own signature,
accompanied by a sample of the writing of the apparatus
then used, which was dated September 4, 1837. As this
was some two or three months after his visit to Daven-
port’s laboratory, the latter, by a very natural process of
reasoning, assumed that Morse had merely applied bis
(Davenport’s) idea to the movement of another kind of
machinery for a different purpose. But at a later date it
was established, upon evidence which cannot be gainsaid,
that Morse had actually constructed and operated his
electro-magnetic recording apparatus in a short circuit in
his rooms in the New York University building, as early
as November, 1835, more than a year before Davenport and
Cook came to New York with their machinery for
exhibition.!

It is not improbable that Morse was indebted to Daven-
port for a more effective construction of the electro-mag-
net than he had hitherto employed, but even granting this,
the electro-magnet was a feature which Davenport himself
had borrowed from Henry, and which formed no part, per
se, of his own discoveries. '

The patent of Davenport was granted February 25, 1837,
under the title of “ An Application of Electro-Magnetism
to Propelling Machinery.” The claiming clause of this
patent has been criticised by unfavorable implication, as ‘‘a
remarkable instance of the granting of a broad claim by
the Patent Office to an inventor.” It may not be out of
place to consider for a moment whether such a criticism is
well-founded. The statement is in the following words :

The discovery here claimed and desired to be secured by Let-
ters Patent, consists in applying magnetic and electro-magnetic
power, as a moving principle for machinery, in the manner above

tbed, or in any other substantially the same jin principle.

Within a few months after the issue of the patent,
Davenport, referring to his invention, wrote :

No departure from the principle of the orginal invention has
been or can be made. That principle was the production of rotary
motion by repeated changes of mugnetic poles ; this it is which is
secured by patent ; and no peculiarity of arrangement or modi-
fication of the magnets can be made to move without adopting
the essence of the first invention.

This assertion, although in a strictly literal sense inaccu-
rate,'* is nevertheless substantially true, inasmuch as every
practical motor in use at the present day involves the prin-

13. In the case of Morse v. O'Reilly in the United States S8upreme Court, the
following witnesses testified to having seen the operation of Morse's electro-
magnetic recording telegraph ia his rooms in the New York University in 1838
and 1836 : Loonsn‘f D. Gale, Daniel Huntington, Osbert B. Loomis, and Robert

in.
14. Neither the prior machine of Edmondson already described (ante, p.
1) mor the helix and core machines, subsequently constructed by Davenport
himself and by Prof. Page, make use of the principle of ** rep d change of
polea.” But ll:;)ne of these lmg '“ have achi T d per mclgdm-
trial b, ri © ing ¢; or reasons wi are
now well understood. b TP
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ciple of the ‘‘production of rotary motion by repeated
changes of magnetic poles.” If, therefore, we read into
the claim of the patent the mode of operation original
with Davenport, viz., the combination of reversible and
non-reversible “ galvanic magnets ” which is described in
the specification, as being the organization referred to in
the words ¢“in the manner above described,” we find that
its manuoer is not only not unwarrantably broad, but
that it defines with accuracy and clearness the precise
invention which Davenport made ; no more ; no less.

Justice Curtis, in his decision in a leading patent case
before the Supreme Court of the United States, has
remarked :

It is this new mode of operation which gives it the character
of an invention and entitles the inventor to a patent ; and this
new mode of operation is, in view of the patent law, the thing
entitled to protection. . . . . . . cifications
are to be construed liberally, in accordance with the Constitution
and the patent laws of the United States, to promote the progress
of the useful arts, and allow inventors to retain to their own use,
not anything which is a matter of common right, but what they
themselves have created.!®

«In that case,” says James J. Storrow, confessedly one
of the most learned and able advocates of our own day,
“ the maturest judgment of the Court was announced by a
jurist whose peculiar faculty it was to perceive both the
groundwork of a legal rule, its limits, and the limits of its
application, and to formulate the whole in language which
defined as well as stated.” And in a more recent case de-
cided in the same court the venerable Justice Bradley has
remarked : :

