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INTRODUCTORY NOTE.

In these volumes the principal scientific writings of Joseph
Henry are collected for the first time. They include his
contributions to various societies and journals, together with
notices of a few of his earlier communications which were
never published in full. These productions, extending over a
long and busy life, are naturally grouped under two periods:
the first comprising the record of his rescarches from 1824
to 1846 (a period of 23 years), during his professorial career
at Albany and Princeton; the second that of his scientific
work from 1847 to 1878 (a period of 32 years), during his
directorship of the Smithsonian Institution at Washington.

It will be observed that Professor Henry’s contributions
to science were given to the world from time to time through-
out more than half a century, and published in widely remote
places. Most of them are now scarce, many are practically
inaccessible, hardly any individuals and few public libraries
can be supposed to possess them all. It is noteworthy, and
indeed is characteristic of their author, that he sedulously
abstained from publishing any of his researches of the later
period or reproducing any of the earlier ones—very import-
ant though he knew them to be—through the inviting
channel of the “Smithsonian Contributions,” or “ Miscel-

laneous Collections,” or in any way at the expense of the -

Smithsonian fund.

It has seemed to the Regents of the Smithsonian Insti-

tution that justice to the scientific name and memory of

their distinguished Secretary who made the Institution
(iii)
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v INTRODUCTORY NOTE.

what it is, no less than a due regard to the history of physi-
cal science in this country, and the interests of its present
votaries, require that these writings should now be collected
and made available: also that their publication and distri-
bution may be fittingly undertaken by the Smithsdnian In-
stitution. Accordingly, at a meeting of the Regents, held
January 17,1883, “Dr. Maclean having called the attention
of the Board to the fact that the sundry papers of Professor
Henry on scientific subjects had not been published in the
series issued by the Smithsonian Institution, it was Resolved,
That the Secretary be requested to have the scientific writ-
ings of Prof. Joseph Henry collected and published.” At
the next stated meeting of the Board, held January 16,
1884, Dr. Asa Gray, Hon. W. L. Wilson, and Prof. S. F. Baird
were appointed a committee to supervise the publication of
Prof. Henry’s writings.

It was decided by them to include in this collection only
the published writings of Prof. Henry, and to arrange these
chronologically. A departure from this arrangement has
been made in transferring the series of papers detailing
Henry’s extended observations on the phenomena of sound
from the position of their successive dates of publication
(1873 to 1877), and interpolating them between papers pub-
lished in 1855. This has been done for the purpose of equal-
izing the size of the two volumes. The second volume is
thus made to commence with the series of Meteorological
Essays, which, also published originally in successive years
(from 1855 to 1859), are here presented continuously. These
Essays, although of a more popular character than the other
writings of the author, contain much original observation
and generalization, and therefore well deserve a place in this
collection.
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SCIENTIFIC PAPERS AND ABSTRACTS.

CHEMICAL AND MECHANICAL EFFECTS OF STEAM.

(Proccedings of the Albuny Institute, vol. 1, p. 30.)*
October 30, 1824. ’

Joseph Henry read a communication on the chemical and
mechanical effects of steam, with experiments designed to
illustrate the great reduction of temperature in steam of
high elasticity when suddenly expanded.

REFRIGERATION BY RAREFACTION OF AIR.

(Proceedings of the Albany Tustitute, vol. 1, p. 39.)
March 2, 1825.

Joseph Henry read a communication on the production of
cold by the rarefaction of air, accompanied with experiments.

Onc of these experiments most strikingly illustrated the
great reduction of temperature which takes place on the sud-
den rarefaction of condensed air. Ilalf a pint of water was
poured into a strang copper vessel, of a globular form, and
having a capacity of five gallons—a tube of one-fourth of an
inch in caliber, with a number of holes near the lower end

¥[The ¢ Transactions of the Albany Institute,” vol. 1, part i, is dated on
puge 3, “June, 1828.” The title puge of the volume Lears dute ¢ 1830."
Part ii of saine volume is an ¢ Appendix " of 74 (independently numbered)
pages, and comprises brief abstructs of proceedings; here cited as ¢ Pro-
ceedings '’ for conciscness. ]

1
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2 WRITINGS OF JOSEPH HENRY. [1824-

and a stop-cock attached to the other extremity, was firmly
screwed into the neck of the vessel; the lower end of the
tube dipped into the water, but a number of the holes were
above the surface of the liquid, so that a jet of air mingled
with water might be thrown from the fountain. The appa-
ratus was then charged with condensed air, by means of a
powerful condensing pump, until the pressure was estimated
at nine atmospheres; during the condensation the vessel
became sensibly warm. After suffering the apparatus to cool
down to the temperature of the room, the stop-cock was
opened; the air rushed out with great violence, carrying
with it a quantity of water, which was instantly converted
into snow; after a few seconds the tube became filled with
ice, which almost entirely stopped the current of air. The
neck of the vessel was then partially unscrewed, so as to allow
the condensed air to rush out around the sides of the screw;
in this state the temperature of the wholc atmosphere was
so much reduced as to freeze the remaining water in the
vessel ; the stop-cock and tube at the same time became so
cold that the fingers adhered to them, in the same manner
that they are sometimes found to stick to the latch of a door
on an intensely cold morning. This experiment was ex-
hibited to the Institute within six feet of a large stove, and
in a room the temperature of which was not less than eighty
degrees of Fahreuheit’s thermometer.

LECTURE ON FLAME.

(Proceedings of the Albany Institute, vol. 1, p. 59.)
Mareh 21, 1827,

Mr. Josepis Henry delivered a lecture on flame, accom-
panied with experiments.

ATHERFORCI
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-1830] WRITINGS OF JOSEPH HENRY. 3

ON SOME MODIFICATIONS OF THE ELECTRO-MAGNETIC APPA-
RATUS.

(Transactions of the Albany Institute, vol. 1, pp. 22-24.)
Read October 10, 1827.

The subject of electro-magnetism, although one of the most
interesting branches of human knowledge, and presenting
at this time the most fruitful field for discovery, is perhaps-
less generally understood in this country than almost any
other department of natural science.

Our popular lecturers have not availed themselves of the
many interesting and novel experiments with which it can
so liberally supply them ; and, with a few exceptions, it has
not as yct been admitted as a part of the course of physical
studies pursued in our higher institutions of learning. A
principal cause of this inattention to a subject offering so
much to instruct and amuse is the difficulty and expense
which formerly attended the cxperiments—a large galvanic
battery, with instrumentsof very delicate workmanship, being
thought indispensable. But this bar to the advancement of
clectro-magnetism no longer exists, several improvements
having been made in the principles and arrangement of the
apparatus, which tend considerably to simplify its construc-
tion and use. Mr. Sturgeon, of Woolwich, who has been
perhaps the most successful in these improvements, has
shown that a strong galvanic power is not essentially neces-
sary, even to exhibit the experiments on the largest scale.
On the contrary, he has proved that it may be alinost in-
definitely diminished, provided the magnetic force be pro-
portionately increased. On this principle he has constructed

“a set of instruments, with large magnets and small galvanic
elements, which, from their size and the facility of their
operations, are well calculated cither for the private study
or the public lecture room.* :

Mr. Sturgeon’s suite of apparatus, though superior to any
other, as far as it goes, docs not however form a complete

* Annals of Philosophy, new series, vol. 12, page 375.
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4 WRITINGS OF JOSEPH HENRY. [1824-

set; as indeed it is plain that his principle of strong magnets
cannot be introduced into every article required, and par-
ticularly into those intended to exhibit the action of the
earth’s magnetism on a galvanic current, or the operation
of two conjunctive wires on cach other. To form thercfore
a set of instruments, on a large scale, that will illustrate all
the facts belonging to this science, with the least expense of .
galvanism, evidently requires some additional modification
of the apparatus, and particularly in those cases in which
powerful magnets cannot be applied. And such a modifica-
tion appears to me to be obviously pointed out in the con-
struction of Prof. Schweigger’s Galvanic Multiplier:* the
principles of this instrument being directly applicable to all
the experiments in which Mr. Sturgeon’s improvement fails
to be useful; and to those only can it be successfully applicd.
The following description of -the figures in Plate 11 will
render my mecaning sufficiently clear.

Fig. 1, is an apparatus on the plan of the Multiplicr, to
show the deflection of a large magnetic needle. It consists
of a coil of wire, A B, of an oblong form, about ten inches
in length and one and a half in width, with a small galvanic
clement attached to cach end; the coil is formed of about
twenty turns of fine copper or brass wire, wound with silk,

T

to prevent contact, and the whole bound together so as to
have the appearance of a single wire. The attachment of
the zine and copper is more plainly shewn in Fig. 2, which

*Sce Green’s Electro-Magnetism, page 30.

1 [The figures, copied from the original copper-plate illustration, are hero
reproduced in the text for facility of refercnce.]
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-1830] WRITINGS OF JOSEPH HENRY. 5

represents a coil of only two turns of wire: on the left side
of the figure the plates are soldered directly to the ends of
the wire of the coil; on the right, the plate of zinc Z, is
attached to the part of the wire ending with copper on the
other side, while the plate of copper on the right corresponds
to the zinc on the left. By this arrangement, we can in-
stantly reverse the direction of the currents, and deflect the
needle either to the right or left, by merely holding a tumbler
of acidulated water so as to immersc one or the other of the
double plates into the fluid. The arrows at B, formed of
two pieces of card, arc intended to show the dircction of the
currents, and they should point in the course of the wires
going from the copper. N §, is the needle, about nine and
a half inches long, made by binding together several watch
springs, touched separately, so as to form a compound mag-
net; at the ends are two balls of pith, to show the movement
of the needle more plainly. This instrument is complete in
itself, and we receive the full effect of the instantaneous im-
mersion of the galvanic element.

Fig. 3, represents a modification of
De la Rive’s ring on alarge scale. A B,
is a coil about nine inches by six, with
a small cylinder of copper, enclosing
another of zine, without bottoms, sol-
dered to its extremities, which end at ¢,
the whole being suspended by a fibre of
raw silk, so as to swing freely in a cup
of acidulated water. When this appa-
ratus is made sufficiently light, it inva-
riably places itself, after a few oscilla-
tions, at right angles to the magnetic
meridian. W and E, are two pieces of
card, with letterson them, to show which
side of the coil will turn to the east or
west: they may be properly placed by
recollecting that the current from the
copper to the zinc has a tendency to circulate in a direction
contrary to that of the sun.

ATHERFORCE



6 WRITINGS OF JOSEPH IIENRY. [1824-

Fig. 4, is designed to show the
action of two conjunctive wires on
cach other; A B,is a thick multi-
plying coil, with galvanic plates
attached, in the same manner as
shown in Fig. 2; ¢ d, is a lighter
coil, with a double cylinder, pre-
cisely similar to Fig. 3, and sus-
pended within the other by a fibre
of silk, passing through a glass
tube, (a) the end of which is in-
serted into an opening () in the
upper side of. A B; e f are two
wires supporting the glass tube.
When the cylinder g and the plates
C are placed in vessels of acidu-
lated water, the inner coil will im-
mediately arrange itself so that the
currents in both coils will circulate
the same way : if the vessel be re-
moved from C,and D placed in the
fluid, the coil ¢ d will turn half-
way round and again settle, with the currents flowing in

: ATHERFORCE
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the same direction. Tnstead of the cylinder, a separate bat-
" tery of greater power may be used, by suspending the inner
coil, as shown in Fig. 9; h h are cups with mercury—the
upper wire should turn on a fine steel point.

Fig’s 5 and 6, are front and side views of a modification
of an instrument, described by Mr. Sturgeon. It consists of
a dipping needle, surrounded by a multiplying coil, turned
edgewise, but in all other respects similar to that of Fig. 1.
If, when the needle is placed in the magnetic meridian, and
the coil in the plane of the dip, a galvanic current be passed
through it in a direction opposite to that of the sun, the
north end of the needle will turn up, as in Fig. 7; but if in

the contrary direction, it will turn down, as Fig. 8. If the
coil be placed at right angles to the dip, as shown in the
dotted line, Fig. 6, and the current passed in the first men-
tioned direction, the needle will not alter its position, but
will be more firmly fixed in it: if passed in the contrary
direction, it will turn half-way round and dip with its south
end. The quadrant g permits the coil to be readily placed,
~either in the plane of the dip or at right angles to it.

ATHERFORCE



8 WRITINGS OF JOSEPH HENRY. [1824-

TOPOGRAPHICAL SKETCH OF THE STATE OF NEW-YORK, DE-
SIGNED CHIEFLY TO ‘SHOW THE GENERAL ELEVATIONS AND
DEPRESSIONS OI' ITS SURFACE.

(Transactions of the Albany Institute, vol I, pp. 87-112.)
Read October 28, 1829.

~ The Topography of the state of New-York, viewed either
in relation to that of the continent of North America in
general, or only in reference to the space included within its
own political boundaries, presents many interesting and pe-
culiar features.

The two great lakes, and their outlets, forming a natural
boundary on the north and west; the continued chain of
water communication of the Hudson and Lake Champlain,
along the whole castern section; the connected scries of
smaller lakes in the interior, together with several large
streams which- rise in the middle of the state, and pass
through its southern boundary; all give to the surface of
New-York a diversity of aspect, and a facility, of internal
navigation, possessed by no other section of our own coun-
try, and perhaps not surpassed by any of equal extent on
the surface of the globe. ’

The eastern portion of the United States, designated by
geographers as the Atlantic slope, is separated from the cen-
tral part, or the great valley of the Mississippi, by a marked
natural division, consisting of a continuous swell or ridge of
land extending from Alabama to the south shore of Lake
Ontario. This ridge is the truc water shed of the country, and
determines the course of the rivers falling into the Atlantic
on the one side, and those into the Mississippi on the other.
It has a mean height of about 3000 feet; and cannot be
crossed at any point south of the state of New-York, by an
elevation of less than two thousand feet above the occan.
Upon the acclivities of this ridge are based an indeterminate
number of spurs, hills, and collateral subordinate ridges,
which often risc to a much greater height than the crest of
the water shed. These subordinate ranges are not continuous,
but are often cut through by the Atlantic rivers: They have,

ATHERFORCE
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however, nearly the same direction as the main ridge; and in
passing through North-Carolina and Virginia, assume the
form of four principal ranges, nearly parallel to each other.
The three westernmost of these mingle together in the north-
ern part of Pennsylvania, and form a mountain chain, which
diverges to the east from the great water shed, and in pass-
ing through the state of New-York, occupies the space be-
tween Scneca lake and the Hudson river. At first sight, it
appears to terminate at the valley of the Mohawk; but it
soon rises again on the north side of the river, and forms
the mountain district between Ontario and Champlain; is
afterwards cut through by the valley of the latter, and then
passes on towards the sources of the Connccticut. The re-
maining ridge of the four parallel ones continues separate
from the others, and suddenly turns to the east in Pennsyl-
vania, crosses the state of New-Jersey, and is deeply cut
through by the IHudson at West-Point, where it forms the
highlands of that river. It afterwards passes to the north in
nearly a straight line, and forms the dividing ridge betwcen
the waters of the ITudson and those of the Connecticut : at
the sources of the latter, it mingles with the other mountain
chain, and they then together pass on to the northeast, and
may be traced even to the coast of Labrador. The opening
between these ridges forms a long, deep, and narrow valley,
in which is situated the part of the Hudson river between
West-Point and Glen’s Falls, and the whole of Lake Cham-
plain. South of this state, the several collateral ridges are
cut through by the Susquehanna, the Potomac, and several
other streams of less magnitude, which rise near the crest of
the water shed, and flow with a rapid descent to the ocean.
This fact has been, stated as something peculiar in the to-
pography of our country, and has given rise to the fallacious
hope of finding practicable canal passes through the river
vallies from the waters of the Atlantic to those of the Missis-
sippi; but the water shed, in its uninterrupted continuity,
cvery where rises as an insuperable barrier, and the lowest
pass yet found south of New-York is elevated more than 2000
feet above the ocecan. Asa whole, these mountainsare known
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by the name of the Appalachian system; but the parallel
ridges are perhaps most generally referred to as the Alle-
ganies; and these again, in their course, have received dif-
ferent local names, such as the Blue Ridge in Virginia, the
Catskill in New-York, and .the White Mountains in New-
Hampshire. From the above sketch of the great mountain
system of our country, the peculiar topographical features
of the state of New-York will be readily understood.

The Appalachian system may be said to occupy the prin-
cipal part of the state; and, indeed, through the whole
district, the mountains appear to be only partially inter-
- rupted by the vallies of rivers, or depressed by the basins of
lakes. The entire surface may perhaps be best described as
an elevated tract of country, with indentations in various
places below its gencral level. The most important depres-
sions of the surface are the great basins in which are situated
the Lakes Erie and Ontario, and the long narrow valley
which contains the Hudson river and Lake Champlain.
The two last are connected with each other by a valley occu-
pied by the Mohawk river and the Oneida lake; and with
it may be considered as separating the whole mountain sys-
* tem of this state into three principal divisions. The first of
these, and the largest of the whole, occupies the space situ-
ated south of the Mohawk river and the Ontario valley, and
between the Hudson river and Lake Erie. The second is
the mountain district north of the Mohawk, and between
Lake Champlain and the east end of Lake Ontario. The
third division comprises that part of the mountain range
on the east side of the Hudson river included within this
state. The first division is separated into two parts, by the
basins of Seneca and Cayuga lakes, and by an elevated val-
ley extending from the head of the former to the valley of
the Chemung or Tioga river, at Newtown.

The western subdivision, or the part of the state between
Seneca lake and Lake Erie, is occupied by that portion of
the mountain system which we have called the water shed.
This, in its course from the south, in Pennsylvania and New-
York, forms a high table land of about two thousand feet in
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mean elevation. The highest part of it comprises the sur-
face of the counties of Steuben, Allegany, Cattaraugus and
Chautauqua; and a little to the north of these, it begins to
decline, and finally descends, by three principal steps, to its
terminations on the south shore of Lake Ontario. The great
elevation and geographical importance of this table, may be
inferred from the fact, that it gives rise to several streams of
water, which find the level of the ocean at points almost as
distant as the extremities of the continent. The head
branches of the Allegany, of the Genesee, and of the Susque-
hanna, are all found inosculating with each other in the
county of Allegany; while their waters separately mingle
with the ocean in the gulf of $t. Lawrence, the Chesapeake
bay, and the gulf of Mexico. But the following heights,
from actual survey, will serve to give a more definite idea
of its general elevation.

Chautauqua lake, the largest * sheet of water on this table,
and the most elevated of its size in the United States, is 1291
feet above the level of the ocean, and 723 feet higher than
Lake Erie, although only eight miles distant: its discharged
waters descend to the ocean, along the western declivity of
the water shed, through the Ohio and the Mississippi rivers.
The lowest pass to the east, over a swell of land near Casa-
daga outlet in Chautauqua county, is 1720 feet high; and
another pass in the same swell is 1972 feet. The lowest
notch in the height of land between Elm and Little Valley
creeks, in Cattaraugus county, is 1725 feet; and between
Little Valley and Big Valley, the lowest pass is 2144 feet
above the level of the ocean. Franklinville has an elevation
of 1580 feet, and Angelica 1428 feet, although both are situ-
ated in vallies. This height of land extends close to the
shore of Lake Erie, as it may be seen by the map, that one
of the head branches of the Allegany, a tributary of the
Ohio, rises within four or five miles of the lake. The sur-
face is not broken, but consists of large swells of land, with
broad shallow vallies intervening. The principal indenta-

*It is 18 miles long, contains 16,000 square acres, and discharges 2295
cubic feet of water per minute.— Whippo’s Report.
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tion of the surface, is the valley of the Genesee river, which
may be considered as an arm of the Ontario valley, extend-
ing into the state of Pennsylvania. The extreme southern
branches of this river rise at an elevation of more than 2500
feet.

The space between Seneca lake and the Hudson, and south
of the Mohawk, is occupied by the mountain chain formed
by the union of the three parallel ridges before mentioned,
as mingling in Pennsylvania, and passing through New-
York. The surface is much more uncven than that of the
part just described, and presents the general appearance of
a number of ridges in a north and south direction. The
highest of these is the Catskill mountains, which bound the
. valley of the IHudson on the west, and rise in some places
nearly 4000 feet higher than the level of the ocean. The
Round Top is 3804, and the High Peak is 3718 feet, above
the level of the tide waters of the IIudson.* The principal
indentations of the surface of this subdivision of the moun-
tain part of the state, are the vallies of the Susquehanna, the
Declaware, and their several branches. By a reference to the
map, it will be seen that the Chemung river, the main
branch-of the Susquehanna, and the Delaware river, when
viewed in connexion with each other, present an almost en-
tire water course, extending along the Pennsylvania line,
from Painted Post, in Steuben county, to the northwest angle
of the statc of New-Jersey, the only interruption being the
space between the Delaware and the Susquchanna. The
vallies in which these rivers are situated, cross the moun-
tains in an east and west dircction; but their several tribu-
taries, viz., the two branchces of the Susquchanna, the Una-
dilla and the Chenango rivers, the Owego and the Cayuta
creeks, besides several smaller streams, descend to the south,
and intersect the principal vallies in a remarkable manner,
nearly at right angles to their gencral course. These streams
all rise on a narrow table land, which is situated a little
south of the linc of the Erie canal, and may be traced on the
map as forming the water shed, between the heads of streams

*As measured by Capt. Patridge,
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flowing to the north and the south, in an uninterrupted
course, from the Catskill mountains to the head of Seneca
lake. Along the summit of this table land, arc a number
of small, but highly elevated lakes, which give a peculiar
character to this region. The first of these, from the east,
and the largest of the whole, is Otsego lake, the outlet of
which forms the Susquehanna river. It is a beautiful sheet
of water, surrounded by high hills; is nine miles in length,
three in breadth, and elevated 1193 feet above the surface
of the ocean. The next is Schuyler’s lake, which also gives
a branch to the Susquehanna: It is situated a few miles to
the west of Otsego lake, in the same county; its exact cleva-
tion is not known, but it cannot be less than 1200 fect. The
other lakes worthy of notice on this table land, are Cazenovia,
Skaneatelas and Owasco. These arc on the northern de-
clivity, and discharge their waters to the north: they are
scarcely as much clevated as the two just mentioned; the
first being about 900 feet, the second 840, and the last 670
feet above the level of the ocean. It might be supposed, by
an inspection of the map, that Cuyuga and Sencca lakes were
also highly elevated on this table land; but this is not the
casc, as the former is only 387 and the latter 447 fect above
the level of tide. They in reality occupy two long narrow
ravines, which deeply indent the surface of the adjacent
country, and are separated from each other by a ridge which
rises to the height of more than 800 fect above Cayuga laké.
The smaller lakes above mentioned are situated several hun-
dred feet above the highest level of the Erie canal, and form
inexhaustible reservoirs to supply it with water.

It may be here remarked, that this is an advantage pos-
sessed by no other canal route in this country, as it is a
curious feature in the physical geography of the United
States, that except in the swamps along the southern seca
coast, no lake is to be found cast of the Mississippi and south
of the latitude of the southern boundary of New-York, while
almost cvery river north of this degree issues from a lake or
a pond.*

* Gallatin’s Report.
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The following tables of ascents and descents will serve to
give a correct idea of the general configuration of the sur-
face of the whole of the first division of the state, or that
part situated between the Hudson and Lake Erie.

No. 1, is a section in an east and west direction from the
Hudson to Lake Erie. It commences at the level of tide in
the river, and passes over the several ridges to the village of
Bath, in Steuben county, and then crosses the high table
land to Lake Erie.—No. 2, also begins on the Hudson, at
Kingston landing, and follows principally the valleys of
streams along the Pennsylvania line to Bath, where it inter-
sects with No. 1.—Nos. 3, 4, 5,6, 7, 8 and 9, are sections at
right angles to Nos. 1 and 2. The five last, pass from points
on the south shore of Ontario up the slope of the great de-
pression which contains this lake, to the summit of the table
land, and then down the valley of streams to the Susque-
hanna and the Allegany rivers—No. 3, is from a point in
the valley of the Mohawk, and passes over the ridge to the
head waters of the Susquehanna, and then descends this
river to the Pennsylvania line—No. 4, extends entirely
across the state, from the St. Lawrence to the Susquchanna
river, and exhibits the deep depression of the Mohawk valley
below the level of the ridges on cach side.

The several distances given in these tables arc in most
cases straight lines, measured from point to point on a map,
but the clevations are all from actual surveys, made at the
expense of the state.

The elevations in table No. 1, between the ITudson river
and Bath, are from the survey of William Morell, Esq. The
remaining clevations of this table, as well as those in No. 2,
are from the personal survey of the writer of this article.
The elevations in both these tables were taken under the
direction of Messrs. IHamimond, Morell and Pitcher, as com-
missioners to explore the route of a state road through the
southern tier of counties, in 1825. No. 3, is from the survey
of Dr. William Campbell and De¢ Witt Clinton, Jun. The
remaining six tables were taken from the reports and maps
of Messrs. Geddes, Roberts, Hutchinson, Young and Whippo,
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engineers employed by the canal commissioners to explore
the routes of 15 proposed canals, in 1825.

It must.be premised with regard to these heights, that as
they are points on routes explored for roads and canals, they
are the elevations of the lowest passes near the line of sur-
vey, and are consequently less than the general height of
the several ridges. '

No. I.—Table of Ascents and Descents across the Ridges from Catskill, on
the Hudson, to the Village of Batk, in Steuben County, and thence to
Lake Erie.

Route. Miles. Feet.
From the Hudson river, at Catskill, to Madi-
son village __ . oo oo |_.__.| 4 |rises 184
Cairo — e e 71 11 |rises 226 410
Shinglekill at Cairo caecee v ceeeeoco.._. 0| 11 |falls 40| 370
Catskill mountain summit oo . .____. 13 | 24 | rises 1542 | 1912
Valley of the Schoharie at Gilboa _._____.___| 10| 34 |falls 742 1170
Head waters of the Delaware..__.__..__.._.1 10 | 44 |rises 716 ( 1886
- Delhi on the Delaware ... ______.__.._____[ 18] 62 |falls 502 | 1384
Height of land between the Delaware and Sus-
quehanna _ 65 67 |rises 759 | 2143
Susquehanna river at the junction of the Ole-
outereek ..o .| 17] 84 |fulls 1143 | 1000
Unadilla river one mile above its junction
with the Susquehanna.___________ . _______ . 5| 89 |falls 27| 973
Between Unadilla and Chenango ... ____. 6] 95 |rises 657 | 1630
Valley of the Chenango at Oxford.__..__..__.[ G| 101 | fulls 669 | 961
Between Chenango and Tioughnioga or Homer
PIVer e e e ceemmm e mmmm emmm - 13 | 114 [ rises 133 | 1094
Valley of the Tioughnioga at the junction of
the Otselic_ .. .. ... 6| 120 [fulls 159 | 935
Between Tioughnioga and Owego creek ____. 8. 128 | rises 445 | 1380
Valley of the Owego at Richford ._._.....__.| 7| 135 | falls 285 1095
Between the Owego and the deep valley of
Cayuga lake_ . . oo 4 | 139 | rises 275 1370
Valley of the Cayuga lake at Ithaca _____.___ 10 | 149 | fulls 962 | 408
Between the Cayuga valley and the Sencea
inlet at Catharine landing .._.__ e mm e 11 | 160 | rises 849 | 1257
Catharine landing_____.._________.___.____.| 7| 167 |fulls 801| 456
Between the Seneca valley and Mud creek, a
branch of the Conhocton .____.___. ... ._.__| 9| 176 | rices 1188 [ 1644
Valley of Mud creck one mile below Mud lakeZ| 4 | 180 | fulls 528 | 1116
Between Mud creek and Conhoeton ._.. _____. G| 186 | rises 463 | 1679
Conhocton valley at the village of Bath ____ .___ 41 190 | falls 489 | 1090
Between Conhocton and Canisteo___________.| 7 | 197 | rises 750 | 1840
Canisteo valley at Arkport ___._____.__.____ 0 5 | falls 646 | 1194
Between the Canisteo and Genesee. ——. .. .__.| 8 | 214 | rises 868 | 2062
Genesee valley at Angeliea._____ ____________ 10 | 224 | fulls 634 | 1428
Between the Geneseo valley and Oil creek .__.| 13 | 237 | rises 569 | 1487
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" No. I.—Table of Ascents and Descents, §c.—Continued.
Route. Miles. Feet.

Oil creck valley, a tributary of the Allegany__| 2| 239 | fulls 39| 1448
Between Oil creek and Ellicottville.___.____. 12 ] 251 | rises 696 | 2144
Ellicottville, on a tributary of the Allegany__[ 8 | 259 | fulls 630 | 1514
Between Ellicottville and the Conewango .. 3 | 262 | rises 621 | 2135
Conewango valley at the junction of Clear creek,| 15 | 277 | fulls 885 | 1260
Between Conewango valley and Chautauque

Inke .o e oo 8| 285 |rises 716 1966
Chautanque lake______. _.__..____. ___.._.| 181303 |falls 675 1291
Between Chautauque and Lake Erie. (o __. 1| 304 [rises 61| 1352
Luke Erie at Portland harbor ____ ___ ______ 71811 | fulls 787 565

No. IL.—Tuble of Ascents and Descents from the Hudson, at Kingston Land-
ing, to Bath, in Steuben County, by the route of the valleys of the Rondout
Creck, the Beacer Kill, the cast branch of the Dclaware, and the cast and

west branches of the Susquehanna.

Route. Miles. Feet.
Hudson river, at the junction of the Rondout,
to Kingston village - ____._________._ ___. - 2 [rises 188 | 188
Warwasing - ... 21 23 | rises 123 311
Sullivan county line on the Rondout_.___.__ 10| 33 [rises 462 773
Height of lund between the Rondout and Nev-
emink. ... G| B9 | rises 896 [ 1669
Neversink river ... o ____.____ .__. 2 41 falls 357 | 1312
“Height between the Neversink and Beaver kill 2 44| rises 768 | 2080
Junction of the Beaver kill and the cust branch
of the Delawnre__.________________._.___ | 24| 68 ]falls 1062 1018
Junction of the east and west branches of the
Delaware ..o e el T | falls 96| 922
Deposit on west branch of the Delaware . ___. 11 | 86 |rises  82] 1004
Height of land between the Delaware and the
Susquehanna ... oL .. 6| 92 |rises GR4| 1688
Susquehanna at Windsor (. __ 4 96 [fulls 775 913
Height across the Great Bend of the Susque-
hanna o . Lo 5 | 101 | rises 644 | 1657
Binghampton on the Susquehanna_____.o.__.| 9 [ 110 | fulls 721 50
Owego on the Susquehanna oo oo | 18 128 | fulls 32} 804
State ling nbove Tioga Point co_.____._.0 | 15| M3 [ falls 19| 785
Newtown on the Chemung or Tiogn __._____.1 13| 156 | vises 51| 836
Puinted Post at the junction of Tioga and
Conhocton oo oL a4 | 170 [ rises 106 042
Bath on the Conhocton oL ... ... . 17 | 187 | rises 148 | 1090
|

Norr.—The numbers in the first column of figures aro the distances from point to
point—thosoe in the second, are the total distances. The third column of figures gives
the asconts and descents; nnd tho fourth, the clevations of the several points above the

lovel of tido water in the Hudson.
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The last six stations in the above table, or those from
Binghamton to Bath inclusive, are along the valley of the
‘two great branches of the Susquehanna. The elevations
opposite these stations give 900 feet as the mcan height of
the bottom of this valley, but the mountains on each side rise
from five hundred to a thousand feet higher. These moun-
tains are some of the high ridges whose elevations are given
" in table No. 1, and which here retain about the same eleva-
tion.

No. I111.—Table of Ascents and Descents from the valley of the Mohawk,
through Otsego Lake, and down the valley of the Susquehanna to the
Pennsylvania line.

Route. Miles. Feet.
Fort Plain, on Eric canal .. ___ . ____ | .___|-.._. o] 304
Lake Summit, in Springfield .o . .____. ___. <=-- | 16} rises 1048 | 1352
Head of Otsego lake ... ... ___| 38| 19} fulls 159 1193
Along Otsego lake to its outlet ... ________ 9| 284|1level 1193
Mouth of Outs ereck.__ .. . ________._.| 8} 32 {falls 12} 1181
Crippen’s Ville, at thedam ______..________. 1271 44 |fulls 23| 1158
Opposite the mouth of Charlotte river.__.___. 7 b1 [fulls 80 1078
Pennsylvania line. o . .______. £9 | 110 | fulls 178 900

No. IV.—Table of Ascents and Descents on neorly a direct line from Og-
densburgh, on the St. Lawrence, to Binghamton, on the Susquchanna,
by the way of the Black river, and across the valley of the Mohawk;
thence to the head of the Chenango ricer; and down the same to its mowth.

Route. Miles. Fect.

Ogdensburgh, on the St. Lawrence - .__. S D S 226
Indian river, near the village of Antwerp .__.|..... 34 | rises 233 459
Black river, nbove the fulls at the village.of )

Carthage oo o] 14 [ 48 |rises 234] 693
Along the valley of Black river to foot of Iligh

fulls, near mouth of Moosic river .o _____. 27| 75 |rises 10 703
Summit between Black river and the Mohawk,

mear Boonvilleo .o oo ____.._._.._..| 9] 84 |rises 432 1135
Eric canal at Rome, and highest part of the

Mohawk and Oneida Inke valley .__.___. . 18 | 102 | falls 710 425
Head of Chenungo valley, at Hamilton village | 26 ] 128 | rises 730 | 11556
Along the Chenango river to the forks .. ___ 42 | 170 | falls 208 | 947
Binghamton, on the Susquehanna .o .__ 10 [ 180 | f2ll: 111 ] 836

2
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No. V.—Table of Ascents and Descents from Lake Ontario along the Oswego
River, through the Tully Lakes, and down the Tioughnioga River to the

Susquehanna.
Route. Miles. Feet.

Lake Ontario, at mouth of Oswego river.____.|..___ R 231
Outlet of Onondaga luke ... _____..__ S 28 | rises 130 | 361
Erie canal at Syracuse. . ... _______. 7| 385 |rises 38 399
Tully lakes, town of Tully .____..__.____.___ 18 | 563 |rises 795 1194
Forks of the strcams near Homer v1llnvo.----- 121 65 [fulls 98] 1096
Chenango forks ... _____.._ . ___._____| 20| 94 |fulls 149 947
Junction of Chenango and Susquechanna, at

Binghamton_ ... ......_..| 10| 104 |falls 111| 836

No. VI.—Table of Ascents and Descents from Little Sodus Bay, on Lake
Ontario, to Owego, on the Susquchanna, along Cayuga Lake and the
valley of Owcgo Creek.

* Route. Miles. Feet.
Little Sodus bay, on Lake Ontario. ... _____|..___|..__. DU 21 |
Montezuma, on the Erie canal . ________|____. 31 | rises 49| 380
Outlet of Cayugalake .____. ... __.__.| 6] 87 rives 7] 387
Along the lake toits head . ____.____. 36| 73 | level 387
Summit between Cayuga luke and Owego

ereek o e ool 61 79 |rises 504 | 081
Susquehanna, at Owegoo oo o[ 20| 99 |fulls 185] 796

The clevation of Owego, according to table No. 2, is 804
fecet, which differs cight feet from that given in the above
table.- This small discrepancy is owing to the circumstance
of the clevations in these two tables being the results of sur-
veys entirely independent of cach other, and which intersect
at Owego, after a circuit from the ITudson, of more than 300
miles. Table No. 2, also intersects with No. 4, at Bingham-
ton, and with No. 7, at Newtown. At the former place the
differcnce was only the fraction of a foot, and at the latter
less than two feet. These facts show with what precision
measurements of this kind can be made, and what reliance
may be placed on the correctness of the clevations of the
several points given in these tables.
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No. VII.—Table of Ascents and Descents from Great Sodus Bay, on Lake
Ontario, along Seneca Lake and the route of the Chemung Canal to New-
town, on the Chemung or west branch of the Susquehanna River.

Route. Miles. Feet.

Lake Ontario, at Great Sodus bay . |- |- ].oooaoo__. 231
Lyons, on the Eric canal .. __. —_________|.._..| 16 |rises 170| 401
Outlet of Seneca lake, near Geneva ___..—___| 12| 27 |rises 46| 447
Along the lake toitshead .. _.._________._| 34| 61 1level 447
Summit between the luke and Chemung river.| 8 | 69 | rises 443 | 890
The Chemung at Newtown _.___.___.________| 10| 79 [fulls 53| 837

No. VIII.—Table of Ascents and Descents from Lake Ontario along the valley
of the Genessce River, to the mouth of Black Creek in Allegany County,
and thence to Olean, on the Allcgany River, along Oil and Black Crecks.

Route. Miles. Feet.
Mouth of Genessee river...... o oo iooo]aao oot 231
Erie canal, at Rochester - _______________.___|.___. L7 [ 606
Squaque hill .. . ... ___.__._| 20| 37 |rises 68| 574
Gardow flats ____ _________. ... ___.___.__. 6| 43 |rises 76| 650
Head of the Great Falls in the town of Nunda_.{ 8 | 51 | rises 453 | 1103
Mouth of Black ereek ._____..._._.________| 16| 67 |rises 162| 1265
Summit level between Black and Oil creeks*.| 10 | 77 |rises 221 1486
Olean on the Allegany _ ... .__..__...__._.| 13| 90 |falls 78| 1408

No. IX.Z-Table of Ascents and Descents from the mouth of Oak Orchard
Creek,on Luke Ontario, in nearly a direct line to Olean, on the Allegany,
by Ilw route of Batm-m, the Tonnewanta Creck, Lime Lake, and the
valley of Ischua Creck.

Route. Miles. Feet.

Lake Ontario, at the mouth of Oak Orchard

ereek e e e e 231
Albion, on the Eric canal_.____ . _________|.____ 8 | rises 275 506
Tonnewanta creek, at Butavia_ ... _________. 171 25 |rises 377| 883
Attica, along Tonnewanta creck______.______ 11 ] 36 |rises 71| 954
Dividing ridge between Tonnewanta and Cat-

taragus creeks _ ____ .o ool aal.o_. 18 | 04 | rises 526 | 1480
Lime laket.coo oo coommo oo | 14| 68 [rises 143 1623
Olenn Point, on the Allegany, along the valley

of Ischua and Oil creek - -_....._.. 27| 95 ) fulls 214 | 1409

*This suramit is a marsh—the dischar'ged waters of which find the level
of the ocean in the Gulf of St. Lawrence and the Gulf of Mexico.

t This luke, according to Mr. Roberts’ report, is 1642 feet above tide. Ac.
cording to the same report, Beaver lake, in the town of China, is 1704 feet,
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It is evident from these tables, that the mountain system
occupies the entire width of the southern part of the state,
between the Hudson and Lake Erie. The section given in
Table No. 1, exhibits a mean elevation, after the first 13
miles from the Hudson, of 1400 feet, and presents no height
less than 935 feet, except at its extremities, and in the two
places where the survey descends into the deep ravines in
which are situated Cayuga and Seneca lakes. If this section
had passed a few miles to the south of the head of Seneca
lake, the lowest point would have been 890 feet, which is
the highest part of the bottom of a valley extending from
this lake to the Chemung river. The mean elevation of the
several ridges, crossed by the same section, is 1700 feet. And
as these elevations are the lowest notches near the line of
the survey, they may be considered as being but little higher
than the general elevation of the surface of the country.

The second division of the mountain district of the state,
or that on the north side of the Mohawk and Oneida valley,
and between Lake Ontario and Champlain, has not been as
minutely explored by topographical surveys for roads and
canals, as the division we have alrcady described; but the
surface is known to be traversed, in a northeast direction,
by at least five or six parallel ridges. The position of the
principal onc of these, beginning in Oncida county, may be
traced on the map, between the heads of streams flowing to
the right and left of its course through the middle of IHerk-
imer and Hamilton counties, and the northern part of Issex,
near the sources of the ITudson. The lowest pass across this
ridge, between the valley of the Black river and the head
waters of the Mohawk, is shown in table No. 4, and is cle-
vated 1135 feet above the level of tide water. The lowest
notch between West Canada creck and the Black river, is
clevated 1226 feet, and between Fish ereck and Salmon river,
near where the ridge commencees, the pass is 659* feet high.
One of the peaks of this ridge, called the White Face, rises
to the height of 2686 feet; and the gencral clevation of the
country in the middle part of IHamilton county, has been

* Judge Geddes’ report,
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estimated at from 1800 to 2000 feet above the level of the
ocean.

The mountains of this section are often described as an
isolated group, entirely disconnected from the Appalachian
system, which is gencrally considered as terminating in New-
York, at the valley of the Mohawk river and Onecida lake.

But when we view their relative positions, and the general

direction of their scveral ridges, we must at once be con-
vinced that they are, with all the other mountains in this
state, only a part of the great chain which traverses the
United States from Alabama to Maine. Indced, the exist-
ence of a separate mountain group in any part of our na-
tional territory, has been reasonably doubted; and, strictly
speaking, such a phenomenon is perhaps not to be found on
the surface of the globe.

The third division, or that portion of the state on the cast
side of the Hudson, is situated principally on the western
acclivity of the ridge which has been described as continu-
ing distinct from the other subordinate ridges of the moun-
tain system, and crossing the Hudson in the vicinity of
West-Point, forming the Highlands of the river, and after-
wards the dividing ridge between the Hudson and the Con-
necticut. The crest of this ridge passes to the north, on the
cast side of the boundary of New-York, in New-England,
and has a mean elevation of more than 2000 feet. One of
the lowest notches yet cxplored, is at Washington summit,
in Massachusetts, on the route of the contemplated rail-way
from Boston to Albany, and is clevated 1480 feet above the
level of tide water in Boston harbor. This mountain range
is known by various names in different parts of its course:
before it crosses the Hudson, it is called the Blue Ridge; in
Massachusetts and Connecticut, the Taghonnue Range; and
in Vermont, the Green Mountains. But as it lics princi-
pally without this state, a more particular description would
be foreign to our purpose.

From the foregoing sketch, the truth of our remark must

- be evident, that the whole surface of the state of New-York
is a mountain tract of country, indented in scveral places
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below its general level, by the great depressions, in which
are situated the waters of its principal lakes and rivers.
The most important depressions, as we have already ob-
served, arc the basins of Lake Erie and Ontario, the valley
in which is situated the Oneida lake and the Mohawk river,
and that which contains the Hudson river and Lake Cham-
plain. The basins of Lake Erie and Ontario are only parts
of the immeunse St. Lawrence basin, which contains the five
great western lakes, and bounds a principal part of the
northern frontier of the Union. As this interesting depres-
sion of country is intimately connected with the topography
of this state, we will dwell a few moments on some of its
general features. Commencing at the Gulf of St. Lawrence
it extends almost to the head waters of the Mississippi, a
distance of ncarly 1800 miles. In its whole depression it is
computed to contain 511,930 square miles of surface, 72,930
of which is covered with water. It may be deseribed as con-
sisting of three great but unequal divisions; the upper, the
middle, and the lower sub-basins. The first of these is in
the form of a rhomb, and has.an arca of about 90,000 square
miles, more than one-fourth of which is occupied by the
waters of Lake Superior. The next, or middle sub-basin,
occupies a quadrangular arca of at.least 160,000 square miles,
and contains the three central lakes, viz: Huron, Michigan
and Erie, in its lowest depressions.  The surface of the lower
sub-basin has an area of about 260,000 square miles, and is
covered in part by the waters of Lake Ontario and St. Law-
rence river.

Lakes Michigan and Huron are immense chasms, the
bottoms of which, in some places, sink to the almost incredi-
ble depth of 1000 feet below their surface, and more than
300 feet below the level of the occan.  This is an interesting
fact in the physical geography of the country; as these
lakes are probably the lowest depressions on the continental
surface of the carth. The surface of Lake Erie is elevated
565 feet above the level of the Atlantic occan, 76 below Lake
Superior, and 35 lower than the general level of Michigan
and Huron. Its bottom, which is seldom depressed more
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than 200 feet below its surface, is composed of alluvial de-
posit, probably washed down from the upper lakes by the
continued action of a rapid current. Lake Ontario is ele-
vated 231 feet above the level of the ocean: its mean depth
has been estinated at 492 feet, although, in the middle,
attempts have been made with 300 fathoms without strik-
ing soundings.* The St. Lawrence river, which connects
this system of lakes with the Atlantic ocean, is the second
river in magnitude in America, being no less than ninety
miles wide at its mouth, and navigable for ships of the
largest size, 400 miles from the ocean: Its whole length,
from Lake Ontario to its mouth, is 692 miles.t

The following table, complled from Darby’s Gcographlcal
View of the United States, gives in a connected form, the
elevation and extent of the several waters of the St. Law-
rence basin.

No. X.—Table of Elevation, mean Depth, Length, Breadth and Area, of the
several collections of Water in the great St. Lawrence basin.

Area.

Elevation above
tide level.
Mean depth.
Mean length.
Mean breadth.

Feel. | Feet. | Miles.| Miles. |Sq.miles,

Lake Superior R 641 | 900 | 300 [ 80 |.24,000
Lake Huron - . . _.__.___.___. 596 | 900 | 200 | 95 19,000
Lake Michigan. .| 600 | 900 | 300 | 50 15,000
Lake Erie ____ 565 | 120 | 230 | 85 8,030
Lake Ontario .___. 231 | 492 | 180 | 30 5,400
River St. Lawrence and smaller lukcs ...... 20 |oo_faoos 1,500

Total water surface. .- .o looo__|imme]a... Y R, 72,930

The several slopes of the St. Lawrence basin, not covered
by water, have been estimated to be sufficient to sustain a
population of thirty millions of inhabitants. But the most
interesting fact connceted with this great depression is the
vast quantity of fresh water contained in its several reser-

*Dr. Bigsby’s sketch of the topogmphy of Lake Ontario. Philosoph.
Mug. and Annals, vol. 5, page 4

1 Darby.

-
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voirs. From the data furnished by the above table, which
may be considered as an approximation to truth, we find
that the whole amount of water is 10,500 cubic miles; more
than onc half of the fresh water on the surface of the globe.*

The discharged waters of the upper lakes, in passing from
the middle to the lower sub-basin of the St. Lawrence, are
precipitated over the great falls of Niagara. This celebrated
cataract has been rendered so familiar to almost every person,
by the pen and pencil of the many travellers who have
visited it, that-a formal description, in this sketch, would be
entirely unnecessary. About 20'miles below Lake Erie the
Niagara river narrows, and the rapids commence: these arc
of such force and veclocity, that their noise, agitation and
fury constitute an object of as much curiosity as the falls
themselves.  On the very brink of the precipice, is situated
Goat island, which contains about cighty acres, and extend-
ing up the stream, divides the waters. At this place the
Niagara river, nearly half a mile wide, and flowing with im-
mense velocity, is precipitated headlong over a perpendicu-
lar ledge of rocks, into an almost unfathomable abyss below.
The height of the falls, from the surface of the water above
to that of the water below, is 151 feet on the Canada side,
and 164 fect on the American. The descent of the country
from Lake Erie to Ontario, is principally by a step, not at
the falls, but at Lewiston, several miles below. The surface
on cach side is a level plain, through which the Niagara
river passes below the falls, in a deep chasm, nearly a mile
wide, with almost perfect mural sides. In viewing the posi-
tion of the falls, and the features of the country around, it
is impossible not to be impressed with the idea, that this
great natural race-way has been formed by the continued
action of the irresistible current of the Niagara, and that the
falls, beginning at Lewiston, in the course of ages have worn
back the rocky strata to their present site.

The distances and descents along the Niagara river, from
Lake Eric to Lake Ontario, from actual survey, on the Amer-
ican side, arc as follows:

*See Edinburgh Encyclopdin, Article ¢« Phys. Geog.,” page 605,
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From Lake Erie to the head of the rapids.__.distance 20 miles, fall 15 feet.

Thence to the falls. . . . __.. 1 61
The falls_ o e e e - 164
From the falls to Lewiston, at the mouth of
thechasm __________ ____ _______________. 7 104
Thence to Lake Ontario. . .o . oo 1 2
Total . oo e oo e e ccem acee =~ 8D miles, full 336 feet.

The anncxed table of elevations and distances, through
the whole extent of the St. Lawrence basin, in connexion
with the tables already given, will show its depression below
the mountain surface of the country.

No. XI.—Table of Ascents and Distances through the St. Lawrence basin,
Sfrom the Gulf of St. Lawrence to the western angle of Lake Superior.

Route. . Miles. Fect.

