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and confined to, and following a continuons conductor, of which
the two rnetallic eleinents and the acid solution forni a part, the
whole comprising, a cornîlete electric circuit.

For the put-pose of studying the gotîeration aud behavior of
dynamic electricity the elements referred to inay be foruîed into
an electric generator or batterv, sud the rnagnetic needle and
couducting wire may be couîbiined to forni ani electrical indicator
or RZalvanometer.

The engraving shows convenient apparatus for makiug the
prinîsry experiments iii dynamic Plectricity. The Llass tank or
celI is built with special reference to projeuting the visible main-
festations of the phenornena exhibited lu the cell, upon a screen,
b3t means of the lanteru, to enable a number ot persons to ob-
serve simultaneously.

The cell consista of two plates of transparent glass 4 hy 6
inches, separated by a half inch squl tre strip of soft rubber, which
is cementted to, both glasses by means of a cernent composed of
equal parts of pit.ch sud gutta percha. The cell la nearly filled
with the exciting liquid, consisting of dilute sulphuric acid
(acid 1 part, water 15 parts, in which are placed two plates, the
positive plate cousisting of s strip) of zinc about one-sixteenth of
an inch thick, the niegative plate bcingr a strip of copper.

As commercial zinc la so impure as to be violently attacked by
the exciting liquid, it is well to dip the zinc strip into the solu-
tion, and then apply to it a drop or so of rnercury, which arnal-
garnates the surface of the zinc aud hîrevents local action.

When these two plates are hr-oughit inito contact with each
other in the excitiiug liquid, hylrogen gas is given off copiously
at the copper or negative plate, wbile the action at the zinc or
positive plate is alinoat untioticeable. If thle plates are conuect-
ed togetber by a conductor out.side of the solution, the saine
phenornenon ia obaerved.

The plane flat surfaces of the cell ofier facilities fer the ex-
amination of the plates by means of the microscope, sud if 80
exarnined it will be found that so long as tîtere la no metallic
connection between the electrodea tbey mill rernain nnaltered,
and no action is diacoverable ;but when the circuit is completed,
the firat visible indication of action is the andden whitening of
the copper plate as if it were frost-covered ;the next indication
of action is the formiation over the entire surface of the plate of
myriada ot minute silvery bubbles,, whichi grow until they be-
comne detached, when they rise to the surface and escape into
the air. These bubbles uiay be dischargedl into the rnouth of a
amaîl test tube, and when a sufficient quantity of gas hias ac-
cumulated it may be ignited, showing' that it is hydrogenl.

The appearance of the, negative plate, wheu the ccli is iii action
is ahown in Fig. 2 greatly inagnificd. 'l'le gas bubbles forrned
on the surface of the copper are at tirst very mtinute, but they
rapidlv increase in aize sud hegin to mnerge one into another,
taking ant upward course. Wl'hen a large buhhle bias ahsorbed a
large number of the sitnallhr bubbles aud beconies, sullicienitly
buoyant to overcorne its adhvsion to the plate it riscs to the sur-
face sud is dissipatedi.

The accumîulatiou of hydrogeil on the negative plate seriously
affecta the strength of t1ie current. To ascertain to what extent
and at what turne this happens, a

SIMPLE GALVANOMlE''R

like that sbown in Fig. 1 will be reqnired. This instrument
consista of a common pocket colupasa, a wooden frause or spooî,
and about 20 feet of No. 32 silk covered copper wire. The wood
spool (Fig. 3) bias a recess cnt iii the top ait either end.to receive
t he contpas, which is placed a short distance froin the fiat body
of the 81pool, sud the wîre is wouiid evenly around the body b ck
sud forth until the spool is fulhl. l'leu the terrniuals of the wire
are connected with two spiral springs fisstened to the ends of the
spool and forrnipg 61 bindînig posts" for receiviug the, wires frorn
the battery.

In regard to the adjuatinent of the compias, it should be ar-
ranged with tue hune inarked N S parallel with. the wires of the
coil, sud the instrument should he turined until the N S hune is
exactly under the necdle, then a weak current shonld be sent
through the coul and the defiection notel1. The current should
then be sent in the opposite direction, when the needie will be
deflected in the Opposite direction, If thse amounit of defiection
la the aine in both cases the galvanorneter ia in condition for
use ; but if the defiectionT3 differ in degr. e, the compasa mnust be
turned in its socket until the prop-ýr adj ustrnent la secured. The
only precaution necessary lu the toustruction of this instrument
is to select a conipasa whose neeffle la delicatelv poised and
Vibraâtes freely.