The whole subject-matter of a patent is an embodied concep- '

tion, outside of the patent itself, which to the mind of those ex-
pert in the art, stands out in clear and distinct relief, whilst it
is often unperceived, or but dimly perceived, by the uninitiated.
This outward embodiment of the terms contained in the patent is
the thing invented, and is to be properly sought, like the explana-
tion of all latent ambiguities arising from the description of
external things, by evidence in pais.*®
If, therefore, we interpret the claim of Davenport’s pat-
ent, not only in its relation to the state of the art at the
date of its invention, but in the light of the well-consid-
ered utterances of the highest tribunal of the land, and
compare it thus understood with the definition of the
fundamental principle of the modern electric motor which
was formulated at the beginning of this series of papers,
we shall find that they are substantially identical. The
conclusion necessarily follows, that the invention thus
identified was conceived and embodied in concrete operative
form by Thomas Davenport at least as early as July, 1834,
was exhibited and described to others prior to January 5,
1835, and was covered by his Letters Patent of February
. 25, 1887, If, therefore, this patent, which expired in Feb-
ruary 1851, were in force to-day, it is not too much to say,
that upon & fair judicial construction of its claim, every
successful electric motor now running would be embraced
within its scope.

Thomas Davenport was born in Williamstown, Orange
County, Vermont, on July 9, 1802. He was descended
from the family of the same name prominent in the early
annals of the New Haven colony, and was the eighth in a
family of eleven children of Daniel and Hannah (Rice)
Davenport. His father, who was a farmer, died when he
was but ten years of age, leaving the family in indigent
circumstances. At the age of 14 he was apprenticed to
Samuel Abbott, of Williamstown, with whom he learned
the blacksmith’s trade. ~Upon the expiration of his
apprenticeship, about 1823, he removed to Brandon, Vt.,
where he set up business for himself. He married, Febru-
ary 14, 1827, Emily, daughter of Capt. Rufus and Anna
Goss, of Brandon, born March 29, 1810. The mother of
Rufus Goss was a daughter of the celebrated American
traveler, Jonathan Carver. Davenport was prosperous in

15. Winans . Deamead, 16 Howard, 830 (1853).
16. Bischoff v. Wethered, 9 Wallace, 812 (1869).
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his business, and shortly after his marriage, built a com"
modious brick house in Brandon village, and was in a fair
way to accumulate a comfortable property, when his
attention was directed by the circumstances already
related, to the study of electro-magnetism. From that
time forward, the history of his labors and the history of
the man are inseparable.

Two sons were born to Davenport, both of whom subse-
quently enlisted and became o&ocers in the war of the
rebellion. The elder, George D., a captain in the 5th Ver-
mont Regiment, fell in the battle of the Wilderness; and
the younger, Willard G., who is still living, became a
clergyman in the Protestant Episcopal Church. The story
of the active life of the inventor has been fully told im
ied on a
small farm in Salisbury, Vt., July 6, 1851, at the compara-
tively early age of 49, and was buried in Brandon. The
immediate cause of his death appears to have been a
species of nervous prostration, superinduced by excessive
study ; and no doubt aggravated by the effects of so many
years of toil, privation and disappointment.

If the publication of these papers shall in any measure
serve to render tardy justice to the memory of one of the
most meritorious of inventors, as well as one of the most
amiable and desersing of men, then the story of the
* Brandon blacksmith,” the writing of which has been to
me a labor of love, will not have been in vain.

NEW TESLA ALTERNATING MOTOR.

WE bave already described a number of different forms
of altemating carrent motors designed by Mr. Nikola
Tesla, depending upon a variety of phenomena met with

o @ o

TESLA ALTERNATING MOTOR.

o

in the employment of alternating currents. One general
type of these consists of a machine with, say, four pol
between which is mounted an armature, generally woun
with closed coils. On two opposite poles of the field are
primary coils connected up in the main circuit. On the
same cores are also wound secondary coils which are closed
through coils on the other pair of poles. When an alter-
nating current is'caused to pass through the primary coils,
it energizes directly one set of poles, and induces currents
in the secondary coils, which in turn energize the other
poles ; but the phases of the current in the secondary coils
may differ in time from those of the primary current, and
hence a shifting of the poles is effected, that imparts a
rotation to the motor.

In the new motor designed by Mr. Tesla, however, two
energizing circuits are brought into inductive relation in
the motor itself, and the employment of an external in-