Up St. Lawrence river to the head of tid

WALET _ e cdcce e o .-2] 450
Lake Ontario level - ._________________ ~—-| 200 | 650 rises 231
Lake Erielevel . . . . _______.__..._.| 176 | 825 |rises 334 | 565
Lake Huron level .. . ____._._._..____| 340 | 1165 | rises 31| 596
Lake Superior level ..__ o _________. 240 | 1405 | rises 45| 641
Mouth of St. Louis river into the western

angle of Lake Superior _._________..._.__ | 380 | 1785 | level 641

The slopes of the lower subdivision of the St. Lawrence
basin, which descend to the shores of Lake Ontario, occupy
a considerable portion of -the state of New-York. Begin-
ning near the eastern cxtremity of Lake Erie, the boundary
or edge of this sub-basin may be traced on the map along
the heads of streams falling into Lake Ontario, through the
southern part of the counties of Erie and Genessee, to the
valley of the Genessce river, which is an arm of the St. Law-
rence basin, stretching up into the high lands of Pennsyl-
vania. From the Genessece river, the edge of the basin
curves to the southeast around the southern extremities of
Scneca and Cayuga lakes, including the four smaller lakes
which lic a little to the west of these. The deep ravines in
which arc situated Scneca and Cayuga lakes may also be
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considered as arms or branches of the principal basin, sepa-
rated from each other by a high ridge. From the head of
"Cayuga lake, the edge of the basin turns suddenly to the
north along the lake, and passes in a northeasterly direction
through the northern part of Cortland county, a little south
of Skaneateles lake, in nearly a straight line to the Little
Falls on the Mohawk river. Herc it suffers, for the first
time in the course that we have described, an interruption,
and an outlet appears to have been forcibly broken through
into the lower valley of the Mohawk, by some tremendous
convulsion of nature. From the Little Falls, the edge of the
basin may be traced along the sources of the Mohawk river,
Fish creck and the Salmon river, to the valley of the Black
river, which may be considered a branch of the St. Lawrence
basin, extending back almost to the valley of the Mohawk.
From the Black river to St. Regis the remaining part of the
basin in this state is the narrow slope of land along the St.
Lawrence river, and the several valleys through which de-
scend the Grass, the Racket, and the St. Regis rivers.

From the foregoing description of the southern boundary
of the lower subdivision of the St. Lawrence basin, it evi-
dently compriscs the richest and most fertile part of the
state, and includes the minor basins of the Genessee country,
of the Oneida lake, and the valley of the Mohawk river as
far cast as the Little Falls. It is also evident from the data
before given, that the mean clevation of the high land, form-
ing the boundary just described, must be at least 1600 feet
above the level of the occan. On the north side of the lake
in Canada,* the edge of the basin probably rises to nearly
the same height, and as the bottom of Lake Ontario, in the
deepest placcs, sinks 900 feet below its surface, or more than
600 feet below the level of the ocean, it follows that this col-
lection of water occupies the lower part of an immense hol-
low, the deepest depressions of which arc more than two
thousand feet below the general level of the surrounding
mountain surface. As this hollow is situated with its longer
diameter dircetly across the mountain system, it lays bare to

*See Bigsby's Sketch.
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the view on its southern side the diffcrent strata of rocks
which deeply interlay the surface of the country to the
south, and presents a geological scction in this state, perhaps
not less interesting than that at Paris, London, or Rome.

The lowest pass from the ocean into the St. Lawrence
basin throughout its whole extent. except the bed of the St.
Lawrence river, i3 through the valleys of the Hudson and
Mohawk rivers. The highest part of this pass is near the
Little Falls, and is elevated only 425 feet above the level of
tide water. '

The elevations of the lowest passes to the south, between
the waters of Lake Ontario and those of the Susquehanna
and the Allegany rivers, are given in tables Nos. 5, 6, 7, 8
and 9. The lowest of thesc is shown in table No. 7, where
the Seneca lake approaches to within 18 miles of the Che-
mung river, and is separated from it by an intervening cle-
vation of 443 feet above the lake, or 890 fcet above the ocean.
The pass through which the Ohio canal is being directed is
395 feet above the level of the lake. But the lowest pass to
the south from any of the western lakes is that between the
Chicago, a small stream emptying into the southern end of
Lake Michigan, and the river Des Plaines, a branch of the
Illinois. The summit is here only 17 feet above Lake
Michigan, or about 617 feet above the ocean.* This is the
most surprising and important hydrographical feature of
our country; as, comparatively speaking, it here requires
but a slight effort of art to give a new outlet to the upper
lakes, and to divert a portion of the waters of Superior and
Michigan from their present channel of the St. Lawrence to
that of the Mississippi. Indecd, two of the plans reported
by the canal commissioners of the State of Illinois, are to
cut entirely through the barrier, and to supply the summit
of a canal through this pass with water directly from Lake
Michigan.

From the clevations of the several notches in the height of
land that surround Lake Ontario, we may infer the curious
fact, that if a narrow barrier of sufficient height were to exist

* Report of the Canal Commissioners of the state of Illinois, 1825.
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across the St. Lawrence river above Quebec, and another at
the Little Falls on the Mohawk, Lake Ontario would be
on the level of Lake Superior; the falls of Niagara would
disappear, and these two lakes would be merged in one im-
mense inland sea. That this has actually been the state of
things at some remote period in the history of our globe, is
a favorite opinion of many; and indeed the appearance of
the two outlets, particularly that at the Little Falls, and the
nature of the surface of the different slopes of the lower
basin, are not unfavorable to this hypothesis.*

No. XII.—Table of Ascents and Distances on the line of the Erie Canal,
through the Mohawk valley, from the mouth of the river to Little Falls,
and thence along the St. Lawrence basin to Lake Erie.

Route. Miles. Feet.

Mouth of the Mohawk to Schenectady . .- ___. ---- | 21 |rises 226| 226
Head of Little Falls_ .. _______________.__. 68 | 79 |rises 142 368
Beginning of the long level of Utica...... __. 12 1 91 [rises 57] 425
Along that level to its end, near Syracuse .._.| 693}] 160} level 425
Montezuma, at the Seneca river _________.__. 861| 197 | fulls 45| 380
Beginning of Rochester level ._______________ 64 | 261 | rises 126 506
Along that level to Lockport and Lake Erie

level oo e e e 63 | 324 |rises 69| 565
Along that level to Lake Erie_.__..__.______| 80 | 354 [ level 565

The whole length of the canal, from Albany
to Lake Erie, is 863 miles. The junction of
the Hudson and Mohawk is nine miles above
Albany.

That part of the above section between Utica and Lake
Erie, presents a remarkable uniformity of elevation, with
only one intervening depression of 45 feet at the Sencca
river. The great length of its levels is also a striking feature
of the Eric canal: the Utica level is 693 miles long, and the
Rochester level extends a distance of 63 miles. These facts,
however, arc both readily explained from a consideration of
the circumstance that the canal passes from the Little Falls
to Lake Eric along the slope of the St. Lawrence basin, the
gradual descent of which to the north is highly favorable to
the graduation of a line to the most uniform clevation.

*Appendix to Cuvier’s Theory of the Earth, American cdit., page 332,
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The following are the elevations of the principal lakes in
this state, included within the boundarics of the lower sub-

basin of the St. Lawrence:
Above Lake Ontario. Above tide water.

Crooked lake in Yates and Steuben counties_. 487 718
Canandaigualake ... ... oo 487 668
Sencca Inke at Geneva <o oo e .~ 216 447
Cayuga lake 1566 887
Oneida 1ake oo oo oo 144 + 876
Cross lake cmcmem-e- 189 870
Onondaga or Salt lake .. o ._......._ 130 861

The discharge waters of all these reservoirs pass into Lake Ontario,
through the Oswego river.*

After the lower sub-basin of the St. Lawrence, the princi-
pal depression of surface connected with the topography of
this state, is that containing the Hudson river and Lake
Champlain. This depression is a long, deep and narrow
vale, extending through the country, in a direct line from
the occan near New-York, to the valley of the St. Lawrence
river, a distance of 380 miles. That part north of the High-
lands at West-Point, is formed by an opening between two
of the Allegany ranges; and is bounded on the one side by
the Catskill ridges and the mountains on the north side of
the Mohawk, and on the other by the range which we have
described as forming the separating ridge between the Hud-
son and the Connecticut. There are only three lateral passes
from this valley. The most important of these is the lower
valley of the Mohawk, which may be considered as an arm
of the Hudson and Champlain valley, extending back as far
as the Little Falls; and thus forming a pass from the Hud-
son, through the Appalachian mountains, into the great St-
Lawrence basin.  The highest part of this pass, as we have
before observed, is only 425 feet above tide water. The next
pass is the valley through which the Delaware and Hudson
canal has been constructed. It extends from the IHudson,
near the village of Kingston, to the Delaware river; and is
elevated in the highest part, 500 feet above the level of the
Hudson. The other pass is also between the same rivers,

*]t is a curious fact, that this river is the common drain of 15 lakes.
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and is through a spacious valley bounded by the Catskill -
ridge on the one side and the mountains forming the High-
lands on the other. The elevation of the summit is 430 feet
above the Hudson and 207 above the Delaware.

The most remarkable and peculiar feature of the Hudson
and Champlain valley, is its great and uniform depth below
the general level of the surface of the adjoining country.
The highest part of the bottom of this valley, throughout its
whole extent, is on the intervening space between the Hud-
son and Lake Champlain, and is clevated only 147 feet
above the level of tide in the river, and 54 feet above the
strface of the lake. From this surprising fact, we learn that
an obstruction in the channel of the Hudson at the entrance -
of the Highlands, near Newburgh, of only 150 feet in height, -
would turn the current of the river to the north, and cause
its waters to descend to the gulf of St. Lawrence, through
the outlet of Lake Champlain and the St. Lawrence river.
The appearance of the mountain pass at the Highlands, is
highly favorable to the supposition, that the IIudson has in
reality forced its way through this impeding barrier, and
thus gained a more direct passage to the occan.

It has been justly remarked by an able geographer, that
there is but one pass on the earth having a specific resem-
blance to this valley. Scotland is divided into two unequal
sections, by what is well expressed by the term glen, signify-
ing a decp vale between high and steep hills.  This glen
cxtends from the Atlantic ocean to the German seca, a dis-
tance of 120 miles, and has no summit higher than 70 feet,
although bounded on each side by high mountains. Each
of these passes is occupied by lakes and rivers which follow
the gencral direction of the glen, and both have been ren-
dered navigable by means of canals and other artificial im-
provements.

Viewed as a whole, the Hudson and Champlain valley
may be more minutely described as consisting of two un-
cqual sub-basins: the one containing Lake George, Lake
Champlain, and the Chambly river; the other, the Hudson
river below Glen’s falls. Lake George is a narrow sheet of
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water, lying in an apparent rend in the adjacent moun-
tains; is thirty-four miles long, and from one to three miles
wide. It discharges its waters into Lake Champlain, through
a descent of nearly 200 feet. Lake Champlain, which forms
the most important part of the upper sub-basin, is 109 miles
long, and from one-half mile to twelve miles wide; its depth
nearly corresponds to that of Huron and Michigan; while
its surface is elevated only 93 feet above the level of tide
water. Surrounded by imposing mountain scenery, the
traveller on this lake imagines himself raised to Alpine
heights, and can scarcely be convinced that a descent of less
than one hundred feet would depress him to the level of the
ocean. Lake Champlain is connected with the river St.
Lawrence by the Chambly river on the north, and with the
Hudson river on the south, by the artificial communication
of the Champlain canal. The intervening distance between
the Hudson river and the lake is only 22 miles; but the
whole length of the canal, from its junction with the Erie
canal, is 64 miles, 39 of which is along the side of the river.

The other division of the Hudson and Champlain valley,
is the deep basin of the Hudson; and this may again be
described as consisting of two subdivisions. The first of
these includes the lower valley of the Mohawk, and the
slopes of land on each side of the ITudson, from Glen’s falls
to the entrance of the Highlands near Newburgh. The
sandy plain between Albany and Schenectady, is an upper
shelf of the lower valley of the Mohawk, the southern bound-
ary of which is a continuation of the Catskill mountains,
and is seen in travelling between these citics, stretching
along the horizon in a northwesterly direction towards the
Mohawk river. This plain has a mean elcvation of 320
feet, and suddenly declines into the valley of the Hudson by
a precipitous step nearly parallel to the river. The capitol
at Albany is built on the very cdge of this step; and the
Mohawk, in passing over the same depression, forms the
Cohoes or great fall of the river. A similar shelf exists on
each side of the Hudson, from Albany down to the High-
lands. The country rises abruptly from the river to upwards
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of two hundred feet, and then sweeps backwards with a
very gentle rise to the mountain chain. On this shelf are
situated all the cities and villages along the river, with the
exception of Troy, which is the only place on the Hudson
crected on the alluvial flat.

The lower or southern sub-basin of the Hudson, is a sec-
tion of country highly interesting to the political geographer.
It includes all that part of the state south of the Highlands,
(except Long-Island,) as well as a part of New-Jersey. Its
greatest width is from the southern sources of the Raritan
river, to the eastern head of Croton river,in Putnam county,
a distance of about 100 miles.

No. XIII.—Table of Ascents and Distances through the Hudson and Cham-
plain valley, from the Ocean, at New-York, to the St. Lawrence River.

Route. Miles. _ Feet.

New-York to the mouth of the Mohawk._.__. -o--| 154 o
Level at Stillwater oo oooe oc oo e caeee. 14 | 168 | rises 99 99
Level at Fort Miller - .._.___..__.| 17| 185 |rises 18| 117
Beginning of summit level at Fort Edward,

nearly opposite to Glen’s Falls ___ ___.._._| 8| 193 |rises 30| 147
Along that level to Fort Ann _.____._.._..__| 12| 205 | rises 147
Luke Champlain, at Whitehall ___ _____ ____ 12 | 217 | fulls = 54 93
Along the lnkc to its outlet, near the 45° of

north Int. . ... 110 | 327 | fulls 33 20
Down the Chambly or Sorel river fo its junc-

tion with the St. Lawrence, 40 miles above

the head of tide water oo .__._....____ | 70| 397 |fulls 55 35

The Hudson river, which occupies so important a part of
the Hudson and Champlain valley, is in itself one of the
most interesting water courses on the surface of the globe;
and as a navigable inlet to the vast and fertile regions of the
west, demands a more particular notice than the limit of
this article can afford to any other river in the state. It is
formed of two principal branches: the Hudson proper, and
the Mohawk. Each of these deserves particular attention,
as contributing to supply the waters of our northern and
western canals. : :
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The Mohawk rises west of Oncida lake, flows south about
twenty miles, and then suddenly turns to the southeast at
Rome, where it falls on the bottom of what has been called
the upper valley of the Mohawk. At this place, in high
floods, the waters of the river divide: one part passing
down the channel to the Hudson, and the other through
Wood creck into Oneida lake, and thence to Lake Ontario.
From Rome to the foot of Little Falls, a distance of 37 miles,
the river descends 97 feet. IHere the river descends through
a narrow pass to the lower valley of the Mohawk, and offers
incontestible evidence of having forcibly broken its way
through the primitive rocks: the ledges on cach side hear
striking marks of the action of water at a height of more
than 40 feet above the present level of the stream. The
whole fall of the river, from Rome to its mouth, as may be
seen by table No. 5, is 425 feet, in a distance of 116 miles:
78 feet of this descent is passed by the cataract of the Co-
hoes, one mile above its junction with the Hudson.

The two most remote branches of the Hudson proper, have
their sources in the marshy regions of IHamilton and Essex
counties. These united with each other, and the Sacandaga
river, form a stream of considerable magnitude, which is
first precipitated over a ledge of rocks called the Great falls,
and afterwards down Glen’s falls into the deep valley of the
Hudson and Champlain basin. The length of what may be
called the upper Hudson, from its extreme source to this
place, is about 120 miles; and from here to its junction with
the Mohawk is 40 miles, with a fall of 147 feet.

The Hudson, after its reception of the Mohawk, from its
peculiar character, has been defined by some geographers as
a long narrow bay. The periodical rising of the tides to the
height of two feet at Albany—the great volume of water,
and the gentleness of the current, which, under ordinary
circumstances, is reversed by the ascending tide, are indeed
the several characters of a bay; but it nevertheless possesses
all the distinctive properties of a river, and when swelled
by the spring floods, pours a rapid and immense torrent to
the ocean. The oscillation of the tide in this river, is an

3

ATHERFORCE



34 WRITINGS OF JOSEPH HENRY. - [1824-

interesting phenomenon. It is not caused, as in the main
ocean, by the direct action of the sun and moon, but is pro-
duced by a vast wave, propelled by the force of the Atlantic
tide, along the slightly inclined plane of the bed of the river.
The crest of this wave passes through the whole distance of
151 miles, between New-York and Troy, in from seven to
nine hours.

The comparative importance of the Hudson, as a great
commercial inlet to the western territory of the union, may
be inferred from the fact, that it is the only Atlantie river,
with the exception of the St. Lawrence, that has not its nav-
igation soon interrupted by a precipitate descent from the
mountain chain. At the Highlands the Hudson penetrates
the primitive rock, and admits the ocean tide one hundred
miles to the interior of the ridge, at whose foot, in every
other Atlantic river, it is stopped.* Its tributary, the Mo-
hawk, as we have seen, occupies the bottom of a depression
which deeply indents the remaining ridges of the Appala-
chian mountains, and thus connects by an easy pass the
valley of the Hudson with the basin of the St. Lawrence.
Nature has thus done more by the valleys of the Hudson
and the Mohawk, and that to the south of Lake Michigan,
towards uniting the waters of the Atlantic with those of the
Mississippi, than the utmost efforts of art can ever hope to
accomplish in any other part of the country.

The importance of these peculiar topographical features
was duly appreciated by the projectors of our canal policy,
and the Eric and Champlain canal, with those in contem-
plation for uniting the former with the waters of the Susque-
hanna and Lake Ontario, fully develope the natural facilitics
for internal navigation possessed by this state.

In a physical point of view, these works produce changes
which it could scarcely have been believed that the power
of man could have accomplished. The waters of the Tioga
river, which now entirely contribute to swell the volume of
the Susquchanna, by the construction of the artificial chan-
nel of the Chemung canal, will in part be conducted to

*Gallatin’s Report.
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Seneca lake, and thence with the discharged waters of this
reservoir, to the gulf of St. Lawrence. On the summit level
of the Champlain canal, the waters of the upper Hudson are
turned back to the north, and instead of mingling, as form-
erly, with the Atlantic ocean in the bay of New-York, now
mix with the sea in the straits of Bellisle.

Nore.—For the accompanying plate of the comparative
elevation of the principal mountain ridges and peaks in' this
state, we are indebted to the politeness of Davip H. BUrR,
‘Esq. It forms a part of a general map of the state, which
together with an atlas containing a map and statistical
table of each county in the state, has just been published by
the above named gentleman.

This work is an important acquisition to the topographi-
cal knowledge of our state; and as it is intimately connected
with the subjeot of the preceding article, the following ex-
tracts from the author’s preface may not be improper in this
place. “The legislature of New-York, in 1827, upon the
recommendation of Governor Clinton, passed an act direct-
ing that whenever a set of maps was compiled on this plan,
and delivered to the surveyor-general and comptroller, they
should revise and correct the same; and that when they
were satisfied with their accuracy, should publish them at
the expense of the state. The legislature at the same and
subsequent sessions, made liberal appropriations to defray
the expenses, at the same time giving the author permission
to make use of all documents deposited in any of the public
offices of the state, or of the several towns and counties,
which he should deem necessary in the completion of the
work.” )

“ During its progress, the surveyor-general addressed cir-
culars to the supervisors of the several towns, requiring them
to furnish surveys of the same, that their boundaries might
be correctly described in the revised statutes. The informa-
tion so obtained was furnished by the surveyor-general to
the author, and has been uscd in the present work. When
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the author had rendered the work as perfect as these au-
thorities and his own personal observations enabled him to
do, it was delivered to the surveyor-general and comptroller,
for revision and correction, pursuant to the act before men-
tioned.”

“ Circulars were again addressed by the surveyor-general
to the several supervisors, enclosing maps of their respective
towns, and requesting them to point out the errors, if any,
and also to suggest such additions as might be necessary to
render the work more full and perfect. These circulars
were in most instances returned with much useful informa-
tion, which enabled the surveyor-general, with his previous
knowledge, to correct such errors as had escaped the obser-
vation of the author. This work, therefore, comprises not
alone the geographical knowledge of a single individual,
but that of many, and those the best informed by their voca-
tions of any in the state.” *

*This article was prepared as an introduction to the atlas of the state of
New-York published by David H. Burr. The section of mountains is
principally from my own survey. (MS. note by J. H.)

[The plate showing the sectional elevations of the principal mountains in
New York, (referred to in the preceding puge) hus been omitted in the
present re-print.]

ATHERFORCE



1831] WRITINGS OF JOSEPH HENRY. 37

ON THE APPLICATION OF THE PRINCIPLE OF THE GALVANIC
MULTIPLIER TO ELECTRO-MAGNETIC APPARATUS, AND ALSO
TO THE DEVELOPMENT OF GREAT MAGNETIC POWER IN SOFT
IRON, WITH A SMALL GALVANIC ELEMENT.*

(Silliman’s American Jour. of Science, January, 1831, vol. x1x, pp. 400—408.)

For a long time after the discovery of the principal facts
in electro-magnetism, the oxperiments in this interesting
department of science could be repeated only by those who
were so fortunate as to possess a large and expensive gal-
vanic apparatus. Mr. Sturgeon, of Woolwich, did much to-
wards making the subject more generally known, by show-
ing that when powerful magnets are used, many of the
most interesting experiments can be performed with a very
small galvanic combination. His articles of apparatus, con-
structed on this principle, are of a much larger size, and
more convenient, than any before used. They do not, how-
ever, form a complete set, as it is evident that strong mag-
nets cannot be applied to every article required, and partic-
ularly to those intended to exhibit the action of terrestrial
magnetism on a galvanic wire, or the operation of two gal-
vanic wires on each other.

In a paper, published in the Transactions of the Albany
Institute, June, 1828, I described some modifications of ap-
paratus, intended to supply this deficiency of Mr. Sturgeon,
by introducing the spiral coil on the principle of the gal-
vanic multiplier of Prof. Schweigger, and this I think is
applicable in every case where strong magnets cannot be
used. The coil is formed by covering copper wire, from 5
to 5%y of an inch in diameter, with silk; and in every case,
which will permit, instead of using a single conducting
wire, the effect is multiplied by introducing a coil of this
wire, closely turned upon itself. This will be readily un-
derstood by an example: thus, in the experiment of Am-

#The term galvanic element is used in this paper to denote a single pair
of galvanic plates.
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pere, to shew the action of terrestrial magnetism on a gal-
vanic current, instead of using a short single wire suspended
on steel points; 60 feet of wire, covered with silk, are coiled
so as to form a ring of about 20 inches in diameter, the sev-
eral strands of which are bound together by wrapping a
narrow silk ribbon around them. The copper and zinc of
a pair of small galvanic plates are attached to the ends of
the coil, and the whole suspended by a silk fibre, with the
galvanic-element hanging in a tumbler of diluted acid.
After a few oscillations, the apparatus never fails to place
itself at right angles to the magnetic meridian. This article
is nothing more than a modification of De la Rive’s ring on
a larger scale. ‘

Shortly after the publication mentioned, several other ap-
plications of the coil, besides those described in that paper,

were made in order to increase the size of electro-magnetic -

apparatus, and to diminish the neccessary galvanic power.
The most interésting of these, was its application to a devel-
opement of magnetism in soft iron, much more extensively,
than to my knowledge had been previously effected by a
small galvanic clement. :

A round picce of iron, about } of an inch in diameter,
was bent into the usual form of a horse-shoe, and instead of
loosely coiling around it a few feet of wire, as is usually
described, it was tightly wound with 35 feet of wire, cov-
ered with silk, so as to form about 400 turns; a pair of
small galvanic plates, which could be dipped into a tumbler
of diluted acid, was soldered to the ends of the wire, and
the whole mounted on a stand. With these small plates,
the Lorse-shoe became much more powerfully magnetic,
than another of the same size, and wound in the usual
manner, by the application of a battery composed of 28
plates of copper and zinc, each 8 inches square. Another
convenicnt form of this apparatus was contrived, by wind-
ing a straight bar of iron 9 inches long with 35 feet of wire,
and supporting it horizontally on a small cup of copper
containing a cylinder of zinc,—when this cup, which served
the double purpose of a stand and the galvanic element,

-~
x
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was filled with dilute acid, the bar became a portable electro-
magnet. These articles were exhibited to the Institute in
March, 1829.

The idea afterwards occurred to me, that a sufficient quan-
tity of galvanism was furnished by the two small plates, to
develope, by means of the coil, a much greater magnetic
power in a larger piece of iron. To test this, a cylindrical
bar of iron, 3 an inch in diameter, and about 10 inches
long, was bent into the form of a horse-shoe, and wound
with 30 feet of wire; with a pair of plates containing only
2} square inches of zinc, it lifted 14 lbs. avoirdupois. At
the same time, a very material improvement in the forma-
tion of the coil suggested itself to me, on reading a more
detailed account of Prof. Schweigger’s galvanometer, and
which was also tested with complete success upon the same
horse-shoe; it consisted in using several strands of wire,
each covered with silk, instead of one:—agreeably to this
construction, a second wire, of the same length as the first,
was wound over it, and the ends soldered to the zinc and
copper in such a manner that the galvanic current might
circulate in the same direction in both, or in other words,
that the two wires might act as one; the effect by this addi-
tion was doubled, as the horse-shoe, with the same plates
before used, now supported 28 lbs.

With a pair of plates 4 inches by 6 inches, it lifted 39 lbs,
or more than 50 times its own weight.

These experiments conclusively proved that a great de-

velopement of magnetism could be effected by a very small

galvanic element, and also that the power of the coil was
materially increased by multiplying the number of wires,
without increasing the length of each.

The multiplication of the wires, increases the power in
two ways; first, by conducting a greater quantity of gal-
vanism, and secondly, by giving it a more proper direction,
for since the action of a galvanic current is dircetly at right
angles to the axis of a magnectic needle, by using several
shorter wires, we can wind onc on cach inch of the length
of the bar to be magnetized, so that the magnetism of cach

ATHERFORCE



40 WRITINGS OF JOSEPH HENRY. [1831

inch will be developed, by a separate wire; in this way the
action of each particular coil becomes very nearly at right
angles to the axis of the bar, and consequently, the effect is
the greatest possible. This principle is of much greater im-
portance when large bars are used. The advantage of a
greater conducting power from using several wires might in
a less degree be obtained by substituting for them one large
wire of equal sectional area, but in this case the obliquity of
the spiral would be much greater and consequently the
magnetic action less; besides this, the effect appears to de-
pend in some degree on the number of turns which is much
increased by using a number of small wires.*

In order to determine to what extent the coil could be
applied in developing magnetism in soft iron; and also to
ascertain, if possible, the most proper length of the wires to
be used—

A series of experiments was instituted joinly by Dr.
Philip Ten Eyck and myself. For this purpose 1060 fect
(a little more than } of a mile) of copper wire of the kind
called bell-wire, .045 (1$85) of an inch in diameter, were
stretched several times across the large room of the Acad-
emy.

Ezperiment 1. A galvanic current from a single pair of
plates of copper and zinc two inches square, was passed
through the whole length of the wire, and the cffect on a
galvanometer noted;—From the mean of several observa-
tions, the deflection of the needle was 15°.

Ezxp. 2. A current from the same plates was passed through
half the above length (or 530 feet) of wire, the deflection in
this instance was 21°.

By a reference to a Trigonometrical table, it will be seen
that the natural tangents of 15° and 21° are very nearly in
the ratio of the square roots of 1 and 2, or of the relative
lengths of the wires in these two experiments.

* Several small wires conduct more common clectricity from the machine
than one large wire of equal sectional area; the sume is probably the case
though in a less degree, in galvanism.
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The length of the wire forming the galvanometer may be
neglected, as it was only 8 feet long. This result agrees re-
markably with the law discovered by Mr. Ritchie and pub-
lished in the last No. of the Journal of the Royal Institution
of Great Britain.

Ezxp. 3. The galvanometer was now removed, and’ the
whole length of the wire attached to the ends of the wire of
a small soft iron horse-shoe, } of an inch in diameter, and
wound with about 8 feet of copper wire with a galvanic cur-
rent from the plates used in Experiments 1 and 2; the mag-
netism was scarcely observable in the horse-shoe.

Ezxp. 4. The small plates were removed and a battery com-
posed of a piece of zinc plate 4 inches by 7 inches surrounded
with copper, was substituted; when this was attached imme-
diately to the ends of the 8 feet of wire wound round the
horse-shoe, the weight lifted was 43 lbs.: when the current
was passed through the whole length of wire (1060 feet) it
lifted about half an ounce.

Exp. 5. The current was passed through half the length
of wire (550 feet) with the same battery, it then lifted 2 oz.

Ezxp. 6. Two wires of the same length as in the last ex-
periment were used, so as to form two strands from the zinc
and copper of the battery: in this case the weight lifted was
4 oz

Ezp. 7. The whole length of the wire was attached to a
small trough on' Mr. Cruickshanks’ plan, containing 25
double plates, and presenting exactly the same extent of
zinc surface to the action of the acid as the battery used in
the last experiment. The weight lifted in this case was 8
oz.; when the intervening wire was removed and the trough
attached directly to the ends of the wire surrounding the
horse-shoe it lifted only 7 oz. From this experiment, it ap-
pears that the current from the galvanic trough is capable
of producing greater magnetic effect on soft iron after trav-
ersing more than } of a mile of intervening wire, than
when it passes only through the wire surrounding the mag-
net. It is possible that the different states of the trough,
with respect to dryness, may have exerted some influence
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on this remarkable result; but that the cffect of a current
from a trough, if not increased, is but slightly diminished
in passing through a long wire, is certain. A number of
. other oxperiments would have been made to verify this had
not our use of the room been limited, by its being required
for public exercises.

On a little consideration however, the above result does
not appear so extraordinary as at the first sight, since a cur-
rent from a trough possesses more “ projectile force,” to use
Prof. Hare’s expression, and approximates somewhat in in-
tensity to the clectricity from the common machine. May
it not also be a fact that the galvanic fluid, in order to pro-
duce the greatest magnetic effect, should move with a small
velocity, and that in passing through one fifth of a mile, its
velocity is so retarded as to produce a greater magnetic
action? But be this as it may, the fact, that the magnetic
action of a current from a trough is, at least, not sensibly
diminished by passing through a long wire, is directly ap-
plicable to Mr. Barlow’s project of. forming an electro-mag-
netic telegraph;* and it is also of material consequence in
the construction of the galvanic coil. From these experi-
ments, it is evident that in forming the coil we may either
use one very long wire or several shorter ones as the cir-
cumstances may require: in the first case, our galvanic com-
binations must consist of a number of- plates so as to give
“ projectile force;” in the second, it must be formed of a single
pair.

In order to test on a large scale, the truth of these pre-
liminary results, a bar of soft iron, 2 inches square and 20
inches long, was bent into the form of a horse-shoe, 93
inches high, the sharp edges of the bar were first a little
rounded by the hammer, it weighed 21 lbs.; a piece of iron
from the same bar weighing 7 1bs. was filed perfectly flat on

*[In a statement made by Prof. Henry, in March, 1857, he says: ¢ Not
being familiar with the history of the attempts made in regard to thisinven
tion, 1 enlled it ¢ Barlow’s project,’ while I ought to have stated that Mr.
Barlow’s investigation merely tended to disprove the possibility of a tele-

graph.”]
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one surface, for an armature or lifter; the extremities of the

legs of the horse-shoe were also truly ground to the surface
of the armature: around this horse-shoe 540 feet of copper
bell wire were wound in 9 coils of 60 feet each; these coils
were not continued around the whole length of the bar, but
each strand of wire, according to the principle before men-
tioned, occupied about two inches and was coiled several
times backward and forward over itself; the several ends of
the wires were left projecting and all numbered, so that the
first and the last end of each strand might be readily dis-
tinguished. In this manner, we formed an experimental
magnet on a large scale, with which several combinations
of wire could be made by merely uniting the different pro-
Jjecting ends. Thus, if the second end of the first wire be
soldered to the first end of the second wire, and so on

[Frame for testing strength of electro-magnet.]

a, the magnet covered with linen, the ends of the wires projecting so as
to be soldered to the galvanic element b. ¢, a cup with dilute acid on a
moveable shelf. d, a graduated lever. €, a counterpoise. f, a scale for
- supporting weights; when a small sliding weight on the lever is not used, a
second galvanic elemnent is attached to the apparatus so that the poles of the
magnet can be instantly reversed: this is omitted in the figure.

By inverting the large magnet, it sets in motion a very largoe revolving
cylinder of March and Ampére.
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through all the series, the whole will form a continued coil
of one long wire. By soldering different ends, the whole
may be formed into a double coil of half the length, or into
a triple coil of one third the length, &c. The horse-shoe
was suspended in a strong rectangular wooden frame 3 feet
9 inches high and 20 inches wide, an iron bar was fixed
below the magnet so as to act as a lever of the second order;
the different weights supported, were estimated by a sliding
weight in the same manner as with a common steelyard.
(See the sketch of the magnet.)

In the experiments immediately following,* a small single
battery was used, consisting of two concentric copper cyl-
inders, with zine between them ; the whole amount of zinc
surface exposed to the acid from both sides of the zinc was
1 of a square foot; the battery requirad only half a pint of
dilute acid for its submersion.

Erp. 8. Each wire of the horse-shoe was soldered to the
battery in succession, one at a time; the magnetism devel-
oped by each was just sufficient to support the weight of
the armature, weighing 7 lbs.

Ezp. 9. Two wires, one on each side of the arch of the
horse-shoe, were attached ; the weight lifted was 145 1bs.

Ezp. 10. With two wires, one from each extremity of the
legs, the weight lifted was 200 Ibs.

Ezxp. 11. With three wires, one from each extremity of the
legs, and the other from the middle of the arch, the weight
supported was 300 1bs.

Ezp. 12. With four wires, two from each extremity, the
weight lifted was 500 lbs. and the armature; when the acid
was removed from the zinc, the magnet continued to sup-
port, for a few minates, 130 1bs.

Exp. 13. With six wires, the weight supported was 570
Ibs.; in all these experiments, the wires were soldered to the
galvanic element; the connexion, in no instance, was formed
with mercury.

Exp. 14. When all the wires, (nine in number,) were at-
tached, the maximum weight lifted was 650 Ibs. and this aston-

¥ All the weights in this series of experiments are avoirdupois.
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ishing result, it must be remembered, was produced by a
battery contammg only % of a square foot of zinc surface,
and requmng only half a pint of diluted acid for its sub-
mersion.

Ezxp. 15. A small battery, formed with a plate of zinc 12
inches long and 6 inches wide, and surrounded by copper, was sub-
stituted for the galvanic element used in the last experiment; the
weight lifted in this case was 750 lbs. This is probably the
maximum of magnetic power which can be developed in
this horse-shoe, as with a large calorimotor, containing 28
plates of copper and zinc, each 8 inches square, tho effect
was not increased, and indeed we could not succeed in mak-
ing it lift as much as with the small battery.

The strongest magnet of which we have any account, is
that in the possession of Mr. Peale, of Philadelphia; this
weighs 53 1bs. and lifted 310 1bs. or about six times its own
weight. Our magnet weighs 21 1lbs. and consequently lifts
more than thirty-five times its own weight; it is probably,
therefore, the most powerful magnet ever constructed.

This, however, is by no means the maximum, which can
be produced by a small galvanic element, as in cvery cx-
periment we have made the power increases by increasing
the quantity of iron; with a bar similar to the one used in
these experiments, but of double the diameter, or of 8 times
the weight, the power would doubtless be quadruple, and
that too without increasing the size of the galvanic element.

Exp. 16. In order lo ascertain the cffect of a very small gal-
vanic element on this large quantity of iron, a pair of plates,
exactly one inch square, was attached to all the wires; the weight
lifted was 85 lbs.

The following cxperiments were made w1th wires of dif-
ferent lengths, on the same horse-shoe.

Exp. 17. With 6 wires, each 30 feet long, attached to the
galvanic clement, the weight lifted was 375 lbs.

Exp.18. The same wires used in the last experiment, were
united so as to form 3 coils of GO feet each; the weight sup-
ported was 290 lbs. This result agrees nearly with that of
Exp. 11, though the same individual wires were not used;

f"'
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from this it appears, that 6 short wires are more powerful
than 3 of double the length.

Ezp. 19. The wires used in Exp. 10, but united so as to
form a single coil of 120 fect of wire, lifted GO 1bs.; while in
Exp. 10, the weight lifted was 200 lbs.: this is a confirma-
tion of the result in the last experiment.

Exp. 20. The same wires used in the last experiment
were attached to a small compound battery, consisting of
two plates of zinc and two of copper, after the plan of Prof.
Hare, and containing exactly the same quantity of zinc sur-
face, as the element in the last experiment; in this case the
weight lifted was 110 Ibs,, or nearly double that in the last.
This result is in strict accordance with that of Exp. 7; the
two plates having more *projectile force,” and thus produc-
ing a greater effect with a long wire.

In these experiments a fact was observed, which appears
somewhat surprizing: when the large battery was attached
and the armature touching both poles of the magnet, it was
capable of supporting more than 700 lbs. but when only
one pole is in contact it did not support more than 5 or 6
Ibs., and in this case we never succeeded in making it lift
the armature (weighing 7 1bs.). This fact may perhaps be
common to all large magnets, but we have never scen the
circumstance noticed of so great a difference between a
single pole and both.

A number of experiments were also made with reference
to the best form of the iron to reccive magnetism, but no
very satisfactory results were obtained; of these however,
the following arc considercd as not uninteresting.

Exp. 21. A cylindrical bar of iron weighing 13 oz. 4}
drachms, and bent into a horse-shoe, was covered with two
coils of wirc each G0 feet long; with the small battery used
in the last experiment, it lifted 42 1bS.

" Exp. 22. A rectangular flat bar {¢ of an inch wide, and }
of an inch thick, also bent into a horse-shoe, weighing 9 oz.
3 dr., and of exactly the same surface as the bar used in the
last experiment, with the same wires and battery, lifted 35
lbs
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Exp. 23. A piece of a gun-barrel, little less than inch in
diameter and about 8 inches long, and from % to 5 of an
inch thick, weighing 8 oz. 3§ dr. (with the wires and battery
as before,) lifted 40 1bs.

From the last experiment, it appears that a given quantity
of iron in the form of a hollow cylinder, is capable of receiv-
ing more magnetism than that of a solid cylinder of less
diameter; but it is evident from Exp. 21, that a solid bar of
the same diameter as the gun-barrel, and of greater weight,
would have lifted more: perhaps the gun-barrel was not
sufficiently thick for the full development of magnetism,
which, according to Barlow’s experiments, resides near the
surface.*

A series of experimentst was separately instituted by
Dr. Ten Eyck in order to determine the maximum devel-
opment of magnetism in a small quantity of soft iron:
from these the following interesting results were obtained.

Ezxperiment 1. A horse-shoe of round iron 4 of an inch
in diameter, 4 inches long, weighing 2314 grains and wound
with 23 ft. copper-wire, diameter p§35 of an inch, with a
pair of one inch plates, lifted 19 lbs. 5 oz. 6 dwt. 16 grs.;
with a pair of 4 inch plates, lifted 25 1bs. 6 oz. 5 dwt.; with
the cylindrical element used in Exps. 8, 9 and 10 of former
serics, it lifted 42 lbs. 6 oz. 8 dwt. 8 grs., or 105 times itg own
weight.

Exp. 2. A horse-shoe of round iron } inch in diameter, 3}
inches in length weighing 310 grains, and wound with 15
ft. copper wire, diameter 1§§7 inch, with a pair of one inch
plates, lifted 3 lbs. 11 oz. 7 dwt. 22 grs.; with 4 inch plates
it lifted 5 1bs. 5 oz. 12 dwt. 12 grs.; with the cylindrical ele-
ment 8 lbs. 2 oz. 8 dwt. 18 grs., or 152 times its own weight.

Ezp. 3. A horse-shoce formed of a flat bar 24 inches long
% in. broad and 1§ in. thick, weighing 84 grains, and wound
with 16 feet of brass wire, ;2, of an inch in diameter, with
a pair of one inch plates, lifted 5 lbs. 2 oz. 3 dwt. 8 grs.;

* See Barlow's Essay on Magnetic Attractions, page 50.
1 Troy weight is used in these experiments.
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with 4 inch plates, it lifted 2 Ibs. 10 oz. 2 dwt. 12 grs.; with
the cylindrical element, it lifted 2 lbs. 10 oz. 13 dwt. 2 grs,,
or 198 times its own weight.

Ezp. 4. A horse-shoe of round iron, slightly flattened, one
inch in length, diameter, (before flattening) 1§ inch, weight
6 grains,and wound with 3 feet brass wire same diameter as
" that of No. 3, with a pair of one inch plates, lifted 2 oz. 15 dwt.
1 gr.; with four inch plates, lifted 3 oz. 17 dwt. 10 gr.; with
the cylindrical element, lifted 5 oz. 5 dwt. 4 grs., or420 times
its own weight.

In this last result the ratio of the weight lifted, to the
weight of the magnet is much greater than any we have
ever seen noticed; the strongest magnet we can find de-
scribed is onc¢ worn by Sir Isaac Newton in a ring, weigh-
ing 3 grains; it is said to have taken up 746 grs. or nearly
250 times its own weight. M. Cavallo has seen one of 6 or
7 grs. weight which was capable of lifting 300 grs. or about
50 times its own weight. From these experiments it is evi-
dent, that a much greater degree of magnetism can be de-
veloped in soft iron by a galvanic current, than in steel by
the ordinary method of touching.

Most of the results given in this paper were witnessed by
Dr. L. C. Beck, and to this gentleman we are indebted for
several suggestions, and particularly that of substituting
cotton well waxed for silk thread, which in these investiga-
tions, became a very considerable item of expense; he also
. made a number of experiments with iron bonnet-wire,
which, being found in commerce already wound, might pos-
sibly be substituted in place of copper:—the result was that
with very short wire the effcct was nearly the same as with
copper, but in coils of long wire with a small galvanic cle-
ment, it was not found to answer. Dr. Beck also constructed
a horse-shoe of round iron, one inch in diameter, with four
coils on the plan before described; with one wire it lifted 30
Ibs., with two wires—60 1bs., with three wires—85 lbs., and
with four wires—112 lbs. '

While we were engaged in these investigations, the last No.
of the Edinburgh Journal of Science was reccived, containing
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Prof. Moll’s paper on Electro-Magnetism. Some of his
results are, in a degree, similar to those here described: his
object, however, was different, it being only to induce strong
magnetism on soft iron with a powerful galvanic battery.
The principal object in these experiments was to produce the
greatest magnetic force, with the smallest quantity of gal-
vanism. The only effect Prof. Moll’s paper has had over
these investigations, has been to hasten their publication:

the principle on which they were instituted was known to

us nearly two years since, and at that time exhibited to the
Albany Institute.
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AN ACCOUNT OF A LARGE ELECTRO-MAGNET,* MADE FOR THE
LABORATORY OF YALE COLLEGE.

(Eztract of a letter to Prof. Silliman, accompanying the Magnet.)
(Silliman’s American Journal of Science, April, 1831, vol. xX. pp. 201-208.)
The magnet is constructed on precisely the samc princi-
ples as that described in the last number of the Journal. It

weighs 59} lbs. avoirdupois, (exclusive of the copper wire
which surrounds it,) and was formed from a bar of Swede’s

*[This magnet is now arranged in its frame, in the laboratory of Yale Col-
lege. Being myself out of town when the instrument arrived, the necessary
experiments and fixtures were satisfactorily made by C. U. Shepard, (Chemical
Assistant) and Dr. Titus W. Powers, of Albany, who was so obliging as to
bring the magnet to New Haven. There has not been time (as the magnet
came just as this No. was finishing) to do any thing more than make a few
trials, which have however fully substantiated the statements of Prof.
Henry. He has the honor of having constructed by far, the most power-
ful magnets that have ever been known, and his last, weighing, armature
and all, but 82} lbs., sustains over a ton. Tt is eight times more powerful
“than any magnet hitherto known in Europe, and between six and seven
times more powerful than the great magnet in Philadclphia. We under-
stand that the experiments described in the last No. of this Journal, (except
those ascribed to Dr. Ten Eyck) were devised by Professor Henry alone,
who (except forging the iron) constructed the magnet with his own hand.
The plan of the frame, and the fixtures, and the drawing in the last No.,
were done by Dr. Ten Eyck. In the Yale College magnet, the plan was
drawn by Professor Henry, and the iron forged under his direction. The
length of the wires being agreed upon, the winding was done by Dr. Ten
Eyck, and the experiments were mutually performed.—Editor of Journal.]

[It may be worth while to state a single experiment, which I made with
a view to learn the chemical effects of this instrument.  As its magnetic flow
was so powerful, I had strong hopes of being able to ancomplish the decom-
position of water by its means. My experiment, however, which was made
as follows, proved unsuccessful. The battery being immersed, to the ex-
tremities of the magnet were applied two broad, polished plates of iron,
terminating in flattened wires, which were united with the wires of the ordi-
nary apparatus for decomposing water, and the contact heightened by the
use of cups of mercury: not the slightest decomposition was, however, ob-
servable.  Aware, that had any chemical effect been produced, this arrange-
ment could have decided nothing, (except perBaps from the degree of energy -
in the decomposition) as respects the point whether simple magnetism is
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iron three inches square and thirty inches long. Before
bending the bar into the shape of a horse-shoe, it was flat-
tened on the edges, so as to form an octagonal prism, having
a perimeter of 10} inches. The other dimensions of the
magnet, as measured before winding it with wire, are as fol-
lows:— perpendicular height of the exterior arch of the
horse-shoe, 11§ inches; around the outside from one pole to
the other, 29+% inches; internal distance between the poles,
3} inches. .

The armature or lifter is formed from a piece of iron from
the same bar, not flattened on the edges; it is nearly 3
inches square, 9% inches long, and weighs 23 lbs. The
upper surface is made perfectly flat, except about an inch
in the middle where the angles are rounded off so as to form
a groove, into which the upper part of a strong iron stirrup,
surrounding the armature, fits somewhat loosely. The
weight to be supported is fastened to the lower part of the
stirrup, and by means of the groove is made to bear directly
on the centre of the armature. ,

For the purposc of suspending the magnet, a piece of
round iron with an eye on one end, is firmly screwed into
the crown of the arch and is attached to the cross beam of a
" frame, similar to that figured in the last number of the
Journal.

The magnet is wound with 26 strands of copper bell-wire,
covered with cotton thread 31 feet long; about 18 inches of
the ends are left projecting, so that only 28 feet actually sur-
round the iron; the aggregate length of the coils is there-
fore 728 feet. Each strand is wound on a little less than an
inch; in the middle of the horse-shoe it forms three thick-

adequate to decompose water, since it might under these circumstances ho -
attributed to the electricity from the battery, I had determined in a second
experiment, had the first proved successful, to have interrupted the galvanic
flow by a nen-conductor; in which case, had the dccump(,\s’.ition ensued,
pure magnetism might have been considerefl us the decomposing agent.
But as my preliminary experiment was unsuccessful, I proceeded no further;
I hope, however, to resume the research hereafter, under more favorable cir-
cumstances. C. U. SueraArp.]
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nesses of wire, and en the ends or near the poles it is wound
s0 as to form six thicknesses.

Two small galvanic batteries are soldered to the wires of
the magnet, one on each side of the supporting frame, in
such a manner as to cause the poles to be instantaneously
reversed, by merely dipping the batteries alternately into
acid. To render these as compact as possible, they are
formed of concentric copper cylinders, with cylinders of zinc
plates interposed, and so united as to form but one galvanic
pair. Each of these batteries presents to the action of the
acid, (measuring both surfaces of the plate,) 4% square feet:
they are 12 inches high and about 5 inches in diameter.

In experimenting with this magnet, a battery containing
# of a square foot of zinc surface was first attached to the
wires; with this the magnet could not be made to support
more than 500 lbs. Another battery was then substituted
for the above, containing about three times the same quan-
tity of zinc surface; with this, at the first instant of immer-
sion, the magnet sustained 1600 lbs.; after the acid was
removed, it continued to support, for a few minutes, 450
Ibs.; and in one experiment, three days after the battery
had been excited, more than 150 lbs. were added to the
armature* pefore it fell. It was evident from these experi-
ments, that this magnet required a considerably larger
quantity of zinc surface in proportion to its weight, to mag-
netize it to saturation, than that described in the former
paper. Accordingly the two batteries, before mentioned as
containing 4% square feet, were prepared. With onc of
them, at the first immersion, the magnet readily supported
2000 lbs. A sliding weight was then attached to the bar;
the battery was suffered to become perfectly dry,and on im-
mersing it again, the magnet supported 2063 Ibs.  The effect
of a larger battery was not tried.