By connectlng the galvanometer with the celi as indlcated in

the engraving it wHi be noticed that after a liinhitp(l turne the
galvanometer needie begins to fali back toward 0 0, a point
which it ultimately reaches if the circuit is kept closed ; a the
shorter the circuit the sooner the cessation of the cuirreut. Thiis
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is principally due to three causes, one of whici lias already heen
noticed, that is, the accumulation of hydrogen on the negative
plate. The film of hydrogrn flot only prevents contact betweeil
the exciting solution and the plate, but it actually renders the
surface to a certain degree positive and consequentlv ini nature,
although not in degree, like the positive plate. Atiother cause
of enfeeblernent of the current is thé, reduction on the copper by
the hydrogen of a portion of the sulphate of zinc accumulating
in the liquid. This increases the similarity of tise Itvo plates,
and consequently assiats in irnînishing Cie current. Trhe re
duction of the strength of the exciti,)g liquid of the cell alod the
oxidation of the zinc contrihute stili further towvard the dimiinu-
tion of the current. AIl this results in inaking tie twvo plates
sirnilar in their action, and in a consequent weakeuing of the
current ; but this chernical action cannot be avoided, as to se-
cure any action in a galvanic ceil the exciting fluid munst be cap-
able of decomposition. The oxidation of tise zinc, the accumila-
tion of the hydrogen on the positive plate, and the wveakening of
the exciting solution are the three great causes of inconstancy in
batteries. The firat inay be remedied in a great measure by
amalgamation ;the reniedy for the last is obviously the
strengtheniug of the solution ;and the second, tIse accumula-
tion of hydrogen on the positive plate or the polatizatioù of the
plate, cari only be rexnedied by rernoving the plate fromn the ex-
citing solution for an instant, or by brushing it while in the solui-
tion, or by violently agitating the exritiug solution. The gai-
vanometer needle faitbfully indicates the restilt of either treat-
ment. The tiolarization of the eleci rode rnav he strikingly ex-
hibited by allowing the copper plate to become poIariz-ýd and
then replacing the zinc witlh a clean copper strip like the one al-
ready polarized. The galvanometer needie will be deflected in
the opposite direction, showing that -the polarized col)ler plate
acts in the same mannler as the zinc ; that is, it is positive to the
dlean copper plate. Now by rernoving the polarized copper plate
and wiping and replacing it, the deflection of the needle will be
much less, and it wjll flot fali back to 0 0, until the very slight
coating of zinc which bias been deposited ou the copper is re-
moved fromn the polarized plate by' means of emnery paper or
otherwise. Precisely the saine effect is noticed when a niewly
arnalgarnated zinc plate is opposed to an ox idized zi nc plate. The
oxidized plate in this case will act as the niegative.

This rnethod of showing the effect of the polarization of the
plate is lunch more conclusive sud con vin cing than to enîj>loy a
secondary battery, or to treai the elernent under exaTuination as
such by connecting it with another hattery, as the p>Ietiornetno
attrihuted to the polarized plate manifesta itscif in atu nînis-
takable manner while the plate reinains in position sud initer
the conditions of actual use.

Although the zinc is called the positive plate of the batter3',
and tbe copper the negative plate, the positive electricity pro-
ceeds froi the copper through thie external port ions of the circuit
toward the positive or zinc plate, and the negative electricitY
proceeds froin the positive or zinc plate toward the negative or
copper plate.

This is extremely confusing to the student of electricitv, but
still there is reason for putting if. in this way. The- zinc plate, il'
ahl batteries is the active element, sud the platiur, copper, or
carbon plate is the passive elernent. In the exciting tluid of the
battery the current passes froin the zinc or positive plate to the
platinuin, copper, or carbon, negative or receiving plate, thenice
outward by the conductor attached to the negative plate. This
conductor, as it conveys away the positive electricity, bias beel1
called the positive electrode or conductor; and as negative
electricity appears on the continctor connected with the positive
or zinc plate, this conductor hias been called the negative elec-
trode or conductor. AUl that need be renteinbered is that on a
conductor outaide of the exciting Polution, the positive eleC»
tricity proceeds from, the passive plate of the battery, and the
negative electricity proceeda fromi the active plate of the buttery,
and the flow of the electric current outside of the excitiiug fioid
is from the passive to the active plate.

Teris sucli as " electric current," «"electric fluid," " flow Of
the current," are based on the assuniption that the action of
dynamic electricity is analogous to that of fluida ; but as nothing
is known of the form of electricity, these expressions are to be
conaidered. as purely conventional.
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