To test its power of inducing magnetism on soft iron, two

*[The armature of 23 Ibs. applied when the battery is immersed, only for
an inch and an instant, remains day after day without falling, although
the galvanic coils are perfectly dry.— Editor of Journal.]
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pieces of round iron 1} inches in diameter and 12 inches
long, were interposed between the extremities of the magnet
and the armature: with this arrangement, when one of the
batteries was immersed, the picces of iron became so power-
fully magnetic as to support 155 lbs.

To exhibit the effects produced by instantaneously revers-
ing the poles, the armature was loaded with 56 lbs., which
added to its own weight made 89 lbs.: one of the batteries
was then dipped into the acid and immediately withdrawn,
when the weight of course continued to adhere to the mag-
net; the other battery was then suddenly immersed, when
the poles were changed so instantaneously that the weight
did not fall. That the poles were actually reversed in this
experiment, was clearly shown by a change in the position
of a large necdle placed at a small distance from the side of
one extremity of the horse-shoe. '

P. S—Last autumn, I commenced a series of observations
on the magnetic intensity of the earth at Albany, and in-
tend to begin a new serics next month; the apparatus used
was that sent by Capt. Sabine to Prof. Renwick, and was
mentioned in the Journal, vol. xvir, p. 145. I have con-
structed a similar apparatus for myself, and intend to pay
considerable attention to the subject. '
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ON A RECIPROCATING MOTION PRODUCED BY MAGNETIC AT-
TRACTION AND REPULSION.

(Silliman’s American Journal of Science, July, 1831, vol. xx, pp. 340-343.)

To the Editor:

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

Not much importance, however, is attached to the inven-
tion, since the article, in its present state, can only be con-
sidered a philosophical toy; although, in the progress of
discovery and invention, it is not impossible that the same
principle, or some modification of it on a more extended scale,
may hereafter be applied to some useful purpose. But with-
out reference to its practical utility, and only viewed as a
new effect produced by one of the most mysterious agents of
nature, you will not, perhaps, think the following account
of it unworthy of a place in the Journal of Science.

It is well known that an attractive or repulsive force is
exerted between two magnets, according as poles of different
names, or poles of the same name, are presented to each
other.

In order to understand how this principle can be applied
to produce a reciprocating motion, let us suppose a bar mag-
net to be supported horizontally on an axis passing through
the centre of gravity,in preciscly the same manner as a dip-
ping needle is poised ; and suppose two other magnets to be
placed verpendicularly, one under cach pole of the hori-
zontal magnet, and a little below it, with their north poles
uppermost; then it is evident that the south pole of the
horizontal magnet will be attracted by the north pole of one
of the perpendicular magncts, and its north pole rope]lcd by
the north pole of the other: in this state it will remain at rest,
but if, by any means, we reverse the polarity of the hori-
zontal magnet, its position will be changed and the extremity,
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which was before attracted, will now be repelled; if the
polarity be again reversed, the position will again be changed,
and so on indefinitely: to produce, therefore, a continued
vibration, it is only necessary to introduce, into this arrange-
ment, some means by which the polarity of the horizontal
magnet can be instantaneously changed, and that too by a
cause which shall be put in operation by the motion of the
magnet itself; how this can be effected, will not be difficult
to conceive, when I mention that instead of a permanent
steel magnet in the moveable part of the apparatus, a soft
iron galvanic magnet is used.*

The change of polarity is produced simply by soldering to
the extremities of the wires which surround the galvanic
magnet, two small galvanic batteries in such a manner that
the vibrations of the magnet itself may immerse these alter-
nately into vessels of diluted acid; care beir.g taken that the
batteries are so attached that the current of galvanism from
each shall pass around the magnet in an opposite direction.

Instead of soldering the batteries to the ends of the wires, .

and thus causing them at each vibration to be lifted from
the acid by the power of the machine, they may be perma-
nently fixed in the vessels,and the galvanic communication
formed by the amalgamated ends of the wires dipping into
cups of mercury.

[Electro-magnetic Engine.]

* For a method of constructing the galvanic magnet on an improved plan,
sec my paper in vol. X1X, p. 400 of this Journal. [Ante, p. 37.]
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The whole will be more readily understood by a reference
to the annexed drawing: a b is the horizontal magnet,
about seven inches long, and movable on an axis at the
centre: its two extremities when placed in a horizontal line,
are about one inch from the north poles of the upright
magnets ¢ and d. g and f are two large tumblers contain-
ing diluted acid, in each of which is immersed a plate of
zinc surrounded witlr copper. I, m, 8, ¢, are four brass thim-
bles soldered to the zinc and copper of the batteries and filled
with mercury. ‘

The galvanic magnet ab is wound with three strands of
copper bell-wire, each about twenty-five feet long; the simi-
lar ends of these are twisted together so as to form two stiff
wires, which project beyond the extremity b, and dip into
the thimbles s, .

To the wires ¢, r, two other wires are soldered so as to pro-
ject in an opposite direction, and dip into the thimbles I, m.
The wires of the galvanic magnet have'thus, as it were, four
projecting ends; and by inspecting the figuré it will be seen
that the extremity p, which dips into the cup m attached to
the copper of the battery in g corresponds to the extremity
r connecting with the zine in f.

When the batteries are in action, if the end b is depressed_
until ¢, r dips into the cups s, ¢, ab instantly becomes a
powerful magnet, having its north pole at b; this of course
is repelled by the north pole d, while at the same time it is
attracted by ¢, the position is consequently changed, and
0, p comes in contact with the mercury in [, m; as soon as
the communication is formed, the poles are reversed, and
the position again changed. If the tumblers be filled with
strong diluted acid, the motion is at first very rapid and
powerful, but it soon almost entirely ceases. By partially
filling the tumblers with weak acid, and occasionally adding
a small quantity of fresh acid, a uniform motion, at the rate
of seventy-five vibrations in a minute, has been kept up for
more than an hour: with a large battery and very weak
acid, the motion might be continued for an indefinite length
of time.
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The motion, here described, is entirely distinct from that
produced by the electro-magnetic comBination of wires and
magnets; it results directly from the mechanical action of
ordinary magnetism: galvanism being only introduced for
the purpose of changing the poles.

My friend, Prof. Green, of Philadelphia, to whom I first
exhibited this machine in motion, recommended the substi-
tution of galvanic magnets for the two perpendicular steel
ones. If an article of this kind was to be constructed on a
large scale, this would undoubtedly be the better plan, as
magnets of that kind can be made of any required power;
~ but for a small apparatus, intended merely to exhibit the
motion, the plan here described is perhaps the most conve-
nient.

re
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ON A DISTURBANCE OF THE EARTH’S MAGNETISM, IN CONNEC-
TION WITH THE APPEARANCE OF AN AURORA BOREALIS,
AS OBSERVED AT ALBANY, APRIL 191H, 1831.*

(Silliman’s American Journal of Science, April, 1832; vol. xxi1, pp. 143-155.)

That the aurora has some connection with the magnetism
of the earth, was asserted as early as the middle of the last
century; and since that time many observations have been
recorded tending to confirm this position. 1. It has been
observed that when the aurora appears near the northern
horizon in the form of an arch the middle of this is not in
the direction of the true north, but in that of the magnetic
needle at the place of observation, and that when the arch
rises towards the zenith it constantly crosses the heavens at
right angles, not to the true, but to the magnetic meridian. _
This fact is most obvivus where the variation of the needle
is great. 2. When the beams of the aurora-shoot up so as
to pass the zenith, which is sometimes the case, the point of
their convergence is in the direction of the prolongation of
the dipping needle at the place of observation. 3. It has
also been observed that during the appearance of an active
and brilliant aurora the magnetic ncedle often becomes rest-
less, varies sometimes several degrees, and does not resume

"its former position until after several hours.

From the above facts, it has been generally inferred that
the aurora is in some way connected with the magnetism of
the earth; and that the simultaneous appearance of the me-
teor, and the disturbance of the needle, are either related as
cause and effect, or as the common result of some more gen-
eral and unknown cause. ,

The subject is however involved in much obscurity; and
there are some facts which tend to throw doubt on the con-
ncction of the two phenomena. The accurate and valuable
observations of Col. Beaufoy in England, continued for sev-
eral years, add nothing towards establishing the fact of the

* Communicated to the Albany Institute, January 26, 1832.
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magnetic influence of the aurora; and in the scientific ex-
peditions under Capt. Parry to the north, in the peculiar
regions, as it would appear, of this meteor, no unusual dis-
turbance of the needle was observed to accompany the au-
rora, although the apparatus was visited every hour in the
day, and sometimes oftener, when any thing rendered it
desirable. Indeed, so far from producing a disturbing effect,
Dr. Brewster concludes, from a comparison of the observa-
tions, that the aurora, in the arctic regions, seems rather to
cxercise a sedative influence.*

On the other hand, Dr. Richardson states, from his own ob-
servations, made at Bear Lake, during six successive months
of the years 1825-6, and again in 1826-7, that the aurora
does influence the magnetic needle. “A careful review of
the daily register,” says he, “has led me to form the follow-
ing conclusion: That brilliant and active coruscations cause
a deflection of the needle almost invariably, if they appear
through a foggy atmosphere, and if prismatic colors are ex-
hibited; on the contrary, when the atmosphere is clear, and
the aurora presents a dense steady light of a yellow color,
and without motion, the ncedle is often unaffected.” +

In this state of knowledge, every additional fact becomes
of some importance. The following communication, it is
therefore hoped, may be useful, either in directing the atten-
tion of observers in this country to the subject, or in corrob-
orating similar observations made in other quarters of the
globe.

In September, 1830, I commenced a series of observations,
for Professor Renwick, of Columbia College, to determine the
magnetic intensity at Albany. In the course of these, I un-
expectedly witnessed a disturbance of the magnetism of the
earth, in connection with an appearance of an aurora, which
on some accounts appears interesting.

The needles used in these observations were those men-
tioned in Capt. Sabine’s letter to Prof. Renwick, published

# Edinburgh Philosophical Journal of Science, vol. 8.
t Edinburgh New Philosophical Journal, vol. 5.
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in the 17th volume of the American Journal of Science.
One of these, it will be recollected, formerly belonged to
Prof. Hansteen, of Norway, and the other to Capt. Sabine.
They were suspended, according to the method of Hansteen,
in a small mahogany box, by a single fibre of raw silk. The
box was furnished with a glass cover, and had a graduated
arc of ivory on the bottom to mark the amplitude of the
vibrations. It had also two small circular windows, diamet-
rically opposite to each other, through which the oscillations
of the needle could be seen.

In using this apparatus, the time of three hundred vibra-
tions was noted by a quarter second watch, well regulated to
mean time; a register being made at the end of every tenth
vibration, and a mean deduced from the whole, taken as the
true time of the three hundred vibrations. Experiments
carefully made with this apparatus, were found susceptible
of considerable accuracy; as the individual observations,
after a small correction for temperature, give a result, ex-
cept in a few instances, differing from the mean of a number
made under similar circumstances, by a quantity not greater
than one part in nearly a thousand.

The observations were repeated daily, when the weather
would permit, from the latter part of September to the last
of November, cither at the hours of 12 noon, or between
5and 6 p. M.* I was always assisted in making them by
the same person,—iny relative, Mr. Stephen Alexander,—to
whose skill and experience I am much indebted for any
accuracy they may possess.

In April, 1831, a new series was commenced, to determine
if the needles still indicated the same degree of magnetic in-
tensity. No material difference was observed, except in the
-following instance, when a remarkable anomaly was exhib-
ited.

On the 19th of April, at 12 o’clock noon, an observation
was made with the Hansteen needle, the result of which dif-
fered only the fractional part of a second from the usual

*These times were chosen only on account of being most convenient.
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mean rate of this needle. At 6 o’clock r. M. the same day,
another observation was made with the same needle, and
apparently under the same circumstances; but a remarkable
change was now observed in the time of its making three
hundred vibrations, indicating a great increase in the mag-
netic intensity of the earth. It was at first supposed that
the needle had accidentally been placed contiguous to some
ferruginous substance; but on a most careful investigation,
nothing could be discovered which would tend in the least
degree to explain the cause of the phenomenon. The experi-
ment was made at the usual place, with the box containing
the needle resting on a post permanently fixed for the pur-
pose, in the Academy Park, at a sufficient distance from
every disturbing object, and with the usual precaution of
divesting the person of all articles of iron, such as keys,
knives, &ec.

At about 9 o’clock in the evening, or three hours after the
above observation, an unusual appearance was noticed in
the southern part of the heavens, which was shortly after-
wards recognized as an arch of the aurora. It was about
nine degrees in breadth, with the vertex of the arch twenty
degrees above the horizon. At this time the northern part
of the sky was covered with light fleecy clouds. At forty-
five minutes past nine, the clouds partially disappcared, and
disclosed the whole northern hemisphere entirely occupied
with coruscations of the aurora, shooting up past the ze-
nith, and apparently all converging to the same point. The
actual formation of a corona might probably have been ob-
served, but for a dark cloud which remained stationary a
little south of the zenith. The idea for the first time now
occurred to me, that this uncommonly brilliant appearance
of the aurora might possibly be connected with the magnetic
disturbance observed at 6 o’clock; and in order to test this,
the apparatus was again placed on the post in the Academy

“Park, and an observation made during the most active ap-
pearance of the meteor.

The result of the observation was however entirely differ-
ent from that anticipated; for instead of still indicating, as at 6
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o’clock, an uncommonly high degree of magnetic intensity, it now
showed an intensity considerable lower than usual.

Observations were also made on the 20th and 21st, but no
disturbance was again noticed; the intensity had resumed
its former state.

The following table exhibits the observed times of three !
hundred vibrations, with the mean temperature and aspect
of the weather durmg each observation:

Time of 300 | Mcan tem-
Day. vibrations. perature. Weather.
April 19th, 12 h. noon .___ 980°.75 663° F. | Cloudy, rain A. M.
& 19th Gh.p. M. ___. 96865 61° Clear.
“ 19th,10h. p. M. .__. 0822.20 520 Broken clouds.
“ 20th, 6h. . M. __. 97868 61}° Clear.

The above observations may be reduced approximately to

the uniform temperature of 60°, by the formula, )
T=T[120.000165(t +1)].*

(T being time, ¢ temperature in degrees of Fahrenheit,)
which was deduced from experiments on a similar needle.
The relative intensitics may also be readily calculated, since
thoy are reciprocally as the squares of the times of the vibra-
tions.  In this way, by assuming as unity the time observed
on the 20th, we have the following results:

Time of 300 vibrations - "
Duy. at temperature of G0, Relutive intensities.
April 19th, 12 h. noon .__. 979404 1.00022 ~
“19th, GhoroM.o .. 968¢.49 1.02401 A
¢ 10th, 10 h, oM. oL 083250 0.99299
“20th, Gh.or.oM.ooo_C 080805 1.00000

From the mean of several observations made with this
needle in April, I consider its time of three hundred vibra-
tions for this month, and in an undisturbed state of terres-

* This formula was obtained by Huansteen.
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trial magnetic intensity, to be nine hundred and seventy
nine seconds. The accidental errors in the above observa-
tions do not probably exceed in any case one second.

At the time of registering the above observations, I had
not seen the following remark of Prof. Hansteen, which
was subsequently met with in the 12th volume of the Edin-
burgh Philosophical Journal:—*“A short time before the aurora
boredlis appears,” says Prof. Hansteen, “the intensity of
the magnetism of the earth is apt to rise to an uncommon
height; but so soon as the aurora begins, in proportion as its
force increases, the intensity of the magnetism of the earth
decreases, recovering its former strength by degrees, often
not till the end of twenty-four hours.”* This statement,
founded on observations made in Norway, is a precise de-
scription of the phenomenon observed in Albany; and
should it be found a general, or even a frequent occurrence,
that a great increase of intensity precedes the appearance of
the .aurora, it would perhaps reconcile many apparent dis-
crepancies in the different accounts of magnetic influence
of the meteor.

Prof. Hansteen also remarks, in the same paper, that “The
polar lights seem to be the effect of an uncommonly high
magnctic intensity, which lets itsclf off, as it were, by the
aurora, and thus sinks under its common strength.” Noth-
ing however can with certainty be deduced from these ob-
servations, in reference to this supposition ; since the mag-
nctic intensity at any place, as exhibited by the vibrations
of the horizontal needle, may change while the absolute
force or intensity of the whole carth remains the same. If
we represent by I the whole force in the direction of the
dipping necdle, by ¢ the dip in degrees, and by H the hori-
zontal force, we shall have, by a well known law,

. H
"~ cosin 8

d

*T find the same observation has also been made by Humboldt; and also
a similar one by Van Swinden, who remarks, that the variation of the
. needle increases when the aurora borealis is approaching. Journal Royal
Institution. Young’s Natural Philosophy, vol. 2, p. 442,
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In this formula it is evident that F may remain constant,
although H is caused to vary by a change in the value of
cosin 3. - The fact therefore of a variation in the absolute
intensity, can only be determined by combining the obser-
vations of the vibrations of the horizontal needle with simul-
taneous observations on the dipping needle.

If we suppose F constant during the change of horizontal
intensity as observed at Albany, we may, by means of the
above formula, calculate the change in declination or dip
required to produce the observed difference in the horizontal
intensity. Assuming ¢ = 75°, (the dip at Albany nearly,)
and H = to the horizontal intensity observed at 6 o’clock,
we can readily find the value of F'; and since this value is
supposed constant, by substituting it in the expression

N :
cosin J ==

in which H’ represented the intensity observed at 10 o’clock,
we shall have the value of ¢ (the dip) corresponding to the
latter intensity. In this way, the change observed in the
horizontal intensity at the time of the aurora, gives 28’ 48"
as the deviation of the needle in the plane of the dip.

The aurora which appeared in conrection with this mag-
nctie disturbance, was probably one of the most interesting
ever observed in this country, particularly from the circum-
stance of the actual formation of a corona, which was seen
in several parts of this State. My friend Prof. Joslin, of
Union College, who happened to be in New York at the
time, has furnished me with the following account:

“The aurora borealis of 19th April, as it appeared in the
city of New York at 9 ». M., was peculiarly interesting, on
account of the meeting of the luminous columns in the mag-
netic meridian, at the point in the direction of the dipping
needle towards which they usually tend. The luminous
matter occupied the whole northern half of the visible ce-
lestial hemisphere, and was very much condensed near
the point of convergence. Some of the castern coruscations
were at times transiently curved, as though their middle
parts (as was probably the case) were driven eastward by the
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impulse of the westerly breeze which was blowing at the
time. A luminous band was at onc timne extended across
the heavens, at right angles to the meridian, and 30° south
of the zenith. This had at times an oscillatory motion
in a-north and south direction. It passed near the moon,
around which was one of the large halos. The sky had been
previously clear. The converging rays appeared to meet at
the star ¢ Leonis.”

By computing the position of ¢ Leonis for 9 o’clock on
the evening of the 19th, its altitude was found to be 70° 25/,
and its azimuth 11° 27/ east. A small error in time how-
ever would make a great difference in the azimuth. The
dip of the needle at New York is 73°, and the variation
probably between 4° and 5°, as it is 6§° at Albany.

The aurora was also seen by Dr. William Campbell, at
Cherry Valley. He describes it as very brilliant, and as-
suming a variety of forms; at onc time appearing as a stu-
pendous arch, crossing the heavens from east to west; at
another, radiating from a point south of the zenith. The
Rev. Mr. Thummel, of the Hartwick Seminary, at his resi-
dence in Otsego county, likewise observed the same aurora.
He describes it as radiating in every direction from a nu-
cleus near the zenith, which appeared clear and compact for
some time, when it began to move, and darted forth rays in
every direction like crystals.

MARCH 6, 1832,

Since the foregoing was communicated to the Institute,
several particulars have been learned in reference to the sub-
ject, which, on some accounts, are deemed interesting. The
Annual Meteorological Reports of the different Academies
in the State of New York, to the Regents of the University,
have been received; and from them it appears that the au-
rora of the 19th of April was visible over the whole extent
of the State, and probably considerably west of it. It is
described as being very brilliant at Lewiston on the Niagara
river, extending high, and farther to the south than any be-
fore observed. In the eastern part of the State, it was seen

at most of the Academies along the Hudson, and at Eras-
5
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mus Hall, on Long Island. It also appeared brilliant at
Potsdam in St. Lawrence county, the most northern Acad-
emy in the State. It was probably not seen very extensively
in the States east of New York, as I am informed the weather
in the eastern part of New England was cloudy at the time,
accompanied with rain. The aurora is described as shoot-
ing up to the zenith at North Salem; and at Middlebury as
consisting of coruscations in almost every part of the visi-
ble heavens. At Fairfield, it illuminated ncarly the whole
heavens; a number of bows, commencing in the northwest,
passed south of the zenith, and terminated in the northeast.
An interesting account is given of its appearance at Utica,
where it is described as rising at one time in strcams of
light, of purple, yellow, green, and other colors, and exhib-
iting a rapid horizontal motion, passing and repassing like
a company of dancers. The actual interscetion of the beams
so as to form the appearance called the corona, is mentioned
as having been seen in the city of New York, at Hartwick,
Cherry Valley, Hudson, and Prattsburg in Steuben county.

The only plausible explanation of the formation of the
corona, is that which supposes the beamns of the aurora to
consist of cylindrical portions of some kind of matter, which
becomes luminous as it passes into the higher regions of the
atmosphere; and that the cylindrical beams shoot up from
many points of the carth’s surface, nearly parallel to cach
other, and in the direction of the dipping ncedle. Being at
different distances from the observer, they appear of differ-
ent elevations; and sometimes, when sceming to overlap
cach other, they form continued streaks of light in every
part of the visible heavens. The corona, according to this
hypothesis, is the perspective projection on the sky, of the
beams which are shooting up at the same instant on all
sides of the observer, and which, being all parallel to the
dipping necdle, appear to converge as it were to a vanishing
point, situated, in the State of New York, about 15° south
of the zenith. If this hypothesis be correet, (and it scems
a strict geometrical deduction from actual appearances,) it
would follow that on the evening of the 19th of April,

- | ATHERFORCE



1832] WRITINGS OF JOSEPH HENRY. 67

beams of auroral matter, were shooting up from every part
of the surface of the State of New York.

But the most interesting circumstance in reference to this
aurora, is that which I have learned from the December num-
ber of the Journal of the Royal Institution of Great Britain,
viz., the fact of a disturbance of terrestrial magnetism being
observed by Mr. Christie in England, on the same evening,
and at nearly the same time the disturbance was witnessed
in Albany, and thLat too in connection with the appearance
of an aurora.

Mr. Christie had adjusted a magnetic needle for the ex-
press purpose of observing the effect when an aurora should
appear, but was not so fortunate as to be able to make any
observations with it until the evening of the 19th of April.
His apparatus consisted of a light necdle six inches long,
suspended within a compass box by a fine brass wire g} of
an inch in diameter, and twenty-three inches long. The
necdle was deflected from the magnetic meridian by the re-
pulsive action of two bar magnets placed on opposite sides
of it; so that instead of pointing to the magnetic north, it
scttled in the direction of N.37° W. As the ncedle assumed
this position in consequence of the attractive force of the
earth, and the repulsive force of the magnets, a deviation
from the north towards the west would indicate a diminu-
tion of the terrestrial horizontal intensity, and a deviation
towards the north an increase in that intensity, the intensity
of the magnets remaining the same. At 10 o’clock p. M.
on the evening of the 19th, during the appearance of the
aurora, Mr. Christic found the needle vibrating between N.
43° 40’ W. and N. 42° 40’ W. At 10h. 15m. its direction
was N. 34° W. It continued to approach the north until
10h. 374m. when it pointed N. 33° 30’ W. It again receded
-from the pole, and at 10h. 40m. vibrated between N. 37° W.
and N. 36° W. The next morning at 7h. 20m. the needle
pointed N.40° W. From this brief abstract of Mr. Christie’s
observations, it will be seen that the horizontal intensity was
less than usual at 10 o’clock; that it increased until 10h.
374m. when it was greater than in its undisturbed state;
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and that it again decreased, and was less than usual the next
morning at 7h. 20m. :

By adding five hours to the time of the observations made
at Albany, we shall have nearly the corresponding time at
Mr. Christie’s residence in Woolwich. These times being
6h. and 10h. p. M. will therefore correspond with 11h. p. M.
and 3h. A. M. of time at Woolwich. From this it appears
that the observations at Albany were made at a period of
‘absolute time between the last observation of Mr. Christie
on the evening of the 19th, and the morning of the 20th.
The only interesting result however which apparently can
be drawn from a comparison of the observations, is that at
both places there was a disturbance of terrestrial intensity
at the same time; the intensity rising above and sinking
below its usual state at each, although these changes did not
occur in the same order at both places. '

I am not aware that a simultaneous disturbance of terres-
trial magnetism, in connexion with an aurora, has ever be-
fore been noted at two places so distant from each other.
Nor do I think the co-incidence in this case in the least de-
gree accidental.  On the contrary, it appears to me highly
probable that the disturbing cause was not only common to
both places, but was also active at the same time in a great
portion of the northern part of the globe. A brilliant au-
rora is by no means a local phenomenon. That of the 28th
of August, 1827, was visible over nearly the whole of the
northern States, in Canada, and also from some part of the
Atlantic ocean. But what places the extensive and simul-
taneous appearance of the aurora in a more striking point
of view than any in which it perhaps was ever before ex-
hibited, is the comparison of the notices of the aurora given
under the monthly meteorological reports in the Annals of
Philosophy for 1830 and 1831, and the Reports of the Re--
gents of the University of the State of New York for the
same period. By inspecting these two publications, it will
be seen that from April 1830 to April 1831 inclusive, the
aurora borealis was remarkably frequent and brilliant, both
in Europe and in this country; and that most of the auroras
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described in the Annals for this time, particularly the brilliant
ones, were seen on the same evening in England and in the State
of New York.

The particular days on which the aurora appeared in
England, are not mentioned in the Annals, except when
the aurora is considered on some accounts interesting. By
comparing those which are thus noticed with the Regents’
Reports, the following results are obtained:

The first aurora mentioned in the Annals for 1830, occur-
red on the 19th of April. A particular description is given
of its appearance in England, and also a notice of its being
seen in Scotland. In the State of New York, a brilliant au-
rora was cxtensively seen on the same evening. Accounts
are given of it from Auburn, Cambridge, Canajobharie, Ca-
youga, Franklin, ITudson, Lansingburgh, Lowville, Oxford,
Pompey, Rochester, Union, Cazenovia, and Utica.

The second aurora noticed in the Annals, is that of the
20th of August. An aurora was also seen in the State of
New York, at Lowville, Pompey, Cazenovia, and is partic-
ularly described as presenting an unusual appearance at
Utica.

The next aurora which appeared worthy of a particular
notice in the Annals, happened on the 7th of September;
and the same evening an aurora was seen at Lewiston in
Niagara county. On the 17th of the same month an au-
rora was also observed in England, and the same time at
Pompey, St. Lawrence and Utica. :

Under the report of the meteorology for the month of
October, in the Annals, two auroras are described as appear-
ing, one on the evening of the 5th, and the other on that of
the 16th. These were both seen in the State of New York,
the first at Utica, and the second at Lowville.

Two auroras are particularly mentioned as appearing in
England in November; but no corresponding ones are no-
ticed in the Report of the Regents, as having been seen in
the State of New-York.

In the meteorological reports for the month of December,
in the Annals, there are five auroras mentioned. The most

ETHERFORCE



70 WRITINGS OF JOSEPH HENRY. [1832

interesting of these happened on the 11th, and exhibited
peculiar appearances. At one time, from a segment of the
horizon of 70 degrees in extent, there emanated several
flame-colored perpendicular columns, some of which were
2 degrees wide and 30 in altitude: these were succeeded by
others, which ultimately exhibited red and purple tints.
Many persons in England saw the aurora, and described it
as exhibiting an awful appearance from a mixture of the
colors. The most brilliant aurora which appeared in the
State of New York during 1830, happened on the same even-
ing. At Albany, it extended nearly 90 degrees around the
northern horizon; and at one time, a row of bright columns
rose from an arch, and extended upwards, some of them
nearly to the north star. The columns from the western
limb of the arch were slightly tinged with redness; all the
others were white. At Lowville, flashes-of light are de-
scribed as arising from the north to the zenith, and thence
descending half-way to the southern horjzon. It was bril-
liant at Auburn, Dutchess, Erasmus Hall, Lansingburgh,
Hartwick, Lewiston, North Salem, Plattsburgh, Rochester,
St. Lawrence, Union, and Utica. An aurora also appeared
on the 12th of the same month, and a brilliant one was like-
wise scen in the State of New York, at Auburn, Dutchess,
Franklin, Fredonia, Ithaca, Lansingburgh, Lewiston, Mid-
dlebury, North-Salem, Plattsburgh, Pompey, St. Lawrence,
Utica. Faint auroras are also mentioned as appearing in
England on the 13th and 14th, and another on the evening
of the 25th; but no corresponding ones are described in the
Regents’ Report.

In 1831, the first aurora described in the Annals is that of
the 7th of January; “and of all the auroree boreales,” says
the author, “ that have been observed here (in England) the
last twenty years, (some say forty,) this was the most exten-
sive, the most beautiful in colors, and the most interesting
on account of the singular phenomena which it displayed,
in the number of distinct luminous bows which were pre-
sented in the course of the night.” Several communications
are given on the subject of this aurora, in the Annals of Phi- 1
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losophy, and the Journal of the Royal Institution. It was
seen at Paris, and at Brussels. A particular description is
given of its appearance in Utrecht, by Prof. Moll. On in-
specting the Reports for 1831, I find that an aurora was seen
in the State of New-York, at places in the extreme east and
west part of the State—at North-Salem on the east side of
the Hudson river, and Fredonia near Lake Erie; and inter-
mediate to these places, at Utica, and Pompey. The Annals
also mention that faint auroras were seen on the evening
preceding and following, and also an aurora on the 11th.
An aurora was noticed at several places in New York on the
evening of the Gth, but none on that of the 8th or 11th.

No auroras are mentioned in the Annals under the mete-
orology for February, but three are noticed for March; the
first, an interesting one, appeared on the 7th; the second, on
the 8th; and the third, a bright one, on the 11th. By refer-
ring to the Reports of the Regents, it will be seen that au-
roras were observed on the same evening in several places
in the State of New York.

The next aurora mentioned in the Annals is that of the
19th of April, which has been the principal subject of this
paper. An interesting account is given of its appearance in
England, which states that at one time there was a grand
display of about ten long active streamers along an arch of
the aurora, several of which ascended to an altitude of sixty
degrees; and when most active, many passed beyond the
zenith, exhibiting at the same time several prismatic colors.
At 10 o'clock, the arch of the aurora extended 150 degrees.
The extensive appearance of this aurora in the State of New
York, and the magnetic disturbance accompanying it, have
already been sufficiently described.

The above co-incidences appear too numerous to admit the
supposition that they are merely accidental, particularly
when it is recollected that there are many causes to prevent
the co-temporaneous appearance of an aurora being recorded
at two distant places, although it exists at both. While it is
observed at one place, it may be obscured by clouds, or may
escape the notice of the meteorological observer, at the other.
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Besides this, the co-incidences occurred on the evenings when
the aurora was most brilliant, and consequently when its
action might be supposed most extensive. These simulta-
neous appearances of the meteor in Europe and America
would therefore seem to warrant the conclusion, that the
aurora borealis cannot be classed among the ordinary local
meteorological phenomena, but that it must be referred to
some cause connected with the general physical principles
of the globe; and that the more encrgetic actions of this
cause, whatever it may be, affects simultaneously a great
portion of the northern hemisphere.
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ON THE PRODUCTION OF CURRENTS AND SPARKS OF ELEC-
TRICITY FROM MAGNETISM.

(Silliman’s American Journal of Science, July, 1882; vol. xx11, pp. 403-408.)

Although the discoveries of Oersted, Arago, Faraday, and
others, have placed the intimate connection of electricity and
magnetism in a most striking point of view, and although
the theory of Ampere has referred all the phenomena of both
these departments of science to the sume general laws, yet
until lately one thing remained to be proved by experiment,
in order more fully to establish their identity; namely, the
possibility of producing electrical effects from magnetism.
It is well known that surprising magnetic results can readily
be obtained from electricity, and at first sight it might be
supposed that electrical effects could with equal facility be
produced from magnetism; but such has not been found to
be the case, for although the experiment has often been at-
tempted, it has nearly as often failed.

It early occurred to me, that if galvanic magnets on my
plan were substituted for ordinary magnets, in researches
of this kind, more success might be expected. Besides their
great powgr, these magnets possess other properties, which
render them important instrumerts in the hands of the ex-
perimenter; their polarity can be instantaneously reversed,
and their magnetism suddenly destroyed or called into full
action, according as the occasion may require. With this
view, I commenced, last August, the construction of a much
larger galvanic magnet than, to my knowledge, had before
been attempted, and also made preparations for a series of
experiments with it on a large scale, in referenice to the pro-
duction of electricity from magnetism. I was however at
that time accidentally interrupted in the prosecution of
these experiments, and have not been able since to resume
them, until within the last few weeks, and then on a much
smaller scale than was at first intended. In the mean time,
it has been announced in the 117th number of the Library
of Useful Knowledge, that the result so much sought after
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has at length been found by Mr. Faraday of the Royal In-
stitution. It states that he has established the general fact,
that when a piece of metal is moved in any direction, in
front of a magnetic pole, electrical currents are developed in
the metal, which pass in a direction at right angles to its own
motion, and also that the application of this principle affords
a complete and satisfactory explanation of the phenomena
of magnetic rotation. No detail is given of the experiments,
and it is somewhat surprising that results so interesting, and
which certainly form a new era in the history of electricity
and magnetism, should not have been more fully described
before this time in some of the English publications; the
only mention I have found of them is the following short
aecount from the Annals of Philosophy for April, under the
head of Proceedings of the Royal Institution:

“ Feb. 17.—Mr. Faraday gave an account of the first two
parts of his researches in electricity ; namely, Volta-electric’
induction and magneto-electric induction. If two wires, 4
and B, be placed side by side, but not in contact, and a Vol-
taic current be passed through A, there is instantly a cur-
rent produced by induction in B, in the opposite direction.
Although the principal current in-A be continued, still the
secondary current in B is not found to accompany it, for it
ceases after the first moment, but when the principal cur-
rent is stopped then there is a second current produced in
B, in the opposite direction to that of the first produced by
the inductive action, or in the same direction as that of the
principal current.

“If a wire, connected at both extremities with a galvanom-
eter, be coiled in the form of a helix around a magnet, no
current of electricity takes place in it. This is an experi-
ment which has been made by various persons hundreds of
times, in the hope of evolving electricity fromm magnetism,
and as in other cases in which the wishes of the experi-
menter and the facts are opposed to each other, has given
rise to very conflicting conclusions. But if the magnet be
withdrawn from or introduced into such a helix, a current
of electricity is produced whilst the magnet is in motion, and is
rendered evident by the deflection of the galvanometer. If a
single wire be passed by a magnetic pole, a current of electri-
city is induced through it which can be rendered sensible.” *

*[Phil. Mag. ; and Annals of Philosophy; April, 1832: vol. xr, p. 300.]

ATHERFORCE



1832) 'WRITINGS OF JOSEPH HENRY. (6

Before having any knowledge of the method given in the
above account, I had succceded in producing clectrical effects
in the following manner, which differs from that employed
by Mr. Faraday, and which appears to me to develop some
new and interesting facts. A piece of copper wire, about
thirty feet long and covered with elastic varnish, was closely
coiled around the middle of the soft iron armature of the
galvanic magnet, described in vol. xix of the American
Journal of Science, and which, when excited, will readily
sustain between six hundred and seven hundred pounds.
The wire was wound upon itself so as to occupy only about
one inch of the length of the armature which is seven
inches in all. The armature, thus furnished with the wire,
was placed in its proper position across the ends of the gal-
vanic magnet, and there fastened so that no motion could
take place. The two projecting ends of the helix were
dipped into two cups of mercury, and there connected with
a distant galvanometer by means of two copper wires, each
about forty fect long. This arrangement being completed,
I stationed myself near the galvanometer and directed an
assistant at a given word to immerse suddenly, in a vessel
of dilute acid, the galvanic battery attached to the magnet.
At the instant of immersion, the north end of the needle
was deflected 30° to the west, indicating a current of elec-
tricity from the helix surrounding the armature. The ef-
fect however appeared only as a single impulse, for the
needle, after a few oscillations, resumed its former undis-
turbed position in the magnetic meridian, although the gal-
vanic action of the battery, and consequently the magnetic
power was still continued. I was however much surprised
to see the needle suddenly deflected from a state of rest to
about 20° to the east, or in a contrary direction when the
battery was withdrawn from the acid, and again deflected
to the west when it was re-immersed. This operation was
repeated many times in succession, and uniformly with the
same result, the armature the whole time remaining im-
movably attached to the poles of the magnet, no motion
being required to produce the effect, as it appeared to take
place only in consequence of the instantancous development
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of the magnetic action in one, and the sudden cessation of
it in the other.

This experiment illustrates most strikingly the reciprocal
action of the two principles of electricity and magnetism, if
indeed it does not establish their absolute identity. In the
first place, magnetism is developed in the soft iron of the
galvanic magnet by the action of the currents of electricity
from the battery, and secondly the armature, rendered mag-
netic by contact with the poles of the magnet, induces in its
turn currents of electricity in the helix which surrounds it;
we have thus as it were electricity converted into magnetism
and this magnetism again into electricity.

Another fact was obscrved which is somewhat interesting
inasmuch as it serves in some respects to generalize the
phenomena. After the battery had been withdrawn from
the acid, and the needle of the galvanometer suffered to
come to a state of rest after the resulting deflection, it was
again deflected in the same direction by partially detaching
the armature from the poles of the magnet to which it con-
tinued to adhere from the action of the residual magnetism,
and in this way, a series of deflections, all in the same direc-
tion, was produced by merely slipping off the armature by
. degrees until the contact was entirely broken. The following
extract from the register of the experiments exhibits the
relative deflections observed in one experiment of this kind.

At the instant of immersion of the bnttery, deflection 40° west.

¢ emersion ¢ “ 18° east.
Armature partially detached, “ 7° east.
Armature entirely detuched, “ 12° east.

The effect was reversed in another experiment, in which
the needle was turned to the west in a series of deflections
by dipping the battery but a small distance into the acid at
first and afterwards immersing it by degrees.

From the foregoing facts, it appears that a current of elec-
tricity is produced, for an instant, in a helix of copper wire
surrounding a piece of soft iron whenever magnetism is in-
duced in the iron; and a current in an opposite direction
when the magnetic action ceases; also that an instantaneous
current in one or the other duectlon accompanies every
change in the magnetic intensity of the iron.
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Since reading the account before given of Mr. Faraday’s
method of producing electrical currents I have attempted
to combine the effects of motion and induction; for this
purpose a rod of soft iron ten inches long and one inch and
a quarter in diameter, was attached to a common turning
lathe, and surrounded with four helices of copper wire in
such a manner that it could be suddenly and powerfully
magnetized, while in rapid motion, by transmitting gal-
vanic currents through three of the helices ; the fourth being
connected with the distant galvanometer was intended to
transmit the current of induced electricity; all the helices
were stationary while the iron rod revolved on its axis
within them. Fromn a number of trials in succession, first
with the rod in one direction then in the opposite, and next
in a state of rest, it was concluded that no pereceptible effect
was produced on the intensity of the magneto-electric current
by a rotary motion of the iron combined with its sudden
magnetization.

The same apparatus however furnished the means of meas-
uring separately the relative power of motion and induction
in producing electrical currents. The iron rod was first
magnetized by currents through the helices attached to the
battery and while in this state one of its ends was quickly
introduced into the helix connected with the galvanometer;
the deflection of the needle in this case was seven degrees.
The end of the rod was next introduced into the same helix
while in its natural statc and then suddenly magnetized;
the deflection in this instancc amounted to thirty degrees,
showing a great superiority in the method of induction.

The next attempt was to increase the magneto electric effect
while the magnetic power remained the same, and in this I
was more successful. Two iron rods six inches long and
one inch in diameter, were cach surrounded by two helices
and then placed perpendicularly on the face of the armature,
and between it and the poles of the magnet, so that cach rod
formed as it were a prolongation of the poles, and to these the
armature adhered when the magnet was excited. With this
arrangement, a current from one helix produced a deflection
of thirty-seven degrees; from iwo helices both on the same
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rod fifty two degrees, and from three fifty nine degrees; but
when four helices were used, the deflection was only fifty five
degrees, and when to these were added the helix of smaller
wire around the armature, the deflection was no more than
thirty degrees. This result may perhaps have been some-
what affected by the want of proper insulation in the sev-
eral spires of the helices, it however establishes the fact that
an increase in the electric current is produced by using at
least two or three helices instead of one. The same princi-
ple was applied to another arrangement which seems to af-
ford the maximum of clectric development from a given
magnetic power; in place of the two pieces of iron and the
armature used in the last experiments, the poles of the mag-
net were connected by a single rod of iron, bent into the form
of a horse-shoc, and its extremities filed perfectly flat so as to
come in perfect contact with the faces of the poles; around
the middle of the arch of this horse-shoe, two strands of copper
wire were tightly coiled one over the other. A current from
one of these helices deflected the needle one hundred degrees,
and when both were used the needle was deflected with such
force as to make a complete circuit. But the most surpris- v
ing effect was produced when instead of passing the current
through the long wires to the galvanometer, the opposite ends
of the helices were held nearly in contact with each other,
and the magnet suddenly excited; in this case a small but
vivid spark was seen to pass between the ends of the wires
and this effect was repcated as often as the state of intensity
of the magnet was changed. :

In these experiments the connection of the battery with
the wires from the magnet was not formed by soldering, but
by two cups of mercury which permitted the galvanic ac-
tion on the magnet to be instantaneously suspended and the
polarity to be changed and rechanged without removing the
battery from the acid ; a succession of vivid sparks was ob-
tained by rapidly interrupting and forming the communi-
cation by means of one of these cups; but the greatest effect
was produced when the magnetism was entirely destroyed
and instantaneously reproduced by a change of polarity.
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It appears from the May No. of the Annals of Philosophy
that I have been anticipated in this experiment of drawing
sparks from the magnet by Mr. James D. Forbes of Edin-
burgh, who obtained a spark on the 30th of March; my
experiments being made during the last two weeks of June.
. A simple notification of his result is given, without any ac-
count of the experiment, which is reserved for a communi-
cation to the Royal Society of Edinburgh; my result is
therefore entirely independent of his and was undoubtedly
obtained by a different process.

Electrical self-induction in a long helical wire.

I have made several other experiments in relation to the
same subject, but which more important duties will not per-
mit me to verify in time for this paper. I may however
mention one fact which I have not seen noticed in any work,
and which appears to me to belong to the same class of phe-
nomena as those before described; it is this: when a small
battery is moderately excited by diluted acid, and its poles
which should be terminated by cups of mercury, are con-
nected by a copper wire not more than a foot in length, no
spark is perceived when the connection is either formed or
broken; but if a wire thirty or forty fect long be used in-
stead of the short wire, though no spark will be perceptible
when the connection is made, yet when it is broken by draw-
ing one end of the wire from its cup of mercury, a vivid
spark is produced. If the action of the battery be very in-
tense, a spark will be given by the short wire; in this case
it is only necessary to wait a few minutes until the action
partially subsides, and until no more sparks are given from
the short wire; if the long wire be now substituted a spark
will again be obtained. The effect appears somewhat in-
creased by coiling the wire into a helix; it seems also to de-
pend in some measure on the length and thickness of the
wire. I can account for these phenomena only by suppos-
ing the long wire to become charged with electricity, which
by its re-action on itself projects a spark when the connec-
tion is broken.
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CONTRIBUTIONS TO ELECTRICITY AND MAGNETISM. No. 1.

DESCRIPTION OF A GALVANIC BATTERY FOR PRODUCING ELEC-
TRICITY OF DIFFERENT INTENSITIES.

(Transactions American Philosophical Society, n. s., vol. v, pp. 217-222.)*
Read January 16th, 1835.1

The following account of a Galvanic Battery, constructed
under my direction for the Physical Department of the Col-
lege of New Jersey, is submitted to the American Philosoph-
ical Society, with the intention of referring to it in some
communications which I purpose making on the subject of
Electricity and Magnetism. It is hoped however that the
arrangement and details of the instrument, in themselves,
will be found to possess some interest, since they have been
adopted in most cases after several experiments and much
personal labor.

The apparatus is intended to exhibit most of the phe-
nomena of Galvanism and all those of Electro-Magnetism,
on a large scale, with one battery. It was constructed to il-
lustrate the several facts of these branches of science to my
class, and also to be used as a convenicent instrument of re-
search in all cases where no very great degree of intensity
is required.

The several parts of this battery are not soldered together
forming one permanent galvanic arrangement, but are only
temporarily connected by means of movable conductors and
cups of mercury. The whole is constructed with reference
to the principle well understood of producing electricity
of greater or less intensity, by a change in the method of
uniting the several clements with each other.

The apparatus consists of eighty-eight clements or pairs,
composed of plates of rolled zinc nearly one eighth of an
inch thick, nine inches wide, and twelve inches long, inserted
into copper cases open at top and bottom. Eleven of these

*[The title-page of this volume bears date 1837.]

t[The date given in the ¢Transactions’ is January 14. This appears
from the Minutes to be a typographic error.]
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elements are suspended together from two cross pieces of
wood, and the whole number is thus arranged in eight scts,
of eleven in each. These are supported by the ends of the
cross pieces in a strong wooden frame, so as to be immersed
in cight scparate troughs: they thus form as many independ-
ent batteries, which can be used scparately or together as
the occasion may require. FEach trough is divided into
eleven cells by wooden partitions coated with cement. If one
of thecells be charged with dilute acid, a single element
may be excited without producing action in any other part of
the battery. Each set or battery may also be lifted separately
from the frame by its cross picces, without disturbing the
other parts of the apparatus.

The elements remain stationary, while the troughs are
raised to them on a movable platform by the common ap-
plication of a wheel and pinion.

Fia. 1.—Galvanic Battery.

The general arrangement of the whole may be seen at
once by a refercnce to the perspective drawing, fig. 1: a a, &c,,
represent the cross pieces resting on.the upper part of the
frame of the machine; ¢ ¢ is the movable platform.

A perspective view of one of the elements on a larger
scale is given infig. 3. a a are two cups of cast copper, with

6
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a broad stem on the bottom ; one soldered
to the zinc plate,and the other to the cop-
per case. The cavity in these cups is
about three eighths of an inch wide, a
little more than an inch long, and half
an inch deep. The cups being well
amalgamated and partially filled with ,
mercury, receive the ends of the copper
conductors which unite the several ele-
Fia. 8. ments.

For the purpose of suspension, a slip of copper, b b, with a
hole in it, is soldered to each upper corner of the "copper
case; these fit loosely into a mortice or narrow groove in the
cross pieces, and are secured by a pin of copper wire. When
the pins are withdrawn, a single element may be removed
from any part of the series, without disturbing the re-
mainder.

The zinc plate is fastened into its copper case, without
touching, by a piece of wood at each corner with a groove
in it to receive the edge of the plate. The grooves in the
two lower pieces of wood terminate at about a quarter of an
inch from the lower end, and thus form shoulders, which
prevent the plate from slipping down ; while the wood itself
is supported by a flange, formed by bending in the lower
edges of the corner of the case.

There are two principal sets of connectors; the first is,
- formed of bars of cast copper thirteen inches long, an inch
wide, and about an cighth of an inch thick. On the lower
side of thesc are eleven broad projections, which fit loosely

Fie. 4 —Homogeneous Connector.

into a row of cups on the plates of zinc or copper. Fig. 4
represents one of these connectors with a thimble soldered
on the upper side for the purpose of attaching a conductor,
which may serve as a pole.
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There are two of these for each of the eight batteries, and
when in their places, one unites all the zine, and the other
all the copper, so that the batterv becomes a “calorimotor ” of
a single element or pair. If with this arrangement the sev-
eral batteries be connected, zinc to zinc and copper to cop-
per, by conductors reaching from one to the other, the whole
apparatus of eighty-eight elements becomes a large “calori-
motor” of a single pair; but if the copper of the first be
united to the zinc of the second, and so on, it then forms a
“calorimotor” of eight elements, and by a simple change
may be reduced to onc of four, or of two elements.

The other set of connectors consists of short pieces of thick
copper plate, the ends of which are bent down at right angles,
s0 as to dip into the cups of mercury : they connect the cop-
per of one element with the zinc of the next. Ten of these,
intended to unite the elements of one battery, are shown in

F16. 5.—Alternate or Serial Connector.

fig.5. They are attached crosswise to aslip of harness leather,
which, by its pliability, permits them to fit loosely into the
cups, while it enables the whole set to be removed as onc
picce.  When these connectors are in their places, and the
several batteries united, the copper pole of the one, with the
zine pole of another, and so on, the whole series forms a
“deflagrator” of eighty-cight clements.

The different arrangements of the sceveral conncctors will
be readily understood by a reference to the plan drawing,
fig. 2, which exhibits one-half of the whole apparatus ar-
ranged as a “deflagrator” of forty-four clements, and the other
half as a “calorimotor” of four pairs. By closely inspecting
the drawing, it will be scen that the connexion in the upper
half of the figure is from the copper of the first element
to the zinc of the next, and so on through the entire scries
of forty-four elements. In the lower half the union of cop-
per and zinc takes place only between the poles of the dif-
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ferent batteries; the several elements of which are united so
as to act as one plate of copper and one of zinc. The four

Fi1a. 2.—Plan of Battery.

batteries therefore will act together as a “ calorimotor” of four
elements. The arrangement, as given in the drawing, is in-
tended to illustrate by one figure the two sets of connectors;
but such an arrangement becomes interesting in practice in
determining the effect of the conjoined actions of batteries
producing electricity of different intensities.

The circuit of the connections as given in the figure is
complete except at a b; the two plates at this point form the
poles of the battery. A sct of poles however may be formed
at any other point of the circuit, by making an imterruption
at that place. In the same way two or more sets may be
formed. It furnishesan interesting and instructive experi-
ment to place a pair of large decomposing plates at a b and
anotherated. When onlyone of these isplunged intoasaline
solution, the circuit being interrupted at the other pair, no
cffeet is produced ; but as soon as this other is plunged into
a similar solution, a copious decomposition simultaneously
takes placc at both. Also the co-temporaneous action in
each element of the battery is pleasingly shown by placing
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at the same time several large magnetic needles on the dif-
ferent parts of the apparatus. These instantly change their
direction when the second pair of decomposing plates touch
the solution. .

At first sight it might be supposed that there would be
some difficulty in entering the several plates into their re-
spective cells, but this is obviated by the precise movement
of the platform on which the troughs stand. Its horizontal
position is adjusted by four screws (c ¢ fig. 1), and its corners
slide in grooves in the upright posts of the large frame. Be-
sides this, when the plates are once entered, they are not re-
quired to be entirely withdrawn from the cells until the end
of the series of experiments; since the acid descends as the
plates are withdrawn, and finally fills but little more than
three-fourths of the capacity of the cells. When u plate ac-
cidentally catches on the side of the cell, the battery to
which it belongs is gently raised in its place and the plate
adjusted. .

This apparatus readily furnishes the means of making
comparative experiments on the difference produced by par-
tial and perfect insulation. When no higher degree of
intensity is required than that afforded by eight pairs of
plates, perfect insulation is obtained by the eight separate
troughs. In higher degrees of intensity the partitions in the
troughs furnish the means of perfectly insulating forty-eight
of the elements: this is effected by simply charging with
acid every other cell in cach of the troughs, and connecting
the corresponding element by conductors, which pass over
the intermediate elements without touching them : with this
arrangement we have six cells in each trough separated from
one another by a cell without acid, or in effect by a stratum
of air. For comparison with these a set of troughs has been
constructed without partitions.

The want of perfect insulation is not very perceptible in the
common experiments of the deflagration of large and perfect
conductors; but where the decomposition of a liquid is at-
tempted, or the battery required to act on a small or imper-
fect conductor, the loss of power is very great, the apparatus
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partially discharging itself through its own liquid, and the
intensity at the poles does not increase with a short interrup-
tion of the current.

There is also considerable loss on account of imperfect in-
sulation even in the case of low intensity, and when the poles
are connected by a perfect conductor. In one experiment
with an arrangement of five pairs, and the poles united by
a conductor composed of thirty strands of ¢opper bell-wire,
each forty feet long, the loss was found to be at least one-
seventh, as measured by the quantity of zinc surface re-
quired to be immersed in order to produce the same mag-
netic effect. T would infer from this that the most perfect
of all Dr. Hare’s ingenious galvanic arrangements is that in
which the elements dip into separate glass vessels, as this
combines perfect insulation with the power of instuntaneous
immersion.

A variety of experiments have been made during the past
year with this instrument on several points of Galvanism
and Electro-magnetism, which will be communicated to the
Society as soon as my engagements will permit me to repeat
and arrange them for publication
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FACTS IN REFERENCE TO THE SPARK, ETC., FROM A L.ONG CON-
DUCTOR UNITING THE POLES OF A GALVANIC BATTERY.*
(Journal of the Franklin Institute, March, 1835, vol. xv, pp. 169, 170.)

Ezxtract from the proceedinge of the stated meeting of the American Philo-
’ sophical Society, January 16, 1835.1

The following facts in reference to the spark, shock, &c.,
from a galvanic battery of a single pair when the poles are
united by a long conductor, were communicated by Prof
Joseph Henry, and those relating to the spark were illus-
trated experimentally:

1. A long wire gives a more intense spark than a short
one. There is however with a given surface of zinc a length
beyond which the effect is not increased ; a wire of one hun-
dred and twenty feet gave about the same intensity of spark
as one of two hundred and forty feet.

2. A thick wire gives a larger spark than a smaller one of
the same length.

3. A wire coiled into a helix gives a more vivid spark
than the same wire when uncoiled.

4. A ribbon of copper, coiled into a flat spiral, gives a
more intense spark than any other arrangement yet tried.

*#To THE COMMITTEE ON PUBLICATIONS.

GENTLEMEN : The American Philosophical Society, at their last stuted
meeting, authorized the publication of the following abstract of a verbal
communication made to the Society by Professor Henry on the sixteenth of
January last. A memoir on this subject has been since submitted to the So-
ciety containing an extension of the subject, the primary fact in relation to
which was observed by Professor Henry as early as 1832, and announced by
him in the American Journal of Science (vol. xx11, p. 408). Mr. Faraday
having recently entered upon a similar train of observations, the immedinte
publication of the accompanying is important, that the prior claims of our
fellow-countryman may not be overlooked.

Very respectfully, yours,
A. D. BAcHE,
One of the Secretaries Am. Philos. Soc.

PHILADELPHIA, Feb. Tth, 1835,

+[The Minutes of the Am. Phil. Soc. from 1743-1837 have only recently
been publizhed, (1885,) the first volume of the published ¢ Proceedings”
commencing with 1838.]

/‘
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5. The effect is increased, by using a longer and wider
ribbon, to an extent not yet determined. The greatest effect
has been produced by a coil ninety-six feet long and weigh-
ing 15 lbs.; a larger conductor has not been received.

6. A ribbon of copper, first doubled into two strands and
then coiled into a flat spiral, gives no spark, or a very feeble
one.

7. Large copper handles, soldered to the ends of a coil of
ninety-six feet, and these both grasped, one by cach hand,
a shock is felt at the elbows, when the contact is broken in
a battery of a single pair with one and a half feet of zinc
surface.

8. A shock is also felt when the copper of the battery is
grasped with one hand and onc of the handles with the
other; the intensity however is not as great as in the last
case. This method of receiving the shock may be called
the direct method ; the other, the lateral one.

9. The decomposition of a liquid is effected by the use of
the coil with a battery of a single pair, by interrupting the
current and introducing a pair of decomposing wires.

10. A mixture of oxygen and hydrogen is also exploded
by means of the coil, and breaking the contact, in a bladder
containing the mixture.

11. The property of producing an mtcnse spark isinduced,
on a short wire, by introducing at any point of a compound
galvanic current a large flat spiral, and joining the poles by
the short wire.

12. A spark is produced when the plates of a single bat-
tery are separated by a foot or more of diluted acid.

13. Little or no increase in the effect is produced by in-
serting a picce of soft iron into the centre of a flat spiral.

14. The effect produced by an electro-magnet, in giving
the shock, is due principally to the coiling of the long wire
which surrounds the soft iron.

[The foregoing article was re-printed in Silliman's American Journal of
Science, July, 1835, vol. xxviir, pp. 327-329.]
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APPENDIX TO THE ABOVE—ACTION OF A SPIRAIL CONDUCTOR.

(Silliman’s Am. Journal of Science, July, 1835, vol. xxvIII, pp. 329-331.)
To Prof. Silliman.

Sir: With this I send you a copy of a paper communi-
cated by me to the American Philosophical Society, on the
influence of a spiral conductor in increasing the intensity
of electricity from a galvanic arrangement of a single pair.
As the part of the Transactions which contains the paper has
not yet been distributed, I regret that I am not at liberty
to request you to insert the article for more general diffu-
sion in your valuable Journal. An abstract however of the
principal facts was ordered to be published, and appeared
in the March number of the Franklin Jowrnal. A copy
was also sent by Prof. Bache for insertion in the American
Journal; but as it did not appear in the last number, you
will confer a favor by inserting it in the next.*

Should you wish to repeat the experiments, you will find
them most interestingly exhibited with one of Dr. Hare’s “ cal-
orimotors.” If a galvanic current of very low intensity from
this instrument be transmitted through a spiral conductor
formed of copper ribbon about onc inch wide, from sixty to
onec hundred fect long, well covered with silk, and the several
spires closely wound on each other, the “calorimotor” will be
almost converted into a “deflagrator.” One end of the con-
ductor being attached to a pole of the battery, and the other
brought in contact with or rubbed along the edge of a plate
of metal attached to the other pole, a vivid deflagration
will be produced, even when the plates are immersed in a
mixture containing not more than one part of acid to five
hundred parts of water.

If a copper cylinder of about two inches in diameter and
four or five inches long, to serve as a handle, be attached to
cach cnd of the spiral by an intervening piece of copper
wire and these cylinders grasped with moistened hands, a
series of shocks will be felt when one end of the conductor

* [Then mislaid, but now inserted ; as nbove.—FEd.]
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is drawn across the edges of the zinc plates, the other end
being in contact with the copper pole.

Another method of producing the shocks is to place the
spiral between two batterics, each of a single pair, so as to
connect the copper of one with the zinc of the other. If the
extreme poles of this compound arrangement be terminated
by the copper handles, and these be brought in contact,
holding one in each hand, a deflagration of the metal will
be produced, and a thrilling sensation, scarcely supportable,
felt in each arm. The effect is much increased if the
handles are rough. Two cylinders of cast zinc terminating
the poles were found to produce the greatest effect when
rubbed on each other. :

To exhibit these phenomena in a striking manner a gal-
vanic battery of considerable size is required. I have used
one for the purpose containing about forty feet of zinc sur-
face, estimating both sides of the plate. This battery was
first immersed for a short time in a strong solution of acid,
to dissolve the coating of oxide, and then removed to a ves-
sel containing pure water. The small quantity of acid ad-
hering to the plates was sufficient to produce, by means of
the spiral, the deflagration of the metals, which would shock
and snap for many hours in succession, while with a short
conductor the battery in the same state gave no signs of
electricity.

This will be found an economical method of exhibiting
some very interesting experiments with the calorimotor.
After having shown the ordinary heating powers of the in-
strument with strong acid, transfer the plates to a trough
containing pure water, and the action of the coil may be
shown for an almost indefinite time, at little or no expense
of zinc or acid.

The spiral produces no increascd effect when applied to a
galvanic trough of onc hundred four-inch plates. If how-
ever a coil of five or six hundred feet of wire be substituted,
an increase of action will be manifest. The length of the
coil must be in some ratio to the “projectile” force of the elec-
tricity, and also the quantity to the thickness of the con-
ductor, in order to produce a maximum result. Thus, when
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a small battery is used with a large conductor, it must be
charged with strong acid.

The action of the spiral conductor depends on the induc-
tive principle of an electric current discovered by Mr. Fara-
day, and is consequently intimately connected with the
whole subject of magneto-clectricity.

If a magnet be fitted up in the ordinary manner, with a
spool of wire covered with silk around the keeper, the in-
tensity of the shock will be astonishingly increased if the
current generated in the spool be transmitted through a coil
of several hundred fect of fine wire surrounding the legs of
the magnet. To produce this effect however it is necessary
that the wire on the spool and that around the magnet
should at first form a continuous closed circuit, and that
this be interrupted at the same instant that the keeper is de-
tached, so that the induced current may pass entirely
through the body.

The intense shock may also be given by generating a cur-
rent with one magnet, and accelerating it by passing it
around a second magnet.

Professor Emmet, of the University of Virginia, more
than two years since, made the interesting discovery that
the magneto-electric current is much increased in intensity
by passing it through a portion of the generating magnet.
This interesting fact, which he has applied with much suc-
cess to improve the magneto-electric machine, may un-
doubtedly be referred to the same cause as the action of the
spiral, and I have succeeded in modifying the application of
it in several ways. .

These magnetic experiments were made on the first or
second day of May last, while on a visit to Philadelphia,
with the large magnet belonging to the museum, and kindly
lent to me for the purpose by Mr.-Peale. They were made
with the assistance of my friend, Mr. Lukens; but as T have
not had an opportunity of verifying them, I cannot at pres-
ent give a more detailed account. I have also made some
preparations for applying the same principle to increase
the action of a thermo-electric current. -
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CONTRIBUTIONS TO ELECTRICITY AND MAGNETISM. No.II.

ON THE INFLUENCE OF A SPIRAL CONDUCTOR IN INCREASING .
THE INTENSITY OF ELECTRICITY FROM A GALVANIC ARRANGE-
MENT OF A SINGLE PAIR, ETC.

(Transactions American Philosophical Society, n. s., vol. v, pp. 223-231.)
Read Fcbruary Gth, 1835.

In the American Journal of Science for July, 1832, I an-
nounced a fact in Galvanism which I believe had never
before been published. The sume fact however appears to .
have been since observed by Mr. Faraday, and has lately
been noticed by him in the November number of the London
and Edinburgh Journal of Science for 1834.

The phenomenon as described by me is as follows: “ When
a small battery is moderately excited by diluted acid, and its
poles, terminated by cups of mercury, are connected by a
copper wire not-more than a foot in length, no spark is per-
ceived when the connection is either formed or broken; but
if a wire thirty or forty fect long be used instead of the short
wire, though no spark will be perceptible when the connec-
tion is made, yet when it is broken by drawing one end of
the wire from its cup of mercury, a vivid spark is produced.
If the action of the battery be very intense, a spark will be
given by a short wire; in this case it is only necessary to
wait a few minutes until the action partially subsides, and
until no more sparks are given from the wire; if the long
wire be now substituted a spark will be again obtained.
The effect appears somewhat increased by coiling the wire
" into a helix; it seems also to depend in some measure on
the length and thickness of the wire. I can account for
these phenomena only by supposing the long wire to be-
come charged with electricity, which by its re-action on
itself projects a spark when the connection is broken.”*

The above was published immediately before my removal
from Albany to Princeton, and new duties interrupted for

*Silliman’s Journal of Science, vol. 22, page 408. [See ante, p. 79.]
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a time the further prosecution of the subject. I have how-
ever been able during the past year to resume in part my
investigations, and among others, have made a number of
" observations and experiments which develop some new cir-
cumstances in reference to this curious phenomenon.

These, though not as complete as I could wish, are now pre-
sented to the Society, with the belicf that they will be in-
teresting at this time on account of the recent publication of
Mr. Faraday on the same subject.

The experiments are not given in the precise order in
which they were first made, but in that which I deem best
suited to render them easily understood; they have however
been repeated for publication in almost the same order in
which they are here given.

1. A galvanic battery, consisting of a single plate of zine
and copper, and exposing one and a half square feet of zinc
surface, including both sides of the plate, was cxcited with
diluted sulphuric acid, and then permitted to stand until
the intensity of the action became nearly constant. The
poles connected by a piece of copper bell-wire of the ordi-

nary size and five inches long, gave no spark when the con-

tact was broken.

2. A long portion of wire, from the same piece with that
used in the last experiment, was divided into equal lengths of
fifteen feet, by making a loop at each division, which could he
inserted into the cups of mercury on the poles of the battery.
These loops being amalgamated and dipped in succession into
one of the cups while the first end of the wire constantly re-
mained in the other, the effect was noted.  The first length, or
fifteen feet, gave a very fecble spark, which was scarcely per-
ceptible. The second, or thirty fect, produced a spark a little
more intense, and the effect constantly increased with each ad-
ditional length until one hundred and twenty feet were used :
beyond this there was no perceptible increase; and a wire of
two hundred and forty feet gave a spark of rather less inten-
sity. From other obscrvations I infer that the length neces-
sary to produce a maximum result, varies with the intensity
of the action of the battery, and also with its size.
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3. With equal lengths of copper wire of unequal diameters,
the effect was greater with the larger; this also appears to .
depend in some degree on the size of the battery.

4. A length of about forty feet of the wire used in experi-
ments first and second was covered with silk and coiled into
a cylindrical helix of about two inches in height and the
same in diameter. This gave a more intense spark than the
same wire when uncoiled.

5. A ribbon of sheet copper nearly an inch wide, and
twenty-eight and a half feet long, was covered with silk,
and roiled into a flat spiral similar to the form in which
woollen binding is found in commerce. With this a vivid
spark was produced, accompanied by a loud snap. The same
ribbon uncoiled gave a feeble spark similar in intensity to
that produced by the wire in experiment third. When coiled
again the snap was produced as at first. This was repeated
many times in succession, and always with the same result.

6. To test still farther the influence of coiling, a second
ribbon was procured precisely similar in length and in all
other respects to the one used in the last experiment. The
cffect was noted with one of these coiled into a flat spiral and
the other uncoiled, and again with the first uncoiled and the
second coiled. When uncoiled each gave a fecble spark of
apparently equal intensity, when coiled, a loud snap. One
of these ribbons was next doubled into two equal strands,
and then rolled into a double spiral with the point of doub-
ling at the centre. By this arrangement the electricity, in
passing through the spiral, would move in opposite directions
in each contiguous spire, and it was supposed that in this
case the opposite actions which might be produced would
necutralize cach other. The result was in accordance with
the anticipation; the double spiral gave no spark whatever,
while the other ribbon coiled into a single spiral produced
as before a loud snap. Lest the effect might be due to some
accidental touching of the different spires, the double spiral
was covered with an additional coating of silk, and also the
other ribbon was coiled in the same manner; the effect with
both was the same.
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7. In order to increase if possible the intensity of the
spark while the battery remained the same, larger spirals
were applied in succession. The effect was increased until
one of ninety-six feet long, an inch and a half wide and
weighing fifteen pounds, was used. The snap from this was so
loud that it could be distinctly heard in an adjoining room
with the intervening door closed. Want of materials has pre-
vented me from trying a larger spiral conductor than this,
but it is probable that there is a length which, with a given
quantity and intensity of galvanism, would produce a maxi-
mum effect. When the size of the battery is increased, a
much greater effect is produced with the same spiral. Thus
when the galvanic apparatus, described in the first article, is
arranged as a “ calorimotor” of eight pairs, the snap produced
on breaking contact, with the spiral last described, resembled
the discharge of a small Leyden jar highly charged.

8. A handle of thick copper was soldered on each end of
the large spiral at right angles to the ribbon similar to those
attached to the wires in Pixii’s magneto-electric machine for
giving shocks. - \When onc of these was grasped by each hand,
and the contact broken, a shock was received which was felt
at the clbows, and this was repeated as often as the contact
was broken. This shock is rather a singular phenomenon,
since it appears to be produced by a lateral discharge, and
it is therefore important to determine its direction in reference
to the primary current.

9. A shock is also received when the copper of the battery
is grasped by one hand, and the handle attached to the cop-
per pole of the ribbon with the other. This may be called
the direct shock, since it is produced by a part of the direct
current. It is however far less intense than that produced
by the lateral discharge.

10. When the poles were joined by two coils, connected by
a cup of mercury between them, a spark was produced by
breaking the circuit at the middle point, and when a pair of
platina wires was introduced into the circuit with the large
coil and immersed in a solution of acid, decomposition took
place in the liquid at each rupture of contact, as was shown
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by a bubble of gas given off at each wire. It must be recol-
lected that the shocks and the decomposition here described
were produced by the electricity from a single pair of plates.

11. The contact with the poles of the battery and the large
spiral being broken in a vessel containing a mixture of
hydrogen and atmospheric air, an explosion was produced.

I should also mention that the spark is gencrally attended
with a deflagration of the mercury, and that when the end
of the spiral is brought in contact with the edge of the cop-
per cup or the plate of the battery,a vivid deflagration of the
metal takes place. The sides of the cup sometimes give a
spark when none can be drawn from the surface of the mer-
cury. This circumstance requires to be guarded against
when experimenting on the comparative intensities of sparks
from different arrangements. If the battery formerly de-
scribed [fig. 1, page 81] be arranged as a “calorimotor,” and
one end of a large spiral conductor be attached to one pole,
and the other end drawn along the edge of the connector,
fig. 4, a series of loud and rapid explosions is produced, ac-
companied by a brilliant deflagration of the metal, and this
takes place when the excitement of the battery is too fecble
to heat to redness a small platina wire.

12. A number of experiments were made to, determine the
effect of introducing a cylinder of soft iron into the axis of
the flat spiral, in reference to the shock, the spark, &e.; but
no difference could be observed with the large spiral con-
ductor; the cffect of the iron was merged in that of the spiral.
When however one of the smaller ribbons was formed into
a hollow cylindrical helix of about nine inches long, and a.
cylinder of soft iron an inch and a half in diameter was in-
serted, the spark appeared a little more intense than without
the iron. The obliquity of the spires in this case was un-
favorable to their mutual action, while the magnetism was
greater than with the flat spiral, since the conductor closcly
surrounded the whole length of the cylinder. »

I would infer from these experiments, that some effects
heretofore attributed to magneto-electric action are chiefly
due to the re-action on cach other of the several spires of the
coil which surround the magnet.
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13. One of the most singular results in this investigation
was first obtained in operating with the large galvanic bat-
tery [fig. 2, page 84]. The whole instrument was arranged
as a “calorimotor” of eight pairs, and a large spiral con-
ductor introduced into the circuit at ¢ d, while a piece of
thick copper wire, about five inches long, united the poles at a
b. In this state an explosion or loud snap was produced, not
only when the contact was broken at the spiral, but also
when one end of the short wire, at the other extremity of the
apparatus, was drawn from its cup. All the other short
movable connectors of the battery gave a similar result.
When ihe spiral was removed from the circuit, and a short
wire substituted, no effect of the kind was produced. From
this experiment it appears that the influence of the spiral is
exerted through at least eight alternations of zine, acid, and
copper, and thus gives to a short wire, at the other extremity
of the circuit, the power of producing a spark. »

14. The influence of the coil was likewise manifest when
the zinc and copper plates of a single pair were scparated
from each other to the distance of fourteen inches in a trough
without partitions, filled with diluted acid. Although the
electrical intensity in this case must have been very low,
yet therc was but little reduction in the apparent intensity
of the spark. :

The spiral conductor produces however little or no in-
crease of effect when introduced into a galvanic circuit of
considerable intensity. Thus when the large spiral used in
experiments seven, eight, &c., was made to connect the
poles of two Cruickshanks troughs, each containing fifty-six
four inch plates, no greater cffect was perceived than with
a short thick wire; in both cases in making the contact a
feeble spark was given, attended with a slight deflagration
of the mercury. “The batteries at the same time were in
sufficiently intense action to give a disagreeble shock. It is
probable however that if the length of the coil were in-
creased in some proportion to the increase of intensity, an
increased effect would still be produced.

In operating with the apparatus described in the last exper-
7

ra
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iment, a phenomenon was observed in reference to the action
of the battery itself, which I do not recollect to have seen
mentioned, although it is intimately connected with the facts
of Magneto-electricity, as well as with the subject of these
investigations, viz.: When the body is made to form a part
of a galvanic circuit composed of a number of elements, a
shock is of course felt at the moment of completing the cir-
cuit. If the battery be not very large, little or no effect will
be perceived during the uninterrupted circulation of the gal-
vanic current; but if the circuit be interrupted by breaking
the contact at any point, a shock will be felt at the moment,
nearly as intense as that given when the contact was first
formed. The secondary shock is rendered more evident,
when the battery is in fecble action, by placing in the mouth
the end of one of the wires connected with the poles; a shock
and flash of light will be perceived when the circuit is com-
pleted, and also the same when the contact is broken at any
point, but nothing of the kind will be perceived in the inter-
mediate time, although the circuit may continue uninter-
rupted for some minutes. This I consider an important fact
in reference to the action of the voltaic current.

The phenomena described in this paper appear to be in-
timately counected with those of Magneto-electricity, and
this opinion I advanced with-the announcement of the first
fact of these rescarches in the American Jowrnal of Science.
They may I conceive be all referred to that species of dynam-
* icul Induction discovered by Mr. Faraday, which produces
the following phenomenon, namely: when two wires, 4 and
B, are placed side by side, but not in contact, and a voltaic
current is passed through A, there is a current produced in
B, but in an opposite direction. The current in B exists
only for an instant, although the current in 4 may be in-
definitely continued; but if the current in 4 be stopped,
there is produced in B a second current, in an opposite direc-
tion however to the first current.

The above fundamental fact in Magneto-electricity appears
to me to be a direct consequence of the statical principles of
“Electrical Induction” as mathematically investigated by

ATHERFORCE



1835] WRITINGS OF JOSEPH MENRY. 99

Cavendish, Poisson, and others. When the two wires 4 and
B are in their natural state, an equilibrium is sustained by
the attractions and repulsions of the two fluids in each wire;
or, according to the theory of Franklin and Cavendish, by
the attractions and repulsions of the one fluid, and the matter
of the two wires. If a current of free electricity be passed
through 4, the natural cquilibrium of B will be disturbed
for an instant, in a similar manner to the disturbance of the
equilibrium in an insulated conductor, by the sudden addi-
tion of fluid to a contiguous conductor. On account of the
repulsive action of the fluid, the current in B will have an
opposite direction to that in 4; and if the intensity of action
remains constant, a new state of equilibrium will be assumed.
The second state of B however may perhaps be regarded as
one of tension, and as soon as the extra action ceases in it,
the fluid in B will resumec its natural state of distribution,
and thus a returning current for an instant be produced.

The action of the spiral conductor in producing sparks, is
but another case of the samwe action; for since action and
reaction are equal- and in contrary directions, if a current
established in 4 produces a current in an opposite direction
in B, then a current transmitted through B should accelerate
or increase the intensity of a current already existing in the
same dircction in 4. In this way the current in the several
successive spires of the coil may be conceived to accelerate,
or to tend to accelerate each other; and when the contact is
broken, the fluid of the first spire is projected from it with
intensity by the repulsive action of the fluid in all the suc-
ceeding spires.

In the case of the double spiral conductor, in experiment
six, the fluid is passing in an opposite direction; and ac-
cording to the same views, a retardation or decrease of in-
tensity should take place.

The phenomenon of the secondary shock with the battery,
appears to me to be a consequence of the law of Mr. Faraday.
The parts of the human body contiguous to those through
which the principal current is passing, may be considered as
in the state of the second wire B; when the principal current
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ceases, a shock is produced by the returning current of the
natural electricity of the body.

If this explanation be correct, the same principle will
readily account for a curious phenomenon discovered several
years since by Savary, but which 1 believe still remains an :
isolated fact. When a current is transmitted through a wire,
and a number of small needles are placed transverse to it,
but at different distances, the direction of the magnetic
polarity of the ncedles varies with their distance from the
conducting wire. The action is also periodical; diminishing
as the distance increases, until it becomes zero; the polarity
of the needles is then inverted, acquires a maximum, de-
creases to zero again, and then resumes the first polarity;
several alternations of this kind being observed.*  Now this
is precisely what would take place if we suppose that the
principal current induces a secondary one in an opposite
direction in the air surrounding the conductor, and this
again another in an opposite direction at a great distance,
and so on. The needles at different distances would be acted
on by the different currents, and thus the phenomena de-
scribed be produced.

The action of the spiral is also probably connected with
the fact in common electricity called the lateral discharge:
and likewise with an appearance discovered some years since
by Nobili, of a vivid light, produced when a Leyden jar is
discharged through a flat spiral.

The foregoing views are not presumed to be given as ex-
hibiting the actual operation of nature in producing the
phenomena described, but rather as the hypotheses which
have served as the basis of my investigations, and which
may further serve as formule from which to deduce new
consequences to be established or disproved by experiment.

Many points of this subject are involved in an obscurity
which requires more precise and extended investigation: we
may however confidently anticipate much additional light
from the promised publication of Mr. Faraday’s late re-
searches in this branch of science.

*Cumming's Demonferrand, page 247; also Edinburgh Journal of Science,
October, 1826.
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NOTICE OF ELECTRICAL RESEARCHES—THE LATERAL
DISCHARGE.

(Report of British Association, 1837, vol. vI, part ii, pp. 22-24.)%
September, 1837.

The primary object of these investigations was to detect,
if possible, an inductive action in common electricity anal-
ogous to that discovered in a current of galvanism. For
this purpose an analysis was instituted of the phenomena
known in ordinary electricity by the name of the lateral
discharge. Professor Henry was induced to commence with
this from some remarks by Dr. Roget on the subject. The
method of studying the lateral spark consisted in catching
it on the knob of a small Leyden phial, and presenting this
to an electrometer. The result of the analysis was in ac-
cordance with an opinion of Biot that the lateral discharge
is due only to the escape of the small quantity of redundant
electricity which always exists on one or the other side of a
jar, and not to the whole discharge. The Professor then
stated several consequences which would flow from this,
namely, that we could increase or diminish the lateral action
by the séveral means which would affect the quantity of
redundant or as it may be called free electricity, such as
an increase of the thickness of the glass, or by substituting
for the small knob of the jar a large ball. But the arrange-
ment which produces the greatest effect is that of a long fine
copper wire, insulated parallel to the horizon, and terminated
at each end by a small ball. When sparks are thrown on
this from a globe of about a foot in diameter, the wire at
each discharge becomes beautifully luminous from one end
to the other, even if it be a hundred feet long. Rays are
given off on all sides perpendicular to the axis of the wire.
In this arrangement the electricity of the globe may be con-
sidered nearly all as free clectricity; and as the insulated

* [Re-printed in Silliman’s American Journal of Science, April, 1838, pp,
16-18.]
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wire contains its natural quantity, the whole spark is thrown
off in the form of a lateral discharge. But to explain these
“phenomena more fully, Professor Henry remarked that it
appeared necessary to add an additional postulate to our
theory of the principle of electricity, namely, a kind. of mo-
mentum, or inertia without weight. By this he would only
be understood to express the classification or generalization
of & number of facts which would otherwise be insulated.
To illustrate this, he stated that the same quantity of elec-
tricity could be made to remain on the wire if gradually
communicated; but when thrown on in the form of a spark
it is dissipated, as before deseribed. Other facts of the same
kind were mentioned; and also that we could take advantage
of the principle to procure a greater effect in the decompo-
sition of water by ordinary clectricity. The fact of a wire
becoming luminous by a spark was noticed by the celebrated
“Van Marum more than fifty years ago; but he ascribed it to
the immense power of the great Ilaarlem machine. The
cffect however can be produced, as before described, by a
cylinder of Nairn’s construction of seven inches in diameter,
a globe of a foot in diameter being placed in connection
with the prime conductor to increase its capacity.
Some experiments were next described in reference to the
induction of the lateral action of different dis-
( : charges on cach other.  When the long wire is
- arranged in two parallel but continuous lines
by bending the wire the outer side of each wire
only becomes luminous. When formed into
three parallel lines by a double bend the middle -
portion of the wire does not become luminous,
the outer sides only of the outer lines of wire exhibit the
rays. When the wire is formed into a flat spiral the outer
spiral alone exhibits the lateral discharge, but the light in
this case is very brilliant; the inner spirals appear to in-
crease the effect by induction.
Professor Ilenry stated that a metallic conductor inti-
mately connected with the earth at one end, does not silently
conduct the clectricity thrown in sparks on the other end.
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In one experiment described a copper wire one-eighth of an
inch in diameter was plunged at its lower end into the water
of a deep well, so as to form as perfect a connection with the
earth as possible. A small ball being attached to the upper
end and sparks passed on to this from the globe before men-
tioned a lateral spark could be drawn from any part of the
wire, and a pistol of Volta fired even near the surface of the
water. This effect was rendered still more striking by attach-
ing a ball to the middle of the perpendicular part of a light-
ning rod, put up according to the directions given by Gay-
Lussac. When sparks of about an inch and a half in length
were thrown on the ball corresponding lateral sparks could
be drawn not only from the parts of the rod between the
ground and the ball, but from the part above even to the
top of the rod. Some remarks were then made on the theory
of thunder-storms, as given by the French writers, in which
the cloud is considered as analogous in action to one coating
of a charged glass, the earth the other coating, and the air
between as the non-conducting glass. One very material
circumstance has been overlooked in this theory, namely,
the great thickness of the intervening stratum and the con-
sequent great quantity of free or redundant electricity in
the cloud. This must modify the nature of the discharge
from the thunder-cloud, and lead to doubt if it be perfectly
analogous to the discharge from an ordinary Leyden jar,
since the great quantity of redundant electricity must pro-
duce a comparatively greater lateral action; and hence, pos-
sibly, the ramifications of the flash and other similar phe-
nomena may be but cases of the lateral discharge.

Some facts were then mentioned on the phenomena of the
spark from a long wire charged with common or atmospheric
clectricity. It is well known that the spark in this case is
very pungent, resembling a shock from a Leyden jar. The
cffect does not appear to be produced, as is generally sup-
posed, by the high intensity of the electricity at the ends of
the wire by mere distribution, since this is incompatible
with the shortness of the spark. In one experiment fifteen
persons, joining hands, received a severe shock, (while stand-
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ing on the grass)) from a long wire. One of the number
only touched the conductor. The spark in this case was not
more than a quarter of an inch long. Several other anal-
ogous facts were mentioned, and the suggestion made that
the whole were probably the result of an inductive action in
the long wire, similar to that observed in a long.galvanic
current. The subject now required further investigation.

Professor Henry concluded by observing that the facts he
had given in this communication were such as must have
been noticed by every person who is in the habit of experi-
menting on ordinary electricity; but he believed these had
never been studied in this connection. He was anxious to
direct the attention of the Section to the subject as one which
appeared to afford an interesting ficld of research, particu-
larly in connection with the recent discoveries of the sur-
prising mductive actions of galvanic currents.
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THE LATERAL DISCHARGE OF ELECTRICITY.
(Proceedings of the American Philosophical Society, vol. 1, p. 6.)*
February 16, 1838.

Professor Henry made a verbal communication on the
lateral discharge of clectricity while passing along a wire,
as in the Leyden experiment, or communicated directly to
an insulated wire, or to a wire connected with the earth, and
detailed various experiments proving that free electricity is
not, under any circumstances, conducted silently to the
earth.

INDUCTION CURRENTS FROM ORDINARY ELECTRICITY. *
(Proceedings of the American Philosophicul Society, vol. 1, p. 14.)

May 4, 1838.

Dr. Patterson read a letter from Professor Henry, of Prince-
ton, dated May 4, 1838, announcing that in recent experi-
ments he has produced directly from ordirary electricity
currents by induction analogous to those obtained from gal-
vanism, and that he has ascertained that these currents pos-
sess some peculiar properties; that they may be increased
in intensity to an indcfinite degree, so that if a discharge
from a Leyden jar be sent through a good conductor a
shock may be obtained from a contiguous but perfectly in-
sulated conductor more intense than one directly from the
jar. Professor Henry remarks that he has also found that
all conducting substances screen the inductive action, and
that he has succeeded in referring this screening process to
currents induced for a moment in the interposed body.

*[The title-page of vol. I (comprising the proceedings from Jun., 1838,
to Dec., 1840,) bears date 1840.]
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INDUCED CURRENTS FROM ORDINARY ELECTRICITY.
(Procecdings of the American Philosophical Society, vol. 1, pp. 564-56.)
November 2, 1838.

Professor Henry read a paper entitled “Contributions to
Electricity and Magnetism, No. 3. On the Phenomena of
Electro-dynamic Induction.”

The primary object of the investigation undertaken by
the author was the discovery of induced currents from ordi-
nary electricity similar to those produced by galvanism.
Preparatory to this, a new investigation was instituted of
the phenomena of galvanic induction, and the result of this,
forms perhaps the most important part of the communica-
tion. A

The first section of the paper refers to the conditions
which influence the induction of a current on itself, as in
the case of a long wire and a spiral conductor. These are
shown to depend on the intensity and quantity of the bat-
‘ tery current, and on the length, thickness, and form of the
conductor.

The next section examines the conditions necessary to the
production of powerful secondary currents, and also the
changes which take place in the same when the form of the
battery and the size and form of the conductor are varied.

The important fact is shown that not only a current of
intensity can be induced by onc of quantity, but also the
converse—that a current of quantity can be produced by
one of intensity.

The third section relates to the effect of interposing dif-
ferent substances between the conductor which transmits
the current from the battery, and that which is arranged to
receive the induced current. All good conducting sub-
stances are found to screen the inducing action, and this
sereening effect is shown, by the detail of a variety of ex-
poriments, to be the result of the neutralizing action of a
current induced in the interposed body. This neutralizing
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‘current is separately examined, and its direction found to
be the same as that of the battery current. The question is
then raised, how two currents in the same direction can
counteract each other? An answer to this question is given
in a subsequent part of the paper.

The fourth section relates to the discovery of induced
currents of the third, fourth, and fifth orders; that is, to the
fact that the second current is found capable of inducing a
third current, and this latter again another, and soon. The
properties of these new currents are next examined, and the
screening influence is found to take place between them;
quantity is induced from intensity, and conversely; magne-
tism is developed in soft iron, decomposition is effected, and
intense shocks are obtained, even from the current of the
fourth order. A remarkable and important fact is stated in
reference to the direction of these currents. If the direction
of the battery current and that of the second be called plus,
then the direction of the third current will be minus, of
the fourth current plus, of the fifth minus, and so on. The
application of the fact of these alternations is made to the
explanation of the phenomenon of screening hefore men-
tioned, and also to the improvement of the magneto-electri-
cal machine.

The last part of the paper relates to the discovery of
secondary currents, and of currents of the several orders, in
the discharge of ordinary electricity. Shocks arc obtained
from these, the screening influence of good conductors is
shown to take place, magnetism is developed, and the alter-
nations in the direction are found to exist as in the cur-
rents from galvanic induction. Some remarkable results are
given in reference to the great distance at which the induc-
tion takes place. Experiments are detailed in which needles
were made magnetic when the conductors were removed to
the distance of twelve feet from each other.

Prof. Henry made a verbal communication during the
course of which he illustrated experimentally the pheno-
mena developed in his paper.

”~
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CONTRIBUTIONS TO ELECTRICITY AND MAGNETISM. No. IIIL

ON ELECTRO-DYNAMIC INDUCTION.

(Transactions American Philosophical Society, n. s., vol. vi, pp. 303-337.)*
Read November 2, 1838. "

INTRODUCTION.

1. Since my investigations in reference to the influence
of a spiral conductor, in increasing the intensity of a gal-
~ vanic current, were submitted to the Society, the valuable
paper of Dr. Faraday, on the same subject, has been pub-
lished, and also various modifications of the principle have
been made by Sturgeon, Masson, Page, and others, to increase
the effects. The spiral conductor has likewise been applied
by Cav. Antinori to producc a spark by the action of a
thermo-electrical pile; and Mr. Watkins has succeeded in ex-
hibiting all the phenomena of hydro-electricity by the same
means. Although the principle has been much extended
by the researches of Dr. Faraday, yet I am happy to state
that the results obtained by this distinguished philosopher
are not at variance with those given in my paper.

2. I now offer to the Socicty a new series of investigations
in the same line, which I hope may also be considered of
sufficient importance to merit a place in the Transactions.

3. The primary object of these investigations was to dis-
cover, if possible, inductive actions in common clectricity
analogous to those found in galvanism. For this purpose a
scries of experiments was commenced in the spring of 1836,
but I was at that time diverted, in part, from the immediate
object of my research, by a new investigation of the phe-
nomenon known in common clectricity by the name of the
lateral discharge. Circumstances prevented my doing any-
thing further, in the way of experiment, until April last,
when most of the results which I now offer to the Society
were obtained. The investigations are not as complete in
several points as I could wish, but as my duties will not per-

* [The title page of vol. vI bears date 1839.]
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mit me to resume the subject for some months to come, I
therefore present them as they are; knowing, from the in-
terest excited by this branch of science in every part of the
world, that the errors which may exist will soon be detected,
and the truths be further developed. '

4. The experiments are given nearly in the order in which
‘they were made; and in general they are accompanied by the
reflections which led to the several steps of the investigation.
The whole series is divided, for convenience of arrangement,
into six sections, although the subject may be considered as
consisting, principally, of two parts. The first relating to a
new examination of the induction of galvanic currents; and
the second to the discovery of analogous results in the dis-
charge of ordinary electricity.

5. The principal articles of apparatus used in the experi-
ments, consist of a number of flat coils of copper ribbon,
which will be designated by the names of coil No. 1, coil No.

Fi1a. 1.—a represents coil No. 1, b coil No. 2, and ¢ coil No. 3; e the
battery, d the rasp.

2, &c.; also of several coils of long wire; and these, to dis-
tinguish them from the ribbons, will be called helix No. 1,
helix No. 2, &e.

6. Coil No. 1 is formed of thirteen pounds of copper plate,
one inch and a half wide and ninety-three feet long. Tt is
well covered with two coatings of silk, and was generally
used in the form represented in Fig. 1, which is that of a
flat spiral sixteen inches in diameter. It washowever some-

ATHERFORCE



110 WRITINGS OF JOSEPH HENRY. (1838

times formed into a ring of larger diameter, as is shown in
Fig. 4, Section 111

7. Coil No. 2 is also formed of copper plate, of the same
width and thickness as coil No. 1. It is however only sixty
feet long. Itsform isshown at b, Fig. 1. The opening at the
centre is sufficient to admit helix No. 1. Coils No. 3, 4, 5, 6,
&c., are all about sixty feet long, and of copper plate of the
same thickness, but of half the width of coil No. 1.

8. Helix No 1 consists of sixteen hundred and sixty yards
of copper wire, 4!sth of an inch in diameter. No. 2, of nine

a b 0

Fi16. 2.—a represents helix No.'1, b helix No."2, ¢ helix No. &.

hundred and ninety yards; and No. 3, of three hundred and
fifty yards, of the same wire. These helices are shown in Fig.
2, and are so adjusted in size as to fit into cach other; thus
forming one long helix of three thousand yards: or, by using
them separately, and in different combinations, seven helices
of different lengths. The wire is covered with cotton thread,
saturated with beeswax, and between cach stratum of spires
a coating of silk is interposed.

9. Helix No. 4 is shown at a, Fig. 4, Scction 111; it is
formed of five hundred and forty-six yards of wire, ;!5th of
an inch in diameter, the several spires of which are insulated
by a coating of cement. Helix No.5 consists of fifteen hun-
dred yards of silvered copper wire, t3zth of an inch in diain-
cter, covered with cotton, and is of the form of No. 4.

10. Besides these I was favored with the loan of a large

- spool of copper wire, covered with cotton, {5th of an inch in
diameter, and five miles long. It is wound on a small axis
of iron, and forms a solid cylinder of wire, eighteen inches
long, and thirteen in diameter.

11. For determining the direction of induced currents, a
magnetizing spiral was generally used, which consists of
about thirty spires of copper wire, in the form of a cylinder,
and so small as just to admit a sewing needle into the axis.
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12. Also a small horseshoe is frequently referred to, which
is formed of a piece of soft iron, about three inches long, and
#ths of an inch thick; each leg is surrounded with about
five feet of copper bell wire. This length is so small, that
only a current of electricity of considerable quantity can
develop the magnetism of the iron. The instrument is used
for indicating the existence of such a current.

13. The battery used in most of the experiments is shown
in Fig. 1. Itisformed of three concentric cylinders of copper,
and two interposed cylinders of zine. It is about eight
inches. high, five inches in diameter, and exposes about one
square foot and three quarters of zinc surface, estimating
both sides of the metal. In some of the experiments a
larger battery was used, weakly charged, but all the re-
sults mentioned in the paper except those with a Cruick-
shank trough, can be obtained with one or two batteries of
the above size, particularly if excited by a strong solution.
The manner of interrupting the circuit of the conductor by
means of a rasp b, is shown in the same Figure.

SECTION 1.

Conditions which influcnce the induction of a Current on itsclf.

14. The phenomenon of the spiral conductor is at present
known by the name of the induction of a current on itself, to
distinguish it from the induction of the secondary current,
discovered by Dr. Faraday. The two however belong to
the same class, and experiments render it probable that the
spark given by the long conductor is, from the natural elec-
tricity of the metal, disturbed for an instant by the induc-
tion of the primary current. Before proceeding to the other
parts of these investigations, it is important to state the re-
sults of a number of preliminary cxperiments, made to de-
termine more definitely the conditions which influence the
action of the spiral conductor.

15. When the electricity is of low intensity, as in the case
. of the thermo-electrical pile, or a largesingle battery weakly
excited with dilute acid, the flat ribbon coil No. 1, ninety-
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three feet long, is found to give the most brilliant deflagra-
tions, and the loudest snaps from a surface of mercury. The -
shocks, with this arrangement, are however very feeble, and
can only be felt in the fingers or through the tongue.

16. The induced current in a short coil, which thus pro-
duces deflagration, but not shocks, may, for distinction, be
called one of quantity.

17. When the length of the coil is increased, the battery
continuing the same, the deflagrating power decreases, while
the intensity of the shock continually increases. With five
ribbon coils, making an aggregate length of three hundred
feet, and the small battery, Fig. 1, the deflagration is less
than with coil No. 1, but the shocks are more intense.

18. There is however a limit to this increase of intensity
of the shock, and this takes place when the increased resist-
ance or diminished conduction of the lengthened coil begins
to counteract the influence of the increasing length of the
current. The following experiment illustrates this fact. A
coil of copper wire f5th of an inch in diameter, was increased
in length by successive additions of about thirty-two feet at
a time. After the first two lengths, or sixty-four feet, the
brilliaucy of the spark began to decline, bi:t the shocks con-
stantly increased in intensity, until a length of five hun-
dred and seventy-five feet was obtained, when the shocks also
began to decline. This was then the proper length to pro-
duce the maximum effect with a single battery, and a wire
of the above diameter.

19. When the intensity of the electricity of the battery is
increased, the action of the short ribbon coil decreases. With
a Cruickshank’s trough of sixty plates, four inches square,
scarcely any peculiar effect can be observed, when the coil
forms a part of the circuit. If however the length of the coil
be increased in proportion to the intensity of the current,
then the inductive influence becomes apparent.  'When the
current, from ten plates of the above mentioned trough, was
passed through the wire of the large spool (10), the induced
shock was too severe to be taken through the body. Again,
when a small trough of twenty-five one-inch plates, which
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alone would give but a very feeble shock, was used with
helix No. 1, an intense shock was received from the induc-
tion, when the contact was broken. Also a slight shock in
this arrangement is given when the contact is formed, but
it is very feeble in comparison with the other. The spark
however with the long wire and compound battery is not as
brilliant as with the single battery and the short ribbon coil.

20. When the shock is produced from a long wire, as in
the last experiments, the size of the plates of the battery
may be very much reduced, without a corresponding reduc-
tion of the intensity of the shock. This is shown in an ex-
periment with the large spool of wire (10). A very small

_compound battery was formed of six pieces of copper bell-
wire, about one inch and a half long, and an equal number
of pieces of zinc of the same size. When the current from
this was passed through the five miles of the wire of the spool,
the induced shock was given at once to twenty-six persons
joining hands. This astonishing effect placed the action of
a coil in a striking point of view.

21. With the same spool and the single battery used in
the former experiments, no shock, or at most a very feeble
one, could be obtained. A current however was found to
pass through the whole length, by its action on the galva-
nometer ; but it was not sufficiently powerful to induce a cur-
rent which could counteract the resistance of so long a wire.

22. The induced current in these experiments may be con-
sidered as one of considerable ““ intensity,” and small “ quantity.”

23. The form of the coil has considerable influence on the
intensity of the action. In the experiments of Dr. Faraday,
a long cylindrical coil of thick copper wire, inclosing a rod
of soft iron, was used. This form produces the greatest of-
fect when magnetic reaction is employed ; but in the case of
simple galvanic induction, I have found the form of the coils
and helices represented in the figures most effectual. The
several spires are more nearly approximated, and therefore
they exert a greater mutual influence. In some cases, as
will. be seen hercafter, the ring form, shown in Fig. 4, is
most effectual.

8
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24. In all cases the several spires of the coil should be well
insulated, for although in magnetizing soft iron, and in anal-
ogous experiments, the touching of two spires is not attended
with any great reduction of action; yet in the case of the
induced current, as will be shown in the progress of these
investigations, a single contact of two spires is sometimes
sufficient to neutralize the whole effect.

25. It must be recollected that all the experiments with
these coils and helices, unless otherwise mentioned, are made
without the reaction of iron temporarily magnetized; since -
the introduction of this would in some cases interfere with
the action, and render the results more complex.

SECTION II.

Conditions which influence the production of Secondary Currents.

26. The secondary currents, as it is well known, were dis-
covered in the introduction of magnetism and electricity, by
Dr. Faraday, in 1831. But he was at that time urged to the
exploration of new,and apparently richer veins of scicnce,and
left this branch to be traced by others. Since then however
attention has been almost exclusively directed to onc part of
the subject, namely, the induction from magnetism, and the
perfection of the magneto-electrical machine: and I know
of no attempts, except my own, to review and extend the
purely clectrical part of Dr. Faraday’s admnirable discovery.

27. The energetic action of the flat coil, in producing the
induction of a current on itself, led me to conclude that it
would also be the most proper means for the exhibition and
study of the phenomena of the sccondary galvanic currents.

28. For this purpose coil No. 1 was arranged to reccive the
current from the small battery, and coil No. 2 placed on this,
with a plate of glass interposed to insure perfect insulation;
as often as the circuit of No. 1 was interrupted, a powerful .
secondary current was induced in No. 2. The arrangement
is the same as that cxhibited in Fig. 3, with the exception
that in this the compound helix is represented as receiving
the induction, instead of coil No. 2.
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29. When the ends of the second coii were rubbed together,
a spark was produced at the opening. When the same ends

F1a. 3.—a represents coil No. 1, b helix No. 1, and ¢, d, handles for receiv-
ing the shock.

were joined by the wmagnetizing spiral (11), the enclosed
needle became strongly magnetic. Also when the secondary
current was passed through the wires of the iron horseshoe
(12), magnetism was developed; and when the ends of the
second coil were attached to a small decomposing apparatus,
of the kind which accompanies the magneto-electrical ma-
chine, a stream of gas was given off at each pole. The shock
however from this coil is very feeble, and can scarce]y be
felt above the fingers.

30. This current has therefore the properties of onc of
moderate “intensity,” but considerable “quantity.”

31. Coil No. 1 remaining as before, a longer coil, formed
. by uniting Nos. 3, 4, and 5, was substituted for No.2. With
this arrangement, the spark produced when the ends were
rubbed together, was not as brilliant as before; the magnet-
izing power was much less; decomposition was nearly the
same, but the shocks were more powerful, or in other words
the “intensity ” of the induced current was increased by an
increase cf the length of the coil, while the “quantity ” was
apparently decreased.

32. A compound helix, formed by uniting Nos. 1 and 2,
and thercfore containing two thousand six hundred and fifty
yards of wire, was next placed on coil No.1. The weight of
this helix happened to be precisely the sawme as that of coil
No. 2, and hence the different effects of the same quantity of
metal in the two forms of a long and short conductor, could
becompared. With thisarrangement the magnetizing effects,
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with the apparatus before mentioned, disappeared. The
sparks were much smaller, and also the decomposition less,
than with the short coil ; but the shock was almost too intense
to be received with impunity, except through the fingers of
one hand. A circuit of fifty-six of the students of the senior
* class, received it at once from a single rupture of the battery
current, as if from the discharge of a Leyden jar weakly
charged. The secondary current in this case was one of.
small quantity, but of great intensity.

33. The following experiment is important in establishing
the fact of a limit to the increase of the intensity of the shock,
as well as the power of decomposition, with a wire of a given
diameter. Helix No. 5, which consists of wire only t}zth
of an inch in diameter, was placed on coil No. 2, and its
length increased to about seven hundred yards. With this
extent of wire, neither decomposition nor magnetism could
be obtained, but shocks were given of a peculiarly pungent
nature; they did not however produce much muscular action.
The wire of the helix was further increased to about fifteen
hundred yards the shock was now found to be scarcely per-
ceptible in the fingers.

34. As a counterpart to the last experiment, coil No. 1 was
formed into a ring of sufficient internal diameter to admit
the great spool of wire (11), and with the whole length of
this (which, as has before been stated, is five miles) the shock
was found so intense as to be felt at the shoulder, when
passed only through the forefinger and thumb. Sparks and
decomposition were also produced, and needles rendered mag-
netic. The wire of this spool is {sth of an inch thick, and
we therefore sec from this experiment, that by increasing
the diameter of the wire, its length may also be much in-
creased, with an increased effect.

35. The fact (33) that the induced current is diminished
by a further increase of the wire, after a certain length has
been attained, is important in the construction of the mag-
neto-clectrical machine, since the same effect is produced in
the induction of magnetism. .Dr. Goddard of Philadelphia,
to whom I am indebted for coil No. 5, found that when its
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whole length was wound on the iron of a temporary magnet,
no shocks could be obtained. The wire of the machine may
therefore be of such a length, relative to its diameter, as to
produce shocks, but no decomposition; and if the length be
still further increased, the power of glvmg shocks may also
become neutralized.

36. The inductive action of coil No. 1, in the foregoing
experiments, is precisely the same as that of a temporary
magnet in the case of the magneto-electrical machine. A
short thick wire around the armature gives brilliant defla-
grations, but a long one produces shocks. This fact, I be-
lieve, was first discovered by my friend Mr. Saxton, and
afterwards investigated by Sturgeon and Lentz.

37. We might, at first sight, conclude, from the perfect
similarity of these effects, that the currents which, according
to the theory of Ampere, exist in the magnet, are like those
in the short coil, of great quantity and feeble intensity; but
succeeding experiments will show that this is not necessarily
the case. :

38. All the experiments given in this section have thus far
been made with a battery of a single element. This condi-
tion was now changed, and a Cruickshank trough of sixty
pairs substituted. When the current from this was passed
through the ribbon coil No. 1, no indication, or a very feeble
one, was given of a secondary current in any of the coils or
helices, arranged as in the preceding experiments. The
length of the coil, in this case, was not commensurate with
the intensity of the current from the battery. But when
the long helix, No. 1, was placed instead of coil No. 1, a
powerful inductive action was produced on each of the
articles, as before.

39. First, helices No. 2 and 3 were united into one, and
placed within helix No. 1, which still conducted the battery
current. With this disposition a secondary current was pro-
duced, which gave intense shocks but feeble decomposition,
and no magnetism in the soft iron horseshoe. It was there-
fore one of intensity, and was induced by a battery current
also of intensity.
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40. Instead of the helix used in the last experiment for
receiving the induction, one of the coils (No. 3) was now
. placed .on helix No. 1, the battery remaining as before.
With this arrangement the induced current gave no shocks,
but it magnetized the small horseshoe; and when the ends
of the coil were rubbed together, produced bright sparks.
It had therefore the properties of a current of quantity; and
it was produced by the induction of a current, from a battery,
of intensity. ‘

41. This experiment was considered of so much impor-
tance, that it was varied and repeated many times, but always
with the same result; it therefore establishes the fact that an
“intensity” current can induce one of “quantity,” and, by the
preceding experiments, the converse has ulso been shown,
that a “quantity” current can induce one of “ intensity.”

42. This fact appears to have an important bearing on the
law of the inductive action, and would seem to favor the
supposition that the lower coil, in the two experiments with
the long and short secondary conductors, exerted the same
amount of inductive force, and that in one case this was
expended (to use the language of theory) in giving a great
velocity to a small quantity of the fluid, and in the other in
producing a slower motion in a larger current; but in the
two cases, were it not for the increased resistance to conduc-
tion in the longer wire, the quantity multiplied by the
square of the velocity would be the same. This however
is as yet a hypothesis, but it enables us to conceive how in-
tensity and quantity may both be produced from the same
induction.

43. From some of the foregoing experiments we may con-
clude, that the quantity of electricity in motion in the helix
is really less than in the coil, of the same weight of metal;
but this may possibly be owing simply to the greater resist-
ance offered Ly the longer wire. It would also appear, if
the above reasoning be correct, that to produce the most
energetic physiological effects, only a small quantity of elec-
tricity, moving with great velocity, is necessary.

44. In this and the preceding section, I have attempted
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to give only the general conditions which influence the gal-
vanic induction. To establish the law would require a great
number of more refined experiments, and the consideration
of several circumstances which would affect the results, such
as the conduction of the wires, the constant state of the bat-
tery, the method of breaking the circuit with perfect regu-
larity, and also more perfect means than we now possess of
measuring the amount of the inductive action; all these
circumstances render the problem very complex.

SECTION 1II.
On the Induction of Secondary Currents at a distance.

45. Inthe experiments given in the two preceding Sections,
the conductor which received the induction, was separated
from that which transmitted the primary current by the
thickness only of a pane of glass; but the action from this
arrangement ‘was so energetic, that I was naturally led to
try the effect at a greater distance.

46. For this purpose coil No. 1 was forméd into a ring of
about two feet in diameter, and helix No. 4 placed as is shown

F16. 4.—a represents helix No. 4, b coil No. 1, in the form of a ring.

in the figure. When the helix was at the distance of about
sixteen inches from the middle of the plane of the ring,
shocks could be perceived through the tongue, and these
rapidly increased in intensity as the helix was lowered, and
when it reached the plane of the ring they were quite severe.
The effect however was still greater, when the helix was

-~
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moved from the centre to the inner circumference, as at c:
but when it was placed without the ring, in contact with
the outer circumference, at b, the shocks were very slight;
and when placed within, but its axis at right angles to that
of the ring, not the least effect could be observed.

47. Witha little reflection, it will be evident that this
- arrangement is not the most favorable for exhibiting the
induction at a distance, since the side of the ring, for ex-
ample, at ¢, tends to produce a current revolving in one
direction in the near side of the helix, and another in an
opposite direction in the farther side. The resulting effect
is therefore only the difference of the two, and in the position
as shown in the figure; this difference must be very small,
since the opposite sides of the helix are approximately at the
same distance from c¢. But the difference of action on the
two sides constantly increases as the helix is brought near
the side of the ring, and becomes a maximum when the two
are in the position of internal contact. A helix of larger
diameter would-therefore produce a greater eflect.

48. Coil No. 1 remaining as before, helix No. 1, which is
nine inches in diameter, was substituted for the small helix
of the last experiment, and with this the effect at a distance
was much increased. When coil No. 2 was added to coil
No. 1, and the currents from two small batteries sent through
these, shocks were distinctly perceptible through the tongue,
when the distance of the planes of the coils and the three
helices, united as one, was increased'to thirty-six inches.

49. The action at a distance was still further increased by
coiling the long wire of the large spool into the form of a
ring of four feet in diameter, and placing parallel to this
another ring, formed of the four ribbons of coils No. 1, 2, 3,
and 4. When a current from a single battery of thirty-five
feet of zinec surface was passed through the ribbon conductor,
shocks through the tonguc were felt when the rings were
separated to the distance of four feet. As the conductors
were approximated, the shocks became more and more severe;
and when at the distance of twelve inches, they could not be
taken through the body.
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50. It may be stated in this connection, that the galvanic
induction of magnetism in soft iron, in reference to distance,
is also surprisingly great. A cylinder of soft iron, two inches
" in diameter and one foot long, placed in the centre of the
ring of copper ribbon, with the battery above mentioned,
becomes strongly magnetic.
~ 51. T may perhaps be excused for mentioning in this com-
munication that the induction at a distance affords the means
of exhibiting some of the most astonishing experiments, in
the line of physique amusante, to be found perhaps in the
whole course of science. I will mention one which is some-
what connected with the experiments to be described in the
next section, and which exhibits the action.in a striking
manner. This consists in causing the induction to take place
through the partition wall of two rooms. For this purpose
coil No. 1 is suspended against the wall in one room, while
a person in the adjoining one receives the shock, by grasping
the handles of the helix, and approaching it to the spot
opposite to which the coil is suspended. The effect is as if
by magic, without a visible cause. It is best produced
through a door, or thin wooden partition.

52. The action at a distance affords a simple method of
graduating the intensity of the shock in the case of its appli-
cation to medical purposes. The helix may be suspénded
by a string passing over a pulley, and then gradually low-
ered down towards the plane of the coil, until the shocks are
of the required intensity. At the request of a medical friend,
I have lately administered the induced current precisely in
this way, in a case of paralysis of a part of the nerves of the
face. :

53. I may also mention that the energetic action of the
spiral conductors enables us to imitate, in a very striking
manner the inductive-operation of the magneto-electrical
machine, by means of an uninterrupted galvanic current.
For this purpose it is only necessary to arrange two coils to
represent the two poles of a horseshoe magnet, and to cause
two helices to revolve past them in a parallel plane. While
a constant current is passing through each coil, in opposite
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directions, the effect of the rotation of the helices is precisely
the same as that of the revolving armature in the machine.

54. A remarkable fact should here be noted in reference
to helix No. 4, which is connected with a subsequent part
of the investigation. This helix is formed of copper wire,
the spires of which are insulated by a coating of cement in-
stead of thread, as in the case of the others. After being used
in the above experiments, a small discharge from a Leyden
jar was passed through it, and on applying it again to the
coil, I was much surprised to find that scarcely any signs of
a secondary current could be obtained.

55. The discharge had destroyed the insulation in some
part, but this was not sufficient to prevent the magnetizing
of a bar of iron introduced into the opening at the centre.
The effect appeared to be confined to the inductive action.
The same accident had before happened to another coil of
nearly the same kind. It was therefore noted as one of some
importance. An explanation was afterwards found in a
peculiar action of the secondary current.

SECTION IV.

On the Effects produced by interposing different Substances be-
tween the Conductors.

56. Sir H. Davy found, in magnetizing needles by an
electrical discharge, that the effect took place through in-
terposed plates of all substances, conductors and non-con-
ductors.* The experiment which I have given in para-
graph 51 would appear to indicate that the inductive action
which produces the secondary current might also follow the
same law.

57. To test this the compound helix was placed about five
inches above coil No. 1, Fig. 5, and a plate of sheet iron,
about f5th of an inch thick, interposed. With this arrange-
ment no shocks could be obtained; although, when the
plate was withdrawn, they were very intense.

68. It was at first thought that this effect might be pe-

* Philosophical Transactions, 1821.
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culiar to the iron, on account of its temporary magnetism ;
but this idea was shown to be erroneous by substituting a

F16 5.—a represents coil No. 1, b helix No. 1, and ¢ an interposed plate of
metal.

plate of zinc of about the same size and thickness. With

this the screening influence was exhibited as before.

59. After this a variety of substances was interposed in
succession, namely, copper, lead, mercury, acid, water, wood,
glass, &c.; and it was found that all the perfect conductors,
such as the metals, produced the screening influence; but
nonconductors, as glass, wood, &c., appeared to have no ef-
fect whatever.

60. When the helix was separated from the coil by a dis-
tance only equal to the thickness of the plate, a slight sensa-

“tion could be perceived even when the zinc of {5 of an inch

in thickness was interposed. 'This effect was increased by
increasing the quantity of the battery current. If the thick-
ness of the plate was diminished, the induction through it be-
came more intense. Thus a sheet of tinfoil interposed pro-
duced no perceptible influence; also four sheets of the same
were attended with the same result. A certain thickness of
metal is therefore required to produce the screening effect,
and this thickness depends on the quantity of the current
from the battery. '

61. The idea occurred to me that the screening might, in
some way, be connected with an instantaneous current in-the
plate, similar to that in the induction by magnetic rotation
discovered by M. Arago. The ingenious variation of this
principle by Messrs. Babbage and Herschel, furnished me
with a simple method of determining this point.
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62. A circular plate of lead was interposed, which caused
the induction in the helix almost entirely to disappear. A
slip of the metal was then cut out in the direction of a radius

of the circle, as is shown in Fig. 6. With the
@ plate in this condition, no screening was pro-
duced; the shocks were as intense as if the
F16.6.—a rep- »
resents a lead Metal were not present.
plate, of which 63 This experiment however is not entirely

e sector b is | K . .
cut out. satisfactory, since the action might have taken
place through the opening of the lead ; to obviate this ob-
Jjection, another plate was cut in the same manner, and the
two interposed with a glass plate between them, and so ar-
ranged that the opening in the one might be covered by the
continuous part of the other. Still shocks were obtained
with undiminished intensity.

64. But the existence of a current in the interposed con-

ductor was rendered certain by attaching the magnetizing
spiral by means of two wires to the edge of the opening in
the circular plate, as is shown in Fig. 7. By this arrange-
. mentthelatent current wasdrawn
“ out, and its direction obtained by
S~ the polarity of a needle placed in
F16. 7.—a represents a lead plate, the spiral at b.

b the magnetizing spirul. 65. This current was a second-
ary one, and its direction, in conformity with the discovery
of Dr. Faraday, was found to be the same as that of the
primary current.

66. That the screening influence is in some way produced
by the neutralizing action of the current thus obtained, will
be clear, from the following experiment. The plate of zinc
before mentioned, which is nearly twice the diameter of the
helix, instead of being placed between the conductors, was
put on the top of the helix, and in this position, although
the neutralization was not as perfect as before, yet a great
reduction was observed in the intensity of the shock.

G7. But here a very interesting and puzzling question oc- -
curs. How does it happen that two currents, both in the
same direction, can neutralize cach other? I was at first
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disposed to consider the phenomenon as a case of real elec-
trical interference, in which the impulses succeed each other
by some regular interval. But if this were true the effect
should depend on the length and other conditions of the
current in the interposed conductor. In order to investigate
this, several modifications of the experiments were instituted.

68. First a flat coil (No. 3) was interposed instead of the
plates. 'When the two ends of this wereseparated, the shocks
were received as if the coil were not present; but when the
ends were joined, so as to forra a perfect metallic circuit, no
shocks could be obtained. The necutralization with the coil
in this experiment was even more perfect than with the plate.

69. Again, coil No. 2,in the form of a ring, was placed
not between the conductors, but around the helix. With
this disposition of the apparatus, and the ends of the coil
joined, the shocks were scarcely perceptible, but when the
ends were separated, the presence of the coil has no effect.

70. Also when helix No. 1 and 2 were together submitted
to the influence of coil No. 1, the ends of the one being joined,
the other gave no shock.

71. The experiments were further varied by placing helix
No. 2 within a hollow cylinder of sheet brass, and this
again within coil No. 2 in a manner similar to that shown
in Fig. 12, which is intended to illustrate another experi-
ment. In this arrangement the neutralizing action was ex-
hibited, as in the case of the plate.

72. A hollow cylinder of iron was next substituted for the
one of brass, and with this also no shocks could be obtained.

73. From these experiments it is evident that the neutral-
ization takes place with currents in the interposed or ad-
joining conductors of all lengths and intensities, and there-

fore cannot, as it appears to me, be referred to the interfor- -

ence of two systems of vibrations.

74. This part of the investigation was, for a time, given
up almost in despair, and. it was not until new light had
been obtained from another part of the inquiry, that any
further advances could be made towards a solution of the
mystery.
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75. Before proceeding to the next Section, I may here
state that the phenomenon mentioned, paragraph 54, in ref-
erence to helix No. 4, is connected with the neutralizing ac-
tion. The electrical discharge having destroyed the insula-
tion at some point, a part of the spires would thus form a
shut circuit, and the induction in this would counteract the
action in the other part of the helix; or in other words, the
helix was in the same condition as the two helices mentioned
in paragraph 70, when the ends of the wire of one were
Jjoined.

76. Also the same principle appears to have an important
bearing on the improvement of the magneto-electrical ma-
chine: since the plates of metal which sometimes form the
ends of 'the spool containing the wire, must necessarily di-
minish the action, and also from experiment of paragraph 72
the armature itself may circulate a closed current which
will interfere with the intensity of the induction in the sur-
rounding wire. I am inclined to believe that the increased
effect observed by Sturgeon and Calland, when a bundle of
wire is substituted for a solid piece of iron, is at least in part
due to the interruption of these currents. I hope to resume
this part of the subject, in connection with several other
points, in another communication to the Society.

77. The results given in this Section may, at first sight,
be thought at variance with the statements of Sir H. Davy,
that needles could be magnetized by an electrical discharge
with conductors interposed. But from his method of per-
forming the experiment, it is evident that the plate of metal
was placed between a straight conductor and the needle. The
arrangement was therefore similar to the interrupted circuit
in the experiment with the cut plate (62), which produces
no screening effect. Had the plate heen curved into the
form of a hollow cylinder, with the two ends in contact, and
the needle placed within this, the effect would have been
otherwise.
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SECTION V.

On the Production and Properties of induced Currents of the
Third, Fourth, and Fifth order.

78. The fact of the perfect neutralization of the primary
current by a secondary, in the interposed conductor, led me
to conclude that if the latter could be drawn out, or separated
from the influence of the former, it would itself be capable
of producing a new induced current in a third conductor.

79. The arrangement exhibited in Fig. 8 furnishes a ready

F1a. 8.—a coil No. 1, b coil No. 2, ¢ coil No. 3,d helix No. 1.

means of testing this. The primary current, as usual, is
passed through coil No. 1, while coil No. 2 is placed over
this to receive the induction, with its ends joined to those of
coil No. 3. By this disposition the sccondary current passes
through No. 3; and since this is at a distance, and without
the influence of the primary, its separate induction will be
rendered manifest by the effects on helix No. 1. When th¢
handles e, f, are grasped a powerful shock is received, prov-
ing the induction of a tertiary current.

80. By a similar but more extended arrangement, as shown
in Fig. 9, shocks were received from currents of a fourth and
fifth order; and with a more powerful primary current, and
additional coils, a still greater number of successive induc-
tions might be obtained.

81. The induction of currents of different orders, of suf-
ficient imtensity to give shocks, could scarcely have been
anticipated from our previous knowledge of the subject.
The secondary current consists as it were of a single wave

.
.
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of the natural electricity of the wire, disturbed but for an
instant by the induction of the primary; yet this has the
power of inducing another current, but little inferior in
energy to itself, and thus produces effects apparently much
greater in proportion to the quantity of clectricity in motion
than the primary current.

82. Some difference may be conceived to exist in the action
of the induced currents, and that from the battery, since they
are apparently different in nature; the one consisting, as we
may suppose, of a single impulse, and the other of a succes-
sion of such impulses, or a continuous action. It was there-
fore important to investigate the properties of these currents,
and to compare the results with those before obtained.

83. First, in reference to the intensity, it was found that
with the small battery a shock could be given from the cur-
rent of the third order to twenty-five persons joining hands;
also shocks perceptible in the arms were obtained from a
current of the fifth order.

84. The action at a distance was also much greater than
could have been anticipated. In one experiment shocks
from the tertiary current were distinctly felt through the
tongue, when helix No. 1 was at the distance of eighteen
inches above the coil transmitting the secondary current.

85. The same screening effects were produced by the in-
terposition of plates of metal between the conductors of the
different orders, as those which have been described in refer-
ence to the primary and sccondary currents.

86. Also when the long helix is placed over a secondary
current generated in a short coil, and which is therefore, as
we have before shown, one of quantity, a tertiary current of
intensity is produced.

87. Again, when the intensity current of the last experi-
ment is passed through a second helix, and another coil is
placed over this, a quantity current is again produced.
Therefore in the case of these currents, as in that of the pri-
mary, a quantity current can be induced from one of intensity,
and the converse. By the arrangement of the apparatus as
shown in Fig. 9, these different results are exhibited at once.

ATHERFORCE



1838) WRITINGS OF JOSEPH HENRY. : 129

The induction from coil No. 3 to helix No. 1 produces an
intensity current, and from helix No. 2 to coil No. 4 a quan-
tity current.

(=< ey,
- il

F1a. 9.—a coil No. 1, b coil No. 2, ¢ coil No. 3, d helix*No. 1, ¢ helix No. 2
and 3, f coil No. 4, and g magnetizing spiral.

88. If the ends of coil No. 2,as in the arrangement of Fig.
8, be united to helix No. 1 instead of coil No. 3, no shocks
can be obtained ; the quantity current of coil No. 2 appears
not to be of sufficicnt intensity to pass through the wire of
the long helix.

89. Also, no shocks can be obtained from the handles
attached to helix No. 2, in the arrangement exhibited in Fig.

F16. 10.—a coil'No. 1, b helix No. 1, ¢ coil No. 3, and d helix No. 3.

10. TIn this case the quantity of electricity in the current
from the helix appears to be too small to produce any effect,
unless its power is multiplied by passing it through a con-
ductor of many spires.

90. The next inquiry was in refercnce to the direction of
these currents, and this appeared important in connection
with the nature of the action. The experiments of Dr. Fara-
day would render it probable, that at the beginning and
ending of the secondary current, its induction on an adjacent
wire is in contrary directions, as is shown to be the case in
the primary current. But the whole action of a secondary

current is so instantancous, that the inductive cffects at the
9
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beginning and ending cannot be distinguished from each
other, and we can only observe a single impulse, which
however may be considered as the difference of two impulses
in opposite directions.

91. The first experiment happened to be made with a cur-
rent of the fourth order. The magnetizing spiral (11) was
attached to the ends of coil No. 4, Fig. 9, and by the polarity
of the needle it was found that this current was in the same
direction with the secondary and primary currents.* By a
too hasty gencralization, I was led to conclude, from this
experiment, that the currents of all orders are in the same
direction as that of the battery current, and I was the more
confirmed in this from the results of my first experiments on
the currents of ordinary electricity. The conclusion however
caused me much useless labor and perplexity, and was
afterwards proved to be erroneous.

92. By a careful repetition of the last experiment, in refer-
ence to each current, the important fact was discovered, that
there exists an alternation in the direction of the currents of the
several orders, commencing with the sccondary. This result was
so cxtraordinary, that it was thought necessary to establish
it by a variety of experiments. For this purpose the dirce-
tion was determined by decomposition, and also by the gal-
vanometer, but the result was still the same; and at this
stage of the inquiry I was compelled to the conclusion that
the directions of the several currents were as follows:

Primary current .o oo o e _ +
Secondary current. .. ___.__ —— ceee
Current of the third order_ .- .. . .. —
Current of the fourth order oo oo+

Current of the fifth order - . ool o —

93. In the first glancc at the above table, we are struck
with the fact that the law of alternation is complete, except
between the primary and secondary currents, and it appeared

# ]t should be recollected that all the inductions which have been men-
tioned were produced at the moment of breaking the circuit of the battery
current. The induction at the formation of the current is too feeble to pro-
duce the cffects described.
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that this exception might possibly be connected with the
induced current which takes place in the first coil itself, and
which gives rise to the phenomena of the spiral conductor.
If this should be found to be minus, we might consider it as
existing between the primary and secondary,and theanomaly
would thus disappear. Arrangements were thereforc made
to fully satisfy myself on this point. For this purpose the
decomposition of dilute acid and the use of the galvanometer
were resorted to, by placing the apparatus between the ends
of a cross wire attached to the extremities of the coil, as in
the arrangement described by Dr. Faraday (ninth series;)
but all the results persisted in giving a direction to this cur-
rent the same as stated by Dr. Faraday, namely, that of the

primary current. I was therefore obliged to abandon the

supposition that the anomaly in the change of the current
is connected with the induction of the battery current on itsclf.

94. Whatcever may be the nature or causes of these changes
in the direction, they offer a ready explanation of the neutral-
izing action of the plate interposed between two conductors,
since a secondary current is induced in the plate; and
although the action of this, as has been shown, is in the
same direction as the current from the battery, yet it tends
to induce a current in the adjacent conducting matter of a
contrary direction. The same explanation is also applicable
to all the other cases of neutralization, even to those which
take place between the conductors of the several orders of
currents.

95. The same principle explains some effects noted in
reference to the induction of a current on itself. If a flat
coil be connected with the battery, of course sparks will be
produced by the induction, at cach rupture of the circuit.
But if in this condition another flat coil, with its ends joined,
be placed on the first coil, the intensity of the shock is much
diminished, and when the several spires of the two coils arc
mutually interposed by winding the two ribbons together
into one coil, the sparks entirely disappear in the coil trans-
mitting the battery current, when the ends of the other are
joined. To understand this, it is only nccessary to mention
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that the induced current in the first cdil is a true secondary
current, and it is therefore neutralized by the action of the
secondary in the adjoining conductor; since this tends to
produce a current in the opposite direction.

96. It would also appear from the perfect neutralization
which ensues in the arrangement just before described, that
the induced current in the adjoining conductor is more
powerful than that of the first conductor; and we can easily
see how this may be. The two ends of the second coil are
joined, and it thus forms a perfect metallic circuit; while
the circuit of the other coil may be considered as partially
interrupted, since to render the spark visible the clectricity
must be projected as it were through a small distance of air.

97. We would also infer that two contiguous secondary
currents, produced by the same induction, would partially
counteract each other. Moving in the same direction, they
would each tend to induce a current in the other of an
opposite direction. This is illustrated by the following ex-
periment: helix No. L and 2 were placed together, but not
united, above coil No. 1, so that they each might receive the
induction; the larger was then gradually removed to a greater
distance from the coil, until the intensity of the shock from
each was about the same. When the cnds of the two were
united, so that the shock would pass through the body from
the two together, the effect was apparently less than with
one helix alone. The result however was not as satisfactory
as in the case of the other experiments; a slight difference
in the intensity of two shocks could not be appreciated with
perfect certainty. .

SECTION VI.

The production of induced Currents of the different Orders from
ordinary Electricity.

98. Dr. Faraday, in the ninth series of his researches, re-
marks that “ the effect produced at the commencement and
the end of a current (which are separated by an interval of
time when that current is supplied from a voltaic apparatus)
must occur at the same moment when a common electrical
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discharge is passed through a long wire. Whether if it
happen accurately at the same moment they would entirely
neutralize each other, or whether they would not still give
some definite peculiarity to the discharge, is a matter re-
maining to be examined.”

99. The discovery of the fact that the secondary current,
which exists but for a moment, could induce another cur-
rent of considerable cnergy, gave some indication that simi-
lar effects might be produced by a discharge of ordinary
electricity, provided a sufficiently perfect insulation could
be obtained.

100. To test this a hollow glass cylinder, Fig. 11, of about
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Fr1a. 11.—a glass cylinder, b Leyden jar, ¢ magnetizing spiral.

six inches in diameter, was prepared with a narrow ribbon
of tinfoil, about thirty feet long, pasted spirally ground the
outside, and a similar ribbon of the same length, pasted on
the inside ; so that the corresponding spires of the two were
directly opposite each other. The ends of the inner spiral
passed out of the cylinder through a glass tube, to prevent
all direct communication between the two. When the ends
of the inner ribbon were joined by the magnetizing spiral
(11), containing a needle, and a discharge from a half gallon
jar sent through the outer ribbon, the ncedle was strongly
magnetized in such a manner as to indicate an induced cur-
rent through the inner ribbon in the same direction as that of
the current of the jar. This experiment was repeated many
times, and always with the same result.

101. When the ends of one of the ribbons were placed
very nearly in contact; a small spark was perceived at the
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opening, the moment the discharge took place through the
other ribbon.

102. When the ends of the same ribbon were separated to
a considerable distance, a larger spark than the last could
be drawn from each end by presenting a ball, or the knuckle.

103. Also if the ends of the outer ribbon were united, so
as to form a perfect metallic circuit, a spark could be drawn
from any point of the same, when a discharge was sent
through the inner ribbon.

104. The sparks in the two last experiments are evidently
due to the action known in ordinary electricity by -the
name of the lateral discharge. To render this clear, it is
perhaps nceessary to recall the well known fact, that when
the knob of a jaris clectrified positively, and the outer coat-
ing is connected with the earth, then the jar- contains a
small excess of positive clectricity beyond what is necessary
to perfectly neutralize the negative surface.  If the knob be
put in communication with the carth, the extra quantity,
or the frec electricity, as it is somectimes called, will be on the
negative side.  When the discharge took place in the above
experiments, the inner ribbou became for an instant charged
with this free clectricity, and consequently threw off from
the outer ribbon, by ordinary induction, the sparks de-
scribed. [t thercfore became a question of importance to
determine whether the induced current described in para-
graph 100 was not also a result of the lateral discharge, in-
stead of being a true case of a sccondary current analogous
to those produced from galvanism. For this purpose the
jar was charged, first with the outer coating in connection
with the carth, and again with the knob in connection with
the same, so that the extra quantity might be in the onc
casc plus and in the other minus; but the direction of the in-
duced current was not affected by these changes; it was
always the same, namely, from the positive to the negative
side of the jar.

105. When however the quantity of free electricity was
increased, by connecting the knob of the jar with a globe
about a foot in diameter, the intensity of magnetism ap-
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.

peared to be somewhat diminished, if the extra quantity was
on the negative side; and this might be expected, since the
free electricity, in its escape to the earth through the ribbon,
in this case would tend to induce a feeble current™In the op-
posite direction to that of the jar.

106. The spark from an insulated conductor may be con-
sidered as consisting almost entirely of this free or extra
electricity, and it was found that this was also capable of
producing an induced current, precisely the same as that
from the jar. In the experiment which gave this result,
one end of the outer ribbon of the cylinder (100) was con-
nected with the earth, and the other caused to receive a
spark from a conductor fourteen feet long, and nearly a foot
in diameter. The direction of the induced current was the
'same as that of the spark from the conductor.

107. From these experiments it appears cvident that the
discharge from the Leyden jar possesses the property of in-
ducing a secondary current precisely the same as the gal-
vanic apparatus, and also that this induction is only so far
connected with the phenomenon of the lateral discharge as
this latter partakes of the nature of an ordinary electrical
current. )

108. Experiments were next made in reference to the pro-
duction of currents of the diffcrent orders by ordinary elec-
tricity. For this purposc a second cylinder was prepared
with ribbons of tinfoil, in a similar manner to the one before
described. The two were then so connected that the second-
ary current from the first would circulate around the second.
When a discharge was passed through the outer ribbon of
the first cylinder, a tertiary current was induced in the inner
ribbon of the second. This was rendered manifest by the
magnetizing of a needle in a spiral joining the ends of the
last mentioned ribbon.

109. Also by the addition, in the same way, of a third
cylinder, a current of the fourth order was developed. The
same result was likewise obtained by using the arrangement
of the coils and helices shown in Fig. 9. For these experi-
ments however the coils were furnished with a double coat-
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ing of silk, and the contiguous conductors separated by a
large plate of glass.

110. Screening effects precisely the same as those exhibited
in the action of galvanism were produced by interposing a
plate of metal between the conductors of different orders,
Figures 8 and 9. The precaution was taken to place the
plate between two frames of glass, in order to be assured that
the effect was not due to a want of perfect insulation.

111. Also analogous results were found when the experi-
ments were made with coils interposed instead of plates, as
described in paragraph 68. When the ends of the inter-
posed coils were separated, no screening was observed, but
when joined, the effect was produced. The existence of the
induced current, in all these experiments, was determincd
by the magnetism of a needle in a spiral attached to onc of
the coils.

112. Likewise shocks were obtained from the secondary
current by an arrangement shown in Fig. 12. Helices No.

Fi1a. 12.—« coil No. 2, b an inverted bell glass, ¢ helices No. 2 and 8.

2 and No. 3 united are put within a glass jar, and coil No. 2
is placed around the same. When the handles are grasped,
a shock is felt at the moment of the discharge, through the
outer coil. The shocks however were very different in in-
tensity with different discharges from the jar. In some cases
no shock was received, when again, with a less charge, a
severe onc was obtained. But these irregularities find an
explanation in a subsequent part of the investigation.

113. In all these experiments, the results with ordinary
and galvanic electricity are similar. But at this stage of the
investigation there appeared what at first was considered a
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remarkable difference in the action of the two. I allude to
the direction of the currents of the different orders. These,
in the experiments with the glass cylinders, instead of ex-
hibiting the alternations of the galvanic currents (92), were
all in the same direction as the discharge from the jar, or
in other words, they were all plus.

114. To discover, if possible, the cause of this difference,
a series of experiments was instituted; but the first fact de-
veloped, instead of affording any new light, seemed to ren-
der the obscurity more profound. When the directions of
the currents were taken in the arrgngement of the coils (Fig.
9) the discrepancy vanished. Alternations were found the same
as in the case of galvanism. This result was so extraordinary
that the experiments were many times repeated, first with
the glass cylinders, and then with the coils; the results how-
. ever were always the same. The cylinders gave currents all
in one direction; the coils in alternate directions.

115. After various hypotheses had been formed, and in
succession disproved by experiment, the idea occurred to me
that the direction of the currents might depend on the dis-
tance of the conductors, and this appeared to be the only
difference existing in the arrangement of the experiments
with the coils and the cylinders.* In the former the distance
between the ribbons was nearly one inch and a half, while
in the latter it was only the thickness of the glass, or about
Fgth of an inch.

116. In order to test this idea, two narrow slips of tinfoil,
about twelve feet long, were stretched parallel to each other,
and separated by thin plates of mica to the distance of about
#sth of an inch. When a discharge from the half gallon jar
was passed through one of these, an induced current in the
same direction was obtained from the other. The ribbons
were then separated, by plates of glass, to the distance of ,)5th
of an inch; the current was still in the same direction, or
plus. When the distance was increased to about 4th of an
inch, no induced current could be cbtained; and when they

*This iden was not immediately adopted, because T had previously experi-
mented on the direction of the secondary current from galvanism, and found
no change in reference to distance.
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were still further separated the current again appeared, but
was now found to have a different direction, or to be minus. No
other change was observed in the direction of the current;
the intensity of the induction decreased as the ribbons were
separated. The existence and direction of the current, in
this experiment, were determined by the polarity of the
needle in the spiral attached to the ends of one of the ribbons.

117. The question at this time arose, whether the direc-
tion of the current, as indicated by the polarity of the needle,
was the true one, since the magnetizing spiral might itself,
in some cases, induce an oppesite current. To satisfy myself
on this point a series of charges, of various intensity and
quantity, from a single spark of the large conductor to the
full charge of nine jars, were passed through the small spiral,
which had been used in all the experiments, but they all
gave the same polarity. The interior of this spiral is so
small, that the needle is throughout in contact with the wire.

118. The fact of a change in the direction of the induced
current by a change in‘the distance of the conductors, being
thus established, a great number and variety of experiments
were made to determine the other conditions on which the
change depends. These werc sought for in a variation of
the intensity and quantity of the primary discharge, in the
length and thickness of the wire, and in the form of the cir-
cuit. The results were however in many cases anomalous,
and are not sufficiently definite to he placed in detail before
the Society. I hope to resume the investigation at another
time, and will therefore at present briefly state only those
general facts which appear well established.

119. With a single half gallon jar, and the conductors
separated to a distance less than Jzth of an inch, the in-
duced current is always in the same direction as the primary.
But when the conductors are gradually -separated, there is
always found a distance at which the current begins to
change its dircction. This distance depends certainly on the
amount of the discharge, and probably on the intensity,
and also on the length and thickness of the conductors.
With a battery of cight half gallon jars, and parallel wires
of about ten feet long, the change in the direction did not
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take place at a less distance than from twelve to fifteen
inches, and with a still larger battery and longer conductors,
no change was found, although the induction was produced
at the distance of several feet.

120. The facts given in the last paragraph relate to the
inductive action of the primary current; but it appears
from the results detailed in paragraphs 110 and 114, that the
currents of all the other orders also change the direction of
the inductive influence with a change of the distance. In
these cases however the change always takes place at a very
small distance fromn the conducting wire; and in this re-
spect the result is similar to the effect of a primary current
from the discharge of a small jar.

121. The most important experiments, in reference to dis-
tance, were made in the lecture room of my respected friend
Dr. Hare of Philadelphia, with the splendid electrical appa-
ratus described in the Fifth Volume (new serics) of the
Transactions of this Society. The battery consists of thirty-
two jars, each of the eapacity of a gallon. A thick copper
wire of about {i3th of an inch in diameter and eighty feet in
length, was stretched across the lecture room, and its ends
brought to the battery, so-as to form a trapezium, the longer
side of which was about thirty-five feet. Along this side a
wire was stretched of the ordinary bell size, and the extreme
ends of this joined by a spiral, similar to the arrangement
shown in Fig 13. The two wires were at first placed within
the distance of about an inch,
and afterwards constantly sep-
arated after cach discharge of
the whole battery through the
thick wire. When a break was
madein the second wireata,no

magnetism was developed in
a ncedle in the spiral at b, but
when the circuit was complete,
the needle at each discharge

indicated a current in the same
Fia. 18— place nf the battery, b d!rectmn as .that of the battery.
spiral. . When the distance of the two
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wires was increased to sixteen inches, and the ends of the
second wire placed in two glasses of mercury, and a finger of
each hand plunged into the metal, a shock was received.
The direction of the current wasstill the same, but the mag-
netism not as strong as at a less distance.

122. The second wire was next arranged around the other,
so as to enclose it. The magnetism by this arrangement ap-
peared stronger than with the last ; the direction of the cur-
rent was still the same, and continued thus, until the two
wires were at every pointseparated to the distance of twelve
feet, except in one place where they were obliged to be
crossed at the distance of seven feet, but here-the wires were
made to form a right angle with each other, and the effect
of the approximation was therefore (46) considered as noth-
ing. The needle at this surprising distance was tolerably
strongly magnetized, as was shown by the quantity of filings
which would adhere to it. The direction of the current was
still the same as that of the battery. The form of the room
did not permit the two wires to be separated to a greater dis-
tance. The whole length of the circuit of the interior large
wire was about eighty feet; that of the exterior one hun-
dred and twenty. The two were not in the same plane, and
a part of the outer passed through a small adjoining room.

123. The results exhibited in this experiment are such as
could scarcely have been anticipated by our previous knowl-
cdge of the electrical discharge. They evince a remarkable
inductive energy, which has not before been distinctly recog-
nized, but which must perform an important part in the dis-
charge of electricity from the clouds. Some effects which
have been observed during thunder storms, appear to be due
to an action of this kind.

124. Since a discharge of ordinary electricity produces a
secondary current in an adjoining wire, it should also
produce an analogous effect in its own wire; and to this
cause may be now referred the peculiar action of a long con-
ductor. It is well known that the spark from a very long
wire, although quite short, is remarkably pungent. I was
so fortunate as to witness a very interesting exhibition of
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this action during some experiments on atmospheric elec-
tricity made by a committce of the Franklin Institute, in
1836. Two kites were attached, onc above the other, and
raised with a smalliron wire in place of a string. On the occa-
sion at which I was present, the wire was extended by the
kites to the length of about one mile. The day was perfectly
clear, yet the sparks from the wire had so much projectile
force (to use a convenient expression of Dr. Hare) that fifteen
persons joining hands and standing on the ground, received
the shock at once, when the first person of the series touched
the wire. A Leyden jar being grasped in the hand by the
outer coating, and the knob presented to the wire, a severe
shock was received, as if by a perforation of the glass, but
which was found to be the result of the sudden and intense
induction.

125. These effects were evidently not due to the accumu-
lated intensity at the extremities of the wire, on the principles
of ordinary electrical distribution, since the knuckle required
to be brought within about a quarter of an inch hefore the
spark could be received. It was not alone the quantity,
since the experiments of Wilson prove that the same effect
is not produced with an equal amount of electricity on the
surface of a large conductor. It appears evidently therefore
a case of the induction of an electrical current on itself. The
wire is charged with a considerable quantity of feeble elec-
tricity, which passes off in the form of a current along its
whole length, and thus the induction takes place at the end
of the discharge, as in the case of a long wire transmitting
a current of galvanism.

126. It is well known that the discharge from an electri-
cal battery possesses great divellent powers; that it entirely
separates, in many instances, the particles of the body through
which it passes. This force acts, in part, at least, in the direc-
tion of the line of the discharge, and appears to be analogous
to the repulsive action discovered by Ampere, in the con-
secutive parts of the same galvanic current. To ‘illustrate
this, paste on a piece of glass a narrow slip of tinfoil, cut it
through at several points,and loosen the ends from the glass
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at the places so cut. Pass a discharge through the tinfoil
from about nine half gallon jars; the ends, at each separa-
tion, will be thrown up, and sometimes bent entirely back,
as if by the action of a strong repulsive force between them.
This will be understood by a ref- .

b erence to Fig. 14; the ends are
g
(el shown bent back at a,a,a,a. In
F1o 14.—b glass plute; a, a, q, q, the popular experiment of @he .
openings in tinfoil. pierced card, the bur on each side

appears to be due to an action of the same kind.

127. It now appears probable, from the facts given in para-
graphs 119 and 120, that the table in paragraph 92 is only
an approximation to the truth, and that each current from
galvanism, as well as from electricity, first produces an in-
ductive action in the direction of itself, and that the inverse
influence takes place at a little distance from the wire.

128. To test this the compound helix was placed on coil
No. 1, to receive the induction, and its ends joined to those
of the outer ribbon of tinfoil of the glass cylinder, while the
magnetizing spiral was attached to the ends of the inner
riband. A feeble tertiary current was produced by this
arrangement, which in two cases gave a polarity to the
needle indicating a direction the same as that of the primary
current. In other cases the magnetism was either imper-
ceptible or minus. With an arrangement of two coils of
wires around two glass cylinders, one within the other, the
same effect was produced. The magnetism was less when
the distance of the two sets of spires was smaller, indicating,
as it would appear, an approximation to a position of neu-
trality. These results are rather of a negative kind, yet they
appear to indicate the same change with distance in the case
of the galvanic currents as in that of the discharge of ordi-
nary electricity. The distance however at which the change
takes place would seem to be less in the former than in the
latter.

129. There is a perfect analogy between the inductive
action of the primary current from the galvanic apparatus
and of that from the larger electrical battery. The point
of change, in each, appears to be at a great distance.
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130. The neutralizing effect described in Seciion v may
now be more deﬁmtely explained by saying that when a
third conductor is acted on at the same time by a primary
and secondary current (unless it be very near the second
wire) it will fall into the region of the plus influence of the
former, and into that of the minus influence of the latter;
and hence no induction will be produced.

131. This will be rendered perfectly ciear by Fig. 15, in

+

|

whlch a represents the conduc-
* tor of theprimary current, b that
. of thesecondary, and ¢ the third

+

i
+ + + 4|+

Fi1a. 16.

conductor. The characters + +
+ &ec., beginning at the mid-
® dle of the first conductor and
extending downwards, represent
the constant plus influence of
the primary current, and those
+ 0 — —, &c,, beginning at the

second conductor, indicate its inductive influence as chang-
ing with the distance.
the figure, falls in the plus region of the primary current,
and in the minus region of the secondary, and hence the
two actions neutralize each other, and no apparent result is

produced.

The third conductor, as is shown by

132. Fig. 16 indicates the method in which the neutra-

. lizing effect is produced in the

" case of the secondary and terti-
ary currents. The wire conduc-

C g .
ting the secondary current is
represented by b, that conduct-

+ ]
v
-
—
0
— _l_
— +
- +
Fig. 16.

4ing the tertiary by ¢, and the
other wire, to receive the in-
duction from these, by d. The
direction of the influence, as be-
fore, is indicated by + 0 — —,

&ec.,and the third wire is again scen to be in the plus region
of the one current, and in the minus of the other. If how-
ever d is placed sufficiently near ¢, then neutralization will
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not take place, but the two currents will conspire to produce
in it an induction in the same direction. A similar effect
would also be produced were the wire ¢, in Fig. 15, placed
sufficiently near the conductor b.

133. Currents of the several orders were likewise produced
from the excitation of the magneto-electrical machine. The
same neutralizing effects were observed between these as in
the case of the currents from the galvanic battery, and hence
we may infer that also the same alternations take place in the
direction of the several currents.

134. In conclusion, I may perhaps be allowed to state, that
the facts here presented have been deduced from a laborious
series of experiments, and are considered as forming some
addition to our knowledge of clectricity, independently of
any theoretical considcrations. They appear to be intimately
connected with various phenomena, which have been known
for some years, but which have not been referred to any
general law of action. Of this class are the discoveries of
Savary on the alternate magnetism of stecl necdles placed
at different distances from the line of a discharge of ordinary
electricity,* and also the magnetic, screening influence of all
metals, discovered by Dr. Snow Harris, of Plymouth.t A
comparative study of the phenomena observed by these dis-
tinguished savants, and those given in this paper, would
probably lead to some new and important developments.
Indeced every part of the subject of clectro-dynamic induc-
tion appears to open a field for discovery, which experimental
industry cannot fail to cultivate with immediate success.

NOTE.

On the evening of the meeting at which my investigations
were presented to the Society, my friend, Dr. Bache of the
Girard College, gave an account of the investigations of
Professor Ettingshausen, of Vienna, in reference to the im-
provement of the magneto-electric machine, some of the
results of which he had witnessed at the University of Vienna,

* Annales de Chimie et de Physique, 1827.
t Philosophical Transactions, 1831.
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about a year since. No published account of these experi-
ments has yet reached this country, but it appears that Pro.
fessor Ettingshausen had been led to suspect the develop-
ment of a current in the metal of the keeper of the magneto-
electric machine, which diminished the effect of the current
in the coil about the keeper, and hence to separate the coil
- from the keeper by a ring of wood of some thickness, and
afterwards, to prevent entirely the circulation of currents in
the keeper, by dividing it into segments, and separating them
by a non-conducting material. I am not aware of the result
of this last device, nor whether the mechanical difficulties in
its execution were fully overcome. It gives me pleasure to
learn that the improvements, which I have merely suggested
as deductions from the principles of the interference of in-
duced currents (76), should be in accordance with the experi-
mental conclusions of the above named philosopher. *

*[Re-printed in Silliman's American Journal of Science, March, 1840,
vol. XXXVIII, pp. 209-248.]
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CAPILLARY TRANSMISSION THROUGH SOLIDS.

(Procecdings of the American Philosophical Society, vol. 1, pp. 82, 83.)%
March 16, 1839.

Professor Henry made a verbal communication relating to
a phenomenon of capillary action which had fallen under
his notice.

A lead tube of about half an insh in diameter and eight
inches long happened to be left with one end immersed in
a cup of mercury, and on inspection a few days afterwards
it was observed that the mercury had disappeared from the
cup, and was found on the floor at the other end of the tube.
Struck with the phenomenon, I again filled the cup with
mercury; the next morning the same effect was exhibited.
The mercury had again passed over through the tube, ap-
parently like water through a capillary siphon, and was
again found on the floor.

On cutting the tube into pieces, it was evident that the
mercury had not passed along the hollow axis, but had ap-
parently been transmitted through the pores of the solid
metal. To determine this, a lead rod of about seven inches
long and a quarter of an inch in diameter was bent into
the form of a siphon. The shorter leg was immersed in a
watch-glass filled with mercury, and a similar glass placed
under the end of the longer leg, to receive the metal which
might pass over. At the end of twenty-four hours a globule
of mercury was perceived at the lower end; and in the
- course of five or six days all the mercury passed over, leav-
ing a crop of beautiful arborescent crystals of an amalgam
of lead in the upper glass. '

The mercury did not pass along the surface of the wire,
since the lead exhibited, externally, but little change of ap-
pearance, although the progress of the penetration could be
traced by a slight variation of the color of the oxide on the
surface.

The action is much influenced by the texture of the lead.
When a rod of cast lead, of the same size and form, was

*[Re-printed in Silliman’s American Journal of Science, December, 1839,
vol. xxxvIirI, pp. 180, 181.]
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substituted for the one before described, the globule of mer-
cury did not muke its appearance at the lower end until

about forty days, and all the mercury of the upper glass

had not yet (after three months) entirely disappeared.

The penetration takes place much more readily in the
direction of the laming of the metal than across them. A
plate of thick sheet lead was formed into a cup, and mercury
poured into this; and it was found that before a drop had
passed directly through, the mercury oozed out all around
the edge of the plate.

Professor Henry stated that he had in progress a variety
of experiments to investigate this action, and if any results
of importance were obtained he would communicate them
to the Society.

LETTER ON ELECTRICAL INDUCTION.
(Proceedings of the American Philosophicul Society, vol. 1, pp. 184-186.)
October 18, 1839.

The following extract from a letter addressed by Professor
Henry to Professor Bache was read, announcing the discov-
ery of two distinct kinds of dynamic induction by a gal-
vanic current. ’

“Since the publication of my last paper, I have reccived
through the kindness of Dr. Faraday a copy of his four-
teenth series of experimental researches, and in this I was
surprised to find a statement directly in opposition to one of
the principal results given in my paper. It is stated in
substance in the 59th paragraph of my last communication
to the American Philosophical Society, that when a plate of
metal is interposed beiween a galvanic current and a con-
ductor the secondary shock is neutralized. Dr. Faraday
finds, on the contrary, under apparently the same circum-
stances, that no effect is produced by the interposition of
the metal. As the fact mentioncd forms a very important
part of my paper, and is connected with nearly all the phe-
nomena described subsequently to it, I was anxious to in-
vestigate the cause of the discrepancy between the results
obtained by Dr. Faraday, and those found by myself. My
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experiments were on such a scale, and the results so decided,
that there could be no room for doubt as to their character;
a secondary current of such intensity as to paralyze the
arms having been so neutralized by the interposition of a
plate and ribbon of metal, as not to be perceptible through
the tongue. I was led by a little reflection to conclude that
there might exist a case of induction similar to that of
magnetism, in which no neutralization would take place;
and I thought it possible that Dr. Faraday’s results might
have been derived from this. I have now however found
a solution to the difficulty in the remarkable fact that an
electrical current from a galvanic battery exerts two distinct
kinds of dynamic induction. One of these produces, by
means of a helix of long wire, intense secondary shocks at
the moment of breaking the contact, and feeble shocks at
the moment of making the contact. This kind of induction
is capable also of being neutralized by the interposition of
a plate of metal between two conductors. The other kind
of induction is produced at the same time from the same
arrangement, and does not give shocks, but affects the needle
of the galvanometer. Itisof equal encrgy at the moment of
making contact and of breaking contact, and is not affected
by the introduction of a plate of copper or zinc between the
conductors.* The phenomena produced by the first kind of
induction form the subject of my last paper, as well as that
of the previous one; while it would appear from the arrange-
ment of Dr. Faraday’s experiments that the results detailed
in his first series and those in the fourteenth were princi-
pally produced by the second kind of induction. Although
I may be too sanguine in reference to the results of the dis-
covery, yet I cannot refrain from adding that it appears to
lead to a scparation of the clectrical induction of a galvanic
current from the magnetical, and that it is a step of some
importance towards a more precisc knowledge of the phe-
nomena of magneto-electricity.”

*Since writing the account of the two Kkinds of induction I have found
that the second kind, although not screened by a plate of copper or zinc, is
affected by the introduction of a plate of iron. In the cases of the first
kind of induction iron acts as any other metal.
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CONTRIBUTIONS TO ELECTRICITY AND MAGNETISM. No. IV.

ON ELECTRO-DYNAMIC INDUCTION. (CONTINUED.)
(Transactions American Philosophical Society, n. 8., vol. viir, pp. 1-85.) *
Read June 19, 1840.

INTRODUCTION.

1. In the course of my last paper, (No. III,) it was stated
that the investigations which it detailed were not as complete
in some parts as I could wish, and that I hoped to develop
them more fully in another communication. After consid-
erable delay, occasioned by alterations in the rooms of the
physical department of the college, I was enabled to resume
my researches; and since then I have been so fortunate as to
discover a series of new facts belonging to different parts of
the general subject of my contributions. These I have an-
nounced to the Society at different times, as they were dis-
covered, and I now purpose to select from the whole such
portions as relate particularly to the principal subject of my
last paper, namely, the induction at the beginning and end-
ig of a galvanic current, and to -present them as a contin-
uation, and in a measure as the completion of this part of
my researches. The other results of my labors in this line
will be arranged for publication as soon as my duties will
permit me to give them a more careful examination.

2. In the course of the experiments I am about to describe,
I have had occasion to repeat and vary those given in my last
paper, and I am happy to be able to state, in reference-to
the results, that except in some minor particulars which
will be mentioned in the course of this paper, I have found
no cause to desire a change in the accounts before published.
My views however of the connection of the phenomena
have been considerably modified, and I think rendered
much more definite by the additional light which the new
facts have afforded.

3. The principal articles of apparatus used in these ex-
periments are nearly the same as those described in my last

*[The title-page of vol. VIII bears date 1843.]
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paper, namely, several flat coils, and a number of long wire .
helices. (No.III, 6,7,8.*) I have however added to these a
constant battery, on Prof. Daniell’s plan, the performance of
which has fully answered my expectations, and confirmed
the accounts given of this form of the instrument by its
author. Tt consists of thirty elements, formed of as many
copper cylinders, open at the bottom, each five inches and a
half in height, three inches and a half in diameter, and
placed in earthen cups. A zincrod is suspended in each of
these, of the same length as the cylinders, and about one
inch in diamecter. The several elements are connected by a
thick copper wire, soldered to the copper of one element,
and dipping into a cup of mercury on the zinc of the next.
The copper and zinc as usual are separated by a membrane, -
on both sides of which is placed a solution of one part of
sulphuric acid in ten parts of water; and to this is added, on
the side next the copper, as much sulphate of copper as will
saturate the solution. The battery was sometimes used as a
single series, with all its elements placed consecutively, and
at others in two or three series, arranged collaterally, so as
to vary the quantity and intensity of the electricity as the
occasion might require. _

4. The galvanomecters mentioned in this paper, and re-
ferred to in the last, are of two kinds; one, which is used with
a helix, to indicate the action of an induced current of in-
tensity, consists of about five hundred turns of fine copper_
wire, covered with cotton thread, and more effectually insu-
lated by steeping the instrument in melted cement, which
was drawn into the spaces between the spires by capillary
attraction. The other galvanometer is formed of about
forty turns of a shorter and thicker wire, and is always
used to indicate an induced current, of considerable quan-
tity, but of feeble intensity. The needle of both these in-
struments is suspended by a single fibre of raw silk.

5. I should also state, that in all cases where a magnetiz-
ing spiral is mentioned in connection with a helix, the

*The numerals II or I1I included in parentheses refer to the correspond-
ing Nos. of my previous Contributions.
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article is formed of a long, fine wire, making about one
hundred turns around the axis of a hollow piece of straw
about two inches and a half long: also the spiral mentioned
in connection with a coil, is formed of a short wire which
makes about twenty turns around a similar piece of straw.
The reason of the use of the two instruments in these two
cases is the same as that for the galvanometers, under sim-
ilar circumstances, namely, the helix gives a current of in-
tensity, but of siall quantity, while the coil produces one of
considerable quantity, but of feeble intensity.

SECTION 1.

On the Induction produced at the moment of the Beginning of a
Galvanic Current, &e.

6. It will be recollected that the arrangement of aﬁpara-

tus employed in my last series of experiments gave a power-

ful induction at the moment- of breaking the galvanic cir-
cuit, but the effect at making the same was so feeble as
scarcely to be perceptible. I was unable in any case to get
indications of currents of the third or fourth orders from the
beginning induction, and its action was therefore supposed
to be so feeble as not materially to affect the results obtained.

7. Subsequent reflection however led me to conclude that
in order to complete this part of my investigations, a more
careful study of the induction at the beginning of the cur-
rent would be desirable; and accordingly on resuming the
experiments, my attention was first directed to the discovery
of some means by which the intensity of this induction
might be increased. After some preliminary experiments,
it appeared probable that the desired result could be ob-
tained by using a compound galvanic battery, instead of the
single one before employed. In reference to this conjecture,
the constant battery before mentioned (3) was constructed,
and a series of experiments instituted with it, the results of
which agreed with my anticipation.

8. In the first experiment, coil No. 2, which it will be re-
"membered (No. 111, 7,) consists of a copper ribbon about sixty

feet long, coiled on itself like the main spring of a watch,

~
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was connected with the compound battery, and helix No. 1,
(No. ITI, 8,) formed of one thousand six hundred and sixty
yards of fine copper wire, was placed on the coil to receive
the induction, as is shown in figure 3, which is again inserted
here for the convenience of the reader.

Fi1a. 8.—a represents coil No. 1, b helix No. 1, and ¢, d, handles for receiv-
ing the shock.

This arrangement being made, currents of increasing in-
tensity were passed through the coil by constantly retaining
one of its ends in the cup of mercury forming one extremity
of the battery, and successively plunging the other end into
the cups which served to form the connections of the several
elements of the battery. With the current from one element,
the shock at breaking the circuit was quite severe; but at
making the same it was very feeble, and could be perceived
in the fingers only, or through the tongue. With two ele-
ments in the circuit, the shock at the.beginning was slightly
increased; with three elements the increase was more decided,
while the shock at breaking the circuit remained nearly of
the same intensity as at first, or was comparatively but little
increased. When the number of elements. was increased to
ten, the shock at making contact was found fully equal to
that at breaking, and by employing a still greater number,
the former was decidedly stronger than the latter, the differ-
ence continually increasing until all the thirty elements
were introduced into the circuit.

9. In my last paper, a few experiments are mentioned
as being made with a compound battery of Cruickshank’s
construction; but from the smallness of its plates, and
the rapidity with which its power declined, I was led into
the error of supposing that the induction at the ending of
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the current, in the case of a short coil, was diminished by in-
creasing the intensity of the battery; (see paragraph 19, of
No. IIT;) but by employing the more perfect instrument of
Professor Daniell in the arrangement of the last experiment,
I am enabled to correct this error, and to state that the in-
duction at the ending remains nearly the same, when the
intensity of the battery is increased. If the induction de-
pends in any degree on the quantity of current electricity in
the conductor, then a slight increase in the induction should
take place, since according to theory the current is some-
what increased in quantity, in the case of a long coil, by the
increase of the intensity of the battery. Although very
little, if any, difference could be observed in the intensity of
the shock from the secondary current, yet the snap and
deflagration of the mercury appeared to be greater from the
primary current, when ten elements of the battery were in-
cluded in the circuit, than with a single one. The other re-
sults which are mentioned in my last paper in reference to
the compound battery are I believe correctly given.

10. The intensities of the different shocks in the foregoing
experiments were compared by gradually raising the helix
from the coily(see Fig. 3,) until on account of the distance of
the conductors, the shock in one case would be so much re-
duced as to be scarcely perceptible through the fingers or the
tongue, while the shock from another arrangement, but with
the same distance of the conductors, would be evident per-
haps in the hands. The same method was generally em-
ployed in the experiments in which shocks are mentioned
as being compared, in the other parts of this paper.

11. Experiments were next made to determine the in-
fluence of a variation in the length of the coil, the intensity
of the battery remaining the same. For this purpose, the
battery consisting of & single element, and the arrangement
of the apparatus as represented in Fig. 3, the coil was di-
minished in length from sixty feet to forty-five, then to
thirty, and so on. With the first mentioned length the
shock, at making contact with the battery, was of course
very feeble, and could be felt only in the tongue; with the
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next shorter length it was more perceptible, and increased
in intensity with each diminution of the coil, until a length
of about fifteen feet appeared to give a maximum result.

12. The diminution of the intensity of the shock in the
last experiment, after the length of the coil was diminished
below fifteen feet, was due to the diminution of the number
of spires of the coil, each of which, by acting on the helix,
tends to increase the intensity of the secondary current, un-
less the combined length of the whole is too great for the in-
tensity of the battery. That this is the fact is shown by the
following experiment: the helix was placed on a single spire
or turn of the coil, and the length of the other part of the
copper ribbon, which did not act on the helix, was contin-
ually shortened, until the whole of it was excluded from the
circuit; in this case the intensity of the shock at the begin-
ning was constantly increased. We may . therefore state
generally, that at the beginning of the battery current, the
induction of a unit of its length is increased by every
diminution of the length of the conductor.

13. In the experiment given in paragraph 11, the inten-
sity of the shock at the ending of the battery current dimin-
ishes with each diminution of the length of he coil; and
this is also due to the decrease of the number of the spires of
the coil, as i$ evident from an experiment similar to the last,
in which the helix was placed on a coil consisting of only
two turns or spires of copper ribbon; the shock at the end-
ing, with this arrangement, was comparatively feeble, but
could be felt-in the hands. Different lengths of coil No. 2
were now introduced into the same circuit, but not so as to
act on the helix; but although these were varied from four
or five feet to the whole length of the coil, (sixty feet,) not
the least difference in the intensity of the shock could be
perceived. We have therefore the remarkable result, that
the intensity of the ending induction of each umt of length
of the battery current is not materially altered, at least within
certain limits, by changing the length of the whole con-
ductor. From this we would infer that the shock depends
more on the intensity of the action than on the quantity of
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the current,since we know that the latter is diminished in a
given unit of the conductor by increasing the length of the
whole.

14. We have seen (8) that with a circuit composed of ten
elements of the compound battery and the coil No. 2, the
shock, at the beginning of the current, was fully equal to
that at the ending. It was however found that if in this
case the length of the coil was increased, this shock was di-
minished; and we may state as an inference from several
experiments, that however great may be the intensity of the
electricity from the battery, the shock at the beginning may
be so reduced, by a sufficient increase of the length of the
primary circuit, as to be scarcely perceptible.

15. It was also found that when the thickness of the coil
was increased, the length and intensity of the circuit remain-
ing the same, the shock at the beginning of the battery
current was somewhat increased. This result was produced
by using a double coil; the electricity was made to pass
through one strand, and immediately afterwards through
both; the shock from the helix in the latter case was ap-
parently the greater.

16. By the foregoing results we are evidently furnished
with two methods of increasing at pleasure the intensity of
the induction at the beginning of a battery current;—the one
consisting in increasing the intensity of the source of the
electricity, and the other in diminishing the resistance to
conduction of the circuit while the intensity remains the
same. .

17. The explanation of the effects which we have given,
relative to the induction at the beginning, is apparently not
difficult. The resistance to conduction in the case of a long
conductor and a battery of a single element is so great that
the full development of the primary current may be sup-
posed not to take place with sufficient rapidity to produce
the instantaneous action on which the shock from the sec-
ondary current would seem to depend. But when a battery
of a number of elements is employed, the poles of this, pre-
vious to the moment of completing the circuit, are in a state
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of electrical tension; and therefore the discharge through
the conductor may be supposed to be more sudden, and
hence an induction of more intensity is produced.

18. That the shock at both making and breaking the cir-
cuit in some way depends on the rapidity of formation and
diminution of the current is shown by the following experi-
ment, in which the tension just mentioned does not take
place,and in which also the current appears to diminish more
slowly. The two ends of the coil were placed in the two cups
which formed the poles of the battery, and permanently re-
tained there during the experiment; also, at the distance of
about six inches from—say the right hand end of the coil, a
loop was made in the ribbon, which could be plunged into
the cup containing the left hand end. With this arrange-
ment, and while only the two extreme ends of the coil were
in connection with the cups of mercury, of course the cur-
rent passed through the entire length of the ribbon of the
coil; but by plunging the loop into the left hand cup, the
whole length of the coil, except the six inches before men-
tioned, was excluded from the battery circuit. And again,
when the loop was lifted out of the cup, the whole length
was included. In this way the current in the coil could be
suddenly formed and interrupted, while the poles of the bat-
tery were continually joined by a conductor, but no shock
with either a single or a compound battery could be obtained
by this method of operation.

19. The feebleness of the shock at the beginning of the
current, with a single battery and a long coil, is not entirely
owing to the cause we have stated, (17,) namely the resistance
to conduction offered by the long conductor, but also depends
in a considerable degree (if not principally) on the adverse.
influence of the secondary current, induced in the primary
conductor itself, as is shown by the result of the following
experiment. Helix No. 1 was placed on a coil consisting of
only three spires or turns of copper ribbon; with this, the
shock both at making and breaking the circuit with a single
battery could be felt in the hands. A compound coil was
then formed of the copper ribbons of coils No. 3 and 4 rolled
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together so that the several spires of the two alternated with
each other, and when this was introduced into the circuit so
as not to act on the helix by its induction, and the battery
current passed through (for example) coil No. 3, the shock at
making contact with the pole of the battery was so much
reduced as to be imperceptible in the hands, while the shock
at breaking the contact was about the same as before this
addition was made to the length of the circuit. The ends
of coil No. 4 were now joined so as to produce a closed cir-
cuit, the induced current in which would neutralize the sec-
ondary current in the battery conductor itself; and now
the shock at making the contact was nearly as power-
ful as in the case where the short conductor alone formed
the circuit with the battery. Hence the principal cause of
the feebleness of the effect at the beginning of the battery
current is the adverse action on the helix of the secondary

current produced in the conductor of the battery circuit .

itself. The shock at the breaking of the circuit in this ex-
periment did not appear affected by joining or separating
the ends of coil No. 4.

20. Having investigated the conditions on which the in-
ductive action at the beginning of a battery current depends,
experiments were next instituted to determine the nature of
the effects produced by this induction: and first, the coils
were arranged in the manner described in my last paper,
(No. III, 79,) for producing currents of the different orders.
The result with this arrangement wassimilar to that which
I have described in reference to the ending induction,
namely, currents of the third, fourth, and fifth orders were
readily obtained.

21. Also, when an arrangement of apparatus was made
similar to that described in paragraph 87 of my last paper,
it was found that a current of intensity could be induced
from one of quantity and the converse.

22. Likewise, the same screening or rather neutralizing
effect was produced, when a plate of metal was interposed
between two consecutive conductors of the series of currents,
as was described (No. ITI section 1v)in reference to the ending

~
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induction. In short, the series of induced currents produced
at the beginning of the primary current appeared to possess
all the properties belonging to those of the induction at the
ending of the same current.

23. I may mention in this place that I have found in the
course of these experiments that the neutralizing power of a
plate of metal depends in some measure on its superficial
extent. Thus a broad plate which extends in every direc-
tion beyond the helix and coil, produces a more perfect
screening than one of the same metal and of the same thick-
ness, but of a diameter only a little greater than that of the
coil.

24. The next step in the investigation was to determine
the direction of the currents of the different orders produced
~ by the beginning induction; and for this purpose the mag-
netizing spirals (5) were used, and the results obtained by
these verified by the indications of the galvanometer. It
should be stated here, as a fact which was afterwards found
of some importance, that although the needle of the galva-
nometer was powerfully deflected when the instrument was
placed in the circuit of the secondary current, yet a very
feeble effect was produced on it by the action of a current
of the third, fourth, or fifth order. ‘The directions however
of these currents, as indicated by the feeble motions of the
needle, were the same as those given by the magnetizing
spiral.

25. The direction of the ditferent currents produced at the
making of the battery current, as determined by these in-
struments, is as follows, namely: the direction of the sec-
ondary current is, as stated by Dr. Faraday, adverse to that
of the primary current, and also the direction of each suc-
ceeding current is opposite to that of the one which produced
it. We have therefore from these results, and those formerly
obtained, (No. IIT, 92)) the following series of directions of
currents, one produced at the moment of beginning, and the
other at that of ending of the battery current.
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At the Beginning. At the Ending.
Primary current ... lo___..___ F e ieeee +
Secondary current .o oee ... . —  aoooooceao.ao. +
Current of the third order ... 4 ccceooaa.oo —_
Current of the fourth order.... — ______.__.___ - +
Current of the fifth order.____. e cmeeee —

26. These two series, at first sight, may appear very dif-
ferent, but with a little attention, they will be seen to be of
the same nature. If we allow that the induction at the end-
ing of a galvanic battery should be opposite to that at the
beginning of the same, then thesign at the top of the second
column may be called minus instead of plus, and we shall
have the second series — + — + alternating precisely like
the first.

27. In connection with the results given in the last two
paragraphs, it is due to Mr. Sturgeon that I should state,
that in a letter addressed to me and published in the Angals
of Electricity, he has predicted from his theory, that I would
find on examination the sevies of alternation of currents
for the beginning induction which I have here given. I
may however here add, it appears to me that this result
might have been predicted without reference to any theory.
There was no reason to suppose the induction at the begin-
ning would be different in its nature from that at the end-
ing, and therefore the series which would be produced from
the former might be immediately inferred from that belong-
ing to the latter, by recollecting that the direction of the
induction at the beginning should be opposite to that at the
ending. I do not wish it to be supposed however from this
remark, that I had mysclf drawn any inference from my
experiments as to the alternations of currents which mjght
be produced by the beginning induction; the truth is, that
this action was so fecble with the arrangement of apparatus
I employed, that I supposed it could not produce a series of
currents of the different orders.

28. In the course of the experiments given in this section,
I have found that a shock can be produced without using a
coil, by arranging about ten elements of the battery in the
form of a circle, and placing the helix within this. The
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shock was felt in the hands at the moment of closing the cir-
cuit, but the effect at opening the same was scarcely percep-
tible through the tongue. An attempt was also made to get
indications of induction by placing the helix within a circle
of dilute acid, connected with a battery instead of a coil, but
the effect if any was very feeble.

29. I have shown, in the second number of my Contribu-
tions, that if the body be introduced into a circuit with a
battery of one hundred and twenty elements, without
a coil, a thrilling sensation will be felt during the con-
tinuance of the current, and a shock will be experienced at
the moment of interrupting the current by breaking the cir-
cuit at any point. This result is evidently due to the in-
duction of a secondary current in the battery itself, and on
this principle the remarkable physiological effects produced
by Dr. Ure, on the body of a malefactor, may be explained.
The body, in these experiments, was made to form a part of
the circuit, with a compound galvanic apparatus in which
a series of interruptions was rapidly made by drawing the
end of a conductor over the edges of the plates of the bat-
tery. By this operation a series of induced currents must
have been produced in the battery itself, the intensity of
which was greater than that of the primary current.

30. In this connection I may mention that the idea has
occurred to me that the intense shocks given by the elec-
trical fish may possibly be from a secondary current, and
that the great amount of nervous organization found in
these animals may serve the purpose of a long conductor.*
It appears to me, that in the present state of knowledge, this
is the only way in which we can conceive of electricity so
intense being produced in organs imperfectly insulated and
immersed in a conducting medium. But we have seen that
an original current of feeble intensity can induce, in a long
wire, a secondary current capable of giving intense shocks,
although the several strands of the wire are separated from
each other only by a covering of cotton thread. Whatever

*8ince writing the above, I have found that M. Masson has suggested the
same idea, in an interesting thesis lately published.
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may be the worth of this suggestion, the secondary current
affords the means of imitating the phenomena of the shock
from the electrical eel, as described b s Dr. Faraday. By
immersing the apparatus (Fig. 3) in a shallow vessel of
water, the handles being placed at the two extremities of the
diameter of the helix, and the hands plunged into the water
parallel to a line joining the two poles, a shock is felt through
the arms; but when the contact with the water is made in
a line at right angles to the last, only a slight sensation is
felt in each hand, but no shock.

31. Since the publication of my last paper, I have exhib-
ited to my class the experiment (No. III, Sec. 111) relative to
the induction at a distance on a much larger scale. All my
coils were united so as to form a single length of condugctor
of about four hundred fect, and this was rolled into a ring
of five and a half feet in diameter, and suspended vertically
against the inside of the large folding doors which separate
the laboratory from the lecture room. On the other side of
the doors, in the lecture room, and directly opposite the coil,
was placed a helix, formed of upwards of a mile of copper
wire, one sixteenth of an inch in thickness, and wound into
a hoop of four feet in diameter. With this arrangement,
and a battery of one hundred and forty-seven square feet of
zinc surface divided into eight elements, shocks were per-
ceptible in the tongue, when the two conductors were sep-
arated, to the distance of nearly seven feet: at the distance
of between three and four feet, the shocks were quite severe.
The exhibition was rendered more interesting by causing
the induction to take place through a number of persons
standing in a row between the two conductors.

SECTION II
On apparently two kinds of Electro-dynamic Induction.

32. The investigations arranged under this head had their
origin in the following circumstances. After the publication
of my last paper, I received, through the kindness of Dr.
Faraday, a copy of the fourteenth series of his Rescarches,
and in this I was surprised to find a statement which ap-

11
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peared in direct opposition to one of the principal facts of
my communication. In paragraph 59, I state in substance
that when a plate of metal is interposed between the coil
transmitting a galvanic current, and the helix placed above
it to receive the induction, the shock from the secondary
current is almost perfectly neutralized. Dr. Faraday, in the
extension of his new and ingenious views of the agency of the
intermediate particles in transmitting induction, was led to
make an experiment on the same point, and apparently,
under the same circumstances, he found that it “ makes not
the least difference whether the intervening space between
the two-conductors is occupied by such insulating bodies as
air, sulphur, and shell-lac, or such conducting bodies as
copper and other non-magnetic metals.”

33. As the investigation of the fact mentioned above
forms an important part of my paper, and is intimately con-
nected with almost all the phenomena subsequently de-
scribed in the communication I was of course anxious to
discover the cause of so remarkable a discrepancy. There
could be no doubt of the truth of my results, since a shock
from a secondary current which would paralyze the arms
was so much reduced by the interposition of plates of metal
as scarcely to be felt through the tongue.

34. After some reflection however the thought occurred to
me that induction might be produced in such a way as not
to be affected by the interposition of a plate of metal. To
understand this, suppose the end of a magnetic bar placed
perpendicularly under the middle of a plate of copper, and
a helix suddenly brought down on this; an induced current
would be produced in the helix by its motion towards tho
plate, since the copper, in this case, could not screen the
magnetic influence. Now, if we substitute for the magnet
a coil through which a galvanic current is passing, the
effect should be the same. The experiment was tried by
attaching the ends of the helix to a galvanometer,* and the

*The arrangement will be readily understood by supposing in Fig. 8, the
huandles removed, and the ends of the helix joined to the ends of the wire of
a galvanometer; also, by a plate of metal interposed between the helix and

the coil.
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result was asI expected: when the coil wassuddenly brought
down on the plate the needle swung in one direction and
when lifted up, in the other; the amount of deflection being
the same, whether the plate was interposed or not.

35. It must be observed in this experiment, that the plate
was at rest, and consequently did not partake of the induc-
tion produced by the motion of the helix. From mjy pre-
vious investigations, I was led to conclude that a different
result would follow, were a current also generaied in the
plate by simultaneously moving it up and down with the
helix. This conclusion however was not correct, for on
making the experiment, I found that the needle was just as
much affected when the plate was put in motion with the
helix as when the latter alone was moved.,

36. This result was- so unexpected and remarkable, that
it was considered necessary to repeat and vary the experi-
ment in several ways. First, a coil was interposed instead
of the plate, but whether the coil was at rest or in motion
with the helix, with its ends separated or joined, the effect
on the galvanometer was still the same; not the least screen-
ing influence could be observed. In referecnce to the use of
the coil in this experiment, it will be recollected that I have
found this article to produce a more perfect neutralization
than a plate. ,

37. Next, the apparatus remaining the same, and the
helix at rest during the experiment, currents were induced
in it by moving the battery attached to the coil up and
 down in the acid. But in this case as in the others the effect
on the galvanometer was the same, whether the plate or the
coil was interposed or not.

38. The experiment was also tried with magneto-electricity.
For this purpose, about forty feet of copper wire, covered
with silk, were wound around a short cylinder of stiff paper,
and into this was inserted a hollow cylinder of sheet copper,
and into this again, a short rod of soft iron; when the latter
was rendered magnetic, by suddenly bringing in contact
with its two ends the different poles of two magnets, a cur-
rent was of course generated in the wire, and this as before
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was found to affect the galvanometer to the same degree,
when the copper cylinder was interposed, as when nothing
but the paper intervened.

39. The last experiment was also varied by wrapping two
copper wires of equal length around the middle of the
keeper of a horse-shoe magnet, leaving the ends of the inner
one projecting, and those of the outer attached to a galva-
nometer. A current was generated in each by moving the
keeper on the ends of the magnet, but the effect on the
galvanometer was not in the least diminished by joining the
ends of the inner wire.

40. At first sight, it might appear that all these results
are at variance with those detailed in my last paper, relative
to the effect of interposed coils and plates of metal. But it
will be observed that in all the experiments just given, the
induced currents are not the same as those described in my
last communication. They are all produced by motion, and
have an appreciable duration, which continues as long as
the motion exists. They are also of low intensity, and thus
far I have not been able to get shocks by any arrange-
ment of apparatus from currents of this kind. On the
other hand, the currents produced at the moment of sud-
denly making or breaking a galvanic current, are of con-
siderable intensity, and exist but for an instant. From these
and otber facts presently to be mentioned, I was led to sup-
pose that there are two kinds of electro-dynamic induction;
one of which can be neutralized by the interposition of a
metallic plate between the conductors, and the other not.

41. In reference to this surmise, it became important to
examine again all the phenomena of induction at suddenly
making and breaking a galvanic current* And in connec-
tion with this part of the subject, I will first mention a fact
which was observed in the course of the experiments given
in the last section, on the direction of the induced currents
of different orders. It was found that though the indica-
tions of the galvanometer were the same as those of the
spiral, in reference to the direction of the induced currents,

*See my last paper. (No. IIIL.)
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yet they were very different in regard to the intensity of the
action. Thus, when the arrangement of the apparatus was
such that the induction at making the battery circuit
was so feeble as not to give the least magnetism to the
needle, and so powerful at the ending as to magnetize it to
saturation, the indication of the galvanometer was the same
in both cases.

42. Also, similar results were obtained in comparing the
shock and the deflection of the galvanometer. In one ex-
periment for example the shock was so feeble at making
contact that it could scarcely be perceived in the fingers, but
so powerful at the breaking of the circuit as to be felt in the
breast; yet the galvanometer was deflected about thirty-five
degrees to the right, at the beginning of the current, and
only an equal number of degrees to the left, at the ending
of the same.

43. In another experiment, the apparatus being the same
as beforc, the magnetizing spiral and the galvanometer were
both at once introduced into the circuit of the helix. A
sewing needle being placed in the spiral, and the contact
with the battery made, the needle showed no signs of mag-
netism, although the galvanometer was deflected thirty de-
grees. 'The needle being replaced, and the battery circuit
broken, it was now found strongly magnetized, while the
galvanometer was moved only about as much as before in
the opposite direction.

44. Also, effects similar to those described in the last two
paragraphs were produced when the apparatus was so ar-
ranged as to cause the induction at the beginning of the bat-
tery current to predominate. In this case the galvanometer
was still almost equally affected at making and breaking
battery contact, or any difference which was observed could
be referred to a variation in the power of the battery during
the experiment.

45. Another fact of importance belonging to the same class
has been mentioned before, (24,) namely, that the actions of
the currents of the third, fourth, and fifth orders produce a
very small effect on the galvanometer, compared with that
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of the secondary current; and this is not on account of the
diminishing power alone of the successive inductions, as will
be evident from the following experiment: By raising the
helix from the coil, in the arrangement of the apparatus for
the secondary current, the shock was so diminished as to be
inferior to one produced by the arrangement for a tertiary
current, yet while with the secondary current the needle
was deflected twenty-five degrees, with the tertiary it moved
scarcely more than one degree; and with the currents of the
fourth and fifth orders the deflections were still less, resem-
bling the effect of a slight impulse given to the end of the
needle.

46. With the light obtained from the foregoing experi-
ments, I was the more fully persuaded that some new and
interesting results might be obtained by a re-examination of
~my former experiments, on the phenomena of the inter-
posed plate of metal, in the case where the induction was
produced by making and breaking the circuit with a cup of
mercury; and in this I was not disappointed. The coil
(Fig. 3) being connected with a battery of ten elements, the
shocks, both at making and breaking the circuit, were very
severe; and these as usual were almost entirely neutralized
by the interposition of a zine plate.” But when the galva-
nometer was introduced into the circuit instead of the body,
its indications were the same whether the plate was inter-
posed or not; or in other words the galvanometer indicated
no screening, while, under the same circumstances, the
shocks were neutralized.

47. A similar effect was observed when the galvanometer
and the magnetizing spiral were together introduced into the
circuit. The interposition of the plate entirely neutralized
the magnetizing power of the spiral, in reference to tempered
stcel, whilethe deflectionsof the galvanometer were unaffected.

48. In order to increase the number of facts belonging to
this class, the last experiments were varied in several ways;
and first, instead of the hard steel necdle, one of soft iron
wire was placed in the spiral, with a small quantity of iron
filings almost in contact with one of its ends. The plate
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being interposed, the small particles of iron were attracted
by the end of the needle, indicating a feeble, temporary
development of magnetism. Hencethe current which moves
the needle, and is not neutralized by the interposed plate,
also feebly magnetizes soft iron, but not hard steel.

49. Again, the arrangement of apparatus being as in para-
graph 46, instead of a plate of zinc, one of cast iron, of about
the same superficial dimensions, but nearly half an inch
thick, was interposed; with this, the magnetizing power of
the spiral, in reference to tempered steel, was neutralized;
and also the action of the galvanometer was much dimin-
ished.

50. Another result was obtained by placing in the circuit
of the helix, (Fig. 3,) at the same time, the galvanometer,
the spiral, and a drop of distilled water; with these the
magnetizing power of the spiral was the same as without the
water, but the deflection of the galvanometer was reduced
from ten to about four degrees. In addition to these the body
was also introduced into the same circuit; the shocks were
found very severe, the spiral magnetized needles strongly,
but the galvanometer was still less moved than before. The
current of low intensity, which deflects the needle of the
galvanometer in these instances, was partially intercepted by
the imperfect conduction of the water and the body.

51. To exhibit the results of these experiments with still
more precision, an arrangement of apparatus was adopted
similar to that used by Dr. Faraday, and described in the
fourteenth series of his Rescarches, namely, a double galvano-
meter was formed of two separate wires of equal length and
thickness, and wound together on the same frame; and also
a double magnetizing spiral was prepared by winding two
equal wires around the same piece of hollow straw. Coil
No. 1, connected with the battery, was supported perpen-
dicularly on a table, and coils Nos. 3 and 4 were placed
parallel to this, one on each side, to receive the induction,
the ends of these being so joined with those of the galvano-
meter and the spiral that the induced current from the one
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coil would pass through the two instruments, in an opposite
direction to that of the current from the other coil. The two
outside coils were then so adjusted, by moving them to and
from the middle coil, that the induced currents perfectly
neutralized each other in the two instruments, and the needle
of the galvanometer and that in the spiral were both unaf-
fected when the circuit of the battery was made and broken.
With this delicate arrangement the slightest difference in
the action of the two currents would be rendered perceptible;
but when a zinc plate was introduced so as to screen one of
the coils, the ncedle of the galvanometer still remained per-
fectly stationary, indicating not the least action of the plate,
while the needle in the spiral became powerfully magnetic.
When however a plate of iron was interposed instead of the
one of zine, the needle of the galvanometer was also affected.

52. From the foregoing results it would seem that the
secondary current, produced at the moment of the sudden
beginning or ending of a galvanic current, by making and
breaking contact with a cup of mercury, consists of two parts,
which possess different properties. One of these is of low
intensity, can be interrupted by a drop of water, does not mag-
netize hardencd steel needles, and is not screened by the inter-
position of a plate of any metal, except iron, between the
conductors. The other part is of considerable intensity, is
not intercepted by a drop of water, develops the magnetism
of hardened steel, gives shocks, and 4s screened or neutralized:
by a closed coil, or a plate of any kind of metal. Also, the
induced current produced by moving a conductor towards
or from a battery current, and that produced by the move-
menf up and down of a battery in the acid, are of the
nature of the first mentioned part, while the currents of the
third, fourth, and fifth orders partake almost exclusively of
the properties of the second part.*

*[The above paper was reprinted in Silliman’s American Journal of
Sciene, April, 1841, vol. xL1, pp. 117-152. Also, in Sturgeon’s Annals of
Electricity, ete., vol. viI, pp. 21-66. Also, in the London and Edinburgh
Philosophical Magazine, June, 1841, vol. xvi11, pp. 482-514.] *
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Postscript.

53. The principal facts and conclusions of this section
were announced to the Society in October, 1839, and again,
in June last, presented in the form in which they are here
detailed. Since then howeverI have had leisure to examine
the subject more attentively, and after a careful comparison
of these results with those before given, I have obtained the
more definite views of the phenomena which are given in the
following section.

SECTION III.

Theoretical Considerations relating to the Phenomena described
in this and the preceding Communications.

Read November 20, 1840.

34. The experiments given in number III of my Con-
tributions were merely arranged under different heads, and
only such inferences drawn from them as could be imme-
diately deduced without reference to a general explanation.
The addition however which I have since made to the num-
ber of facts, affords the means of a wider generalization; and
after an attentive consideration of all the results given in
this and the preceding papers, I have come to the conclusion
that they can all be referred to the simple laws of the induc-
tion at the beginning and the ending of a galvanic current.

55. In the course of theseinvestigations the limited hypoth-
eses which I have adopted have been continually modified
by the development of new facts, and therefore my present
views, with the further extension of the subject, may also
require important corrections. But I am induced to believe,
from its exact accordance with all the facts, so far as they
have been compared, that if the explanation I now venture
to give be not absolutely true, it is so at least in approxima-
tion, and will therefore be of some importance in the way of
suggesting new forms of experiment, or as a first step towards
a more perfect generalization.

56. To render the laws of induction at the beginning and
the ending of a galvanic current more readily applicable to
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the explanation of the phenomena, they may be stated as .
follows: 1. During the time a galvanic current is increas-
ing in quantity in a conductor, it induces, or tends to induce,
a current in an adjoining parallel conductor in an opposite
direction toitself. 2. During the continuance of the primary
current in full quapntity, no inductive action is exerted.
3. But when the same current begins to decline in quantity,
and during the whole time of its diminishing, an induced
current is produced in an opposite direction to the induced
current at the beginning of the primary current.

57. In addition to these laws, I must frequently refer to
the fact, that when the same quantity of electricity in a current
of short duration is passed through a galvanometer, the deflecting
Jorce on the needle i3 the same, whatever be the intensity of the
electricity. By intensity is here understood the ratio of a
given quantity of force to the time in which it is expended; *
and according to this view, the proposition stated is an cvi-
dent inference from dynamic principles. But it does not
rest on considerations of this kind alone, since it has been
proved experimentally by Dr. Faraday, in the third series of
his Researches.

58. In order to form a definite conception of the several
conditions of the complex phenomena which we are about
to investigate, I have adopted the method often employed
in physical inquiries, of representing the varying elements
of action by the different parts of a curve. This artifice has
been of much assistance to me in studying the subject, and
without the use of it at present, I could scarcely hope to
present my views in an intelligible manner to the Society.

59. After making these preliminary statements, we will
now proceed to consider the several phenomenas ; and first,
let us take the case in which the induction is most obviously
produced in accordance with the laws as above stated (56),
namely, by immersing a battery into the acid, and also by
withdrawing it from the same. During the time of the
descent of the battery into the liquid, the conductor con-
nected with it is constantly receiving additional quantities

*0r, more correctly speaking, the ratio of two quantities of the same
rpecies, representing the force and time.
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of current electricity, and each of these additions produces
an inductive action on the adjoining secondary conductor.
The amount therefore of induced current produced during
any moimnent of time will be just in proportion to the cor-
responding increase in the current of the battery during the
same moment. Also, the amount of induction during any
moment while the current of the battery is diminishing in
quantity will be in proportion to the decrease during the
same moment.

60. The several conditions of this experinent may be
represented by the different parts of the curve, 4, B, C, D,
Fig. 17, in which the distances 4 a, A b, A ¢, represent
the times during which the battery is descending to different
depths into the acid; and the corresponding ordinates, a g,
b h, ¢ B, represent the amount of current electricity in the
battery conductor corresponding to these times. The differ-
ences of the ordinates, namely, a g, m h, n B, express the
increase in the quantity of the battery current during the
corresponding moments of time represented by 4 a, a b,b¢;
and since the inductive action (59) is just in proportion to
the increase, the same differences will also .represent the
amount of induced action exerted on the secondary conductor
during the same moments of time.

B Y

a c a ¢ &L D
4 Fia. 17.

61. When the battery is fully immersed in the acid, or
when the current in the conductor has reached its state of
maximum quantity, and during the time of its remaining
constant, no induction is exerted; and this condition is
expressed by the constant ordinates of the part of the curve
B C, parallel to the axis. Also, the inductive action pro-
duced by each diminution of the battery current, while the
apparatus is in the progress of being drawn from the acid,
will be represented by the differences of the ordinates at the
other end, C. D, of the curve.
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62. The sum of the several increments of the battery cur-
rent, up to its full development, will be expressed by the
ordinate ¢ B, and this will therefore also represent the whole
amount of inductive action exerted in one direction at the
beginning of the primary current; and, for the same reason,
the equal ordinate, C'd, will represent the whole induction
in the other direction at the ending of the same current.
Also, the whole time of continuance of the inductive action
at the beginning and ending will be represented by 4 ¢
and d D.

63. If we suppose the battery to be plunged-into the acid
{o the same depth, but more rapidly than before, then the
time represented by A ¢ will be diminished, while the whole
amount of inductive force expended remains the same;
hence, since the same quantity of force is exerted in a less
time, a greater intensity of action will be produced (57), and
consequently a current of more intensity, but of less dura-
tion, will be generated in the secondary conductor. The
intensity of the induced currents will therefore evidently be
expressed by the ratio of the ordinate ¢ B to the abscissa 4 c.
Or, in more general and definite terms, the intensity of the
inductive action at any moment of time will be represented
by the ratio of the rate of increase of the ordinate to that of
the abscissa for that moment.*

64. It is evident from the last paragraph, that the greater
or less intensity of the inductive action will be immediately

“presented to the eye by the greater or less obliquity of the
several parts of the curve to the axis. Thus, if the battery
be suddenly plunged into the acid for a short distance, and
then gradually immersed through the remainder of the
depth, the varying action will be exhibited at once by the
form of A B, the first part of the curve, Fig. 17. The steep-
ness of the part 4 g will indicate an intense action for a

* According to the differential notation, the intensity will be expressed by
l
%. In some cases the effect may be proportional to the intensity multiplied
«

H?
by the quantity, and this will be expressed by (ll z and y representing as
xr

usual the variable abscissa and ordinate.
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short time A a, while the part g B denotes a more feeble
induction during the time represented by a ¢. In the same
way, by drawing up the battery suddenly at first, and after-
wards slowly, we may produce an inductive action such as
would be represented by the parts between Cand D of the
ending of the curve.

65. Having thus obtained representations of the different
elements of action, we are now prepared to apply these to the
phenomena. And first, however varied may be the inten-
sity of the induction expressed by the different parts of
the two ends of the curve, we may immediately infer that
a galvanometer, placed in the circuit of the secondary con-
ductor, will be equally affected at the beginning and ending
of  the primary current; for, since the deflection of this
instrument is due to the whole amount of a current, whatever
may be its intensity (57), and since the ordinates ¢ B and
Cd, which represent the quantity of induction in the two
directions; are equal, and consequently the amount of the
secondary current, therefore the deflection at the beginning
and ending of the battery current will in all cases be equal.
This inference is in strict accordance with the results of
experiment; for however rapidly or slowly we may plunge
the battery into the acid, and however irregular may be the
rate at which it is drawn out, still, if the whole effect be pro-
duceq within the time of one swing of the needle, the gal-
vanometer is deflected to an equal degree.

66. Again, the intensity of one part of the inductive action,
for example that represented by 4 g, may be supposed to be
so great as to produce a secondary current capable of pene-
trating the body, and of thus producing a shock* while the
other parts of the action, represented by g B and C D, are so
fecble as to effect the galvanometer only. We would then
have a result the same as one of those given in the last sec-
tion (42), and which was suppposed to be produced by two
kinds of induction; for if the shock were referred to as the
test of the existence of an induced current, one would be

#The shock depends more on the intensity than on the quantity. See
paragraph 18.
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found at the beginning only of the battery current, while, if
the galvanometer were consulted, we would perceive the
effects of a current as powerful at the ending as at the begin-
ning.

67. The results mentioned in the last paragraph cannot
be obtained by plunging a battery into the acid; the forma-
tion of the current in this way is not sufficiently rapid to
produce a shock. The example was given to illustrate the
manner in which the same effect is supposed to be produced,
in the case of the more sudden formation of a current, by
plunging one end of a conductor into a cup of mercury per-
manently attached to a battery already in the acid, and in
full operation. The current in this case—rapid as may be
its development, cannot be supposed to assume per saltum
its maximum state of quantity; on the contrary, from the
general law of continuity, we would infer that it passes
through all the intermediate states of quantity, from that of
no current, (if the expression may be allowed,) to one of full
development; there are however considerations of an experi-
mental nature which would lead us to the same conclusion,
(18,) (90,) and also to the further inference that the decline of
the current is not instantaneous. According to this view
therefore the inductive action at the beginning and the
ending of a primary current, of which the formation and
interruption are effected by means of the contact with a cup
of mercury, may also be represented by the several pafts of
the curve, Fig. 17.

68. We have now to consider how the rate of increase or
diminution of the current, in the case in question, can be
altered by a change in the diffecent parts of the apparatus;
and first, let us take the example of a single battery and a
short conductor, making only one or two turns around the
helix; with this arrangement a feeble shock, as we have
seen, (11,) will be felt at the making, and also at the break-
ing of the circuit. In this case it would seem that almost
the only impediment to the most rapid development of the
current would be the resistance of the metal to conduction;
and this we might suppose would be mnore rapidly overcome
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by increasing the tension of the electricity; and accord-
ingly we find that if the number of elements of the bat-
tery be increased, the shock at making the circuit will also
be increased, while that at breaking the circuit will remain
nearly the same. To explain however this effect more
minutely, we must call to mind the fact before referred to,
(17,) that when the poles of a compound battery are not con-
nected, the apparatus acquires an accumulation of electricity,
which is discharged at the first moment of contact, and_
which in this case would more rapidly develop the full cur-
rent, and hence produce the more intense action on the
helix at making the circuit.

69. The shock, and also the deflection of the needle, at
breaking the circuit with a compound battery and a short
coil, (9,) appear nearly the same as with a battery of a single
element, because the accumulation just mentioned, in the
compound battery, is discharged almost instantly, and
according to the theory (71) of the galvanic current, leaves
the constant current in the conductor nearly in the same
state of quantity as that which would be produced by a bat-
tery of a single element; and hence the conditions of the
ending of the current are the same in both cases. Indeed,
in reference to the ending induction, it may be assumed as
a fact which is in accordance with all the experiments, (9,
13,73, 74, 75, 76, &c.,) as well as with theoretical consider-
ations,* that when the circuit is broken by a cup of mercury, the
rate of the diminution of the current, within certain limits, re-
mains the same, however the intensity of the clectricity or the
length of the conductor may be varied.

B ’
y !
A [/ c D
Fia. 18.

70. The several conditions of the foregoing examples are
exhibited by the parts of the curves, Figs. 18 and 19. The

* Adopting here the theory of Ohm.
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gradual development of the current in the short conductor,
with a single battery, and the gradual decline of the same,
are represented by the gentle rise of A B and fall of C D,
Fig. 18; while, in the next Fig., (19,) the sudden rise of 4 B
indicates the intensity which produces the increased shock,
after the number of elements of the battery has been
increased. The accumulation of the electricity, which
almost instantly subsides, is represented by the part Bee,

B 4

4 bvdr % ?
Fia. 19.

Fig. 19, and from this we see, at once, that although the
shock is increased by using the compound battery, yet the
needle of the galvanometer will be deflected only to the
same number of degrees, since the parts B¢ and ce give
inductive actions in contrary directions, and both within
the time of the single swing of the needle, and consequently
they will neutralize each other. The resulting deflecting force
will therefore be represented by ef, which is equal to Ck,
or to b B, in Fig. 19. The intensity of the shock at the
breaking is represented as being the same in the two figures,
by the similarity of the rate of descent of the part C D of the
curve in each.

71. We have said (69) that the quantity of current elec-
tricity in a short conductor and a compound battery, after
the first discharge, is nearly the same as with a single bat-
tery. The exact quantity, according to the theory of Ohm,
in a unit of length of the conductor, is given by the formula—

nAd |
rn+ R

In this, n represents the number of elements; 4, the elec-
tro-motive force of one element; r, the resistance to conduc-
tion of one clement; and R, the length of the conductor, or
rather, its resistance to conduction in terms of r. Now when
R is very small in reference to r n, as is the case with a very
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short metallic conductor, it may be neglected, and then the

expression becomes
n A y: |

Tn O T
and since this expresses the quantity of current electricity in
a unit of the length of the circuit, with either a single or a
compound battery, therefore with a short conductor the quan-
tity of current electricity in the two cases is nearly the same.

72. Let us next return to the experiment with a battery
of a single element, (68,) and instead of increasing the in-
tensity of the apparatus, as in the last example, let the
length of the conductor be increased ; then the intensity of
the shock at the beginning of the current, as we have seen,
(14,) will be diminished, while that of the one at the ending
will be increased. ' That the shock should be lessened at the
beginning, by increasing the length of the conductor, is not
surprising, since as we might suppose, the increased resist-
ance to conduction would diminish the rapidity of the de-
velopment of the current. But the secondary current, which
is produced in the conductor of the primary current itself,
as we have seen, (19,) is the principal cause which lessens the
intensity of the shock; and the effect of this, as will be
shown hereafter, may also be inferred from the principles
we have adopted.

73. The explanation of the increased shock at the moment
of breaking the circuit with the long conductor, rests on the
assumption before mentioned, (69,) that the velocity of the
diminution of a current is nearly the same in the case of
a long conductor as in that of a short one. But to under-
stand the application of this principle more minutely, we
must refer to the change which takes place in the quantity
of the current in the conductor by varying its length; and
this will be given by another application of the formula be-
fore stated, (71.) This, in the case of a single battery, in
which n equals unity, becomes

A .
Ty
and since this, as will be recollected, represents the quantity
12
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of current electricity in a unit of length of the conductor,
we readily infer from it that by increasing the length of the
conductor, or the value of R, the quantity of current in a unit
of the length is lessened. And if the resistance of a unit
of the length of the conductor were very great in compari-
son with that of r, (the resistance of one element of the bat-
tery,) then the formula would become

A

R ’
or the quantity in a single unit of the conductor would be
inversely ‘as its entire length, and hence the amount of cur-
rent electricity in the whole conductor would be a constant
quantity, whatever might be its length. This however can
never be the case in any of our experiments, since in no in-
stance is the resistance of R very great in reference to r, and,
therefore, according to the formula, (73,) the whole quantity
of current clectricity in a long conductor is always somewhat
greater than in a short one.

74. Let us however in order to simplify the conditions of
the induction at the ending of a current, suppose that the ,
quantity in a unit of the conductor is inversely at its whole .
length, or in other words that the quantity of current elec-
tricity is the same in a long conduector as in a short one;
and let us also suppose for an example that the length of
the spiral conductor, (Fig. 3,) was increased from one spire to
twenty spires; then, if the velocity of the diminution of the
section of the current is the same (69) in the long conductor
asin the short one, the shock which would be received by sub-
mitting the helix to the action of one spire of the long coil
would be nearly of the same intensity as that from one
spire of the short conductor; the quantity of induction
however as shown by the galvanometer, should be nearly
twenty times less; and these inferences I have found in ac-
cordance with the results of experiments, (75.) If however
instead of placing the helix on one spire of the long con-
ductor, it be submitted at once to the influence of all the
twenty spires, then the intensity of the shock should be
twenty times greater, since twenty times the quantity of
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current electricit:y collaf)ses (if we may be allowed the expres-
sion) in the same time, and exerts at once all its influence
on the helix. If in addition to this we add the considera-
tion that the whole quantity of current electricity in a long
conductor is greater than that in a short one, (73,) we shall
have a further reason for the increase of the terminal shock,
when we increase the length of the battery conductor.

75. The inference given in the last paragraph relative to
the change in the quantity of the induction, but not in the
intensity of the shock from a single spire, by increasing the
whole length of the conductor, is shown to be true by repeat-
ing the experiment described in paragraph 13. In this, as
we have seen, the intensity of the shock remained the same,
although the length of the circuit was increased by the addi-
tion of coil No. 2. When however the galvanometer was
employed in the same arrangement, the whole quantity of
induction, as indicated by the deflection of the needle, was
diminished almost in proportion to the increased length of
the circuit. I was led to make this addition to the experi-
ment (13) by my present views.

76. The explanation given in paragraph 74 also includes
that of the peculiar action of a long conductor, either.coiled
or extended, in giving shocks and sparks from a battery of
a single clement, discovered by myself in 1832; (see No.
II.) The induction in” this case takes place in the con-
ductor of the primary current itself, and the secondary cur-
rent which is produced is generated by the joint action of
each unit of the length of the primary current. Let us sup-
pose for illustration that the conductor was at first one foot
long, and afterwards increased to twenty feet. In the first
case, because the short conductor would transmit a greater
quantity of electricity, the secondary current produced by it
would be one of considerable quantity, or power to deflect a
galvanometer; but it would be of feeble intensity, for
although the primary current would collapse with its usual
velocity, (69,) yet, acting on only a foot of conducting matter,
the effect (74) would be feeble. In the second case, each foot
of the twenty feet of the primary current would severally
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produce an inductive action of the same intensity as that
of the short conductor, the velocity of collapse being the
same ; and as they are all at once exerted on the same con-
ductor, a secondary current would result of twenty times the
intensity of the current in the former case.

77. To render this explanation more explicit, it may be
proper to mention that a current produced by an induction
on one part of a long conductor of uniform diameter, must
exist of the same intensity in every other part of the con-
ductor; hence, the action of the several units of length of
the primary current must re-enforce each other, and produce
the same effect on its own conductor that the same current
would if it were in a coil, and acting on a helix. I need
scarcely add, that in this case, as in that given in paragraph
74, the whole amount of induction is greater with the long
conductor than with the short one, because the quantity of
current electricity is greater in the former than in the latter.

78. We may next consider the character of the secondary
current, in reference to its action in producing a tertiary
current in a third conductor. The secondary current con-
sists (as we may suppose) in the disturbance for an instant of
the natural electricity of the metal, which subsiding leaves
the conductor again in its natural state; and whether it is
produced by the beginning or ending of a primary current,
its nature, as we have seen, (22,) is the same. Although
the time of continuance of the secondary current is very
short, still we must suppose it to have some duration, and
that it increases, by degrees, to a state of maximum develop-
ment, and then diminishes to the normal condition of the
metal of the conductor; the velocity of its development, like
that of the primary current, will depend on the intensity of
the action by which it is generated, and also perhaps in
some degree, on the resistance of the conductor; while, agree-
ably to the hypothesis we have assumed, (69,) the velocity of
its diminution is nearly a constant quantity, and is not af-
fected by changes in these conditions; hence, if we suppose
the induction which produces the secondary current to be
sufficiently intense, the velocity of its development will ex-

ATHERFORCE



-
1840] WRITINGS OF JOSEPH HENRY. 181

ceed that of its diminution, as in the example of the primary
current from the intense source of the compound battery of
many elements. Now this is the case with the inductions
which produce currents of the different orders, capable of
giving shocks or of magnetizing steel needles; the secondary
currents from these are always of considerable intensity, and
hence their rate of development must be greater than that
of their diminution, and, consequently, they may be repre-
sented by a curve of the form exhibited in Fig. 20, in which

B
/It
A 3 [4
Fia. 20.

there is no constant part, and in which the steepness of 4 B
is greater than that of B C. There are however other con-
siderations, which will be noticed hereafter, (89,) which may
affect the form of the part B C of the curve, rendering it
still more gradual in its descent, or in other words which
tend to diminish the intensity of the ending induction of
the secondary current.

79. It will be seen at once, by an inspection of the curve,
that the effect produced in a third conductor, and which we
have called a tertiary current, is not of the same nature as
that of a secondary current. Instead of being a single de-
velopment in one direction, it consists of two instantaneous
currents, one produced by the induction of 4 B, and the
other by that of B C, in opposite directions, of equal quan-
tities, but of different intensities. The whole quantity of
induction in the two directions, will each be represented by
the ordinate B b, and hence they will nearly neutralize each
other, in reference to their action on the galvanometer, in
the circuit of the third conductor. I say they will nearly
neutralize each other, because, although they are equal in
quantity, they do not both act in absolutely the same mo-
ment of time. The needle will therefore be slightly af-
fected ; it will be impelled in one direction—say to the right,
by the induction of 4 B, but, before it can get fairiy under
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way, it will be arrested, and turned in the other direction,
by the action of B C. This inference is in strict accordance
with observation; the needle, as we have scen, (24,) starts
‘from a state of rest, with a velocity which apparently would
send it through a large are, but before it has reached perhaps
more than half a degree, it suddenly stops, and turns in the
other direction. As the needle is first affected by the action
of A B, it indicates a current in the adverse direction to the
secondary current.

80. Although the two inductions in the tertiary conductor
nearly neutralize each other, in reference to the indications
of the galvanometer, yet this is far from being the case with >
regard to the shocks, and the magnetization of steel needles.
These effects may be considered as the results alone of the
action of A B; the induction of B C being too feeble in in-
tensity to produce a tertiary current of sufficient power to
penetrate the body, or overcome the coercive power of the
hardened stecl. Hence, in reference to the shock, and mag-
netization of the steel needle, we nay entirely neglect the
action of B C, and consider the tertiary -excitement as a
single current, produced by the-action 4 B; and because
this is the beginning induction, (56,) the tertiary current
must be in an opposite direction to the secondary. For a
similar reason, a current of the third order should produce in
effect a single current of the fourth order, in a direction op-
posite to that of the current which produced it, and so on;
we have here therefore a simple explanation of the extraordi-
nary phenomenon of the alternation of the directions of the
currents of the different orders, as given in this and the pre-
ceding paper. (See paragraph 25.)

81. The operation of the interposed plate, (32, 47, 48, &c.,)
in neutralizing the shock, and not affecting the galvanometer,
can also be rcadily referred to the same principles. Tt is
certain, that an induced current is produced in the plate (No.
I11, 64,) and that this must re-act on the secondary, in the
helix ; but it should not alter the total amount of this cur- -
rent, since for example at the ending induction, the same
quantity of current is added to the helix while the current

™
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in the plate is decreasing, as is subtracted while the same
current is increasing. To make this more clear, let the in-
ductive actions of the interposed current be represented by
the parts of the curve, Fig. 20. The induction represented
by A B willre-act on the current in the helix, and diminish
its quantity, by an amount represented by the ordinate b B;

but the induction represented by B C, will act in the next
moment, on the same current, and increase its quantity by
an equal amount, as represented by the same ordinate B b;
and since both actions take place within a small part of the
time of a single swing of the needle, the whole deflection
will not be altered, and consequently, as far as the galva-
nometer is concerned, the interposition of the plate will have
no perceptible effect.

82. But the effect of the plate on the shock, and on the
magnetization of tempered steel, should be very different;
for, although the quantity of induction in the helix may
not be changed, yet its intensity may be so reduced, by the
adverse action of the interposed current, as to fall below that
degree which enables it to penetrate the body, or overcome
the coercive force of the steel. To understand how this may
be, let us again refer for example to the induction which
takes place at the ending of a battery current; this will pro-
duce, in both the helix and the plate, a momentary current
in the direction of the primary current, which we have called
plus; the current in the plate will re-act on the helix, and
tend to produce in it two inductions, which as before may
be represented by A B, and B C, of the curve, Fig. 20; the
first of these, A B, will be an intense action, (78,) in the
minus direction, and will therefore tend to neutralize the
intense action of the primary current on the helix; the sec-
ond, (BC) will add to the helix an equal quantity of in-
duced current, but of a much more feeble: intensity, and
hence the resulting current in the helix will not be able to
penetrate the body ; no shock will be perceived, or at least
a very slight one, and the phenomena of screcning will be
exhibited.

83. When the plate of metal is placed between the con-
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ductors of the second and third orders, or between those ot
the third and fourth, the action is somewhat different, al-
though the general principle is the same. Let us suppose
the plate interposed between the second and third conduc-
tors; then the helix, or third conductor, will be acted on by
four inductions, two from the secondary current and two
from the current in the plate. The direction and character
of these will be as follows, on the supposition that the direc-
tion of the secondary current is itself plus:

The beginning secondary __...__. intense and . ._... . minus.
The ending secondary .__. ... feebleand __....... plus.
The beginning interposed _..._.. intense and ___._.. plus.
The ending interposed . ..cee ... feeble and ._...... minus.

Now if the action, on the third conductor, of the first and
third of the above inductions be equal in intensity and
quantity, they will neutralize each other; and the same will
also take place with the action of the second and fourth, it
they be equal, and hence in this case, neither shock nor
motion of the needle of the galvanometer would be pro-:
duced. If these inductions be not precisely equal, then
only a partial neutralization will take place, and the shock
will be merely diminished in power; and also the needle
will perhaps be very slightly affected.

84. If in the foregoing exposition we throw out of con-
sideration the actions of the feeble currents which cannot
pass the body, and . which consequently are not concerned
in producing the shock, then the same explanation will
still apply which was given in the last paper, (No. III, 94,)
namely, in the above example, the helix is acted on by the
minus influence of the secondary, and the plus influence of
the interposed current.

85. We are now prepared to consider the effect on the
helix (Fig. 3,) of the induced currents produced in the con-
ductor of the primary current itself. These are true second-
ary currents, and are almost precisely the same in their ac- .
tion as those in the interposed plate. Let us first examine
the induced currents at the beginning of the primary, in
the case of a long coil and a battery of a single element.
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Its action on the helix may be represented by the parts of
the curve, Fig. 20. The first part, 4 B, will produce an in-
tense induction opposite to that of the primary current;
and hence the action of the two will tend to neutralize each
other, and no shock, or a very feeble one, will be produced.
The ending action of the same induced current, which is
represented by B D, restores to the helix the same quantity
of current electricity (but in a feeble state) which was neu-
tralized by A B, and hence the needle of the galvanometer
will be as much affected as if this current did not exist.
These inferences perfectly agree with the experiment given
in paragraph 19. In this, when the ends of the interposed
coil were joined so as to neutralize the induced current in
the long conductor, the shock at the beginning of the pri-
mary current was nearly as powerful as with a short con-
ductor, while the amount of deflectiorf of the galvanometer
was unaffected by joining the ends of the same coil.

86. At first sight it might appear that any change in the
‘apparatus which may tend to increase the induction of the
primary current (16) would also tend to increase in the
same degree the adverse secondary in the same conductor;
and that hence the neutralization mentioned in the last
paragraph would take place in all cases; but we must recol-
lect that if a more full current be suddenly formed in a con-
ductor of a given thickness, the adverse current will not
have as much space as it were for its development, and
therefore will have less power in neutralizing the induction
of the primary than before. But there is another and per-
haps a better reason, in the consideration that in the case
of the increase of the number of elements of the battery,
although the rapidity of the development of the primary
current is greater, yet the increased resistance which the
secondary meets with, in its motion against the action of
the several elements, will tend to diminish its effect. Also
by diminishing the length of the primary current, we must
diminish (76) the intensity of the secondary, so that it will
meet with more resistance in passing the acid of the single
battery, and thus its effects be diminished.
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87. The action of the secondary current in the long coil
at the ending of the primary current, should, also at first
sight produce the same screening influence as the current
in the interposed plate; but on reflection it will be per-
ceived that its action in this respect must be much more
feeble that that of the similar current at the beginning;
the latter is produced at the moment of making contact,
and hence it is propagated in a continuous circuit of con-
ducting matter, while the other takes place at the rupture
of the circuit, and must therefore be rendered compara-
tively feeble by being obliged to pass through a small por-
tion of heated air; very little effect is therefore produced
on the helix by this induction, (19.) The fact that this cur-
rent is capable of giving intense shocks, when the ends of a
long wire which is transmitting a primary current, are
grasped at the time ®f breaking the circuit, is readily ex-
plained, since in this case the body forms with the con-
ductor a closed circuit, which permits the comparatively
free circulation of the induced current.

88. It will beseen that I have given a peculiar form to the
beginning and ending of the curves, Figs. 17,18, &. These
are intended to represent the variations which may be sup-
posed to take place in the rate of increase and decrease of
the quantity of the current, even in the case where the con-
tact is made and broken with mercury. We may suppose,
from the existence of analogous phenomena in magnetism,
heat, &c., that the development of the current would be more
rapid at first than when it approximates what may be called
the state of current saturation, or when the current has
reached more nearly the limit of capacity of conduction of
the metal. Also, the decline of the current may be supposed
to be more rapid at the first moment, than after it has lost
somewhat of its intensity, or sunk more nearly to its normal
state. These variationsare indicated by the rapid rise of the
curve, Fig. 17, from 4 to g, and the more gradual increase
of the ordinates from & to B; and by the rapid diminution
of the ordinates between C and /, and the gradual decrease
of those towards the end of the curve.

ATHERFORCE



1840) WRITINGS OF JOSEPH HENRY. 187

89. These more minute considerations, relative to the form
of the curve, will enable us to conceive, how the time of the
ending of the secondary current, as we have suggested, (78,)
may be prolonged beyond that of the natural subsidence of
the disturbance of the electricity of the conductor on which
this current depends. If the development of the primary
current is produced by equal increments in equal times, as
would be the case in plunging the battery (59) into the acid
with a uniform velocity, thén the part 4 B of the curve
Fig. 17 would be a straight line, and the resulting secondary
current, after the first instant, would be one of constant
quantity during nearly the whole time represented by Ac;
but if the rate of the development of the primary current
be supposed to vary in accordance with the views we have
given in the last paragraph, then the quantity of the second-
ary current will begin to decline before the termination of
the induction, or as soon as the increments of the primary
begin to diminish ; and hence the whole time of the sub-
sidence of the secondary will be prolonged, or the length of
b C, Fig. 20, will be increased, the descent of B ¢’ be more
gradual, and the intensity of the ending induction of the
secondary current be diminished, (see last part of paragraph
78.)

90. Besides the considerations we have mentioned, (88,)
there are others of a more obvious character, which would
also appear to affect the form of particular parts of the curve.
And first we might perhaps make a slight correction in the
drawing of Figs. 17, 18, &c., at the point 4, in consideration
of the fact that the very first contact of the end of the con-
ductor with the surface of the mercury is formed by a point
of the metal, and hence the increment of development
should be a little less rapid at the first moment than after
the contact has become larger; or in other words, the curve
should perhaps start a little less abruptly from the axis at
the point A. Also, Dr. Page has stated* that he finds the
.shock increased by spreading a stratum of oil over the sur-
face of the mercury; in this case it is probable that the ter-

*Silliman’s American Journal of Science.
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mination of the current is more sudden, on account of the
prevention of the combustion of the metal by means of the
oil, and the fact that the end of the conductor is drawn up
into a non-conducting medium.

91. The time of the subsidence of the current, when the
circuit is broken by means of a surface of mercury, is very
small, and probably does not exceed the ten-thousandth
part of a second, but even this is an appreciable duration,
since I find that the spark at the ending presents the ap-
pearance of a band of light of considerable length, when
viewed in a mirror revolving at the rate of six hundred
times in a second; and I think the variations in the time of
the ending of a current under different conditions may be
detected by means of this instrument.

92. Before concluding this communication, I should state
that I have made a number of attempts to verify the sug-
gestion given in my last paper, (No. III, 127,) that an inverse
induction is produced by a galvanic current by a change in
the distance of the conductors, but without success. These
attempts were made before I had adopted the views given
in this section, and since then I have found (80) a more
simple explanation of the alternation of the currents.

93. In this number of my Contributions, the phenomena
exhibited by the galvanic apparatus have alone been dis-
cussed. I have however made a series of experiments on
the induction from ordinary electricity, and the re-action of
soft iron on currents; and I think that the results of these
can also be referred to the simple principles adopted in this
paper ; but they require further examination before being
submitted to the public.
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ON A RECIPROCATING MOTION PRODUCED BY GALVANIC AT-
TRACTION AND REPULSION.

(Proceedmgs of the American Philosophical Society, vol. 1, p. 301.)
November 20, 1840.

Prof. Henry described an apparatus for producing a re-
ciprocating motion by the repulsion in the consecutive parts
of a conductor, through which a galvanic current is passing,
and made some remarks in reference to the electro-magnetic
engine invented by him in 1831,* and subsequently de-
scribed by Dr. Ritchie, of London. The machine referred
to had been applied recently by Prof. Henry in his experi-
ments.

ON THE EVOLUTION OF ELECTRICITY FROM STEAM, ETC.
(Proceedmgs of the American Philosophical Society, vol. 1, pp. 822, 824. )
December 18, 1840.

E r. Patterson called the attention of the Society to the
subject of the evolution of electricity from steam, mentioned
at the last meeting, and stated that the experunents made
lately in England had been successfully repeated by Mr.
Peale, Mr. Saxton, and himself, at the United States Mmt
- - - He thought it most probable that the electricity,
in thm experiments, was evolved by the condensation of
the steam. - - - -

Prof. Henry stated that he had not seen the sparks from
steam; but that he had obtained feeble electricity from a
small ball, partly filled with water, and heated by a lamp.
He agreed with Dr. Patterson in the opinion that the source
of the electricity was the change of state,—but from water to
vapor. There was however some doubt on the subject.
Pouillet had denied the evolution of clectricity from the
evaporation of pure water. The facts were interesting, par-
ticularly on account of the great intensity of the electricity.

*[Silliman’s American Journal of Science, July, 1831, vol. xx, p. 340.—
Ante, page 54.]
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The results obtained by the philosophers, which had been
mentioned, indicated electricity of very feeble tension, which
could only be observed by the most delicate instruments,
but here the sparks were an inch in length.

If the vaporization of the water were shown to be the source
of the electricity, Prof. Henry thought the phenomena might
be readily explained by the beautiful theory of Becquerel, in
" regard to the production of the great intensity of the electri-
city in the thunder cloud. According to this theory, each
particle of the vapor carries up with it into the atmosphere the
free electricity which it receives at the moment of the change
of state: this being diffused through the whole capacity of
the air is of very feeble intensity although of great quantity;
but the condensation of the vapor in a cloud affords a con-
tinuous conductor, and consequently the electricity of all
the particles of the interior, according to the well known
principles of distribution, rushes to the surface of the cloud,
and hence the great intensity of the lightning. Agreeably
with this hypothesis, the insulated conductor, placed in the
steam, would act not only as a collector, but also as a con-
denser of the free but feeble electricity of the vapor.

Prof. Henry further stated, in relation to this subject,
that he had been informed by several persons, that they
had obtained sparks of electricity from a coal stove during
the combustion of anthracite. 'A case had been stated
to him several years ago, which he mentioned to his
~ friend Professor Bache, who informed him that a similar
one had fallen under his own notice, in which however
Prof. Bache had succeeded in tracing the electricity to the
silk shirt of the person who drew the spark. Another case -
had lately been reported to him by an intelligent gentleman,
of a stove burning bituminous coal on board of a steamboat
on the Ohio, which afforded amusement to all the passen-
gers, during the voyage, by giving sparks of electricity .
whenever it was touched.

In connection with the facts that had been stated of the
production of electricity from steam, Prof. Henry observed
that he was now inclined to believe that electricity may also
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be evolved during the combustion of coal in a stove. But
what (he asked) is the source of electricity in this case? Is
it combustion, the evaporation of the moisture, or the fric-
tion of the hot air on the interior of the pipe?

~ EXPERIMENTS ON PHOSPHORESCENCE.
(Proceedings of the American Philosophical Society, vol. 11, p. 46.)*
April 16, 1841.

Professor Henry mentioned that he had recently repeated
some experiments of Becquerel and Biot on phosphorescence,
the results of which demonstrate the existence of an emana-
tion from incandescent bodies, particularly when in an
electrical state, of a character not heretofore known. He
promised to give a more full account of these at a future
meeting of the Society.

[* The title-page of vol. 11, (cbmprising the proceedings from Jan., 1841,
to May, 1848,) bears date 1844.]

~
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ON A SIMPLE FORM OF HELIOSTAT.
(Proceedings of the American Philosophical Society, vol. 11, pp. 97, 98.)
September 17, 1841.

Professor Henry exhibited to the Society a simple-form
of the Heliostat, or instrument for throwing a stationary
beam of light into a darkened room.

He stated that thjs article of apparatus, which isindispens-
able in delicate experiments on light, is in its usual form a
very complex instrument and consequently very expensive,
while the one to which the attention of the Society was
directed is very simple, and cost scarcely more than the tenth
part of the price of one of the old form.

It was made in accordance with the plan glvcn by Dr.
Thomas Young in the first volume of his Lectures on Natural
Philosophy, which consists in reflecting a beam of light into
the room in a line parallel to the axis of the earth, and then
causing it to retain this direction by giving the reflector a
rotary motion equal to the apparent motion of the sun.
The instrument consists of a flat block of mahogany, about
nine inches long and five inches wide, on which is placed
in an inclined position, the wheel-work of a common pocket
watch. This serves to give rotary motion to a brass wheel
of about five inches diameter, which is so geared into the
large wheel of the watch as to make one turn in twenty-four
hours. The axis of this wheel is a steel rod, carrying on its
upper end a small mirror, which can be set in any position
by means of a universal joint. The watch-work and the
wheel are attached to the mahogany block by a hinge, so
that the axis of the wheel can be inclined to the horizon at
an angle precisely equal to the latitude of the place where
the instrument is to be used.

The adjustment of the instrument is very simple. It is
placed on the outside of the window, with the axis of the
wheel parallel to the axis of the ecarth; a meridian line
having been traced on the window-sill for this purpose.
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The mirror is then set so that the beam of light is thrown
into the room in a line forming the prolongation of the axis
of the wheel, which is readily effected by mcans of a mark
previously made on the opposite wall. The beam will pre-
serve this direction during the day, since the mirror and
the sun revolve with the same velocity, and are therefore
comparatively at rest. The only motion of the beam in
reference to terrestrial objects is one of rotation on its own
axis. If the required direction of the beam is different from
that of the first reflection, a second mirror is used.

Professor Henry’s object in exhibiting this article to the
Society, was to render this simple contrivance more generally
known in our country. He stated that the original inven-
tion probably belongs to Dr. Young; that it was at least
published by him in 1807, although an account of the same
instrument is given in the London Philosophical Magazine
for 1833, as a new invention by Mr. Potter. The details
of the instrument exhibited differ from those proposed by Mr.
Potter, in the addition of a hinge and clamp-screw, by which
the axis may be adjusted to the angle of the latitude. The
instrument was constructed by an ingenious watch-maker at
Princeton; and its whole cost, including the watch-work, was
but sixteen dollars.

ON THE EFFECTS OF A THUNDER-STORM.
(Proceedings of the American Philosophical Society, vol. 11, p. 111-116.)

November 5, 1841.

Professor Henry gave an account of some observations
ho had made on the effects of a thunder-storm which visited
Princeton on the evening of the 14th of July, 1841.

Storms of this kind (he said) are not very frequent at
Princeton; but two severe ones have passed immediately over
the place within the last nine years, and the lightning has
struck but twice in the village during that time. It is
thought by some of the inhabitants that damage by light-

ning was more frequent some years ago than it has been
13
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lately; and the idea has been suggested that the water of the
canal, which passes to the south of the place, may have had
some effect in determining the course of the cloud. Be this
as it may, the thunder-storm generally comes from the south-
west, and before it reaches the village it usually divides into
two parts, one of which passes along the edge of the Rocky
Hill, and the other along the valley of Stonybrook, so that the
principal part of the storm seldom passes immediately over
the village; and when it does thus pass it is generally at a
great elevation, and the thunder is not so loud as that which
the observer has been in the habit of hearing at the north.
In connection with this remark, Professor Henry mentioned
that he has several times observed the lightning assume a
beantiful violet color, similar to that of the vapor of iodine,
and this was particularly the case during a storm which
occurred during the 12th of April, 1840. On this occasion,
although the cloud and the flashes appeared directly over-
head, yet the sound of the thunder seemed to come from a
distance. The peculiar color may perhaps receive a suffi-
cient explanation by referring it to the fact of the discharge
taking place at a great altitude, and consequently in com-
paratively rarified air, as in the case of the color exhibited
by the spark through a vessel partially exhausted.

The storm of the evening of the 14th of July, was said to
be more severe than any which had visited Princeton for
twenty ycars before. It commenced between 7 and 8 o’clock,
and lasted about three hours: the thunder was almost con-
tinuous, but except in two or three cases it was not very near.
Several buildings and other objects were struck in the
vicinity of Princeton; and also Mrs. Hamilton’s house, which
is situated in the village, about twenty rods west of the col-
lege, on the opposite side of the way. It seemed a little
surprising that this house should be singled out, since the
buildings on either side are considerably higher, although
at a few rods distance, and in front of the one to the west is
a number of tall trees. The house is also furnished with a
lightning rod; but this, like most of the rods erected in the
country, is not formed in accordance with the most scientific
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principles. Tue front of Mrs. Hamilton’s house is parallel
with the main street, and is nearly in an east and west
direction. The building is of brick, with a shingle roof, and
is two stories high; it has on the front, three upper windows,
and two windows and a door below; the latter being imme-
diately under the western upper window. The chimney is
on the eastern end, and the lightning conductor is supported
against this. The rod is formed of round iron, three-cighths
of an inch thick, and the several parts of it are imperfectly
connected by hooks and eyes. It appears to be merely thrust
into the ground to the depth of about two feet, and is ter-
minated above by three prongs instead of one, the points of
which are blunted by long exposure, but do not exhibit any
appearance of fusion. The top of the rod is not more than
six feet above the ridge of the roof; and since the house is
about thirty feet long, the farther end of the ridge is unpro-
tected. A point,according to the experiments of Mr.Charles,
can only protect a circular space, the radius of which is not
greater than twice the height of the point above the plane
to be protected.

The lightning, according to the accounts of several per-
- sons, came from a cloud situated to the southwest, and the
discharge did not strike the most elevated part of the build-
ing, but the western end of the horizontal wooden gutter
which extends along the front of the house under the eaves.
This point is at the greatest possible distance from the ex-
tremity of the lightning rod, and perhaps was as near to the
cloud as any other part of the building. The discharge im-
mediately divided itself into two parts: one of tliese, and
probably the larger, passed along the gutter, which must
have been filled with water at the time, to the eastern end
of the same, and then down to the earth along an ordinary
tinned iron pipe or conductor, which conveysthe water from
the gutter to the pavement below. Marks of its passage were
observed along the gutter, and particularly near the end next

the metallic conductor. The other part of the discharge-

passed immediately downward through the end of the gutter
which first reccived the shock, to the casing of the window

~
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below ; and was probably thus deflected out of its course by
the attraction of the iron hinges and bolts of the shutters.
Its course to the ground was further traced along the cas-
ings on each side of the front door. The wood was cracked
at every place where a nail happened to be in the line of the
discharge, and at some places the lightning appeared merely
to pass along the surface making a groove in the wood of
about one-eighth of an inch in width, and six or seven inches
long ; several of these grooves were observed on the side cas-
ings of the door. Three panes of glass were broken in the
window above the door, and the pieces were thrown inward.
The entrance within the door was filled with dust, and a
strong sulphurous odor was preceptible for an hour or more
after. No marks of a discharge were found at the foot of
the lightning rod.

During the storm, several women were alone in the house,
and at the time it was struck three of these were in the front
room in the second story, and consequently near the line of
the discharge along the gutter. Two of them were on a bed
placed against the partition wall, opposite to the front, and the
third one was standing on the floor about eight feet from the
front window, with her facetothesame. Those on the bed were
unaffected ; but the one on the floor stated that she felt a sen-
sation on her right ear, as if it had been touched with a live
coal ; at the same time she felt a rushing sensation down
her side and perceived a flash at her foot, and a forked spark
in the air between her and the nearest window. One of the
persons on the bed also stated that shesaw the forked spark
in the air, and that the one standing on the floor appeared
to her for an instant as if surrounded with light. The out-
side shutters of the window opposite to which she was stand-
ing, were closed, and also one leaf of the shutters of the
window farther east. The western window, or that from
which the glass was broken, was not in the same room, but
in a small adjoining one, over the main entrance from the

-front door. The chamber dcor was shut at the time, and no
marks of the entrance of the electricity into the room could
be found on the walls or on the casings of the two windows.
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The principal facts here detailed, although perhaps not
unusual occurrences, afford interesting illustrations of the
action of electrical induction. First, the horizontal gutter
and the vertical tin pipe, both filled with water, formed a
long continuous electrical conductor, extending from the
point where the lightning first struck to the lower farther
corner of the front of the house; and this conductor, on ac-
count of its length, would be intensely affected by the in-
duction of the distant cloud, or rather by that of the ap-
proaching discharge. If the electricity of the cloud, were
positive, then that of the water in the nearest end of the gut-
ter would be negative, and consequently a powerful attrac-
tion would determine the lightning on the point where it
struck. The house, under these circumstances, might have
been damaged even had the rod been much higher than it
was, and its connection with the earth much more perfect.

Again, the phenomena exhibited to the women in the
upper chamber were also most probably due to inductive
action. After a proper allowance for imperfect observation,
occasioned by the fright and confusion of the moment, it is
still evident that the one on the floor was in some degree
affected by the discharge, although none of the electricity of
the cloud actually entered the room, since no traces of it were
to be found on the walls or other parts. The effects may
therefore be referred to the inductive action of the lightning
at a distance and through the wall as it passed along the
gutter across the front of the house. When a shock of elec-
tricity from a Leyden jar is passed through a slip of tinfoil
pasted on one side of a pane of glass, the hand on the other
side will receive a slight sensation from the lateral induction
through the glass. In the same way, it may be supposed
that the effects perceivéd by these persons were due to the dis-
turbance for an instant of the natural electricity of the cham-
ber by the passage of a large charge along the outside of the
house.

The discharge, as has before been stated, came from the
southwest, and in its passage it crossed obliquely some houses
on the opposite side of the street. In one of these, two persons
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were sensibly affected by the shock ; and another, in a room
with the windows closed, according to her own statement,
saw sparks of electricity on the floor. The same explanation
will also apply to these effects.

During the same storm another house,* about three miles
southwest of the village, was struck, and this also was fur-
nished with an imperfect conductor. The upper part of the
rod had been broken, and it hung down, so that no part
was above the chimney. The lightning struck the eastern
chimney, which was on the end of the house opposite to that
to which the rod was attached, and passed down the inside
of the flue to the kitchen fire-place, in which wood was burn-
ing at the time. It threw down a great quantity of soot, filled
the lower rooms with smoke, and diffused, according to the
account, a strong smell of gunpowder.

A part of the charge passed to the outside through the
thick stone wall which forms the back of the chimney, and
was evidently attracted by the iron hoop of a large cask
which was nearly against the wall. It made a triangular
hole, as if the stone and mortar had been burst outwards by
an explosive force, and this was directly opposite the nearest
part of the hoop. It then descended along the cask to the
ground, breaking off all the wooden hoops in its course,
while those of iron were undisturbed. The house is about
sixty feet long; and from the state of the rod the greater
part of this distance might be considered as unprotected.
The stroke fell on the end most remote from the approaching
storm, and probably the lightning was drawn to this chimney
rather than the other on account of the heated air which was
escaping from it at the time.

Effects were also produced in this case which can only be
explained on the principles of induction. Three persons,
the man of the house, his wife, and son, all took refuge on a
bed in a room separated from that through which the chim-
ney passes, and upwards of twenty feet from the Jine of the
electrical discharge. They were all lying across the bed,
with their feet hanging down the side, and they each received

* The dwelling-house of Mr. Henry Philip.
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a shock in the knees and lower joints of the legs. The wife
stated that the feeling was precisely like that which she had
experienced from a shock from an electrical jar. No marks
of the entrance of any part of the discharge from the cloud
were found on the plastering or any other parts of the room;
the effect can therefore only be accounted for by a sudden
disturbance of the equilibrium of the natural electricity of
the space within the room.

The induction of an electrical cloud is often exerted at an
astonishing distance. It has long been known that a deli-
cate gold-leaf electrometer is sometimes affected by the pres-
ence of an electrical cloud immediately overhead; but Dr.
Ellet, professor of chemistry in the college of South Carolina,
has informed him that if one of Dr. Hare’s single-leaf elec-
trometers be furnished with a pointed metal rod attached to
the cap, and then placed on the sill of an open window in
the upper story, the leaf will be seen to touch the ball at the
moment of a flash, although the lightning is several miles
distant. '

P
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CONTRIBUTIONS TO ELECTRICITY AND MAGNETISM. No. V.

ON INDUCTION FROM ORDINARY ELECTRICITY; AND ON THE
OSCILLATORY DISCHARGE.*

(Proceedings of the American Philosophical Society, vol. 11, pp. 193-196.)
June 17, 1842,

Professor Henry presented the record of a series of experi-
ments on induction from ordinary electricity, as the fifth
number of his Contributions to Electricity and Magnetism.
Of these experiments he gave an oral account, of which
the following is the substance. :

In the third number of his Contributions he had shown
on this subject: 1. That the discharge of a Leyden battery
through a conductor, developed in an adjoining parallel
conductor an induced current, analogous to that which,
under similar circumstances, is produced by a galvanic cur-
rent. 2. That the direction of the induced current, as indi-
cated by the polarity given to a steel needle, changes its sign
with a change of distance of the two conductors, and also
with a change in the quantity of the discharge of elec-
tricity. 3. That when the induced current is made to act
on a third conductor, a second induced current is developed,
which can again develop another, and so on through a series
of successive inductions. 4. That when a plate of metal is
interposed between any two of the consecutive conductors,
the induced current is neutralized by the adverse action of
a current in the plate.

The direction of the induced currents in all the author’s
experiments was indicated by the polarity given to steel
needles enclosed in a spiral, the wire of which formed a part
of the circuit. But some doubts were reasonably entertained
of the truc indications of the direction of a current by this
means, since M. Savary had announced in 1826, that when
several ncedles are placed at different distances above a

*[The full Memoir was not printed in the “ Transactions of the Am. Philo-
sophical Society.”’]
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wire through which the discharge of a Leyden battery is
passed, they are magnetized in different directions, and that
by constantly increasing the discharge through a spiral,
several reversions of the polarity of the contained needles
are obtained.

It was therefore very important before attempting further
advances in the discovery of the laws of the phenomena,
that the results obtained by M. Savary should be carefully
studied; and accordingly the first experiments of the new
series relate to the repetition of them. The author first
attempted to obtain them by using needles of a larger size,
Nos. 3, and 4, such as he had generally employed in all
his previous experiments; but although nearly a thous-
and needles were magnetized in the course of the experi-
ments, he did not succeed in getting a single change in the
polarity. The needles were always magnetized in a direc-
tion conformable to the direction of the electrical discharge.
When however very fine needles were employed he did
obtain several changes in the polarity in the case of the
spiral, by merely increasing the quantity of the electricity,
while the direction of the discharge remained the same.

This anomaly which has remained so long unexplained,
and which at first sight appears at variance with all our
theoretical ideas of the connection of electricity and mag-
netism, was after considerable study satisfactorily referred
by the author to an action of the discharge of the Leyden
jar which had never before been recognized. The dis-
charge, whatever may be its nature, is not correctly repre-
sented (emnploying for simplicity the theory of Franklin) by
the single transfer of an imponderable fluid from one side
of the jar to the other; the phenomena require us to admit
the cxistence of a principal discharge in one direction, and then
several reflex actions backward and forward, each more feeble than
the preceding, until the equilibrium is obtained. All the facts
are shown to be in accordance with this hypothesis, and a
ready explanation is afforded by it of a number of phenom-
ena which are to be found in the older works on electricity,
but which have until this time remained unexplained.

T
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The same action is evidently connected with the induction
of a current on its own conductor, in the case of an open
circuit, such as that of the Leyden jar, in which the two ends
of the conductor are separated by the thickness of the glass.
And hence, if an induced current could be produced in this
case, one should also be obtained-in that of a second con- -
ductor, the ends of which are separated ; and this was detected
by attaching to the ends of the open circuit a quantity of
insulated metal, or by connecting one end with the earth.

The next part of the research relates to a new examination
of the phenomena of the change in the direction of the
induced currents, with a change of distance, &c. These are
shown to be due to the fact that the discharge from a jar

_does not produce a single induced current in one direction,
but several successive currents in opposite directions. The
effect on the needle is principally produced by two of these:
the first is the more powerful, and in the adverse direction
with that of the jar; the second is less powerful, and in the
same direction with that of the jar. To explain the change
of polarity, let us suppose the capacity of the needle to
receive magnetism to be represented by =+ 10, while the
power of the first induced current to produce magnetism is
represented by — 15, and that of the second by + 12; then
the needle will be magnetized to saturation or to — 10, by
the first induced current, and immediately afterwards all
this magnetism will be neutralized by the adverse second
induction, and a power of + 2 will remain; so that the
polarity of the needle in this case will indicate an induced
current in the same direction as that of the jar. Next, let
the conductors be so far separated, or the charge so much
diminished, that the power of the first current to develop
magnetism may be reduced to — 8, while that of the second
current is reduced to + 6, the magnetic capacity of the needle
remaining the same. It isevident then that the first cur-
rent will magnetize the needle to — 8, and that the second
current will immediately afterwards neutralize 6 of this, and
consequently the needle will retain a magnetism of — 2, or
will indicate an induced current in an opposite direction to
that of the jar.
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In extending the researches relative to this part of the
investigations, a remarkable result was obtained in regard
to the distance at which inductive effects are produced by a
very small quantity of electricity; a single spark from the
prime conductor of the machine, of about an inch long,
thrown on the end of a circuit of wire in an upper room,
produced .an induction sufficiently powerful to magnetize
needles in a parallel circuit of wire placed in the cellar
beneath, at a perpendicular distance of thirty feet with two
floors and ceilings, each fourteen inches thick, intervening.
" The author is disposed to adopt the hypothesis of an electrical
plenum, and from the foregoing experiment it would appear
_that the transfer of a single spark is sufficient to disturb per-
ceptibly the electricity of space throughout at least a cube of
400,000 feet of capacty; and when it is considered that the
magnetism of the needle is the result of the difference of two
actions, it may be further inferred that the diffusion of
motion in this case is almost comparable with that of a spark
from a flint and steel in the case of light.

The author next alludes to a proposition which he
advanced in the second number of his Contributions, namely,
that the phenomena of dynamic induction may be referred
to the known electrical laws, as given by the common theories
of electricity ; and he gives a number of experiments to illus-
trate the connection between statical and dynamical induc-
tion.

The last part of the series of experiments relates to induced
currents from atmospheric electricity. By a very simple
arrangement, needles are strongly magnetized in the author’s
study, even when the flash is at the distance of seven or eight
miles, and when the thunder is scarcely audible. On this
principle, he proposes a simple self-registering electrometer,
connected with an elevated exploring rod.
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EXPERIMENTS ON PHOSPHORESCENCE.

(Proceedings of the American Philosophical Society, vol. 111, page 88-44.)%*
May 26, 18438.

Professor Henry presented a communication “On Phos-
phorogenic Emanation,” and illustrated by numerous dia-
grams the experiments which he had made on the subject,

It has long been known, that when the diamond is ex-
posed to the direct light of the sun, and then removed to a
dark place, it shines with a pale bluish light, which has
received the name of phosphorescence. The effect is not
peculiar to the diamond, but is common to a long list of
substances, among which the sulphuret of lime (Homberg’s
phosphorus) is the most prominent. Itis also an old fact,
mentioned by Canton, that the phosphorescence is excited
by exposing the substance to the light of the electrical dis-
charge.

About three years ago, M. Becquerel, of the French Insti-
tute, repeated the experiment of Canton, and discovered the
remarkable fact, that the phosphorescence is excited in a
very feeble degree, or not at all, when a plate of glass or mica
is interposed between the spark and the sulphuret of lime,
although the cffect is not apparently diminished when a
plate of rock crystal or one of sulphate of lime is similarly
interposed. Or in other words he found that substances .
equally transparent do not equally well transmit the excit-
ing cause of the phosphorescence. Hence the old explana-
tion of the glowing of the diamond, namely, that it is owing
to the light which has been absorbed and is again given off
- in the dark, could no longer be admitted ; and Becquerel
inferred from his experiments, that the exciting cause of the

* [The title-page of vol. 111, (comprising the proceedings only from May
25 to May 80,) bears date 1843. The proceedings occupying a series of special
meetings held during the mornings and evenings, were appointed to com-
memorate the hundredth anniversary of the American Philosophical Society :
and the volume containing them was published in advance of the preceding
volume 11.]
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phosphorescence was due to an impression made on the lime

by a radiation from the electrical spark, differing essentially
from light, and to which he gave the name of the “phospho-
rogenic emanation.”

Biot afterwards made a series of experiments on the “per-
meability ” of different substances, in reference to this eman-
ation as it exists in the beams of the sun; and still later,
Matteucci, the clebrated Italian experimental philosopher,
has investigated and extended thesame subject. The younger
Becquerel also has published a memoir on the constitution
of solar spectrum, including its phosphorogenic properties.
From the notices of the labors of these savans on this
subject, as they were adverted to, it appears that all their
experiments (with the exception of those before mentioned
as made by M. Becquerel) were confined to the solar radia-
tion, and consequently they do not lessen the importance
of a careful examination of the properties of the same ema-
nation, as derived from a different source, and having a dif-
ferent intensity.

The investigations detailed in this communication relate
almost exclusively to the emanation as derived from the
electrical spark. The apparatus employed in the experi-
ments was a Leyden jar, of the capacity of about half a gal-
lon; and this was charged each time, so as to give a spark
between the rounded ends of two thick wires of about an
inch in length. The sulphuret of lime was exposed to the
light of the spark at different distances, in shallow leaden
pans. The first experiments relate to an examination of a
considerable number of substances, in regard to their per-
meability by the emanation. The results of these, which
were given at the close of the communication, will serve to
corroborate the inference of M. Becquerel, that the exciting
cause of luminous appearance of the lime is not identical
with ordinary light.

The next experiments are in reference to the propagation
of this emanation. Two slits, of about the one-twelfth of an
inch wide and an inch long, were made in two screens of
sheet brass, and these slits were placed in the same plane

~
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with the path of the spark. After the discharge, the sulph-
uret of lime under the opening was observed to be marked
with a narrow line of light well defined at its edges, and
shaded off at its ends into a penumbra ; the appearance be-
ing precisely in accordance with the laws of a radiation in
straight lines from a narrow line of emanation.

Experiments were next made to determine whether the
radiation of the emanation takes place with the same inten-
sity from every point of the length of the spark, or whether
it is confined to the two extremities, or the poles of the dis-
charging wires. For this purpose the slits were turned at
right angles to their former position, so that the emanation
could only reach the lime from a single point of the spark.
The experiments with this arrangement showed that the
radiation is from each point of the line of the spark, but
that it is much more intense from the two extremities.
This curious result was verified by another arrangement,
which allowed the impressions from different points of the
spark to be at once compared with each other. Three slips
were cut in a thick plate of mica, and this was placed im-
mediately above the line, so that one of the slits was directly
under the end of each wire, and the other midway between
the other two. When the discharge was passed over the
plate, the lime under the middle slit cxhibited a feeble
phosphorescence for two or three seconds, and then became
dark, while that under the slits at the end of the spark con-.
tinued to glow for more than a minute. This effect did not
appear to be due to the diffusion of the spark at the middle
of its course, since the discharge was from a Leyden jar, and
the spark as is usual in this case, appeared as a single line
of light, of the same intensity and width throughout its
whole length.

The phosphorescence was excited at a much greater dis-
tance than was at first thought possible. In a perfectly dark
room, the light was observed for a few moments when the
pan containing the lime was removed to the distance of ten
feet from the point of discharge. The intensity of the light
and the time of continuance however diminished very
rapidly with an increase of distance.
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To determine whether the emanation obeys the laws of the
reflection of light, a piece of common looking-glass was so
arranged with the path of the spark, the slits in the screens,
and the pan of lime, that the angle of reflection could be
compared with the angle of incidence: but with this ar-
rangement no impression on the lime could be obtained; the
want of permeability in the glass apparently preventing any
reflection from the silvered side of the mirror. A plate
of polished black glass was next used, so as to get the reflec-
tion from the anterior surface: the result however was of
the same negative character as before. It would therefore
appear, that glass neither reflects nor transmits the phos-
phorogenic emanation, except in a very small degrec.
When a metallic mirror was employed, a well defined line
of light was impressed on the lime from the reflected ema-
nation, and from the position of this it was found that the
two angles were equal.

The refraction and dispersion of the emanation were read-
ily obtained, by employing for the purpose a prism of rock
salt, instead of one of glass. The dispersion was shown by
the conversion of the narrow line of light, by means of the
prism, into a broad band.

The next question was in reference to the polarization of
the phosphorogenic emanation; and in obtaining a satisfac-
tory answer to this, several difficulties were encountered.
Attempts were first made to polarize the beam by passing it
through tourmaline; but it was found that this substance
is less permeable to the emanation than even glass or mica.
Nicol’s polarizing prisms were next employed, but no im-
pression could be made on the lime through two of them;
and since the emanation is not reflected by glass, and the
polarization from polished metal is very fecble, these sub-
stances could not be employed in the process. At length
an indirect method was adopted which gave positive results.
This was founded on an experiment of Melloni, in his in-
teresting researches on radiant heat. A pile of exceedingly
thin plates of mica, prepared according to the method of
Professor Forbes, of Edinburgh, was placed between the spark
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and the pan containing the lime, with its plane at rijght
angles to the line joining the middle of the two. In this
position of the pile, no impression was made on the lime by
the clectrical discharge; but when the plane of the pile was
inclined to the line just mentioned, so as to form with it the
polarizing angle, a luminous spot was excited.

By this change of the position of the pile, the thickness of
the path to be traversed by the phosphorogenic beam was
considerably lengthened; and yet the permeability was much
increased. This remarkable result could only be the effect
of the successive polarization of the several parts of the beam
as they passed the several films of mica, and were thus pre-
pared for a more ready transmission by the succeeding films.

After the emanation was found to be polarizable, it was
important to determine if the intensity of the action on the
lime would be different, in case the beam were transmitted
through crystals in different directions in reference to their
optical axis, but no difference could be observed, when the
beam was passed through crystals of carbonate of lime, and
of quartz—parallel, and perpendicular to the axis.

From the foregoing results it is evident that the exciting
cause of the phosphorescence of the sulphuret of lime is an
emanation possessing the mechanicai properties of light, and
yet so different in other respects as to prove the want of
identity. That the same emanation also differs from heat is
manifest from the fact that the lime becomes as luminous
under a plate of alum as under a plate of rock salt, although
these substances are almost entirely opposite in their prop-
erty of transmitting heat.

Some experiments were also made to compare the phos-
phorogenic cmanation with the chemical radiation. For
this purpose a sensitive daguerreotype plate and a pan of
sulphuret of lime were exposed together to the light of the
sky for five seconds. The plate by this exposure was marked
with a photograpic impression, but little or no cffect was
produced on the lime.  Another sensitive plate and the same
pan of lime were similarly exposed to the light of an elec-
trical discharge; the lime was now observed to glow, while
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no impression was produced on the plate. When however
the plate was exposed very near to a succession of sparks,
continued for ten minutes, with a plate of mica interposed,
an impression was made. '

The sulphuret of lime was also exposed for several min-
utes to the direct light of the full moon, without any
phosphorescent effect. A sensitive plate, similarly exposed,
according to the statement of Dr. Draper, receives a photo-
graphic impression. These experiments, although not suffi-
ciently extensive, appear to indicate that the phosphorogenic
emanation is distinet from the chemical, and that it exists
in a much greater quantity in the electrical spark than either
the luminous or the chemical emanation.

Professor Henry remarked that in considering these ema-
nations as distinct, he had reference only to the classification
of the phenomena, for if they be viewed in accordance with
the undulatory hypothesis they may all be considered as the
results of waves, differing in length and amplitude, and
possibly also slightly differing in the direction of vibration.

The phosphorescence of the lime may ulso be excited by
exposure to the light of a burning coal, and in this case the
emanation is also screened by a plate of mica. It was also
found that the magneto-electrical spark from a surface of
mercury excites the luminous condition of the sulphuret,
and it has long been known that heat, applied to the bottom
of the vessel containing the article, produces the same effect.

Todetermine whether the phosphorescence could beexcited
by electro-dynamic induction, a quantity of the sulphuret
was placed between two plates of quartz, and a covered cop-
per wire was wound around the whole, so that the lime
occupied the axis of a spiral. But when u discharge of elec-
tricity was passed through the wire the lime gave no indica-
tions of phosphorescence; the same negative result was also
obtained when the sparks were passed through the bcttom of
the leaden pan.

It has been supposed that the phosphorescence of the lime
is due to the disturbance of the electricity of the mass of the
substance, and the continuance of the light to the subse-

14
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quently slow restoration of the equilibrium. The result
however of the following experiment would seem to be at
variance with this explanation. The lime was thrown into
a tumbler of water, and sank to the bottom, but in this situa-
tion, when the spark was passed over the surface of the
liquid, it became as luminous and the effect appeared to
remain as long as when the exposure took place in the air.

The author stated that some of the experiments described
by him can be repeated with common chalk, although it is
not as sensitive as the sulphuret of lime. Some pieces of it
however become luminous at a considerable distance, and it
is not improbable that the chalk cliffs of England are some-
times rendered phosphorescent by flashes of lightning during
a thunder storm.

But the substance which gives the most brilliant light,
although the light does not continue so long, and is not as
easily excited as that from the lime, is the sulphate of potassa.
When exposed to the discharge of a jar highly charged, at
the distance of a few inches below the spark, it glows for a
few seconds with a beautiful azure light; and as this salt is
not readily acted on by liquids, it was used to determine the
permeability of different substances, by placing a crystal of
the salt in the liquid to be tested.

It has long been known that the sulphate of potassa often
emits flashes of light during the progress of its crystallization;
and it is probable that other substances, which are known
to emit light under the same circumstances, may also be
rendered phosphorescent at a distance by the electrical
emanation.

The following is a list of the substances which have been
examined by Professor Henry, with reference to their per-
meability by the phosphorogenic emanation :

TRANSPARENT SOLIDS.

Permeable.
Ice, Sulphate of baryta,
Sulphate of lime, Sulphate of potassa,
Quartz, Sulphate of soda,
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TRANSPARENT SOLIDS.  (CONTINUED.)

Permeable.
Borax, Alum,
Citric acid, Horn (pellucid),
Rochelle salt, Wax, do.
Common salt, _ :
Imperfectly permeable.

Tourmaline, Tartaric acid,
Mica, Hyposulphate of soda,
Flint glass, Copal,
Crown glass, Camphor.
Saltpetre,

TRANSPARENT LIQUIDS.

Permeable.
Water, _ Sulphate of magnesia,
Solution of alum, Nitrate of ammonia,
Solution of ammonia, And all weak solutions.
Imperfectly permeable. )

Muriatic acid, Arsznious acid,
Sulphurie acid, Ammonia,
Nitric acid, Spirits of turpentine,
Phosphoric acid, Alcohol, '
Sulphate of zinc, Ether,
Sulphate of lead, 01l of aniseed,
Acetate of zinc, ' Acetate of lead.

Vd
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ON A METHOD OF DETERMINING THE VELOCITY OF PROJECTILES.

(Proceedings of the American Philosophical Society, vol. 111, pp. 165-167.)*
May 30, 1843.

Professor Henry read a communication “On a New Method
of determining the Velocity of Projectiles.”

The new method proposed by the author, consists in
applying the instantaneous transmission of an electrical
action, to determine the time of the passage of the ball
between two screens, placed at a short distance from each
other, in the path of the projectile. For this purpose the -
observer is provided with a revolving cylinder, moved by
clock-work at the rate of at least ten turns in a second; and
of which the convex surface is divided into a hundred equal
pasts, each part therefore indicating in the revolution the
thousandths part of a second. Close to the surface of this
cylinder which revolves horizontally, are placed two galva-
nometers, one at each extremity of a diameter, the needles
of these being furnished at one end with a pen for making
a dot with printers’ ink on the revolving surface.

To give motion to the needles at the proper moment, each
galvanometer is made to form a part of the circuit of a gal-
vanic current, which is completed by a long copper wire
passing to one of the screens, and crossing it several times,
so as to form a grating, through which the ball cannot pass
without breaking the wire, and thus stopping the current.
During the continuance of the galvanic action, the marking
end of the needle is turned from the revolving cylinder a
few degrees, and pressed immovably against a *steady pin”
by the well known deflecting power of the electrical current;
but the moment the current is stopped by the breaking of
the long conductor, in the passage of the ball through the
screen, the marking end of the needle is projected against
the cylinder by the action of a fine spiral spring, similar to

#[Re-printed in Walker's Electrical Magazine, 1845, vol. 1, pp. 850-352.]

'\ ,
ATHERFORCE



1843] WRITINGS OF JOSEPH HENRY. 213

the hair spring of a watch, coiled around the centre pin
which supports the needle, and having an elastic force a

little less than the deflecting power of the electrical current, -

The relative position of the dots thus formed gives the time
of the passage of the ball through the space between the
screens, and indicates the velocity at this part of the course.

The degree of deflection of the needle can be increased or
diminished by turning a screw, which alters the position of
the “steady pin,” and the tension of the spiral spring can
_also be changed by an arrangement like that of the regu-

lator of a watch.

In order that the position of the dots on the surface of the
cylinder may exactly indicate the required interval of time,
it is necessary that the time occupied by each needle in
starting from rest and moving across the small are to strike
against the cylinder, should be precisely equal. If this be
not the case, then the difference of these times will be the
error of the instruments. This must however be exceed-
ingly small, since the whole range of the end of the needle
need not be more than the one-twentieth of an inch—and the
precise amount of error can readily be determined by ex-
periment.

To adjust the apparatus for use, the galvanometers must
be so placed that the two dots may be impressed on the
cylinder, diametrically opposite each other when the instru-
ment is at rest. The cylinder being then put in motion, the
two circuits of long wire are placed together, so that they
can be broken at the same instant by lifting a wire common
to both from a cup of mercury. If, after breaking the cir-
cuits, the dots are still found in the same relative position,
no further adjustment or correction will be required: but if
this is not the case, then the springs may be altered until
the dots are found in their proper positions; or the differ-
ence may be noted, and this constantly applied in each
actual experiment as an index error.

To prevent the dot from the first galvanometer being con-
founded with that from the second, the two instruments are
placed one below the other in different horizontal planes.
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In order that the pen may not describe a line on the
cylinder, re-entering into itself, and thus obliterate the dot
first impressed, it may be found necessary to give the
cylinder a slow ascending motion, so that a spiral instead of
a circle would be marked on its surface. A chronometer for
measuring minute portions of time, with a motion of this
kind is described in Youngs Natural - Philosophy, vol. 1,
page 191.

To prevent agitations of the air, the whirling apparatus
with the galvanometer may be placed in the vacuum of an
air pump; and that part of the conducting wire which
crosses the screen may be separated at each crossing, the
ends being again united by slightly twisting them together,
and the conduction being preserved by proper amalgama-
tion, so that the force necessary to break the circuit may not
sensibly lessen the velocity of the ball.

Various other methods may be devised for impressing a
mark on the revolving cylinder, at the moment of the
rupture of the galvanic current by the passage of the ball
through the screen. But the following, which has suggested
itself to Professor Henry since the meeting of the Society,
and has been communicated by him to the Reporter, may
be regarded as among the best. It dispenses with the gal-
vanometers, and produces the mark by a direct electrical
action. )

A part of the long wire which leads to the screen is coiled
around a bundle of soft iron wire; and over this is coiled
another long wire, so as to produce an intense secondary
current, on the principle of the common coil machine. One
extremity of the secondary circuit is connected with the
axis of the cylinder, and the other is made to terminate
almost in contact with the revolving surface, which in this
modification of the instrument is surrounded by a ruled or
graduated paper. It is obvious that the secondary current
which is induced by the interruption of the primary circuit,
will pierce or mark the paper band at the moment of the
screen being broken. There is no difficulty in effecting
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such a current of sufficient intensity to mark the paper,
since in some of his experiments on induction, he has devel-
oped one which gave a spark between a point and a surface
of nearly a fourth of an inch in length.

The terminal points of the wires from the two screens
may be placed very near each other in the same horizontal
plane: if then the cylinder revolving horizontally has at
the same time a slow ascending motion, the relative position
of the dots on the paper will give the number of whole
turns and parts of a turn, made by the cylinder while the
ball is passing between the two screens. In the same way

the terminal points of wires from a number of different:

pairs of screens may be made to impress their marks on the
surface of the same cylinder, and the velocity of the ball at
the different points of its path may in this way be deter-
mined by a single experiment.

ON THE APPLICATION OF THE THERMO-GALVANOMETER TO
METEOROLOGY, ETC.

(Proceedings of the American Philosophical Society, vol. 1v, pp. 22, 23.)%
November 8, 1848.

Professor Henry made an oral communication in regard
to the application of Melloni’s thermo-electric apparatus to
meteorological purposes, and explained a modification of
" the parts connected with the pile, to which he had been led
in the course of his researches. He had found the vapors
near the horizon powerful reflectors of heat; but in the case
of a distant thunderstorm he had found that the cloud was
colder than the adjacent blue space.

* [The title-page of vol. 1v, (comprising the proceedings from June, 1848,
to December, 1847,) bears date 1847.]
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Theory of the discharge of the Leyden jar.

Referring to the theory of the discharge of the Leyden jar,
which he had submitted to the Society some time since,*
Professor Henry examined some apparent objections to it,
resulting from the researches of Matteucci. The effect pro-
duced on the galvanometer by the discharge of a battery is
due to the retardation of the lesser waves of electricity, a fact
which indicates the cause of Matteucci’s results, when a card
was pierced by the currents induced in a neighboring wire
conductor forming an open circuit.

The speaker described several experiments on the direct
and return stroke, showing that equilibrium was restored
by the same succession of oscillations; large and small
needles placed in spirals forming part of an electrical circuit,
being magnetized in different directions. The disturbance of
the electrical plenum by a discharge of electricity was referred
to as explanatory of the induction which takes place, and
the subject was applied to the explanation of various phe-
nomena; among others, the light appearing in well authen-
ticated cases about persons and objects in the neighborhood
of a discharge of lightning in its direct passage, and sugges-
tions were made as to the most effectual mode of protecting
powder houses, ete., from the effects of lightning.

Professor Henry examined in the same connection whether
currents or ordinary electricity pass actually at the surface,
or like galvanic electricity, through themassof the conductor,
and he concluded that the law of conduction developed by
Ohm cannot apply to the case of surface passages, as these
are indicative of ordinary electricity.

#* Contributions No. V, June 17, 1842.
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ON THE COHESION OF LIQUIDS.

(Proceedings of the American Philosophical Society, vol. 1v, pp. 56, 67.)
April 5, 1844.

Professor Henry made a verbal communication relative to
“the cohesion of liquids.”

He stated that very erroneous ideas are given as to the
counstitution of matter in the ordinary books on Natural
Philosophy. The passage of a body from a solid to a liquid
state is generally attributed to the neutralization of the
attraction of cohesion by the repulsion of the increased
quantity of heat, the liquid being supposed to retain a small
portion of its original attraction, which is shown by the
force necessary to separate a surface of water from water, in
the well known experiment of a plate suspended from a scale
beam over a vessel of the liquid. It is however more in
accordance with all the phenomena of cohesion to suppose,
instead of the attraction of the liquid being neutralized by
the heat, that the effect of this agent is merely to neutralize
the polarity of the molecules so as to give them perfect free-
dom of motion around every. imaginable axis. The small
amount of cohesion (53 grains to the square inch) exhibited
in the foregoing experiment, is due, according to the theory
of capillarity of Young and Poisson, to the tension of the
exterior film of the surface of water drawn up by the eleva-
tion of the plate. This film gives way first, and the strain
is thrown on an inner film, which in turn is ruptured, and
so on until the plate is entirely separated, the whole effect
being similar to that of tearing water apart atom by atom.

Reflecting on this subject, he had thought that a more
correct idea of the magnitude of the molecular attraction
might be obtained by studying the tenacity of a more
viscid liquid than water. For this purpose he had recourse
to soap-water, and attempted to measure the tenacity of this
liquid by means of weighing the quantity of water which
adhered to a bubble of this substance just before it burst,
and by determining the thickness of the film from an obser-
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vation of the color it exhibited in comparison with Newton’s
scale of thin plates. Although experiments of this kind
could only furnish approximate results, yet they showed that
the molecular attraction of water for water, instead of being
only about 53 grains to the square inch, is really several
hundred pounds, and is probably equal to that of the attrac-
tion between the molecules of ice. The effect of dissolving
the soap in the water is not (as might at first appear,) to
increase the molecular attraction, but to diminish the mo-
bility of the molecules, and thus to render the liquid more
viscid.

ON THE COHESION OF LIQUIDS. (CONTINUED.)
(Proceedings of the American Philosophical Society, vol. 1v, pp. 84, 85.)
May 17, 1844.

Professor Henry made a second communication on the
subject of cohesion.

He had prosecuted his experiments on the soap-bubble to a
further extent, and had arrived at a number of results which
appeared to him of some interest in reference to capillarity,
a subject which had given rise to a greater diversity of
opinion than any other part of natural philosophy. Asan
~ evidence of its present unsettled state, he mentioned the fact
that the last edition of the Encyclopedia Britannica con-
tained two articles on this subject under different names;
one by Dr. Young, and the other by Mr. Ivory, which ex-
plain the phenomena on entirely different physical prin-
ciples.

According to the theory of Young and Poisson, many of
the phenomena of liquid cohesion, and all those of capillar-
ity, are due to a contractile force existing at the free surface
of the liquid, and which tends in all cases to urge the liquid
in the direction of the radius of curvature towards the
centre, with a force inversely as this radius. According to
this theory the spherical form of a dew drop is not the effect
of the attraction of each molecule of the water on every
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other, as in the action of gravitation in producing the glob-
ular form of the planets, (since the attraction of cohesion
extends only to an unappreciable distance,) but is due to the
contractile force which tends constantly to enclose the given
quantity of water within the smallest surface, namely that
of a sphere. Professor Henry finds a contractile force per-
fectly similar to that assumed by this theory in the surface
of the soap-bubble; indeed, the bubble may be considered
a drop of water with the internal liquid removed, and its
place supplied by air. The spherical form in the two cases
is produced by the operation of the same cause. The con-
tractile force in the surface of the bubble is easily shown by
blowing a large bubble on the end of a wide tube, say an
inch in diameter; assoon as the mouth is removed, the bub-
ble will be seen to diminish rapidly, and at the same time
quite a forcible current of air will be blown through the tube
against the face. This effect is not due to the ascent of the
heated air from the lungs with which the bubble was in-
flated, for the same effect is produced by inflating with cold
air, and also when the bubble is held perpendicularly above
the face, so that the current is downward.

Many experiments were made to determine the amount
of this force, by blowing a bubble on the larger end of a
glass tube in the form of the letter U, and partially filled
with water; the contractile force of the bubble, transmitted
through the enclosed air, forced down the water in the
larger leg of the tube, and caused it to rise in the smaller.
The difference of level observed by means of a microscope,
gave the force in grains per square inch, derived from the
known pressure of a given height of water. The thickness
of the film of soap water which formed the envelope of the
bubble, was estimated as before by the color exhibited just
before bursting. The results of these experiments agree
with those of weighing the bubble, in giving a great inten-
sity to the molecular attraction of the liquid, equal at least
to several hundred pounds to the square inch. Several
other methods were employed to measure the tenacity of
the film, the general results of which were the same; the
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numerical details of these are reserved however until the
experiments can be repeated with a more delicate balance.

The comparative cohesion of pure water and soap water
was determined by the weight necessary to detach the same
plate from each; and in all cases the pure water required
the greater force. The want of permanency in the bubble
of pure water is therefore not due to feeble attraction, but
to the perfect mobility of the molecules, which causes the
equilibrium, as in the case of the arch without friction of
parts, to be destroyed by the slightest extraneous force.

Several other experiments with films of soap water were
also described, which afford striking illustrations of the
principles of capillarity, and which apparently have an im-
portant bearing on the whole subject of cohesion.*

ON THE ORIGIN AND CLASSIFICATION OF THE NATURAL MOTORS.
(Proceedings of the American Philosophical Society, vol. 1v, pp. 127-129.)
December 20, 1844.

Professor Henry made an oral communication in regard
to some speculations in which he had indulged relative to
the classification and origin of mechanical power.

He stated that he was indebted for the origin of this train
of thought to some remarks made by Mr. Babbage in his
work on the economy of machinery, and to the late researches
of the German and French chemists on the subject of vital
chemistry; indeed all the views contained in the communi-
cation might perhaps be found in detached portions in
different works, but he believed that they had never before
been brought together and presented as a whole.

He defined mechanical power to be that which is capable
of overcoming a constant resistance, and of producing a con-
tinued motion; or in the language of the engineer, it is that
which can be employed to “do work.” It is here used in a

*[Reprinted in Silliman’s American Journal of Science, October, 1844.
Vol. xLvI1r, pp. 215-217. Also in the London and Edinburgh Philvsophi-
cal Magazine, June, 1845. Vol. xxvr, pp. 541-543.]

ATHERFORCE



1844] WRITINGS OF JOSEPH HENRY. 221

more restricted sense than force, which is applied as a more
general term, to whatever tends to produce or resist motion.
The following list of mechanical powers he believed would
be found to include all the prime movers employed at the
present time, either directly or indirectly, in producing
mechanical changes in matter, and all these could be referred
to two sources:
‘Water power

Class lst{Tido wer } Referablo to celestial disturbance.
Wind power

Steam and other powers) Referable to that which
Olass 2d { developed by combustion.} is called vital or or-
Animal power. ganic action.

These natural motive principles are not always directly
employed in producing work, but are sometimes used to
develop other power by disturbing the natural equilibrium
of other forces, and in this way they give rise to a class of
mechanical motors which may be called intermediate powers.
It will be evident on a litile reflection that the forces of
gravity, ocohesion and chemical attraction, with those of the
“imponderable” agents of nature, so far as they belong to the
earth, all tend to produce a state of stable or permanent
equilibrium at the surface of our planet—that in all cases
before the energies of these forces.can be exhibited, the dis-
turbing effect of some cxtraneous force is required, hence
these principles in themselves are not the primary sources of
power, but are merely secondary agents in producing
mechanical effects, or in other words it will be found that
while the approximate source of every power is the force
exerted by matter in its passage from an unstable to a stable
state of equilibrium, yet in all cases it may be referred beyond
this to a force which disturbed a previously cxisting quies-
cence. As an example we may take the casc of water power,
in which the mechanical effects are approximately due to the
return of the water to a state of stable equilibrium on the
surface of the ocean, but the cause of the continued motion
is the force which produced the original disturbance, and
which elevates the liquid in the form of vapor. Also in the

-
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phenomena of combustion the immediate source of the power
evolved in the form of heat, is the passage from an unstable
state into one of stable combination of the carbon and hy-
drogen of the fuel and the oxygen of the atmosphere, but
this power may ultimately be resolved into the force which
caused the separation of these elements from their previous
combination in the state of carbonic acid and water.

Now the only forces of any importance which operate at
the surface of the earth to counteract the tendency to a gen-
eral state of stable equilibrium are those derived from two
sources, namely, celestial disturbance, and what is called vital
action,; and hence all mechanical power, as well as all activity
on the surface of the globe, may be referred to these two
sources. The only exception to this generalization is the
comparatively limited effect of volcanic action, which is a
power, from whatever source it may be derived, that must
tend to exhaust itself.

Thus far the author considered his conclusions founded
on well-established physical law, and perhaps here the true
spirit of inductive philosophy would admonish him to stop;
but they who are disposed to continue the speculation, and
to consider the results of the late researches of the German
and French chemists as well-established truths, may extend
the generalization so as te reduce all mechanical motion on
the surface of the earth to a source from without. Thus, ac-
cording to Liebig, Dumas and Boussingault, the mechanical
power exerted by animals is due to the passage of organized
matter in the body from an unstable to a stable equilibrium ;
and as this matter is derived in an unstable state from vege-
tables, and the elements of these again from the atmosphere,
it would therefore appear to follow, that animal power is
referable to the same sources as that from the combustion of
fuels, namely, the original force which separates the elements
of the plants from their stable and original combination with
the oxygen of the atmosphere. But what is this power which
furnishes the plant with the material of its growth? Is it
due to a constantly created vital power; or since its effects
are never directly exhibited but in the presence of light, may
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not the opinion of many chemists of the present day be
adopted, namely, that it is due to the decomposing energy
of the sun’s rays, which are found to exhibit a wonderful
decomposing effect in cases where no vital phenomena are
present.

If this hypothesis be adopted, it must be supposed that
vitality is that mysterious principle which propagates a form
and arranges the atoms of organizable matter, while the
power with which it operates, as well as that developed by
the burning fuel and the moving animal, is a separate force,
derived from the divellent power of the sunbeam. It is
true that this is as yet little more than a mere hypothesis,
and as such forms no part of positive science, but it appears
to be founded on a clear physical analogy, and may there-
fore form the basis of definite philosophical research.

-
Py
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ON A PECULIAR ACTION OF FIRE ON IRON NAILS.
(Proceedings of the American Philosophical Society, vol. 1v, p. 178.)
June 20, 1846.

[Dr Patterson exhibited a mass of nails melted together at
the fire in Pittsburg, presenting a series of united tubes.]

Professor Henry stated that he had received a similar mass
from the New York fire, and found that the action of the fire
bad changed the nails to a certain depth, leaving a core un-
changed, which had afterwards fallen or been drawn out,
leaving the hollow tube.

OBSERVATIONS ON THE RELATIVE RADIATION OF THE SOLAR
SPOTS.

(Proceedings of the American Philosophical Society, vol. 1v, pp. 178-176.)
June 20, 1845.

Professor Henry made a verbal communication of a series
of experiments made by himself and Professor Alexander,
relative to the spots on the sun.

His attention was directed to the subject by an article in
the September number of the Annales de Chimie, by M.
Gautier, upon the influence of the spots on the sun on terres-
trial temperature. It is well known that Sir William
Herschel entertained the idea that the appearance of solar
spots was connected with a more copious emission of heat,
and that the seasons during which they were most abundant
were most fruitful in vegetable productions, and pursuing
this idea he was led to trace an analogy between the price
of corn and the number of solar spots during several suces-
sive periods. The result of this investigation, so far as it was
extended, seemed to favor the views of this distinguished
philosopher. A mode of investigation of this kind however
is not susceptible of any great degree of accuracy; the price
of corn is subject to so many other causes of variation besides
that of solar temperature that little reliance can be placed
on this condition alone.
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M. Gautier has attempted to investigate the influence of
solar spots on terrestrial temperature, by comparing the tem-
perature of several places on the earth’s surface during the
years in which the spots were most abundant with those in
which the smallest number were perceptible. From all the
observations collected it seems to be indicated that during
the years in which the spots were the greatest in number the
heat had been a trifle less; but the results are far from being
sufficiently definite to settle the question; and M. Gautier
remarks that a greater number of years of observation at a
greater number of stations will be necessary to establish a
permanent connection between these phenomena.

The idea occurred to Professor Henry that much interest-
ing information relative to the sun might be derived from
the application of a thermo-electric apparatus to a picture of
the solar disc produced by a telescope on a screen in a dark
room. Thisidea was communicated to Professor Alexander,
who readily joined in the plan for reducing it to practice.
It was agreed that they should first attempt to settle the
question of the relative heat of the spots as compared with
the surrounding luminous portions of the sun’s disc. The
first experiments were made on the 4th of January, 1845.
Mr. Alexander had observed a few days previous a very
large spot, more than 10,000 miles in diameter, near the
middle of the disc. To produce the image of this spot a
telescope of four inches aperture and four and a half feet
focus was placed in the window of a dark room with a screen
behind it, on which the image of the spot was received.
The instrument was placed behind the screen with the end
slightly projecting through a hole made for the purpose, and
a small motion of the telescope was sufficient to throw the
image of the spot off or on the end of the pile. The spot
was very clearly defined, and might have been readily
daguerreotyped had the telescope been furnished with an
equatorial movement. - The form of the penumbra of the
spot as it appeared on the screen was that of an irregular
oblong about two inches in one direction and an inch and a
half in the other. Thedark central spot within the penumbra

15
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was nearly square, of about three-fourths of an inch on the
side, and a little larger than the end of the thermo-pile.

The method of observation consisted in first placing, for
example, a portion of the picture of the luminous surface of
the sun in connection with the face of the pile, and after
noting the indication of the needle of the galvanometer the
telescope was then slightly moved so as to place the dark
part of the spot directly on the face of the pile, the indication
of the needle being again noted. In the next set of experi-
ments the order was reversed, the picture of the spot at the
beginning was placed in connection with the pile and after-
wards a new part of the luminous portion of the disc was
made to occupy the same place.

The thermo-electrical apparatus used in these experiments,
was made by Ruhmkorff, of Paris; and in order to render
the galvanometer more sensitive, two bar magneis, arranged
in the form of the legs of a pair of dividers, were placed with
the opening downward, in a vertical plane, above the needle,
so that by increasing or diminishing the angle the directive
power of the needle could be increased or diminished, and
consequently the sensibility of the instrument could be
varied, and the zero point changed at pleasure.

In the present experiments, in order to mark more defi-
nitely the difference in temperature, after the needle had
been deflected by the heat of the sun, the magnetic bars
above mentioned were so arranged as to repel it back to near
zero point, so that it might in this position receive the max-
imum effect of any variation in the electrical current.

Twelve sets of observations were made on the first day,
all of which, except one, gave the same indication, namely,
that the spot emitted less heat than the surrounding parts of the
luminous disc. The following is a copy of the record made
at the time of observation. The degrees are those marked
on the card of the galvanometer and are of course arbitrary:

Spot, 3° }. Sun, 5° }.
Sun, 4° §. -Spot, 4°.
Sun, 3°. Spot, 4° §.
Spot, 1° §. Sun, 5°,
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Spot, 2°. -"Sun, 4° 3.
Sun, 3°. Spot, 3° §.
Sun, 2° . Sun, 2°.
Spot, 2°. Spot, 3° }.*
Spot, 2°. - Spot, 0° §.
Sun, 2° {. Sun, 2° §.
Spot, 4° §. Sun, 1° 4.
Sun, 5°. Spot, 0°.

The change in the temperature during the intervals of
observation, is due td the variations in the temperature of
the room differently affecting the two extremities of the pile.

In consequence of cloudy weather, another set of observa-
tions was not obtained until the 10th of January, and at
this time the spot had very much changed its appearance;
the penumbra, while it retained its dimensions in one direc-
tion, was much narrowed in the other, and the dark part
was separated into two small ones; also the sky was not per-
fectly clear and therefore the results were not as satisfactory
as those of the previous observations; the indications were
however the same as in the other sets, exhibiting a less degree
of heat from the spots.

Cloudy weather prevented other observations on the heat
of different parts of the sun, particularly a comparison be-
tween the temperature of the centre and the circumference
of the disc, which would have an important bearing on the
question of an atmosphere of the sun. The observations
will be continued, and any results of interest which may be
obtained, will be communicated to the Society.

# At this observation a slight cloud probably passed over the sun’s disc.
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ON THE CAPILLARITY OF METALS.
(Proceedings of the American Philosophical Society, vol. 1v, page 176-178.)
June 20, 1845.

Professor Henry gave an account of some observations he
had made on capillarity, in addition to those he had before
communicated to the Society on the same subiect.

In 1839* he presented the results of some experiments on
the permeability of lead to mercury; and subsequent observa- -
tion had led him to believe that the same property was
possessed by other metals in reference to each other. His
first attempt to verify this conjecture was made with the
assistance of Dr. Patterson, at the United States Mint. For
this purpose a small globule of gold was placed on a plate
of sheet iron, and submitted to the heat of an assaying
furnace; but the experiment was unsuccessful; for although
the gold was heated much above melting point it exhibited
no signs of sinking into the pores of the iron. The idea
afterward suggested itself that a different result would have
been obtained had the two metals been made to adhere
previous to heating, so that no oxide could have been formed
between the surfaces. In accordance with this view he
inquired of Mr. Cornelius, of Philadelphia, if in the course
of his experience in working silver-plated copper in his
extensive manufactory of lamps he had ever observed the
silver to disappear from the copper when the metal was
heated. The answer was that the silver always disappears
when the plate is heated above a certain temperature, leaving
a surface of copper exposed ; and that it was generally believed
by the workmen that the silver evaporates at this tempera-

ture.
Professor Henry suggested that the silver, instead of evap-

orating, merely sunk into the pores of the copper, and that
by carefully removing the surface of the latter, by the action
of an acid the silver would re-appear. To verify this by ex-

*[Proc. Am. Phil. Soc. vol. 1, p. 82. See ante, page 146.]
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periment, Mr. Cornelius heated one end of a piece of thick
plated copper to nearly the melting point of the metal; the
silver at this end disappeared, and when the metal was
cleaned by a solution of dilute sulphuric acid, the end which
had been heated presented a uniform surface of copper, whilst
the other end exhibited its proper coating of silver. The un-
silvered end of the plate was next placed, for a few minutes,
in a solution of muriate of zine, by which the exterior surface
of copper was removed, and the surface of silver was again
exposed. This method of recovering. the silver (before the
process of plating silver by galvanism came into use) would
have been of much value to manufacturers of plated ware,
since it often happened that valuable articles were spoiled,
in the process of soldering, by heating them to a degree at
which silver disappears.

It is well known to the jeweller that articles of copper,
plated with gold, lose their brilliancy after a time, and that
it can be restored by boiling them in ammonia; this effect
is probably produced by the ammonia acting on the copper,
and dissolving off its surface so as to expose the gold, which,
by diffusion, has entered into the copper.

A slow diffusion of one metal through another probably
takes place in cases of alloys. Silver coins, after having lain
long in the earth, have been found covered with a salt of
copper. This may be explained by supposing that the alloy
of copper, at the surface of the coin, enters into combination
with the carbonic acid of the soil, and being thus removed,
its place is supplied by a diffusion from within; and in this
way it is not improbable that a considerable portion of the
alloy may be exhausted in the process of time; and the
purity of the coin be considerably increased.

Perhaps also the phenomenon of what is called segregation,
or the formation of nodules of flint in masses of carbonated
lime, and of indurated marl in beds of clay, may be explained
on the same principle. In breaking up these masses it is
almost always observed that a piece of shell, or some extra-
neous matter, occupies the middle, and probably formed the
nucleus around which the matter was accumulated by attrac-
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tion. The difficulty consists in explaining how the attraction
of cohesion, which becomes insensible at sensible distances,
should produce this effect. To explain this let us suppose
two substances uniformly diffused through each other by a
slight mutual attraction, as in the case of a lump of sugar
dissolved in a large quantity of water, every particle of the
water will attract to itself its proportion of sugar, and the
whole will be in a state of equilibrium. If the diffusion at
its commencement had been assisted by heat,and this cause
of the separation of the homogeneous particles no longer
existed, the diffusion might be one of unstable equilibrium;
and the slightest extraneous force, such as the attraction of
a minute piece of shell, might serve to disturb the quiescence,
and draw to itself the diffused particles which were immedi-
ately contiguous to it. This would leave a vacuum of the
atoms around the attracting mass, for example, as in the case
of the sugar, there would be a portion of the water around
the nucleus deprived of sugar; this portion of the water would
attract its portion of sugar from the layer without, and into
this layer the sugar from the layer next without would be
diffused, and so on until, through all the water, the remain-
ing sugar would be uniformly diffused. The process would
continue to be repeated, by the nucleus again attracting a
portion of the sugar from the water immediately around it,
and so on until a considerable accumulation would be formed
around the foreign substance.

We can in this way conceive of the manner by which the
molecular action, which is insensible at perceptible distances,
may produce results which would appear to be the effect of
attraction acting at a distance.

ATHERFORCE



1845] WRITINGS OF JOSEPH HENRY. 231

ON THE PROTECTION OF HOUSES FROM LIGHTNING.
(Proceedings of the American Philosophical Society, vol. 1v, pp. 179, 180.)
June, 20, 1845.

Professor Henry made a communication relativetoa simple
method of protecting from lightning buildings covered with
metallic roofs.

On the principle of electric induction, houses thus covered
are evidently more liable to be struck than those furnished
either with shingle or tile. Fortunately however they admit
of very simple means of perfect protection. It is evident,
from well-established principles of electrical action, that if
the outside of a house were encased entirely in a coating of
metal, the most violent discharge which might fall upon it
from the clouds would passsilently to the earth without dam-
aging the house, or endangering the inmates. It is also evi-
dent, that if the house be merely covered with a roof of
metal, without projecting chimneys, and this roof were put in
metallic connection with the ground, the building would be
perfectly protected. To make a protection therefore of this
kind the Professor advises that the metallic roof be placed
in connection with the ground by means of the tin or cop-
per gutters which serve to lead the water from the roof to
the earth. For this purpose it is sufficent to solder to the
lower end of the gutter a ribbon of sheet copper, two or three
inches wide, surrounding it with charcoal, and continuing
it out from the house until it terminates in moist ground.
The upper cnds of these gutters are generally soldered to the
roof ; but if they are not in metallic contact, the two should
be joined by a slip of sheet copper. The only part of the
house unprotected by this arrangement will be the chim-
neys; and in order to secure these it will only be necessary
to erect a short rod against the chimney, soldered at its lower
end to the metal of thé roof, and extending fifteen or twenty
inches above the top of the flue.

Considerable discussion in late years has taken place in
reference to the transmission of electricity along a conductor;
—whether it passes through the whole capacity of the rod, or
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is principally confined to the surface. From a series of ex-
periments presented to the American Philosophical Society,
by Professor Henry, on this subject, it appears that the elec-
trical discharge passes, or tends to pass, principally at the
surface; and as an ordinary sized house is commonly fur-
nished with from two to four perpendicular gutters (gener-
ally two in front and two in the rear), the surface of these
will be sufficient to conduct silently, the most violent dis-
charge which may fall from the clouds.

Professor Henry also stated that he had lately examined
a house struck by lightning, which exhibited some effects of
an interesting kind. The lightning struck the top of the
chimney, passed down the interior of the flue to a point op-
posite a mass of iron placed on the floor of the garret, where
it pierced the chimney; thence it passed explosively, (break-
ing the plaster,) into a bedroom below, where it came in con-
tact with a copper bell-wire, and passed along this horizon-
tally andsilently foraboutsix feet; thenceit leaped explosively
through the air a distance of about ten feet, through a dormer
windbw, breaking the sash, and scattering the fragments
across the street. It was evidently attracted to this point by
the upper end of a perpendicular gutter, which was near the
window. It passed silently down the gutter, exhibiting
scarcely any mark of its passage until it arrived at the term-
ination, about a foot from the ground. Here again an ex:
plosion appeared to have taken place, since the windows of
the cellar were broken. A bed in which a man was sleeping
at the time, was situated against the wall, immediately under
the bell-wire; and although his body was parallel to the
wire, and not distant from it more than four feet, he was not
only uninjured, but not sensibly affected. The size of the
hole in the chimney, and the fact that the lightning passed
along the copper wire without melting it, show that the dis-
charge was a small one, and yet the mechanical effects, in
breaking the plaster, and projecting the window frame across
the street, were astonishingly great.

These effects the Professor attributes to a sudden repulsive
energy, or expansive force developed in the air along the
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path of the discharge. Indeed, he conceives that most of
the mechanical effects often witnessed in cases of buildings
struck by lightning, may be referred to the same cause.
In the case of a house struck within a few miles of Prince-
ton, the discharge entered the chimney, burst open the flue,
and passed along the cock-loft to the other end of the house;
and such was the explosive force in this confined space, that
nearly the whole roof was blown off. This effect was in all
probability due to the same cause which suddenly expands
the air in the experiment with Kinnersly’s electrical air
thermometer.

ON COLOR-BLINDNESS.*
(From the Princeton Review, vol. xvir, pp. 488-489.)
July, 1846.

Itis an interesting fact in reference to the dependence of
at least one class of our knowledge—on sensation, that many
persons are born with defective vision and yet remain for
years of their lives without being couscious of the deficiency.
We know a gentleman who had probably been always near
sighted, but who did not discover the peculiarity of his
vision until the age of twenty-five, when it was accidentally
made known by looking at a distant object through a con-
cave lens. 'Many persons whose eyes are sound and capable
of exercising the most delicate functions, are permanently
unable to distinguish certain colors. And the number of
such persons is much more considerable than we would be
led to imagine from the little attention this defect of vision
has excited. It is often unknown to the individual himself,
and indeed only becomes revealed by comparing his powers
of discriminating different colors, with those of other persons.

*#1. Observations on color-blindness, or insensibility to the impression of
certain colors. By Sir David Brewster. Philosophical Magazine.

2. Memoir on Daltonism, (or color-blindness.) By M. Elie Wartmann,
Professor of Natural Philosophy in the Academy of Lausanne, &c. Scien-
tific Memoirs.

TRTORCE



234 WRITINGS OF JOSEPH HENRY. (1845

The eye also under some circumstances may lose its sensi-
bility for particular colors, or be thrown into such an unusual ~
state as to present all objects to the mind under the appear-
ance of a false color. Thus, if a person looks fixedly for a
time at a bright red object and then turns his eye to a white
wall, he will perceive a green image of the red object de-
picted®on the white surface. A lady of our acquaintance
was once thrown into a‘larming but laughable paroxysm of
terror by an effect of this kind. She had been for some
hours attentively sewing on a bright crimson dress, when
her attention was directed towards her child, who in its
sport had thrown itself on the carpet; its face appeared of
the most ghastly hue, and the affrighted mother screamed in
agony, that her child was in convulsions: the other inmates
of the house hastened to her assistance, but they were sur-
prised to find the little one smiling in perfect health. The
sanity of the mother became the natural object of solicitude,
until the effect was properly referred to the impression made
on her eye by the crimson cloth.

Phenomena of this kind are known by the name of acci-
+ dental colors; they have long attracted the attention of the
natural philosopher, but the explanation of them is still
involved in considerable uncertainty. The hypothesis which
has been most generally adopted is that the eye by long at-
tention to a particular color becomes fatigued with this and
is incapable after a time of distinctly perceiving it; while
it retains its full power of perception in reference to a fresh
color. The consequence of this is that when the eye is
directed to a white surface, after having attentively regarded
a red object, green must appear ; because white may be con-
sidered as a compound of red and green, and when the per-
ception of the red is destroyed, the green must become visi-
ble. This explanation, however well it may apply to some
of the phenomena, is not sufficient for the whole. Acci-
dental colors can be perceived in the eye itself in perfect
darkness. This is shown by steadily regarding for a short
time a brilliant Jump, and then covering the eyes with the
hands so as to exclude all external light, a luminous spot
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will be perceived which passes in succession through all the
colors of the rainbow.

Of the real cause of these appearances we are as yet almost
entirely ignorant. Professor Plateau, of Ghent, has indeed
referred them all to a few simple principles; but these appear
to us rather expressions of the law of succession of the phe-
nomena, than physical explanations of them. We' do not
however at this time intend to dwell on this class of phe-
nomena, but to give a succinct account of those peculiarities
of vision, in which abnormal perceptions of color are perma-
nent, and which are fully treated of in the memoirs, the
titles of which stand at the head of this article.

The peculiarity of vision called color-blindness, and some-
times Daltonism, may generally be referred to two classes. 1.
Those in which all impression of color, except white and
black, are wanting. 2. Those in which the individual can
perceive certain simple colors, but is not able properly to
distinguish between them. There are persons, strange as it
may appear, in whom the sense of primary color is entirely
deficient, and who, in place of red, yellow, and blue, see
nothing but different degrees of white and black. Professor
Wartmann gives a number of cases of this kind. The most
ancient of those he finds described is that by Dr. Tuber-
ville, in 1684, of a woman about 32 years of age, who
came to consult the Dr. about her sight, which though ex-
cellent in other respects, gave her no impression in reference
to color, except white and black. Spurzheim mentions a
family, all the members of ‘which could distinguish only dif-
ferent shades of white and black. An account is given by
Mr. Huddart of a shoemaker, in Cumberland, who could
distinguish in different colors only a greater or less intensity
of light, calling all bright tints white and all dull ongs black.
His peculiarity of vision was unknown to him until one day,
while a boy, playing in the street, he found a stocking, and
for the first time was struck with the fact that it was called
by his companions red, whereas to his mind it was capable
of no farther description than that designated by the word
stocking ; he was thus led to conclude that there was some-
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thing else besides the form and position in the leaves and
fruit of a cherry tree, perceived by his playmates but not seen
by himself. Two of his brothers had the same imperfection,
while two other brothers, his sisters, and other relatives, had
the usual condition of vision.

Of the other class the cases are much more numerous; we
shall however give only a few examples. Mr. Harvey, of
Plymouth, mentions a tailor who could see in the rainbow
but two tints, namely, yellow and bright blue. Black ap-
peared to him in general—green, sometimes crimson; Jight
blue appeared like dark blue, crimson, or black; green was
confounded with black and brown; carmine, red, lake, and
crimson,—with blue.

But the most interesting case of this kind is that of the
celebrated chemical philosopher, Dr. Dalton, of England.
He published an account of his own case and that of several
others in the Transactions of the Manchester Society, in
1794. Of the seven colors of the rainbow he could distin-
guish but two, yellow and blue; or at most, three, yellow,
blue, and purple. He saw no difference between red and
green ; so that he thought the color of a laurel leaf the same
as that of a stick of red sealing wax. A storyis told of his
having, on one occasion, appeared at the Quaker meeting, of
which he was a member, in the usual drab coat and small-
clothes of the sect, with a pair of flaming red-colored stock
ings to match. Whatever may be thetruth in reference to this
story, we have the assertion of Professor Whewell, that when
Dr. Dalton was asked with what he would compare the scarlet
gown with which he had been invested by the university, he
pointed to the trees, and declared that he perceived no dif-
ference between the color of his robe and that of their foli-
age. Dr. Dalton found nearly twenty persons possessed of
the same peculiarity of vision as himself; and among the
number the celebrated metaphysician, Dugald Stewart, who
could not distinguish a crimson fruit, like the Siberian crab-
apple, from the leaves of the tree on which it grew otherwise
than by the difference in its form.

On account of the prominence conferred on this defect of
vision by Mr. Dalton’s publication, the continental philoso-
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phers gave it the name of Daltonism. To this name however
several British writers have strongly objected. If this sys-
tem of names were once allowed, say they, there is no telling
where it would stop: the names of celebrated men would be
connected, not with their superior gifts or achievements, but
with the personal defects which distinguish them from their
more favored but less meritorious contemporaries. Professor
Whewell proposed the term Idiopts, signifying peculiarity
of vision ; but to this name Sir David Brewster properly ob-
jected, that the important consonant p would be very apt to
be omitted in ordinary pronunciation, and so the last state
of the Idiopt would be worse than the first. The name color-
blindness, suggested by Sir David, although not in all cases
free from objection, is perhaps better than any we have seen
proposed.

It has already been stated that the number of persons
affected with color-blindness is much more considerable than
is generally imagined. They arc often themselves ignorant
of their imperfect